, % 5 ‘"

o [o> (7}/’6 2kg

‘&’ b_% F:é. (0.1.) u‘%. L2
lo. 2

= gum M4y W34 "%g— 0,
N At ot FM,EAAMC,YM bod P lee

( Exqeavlot anwelysio | modal and Spectr~C mady (20,
GT'(TL\O%A&\I?H, PV sve

VEYe. {w'}, @A ﬂorma.{7%a+2M °;£ pwvdeo {’/fc)
(g Andirss

md+fd =2

e Y agils
532%%1)
u:%fo>,53£‘°> - — - ?) é’éﬂ%%z

[27109%
) ‘ Y _ % @ﬁ‘%f)]t}é

" 1f frec vibrattom 75 inrgated by opropricte Folal 47

[ frobrrbodtsna_of displacementd fu phe vATLOHE Pofs, (g

\ ;dempei SEru otvr < Mmurgow sTmple harmontc

| COﬂ/cJZJ .
o Liom  bolHhout™ Change °f deflected Shepe . "¢ Gen Fig. 101172
Ly 7 ator <L mode of uikratTom ("?/’%7%&2 PoF & ‘%%)

U = ‘f’ Z'm(’e) , Q:—w,i é,h Z‘,,,u,-) '_,_»C';)A

(ohene ‘?m = mth pode Shape (Congtant vechn )
Z-M 4 = ampﬁho(l. ‘

—

= Simple harmonic fun oblom
= Ay wSoon 7t Boa ST Wi

~

o Cm $m C(A)M{"-O(—)A
S Sugbley 2Emhituay

G

Ly rf’%wé Vit eel § Tl kel LYy bk 7”’%’% ﬁ{o}/%?b-
(3) = CID




det [ fe~onm
_ ) ©
wt:“vn:m-]

- a | e o
Wom~triviel Solattong Rl o141 @ﬁ%q Z‘f’ﬁﬁé |

Slasl sFe 3
bt (h-win) =0 -

———

Wr e b NE- T BEH (gxq,%%ﬁl,,cl«ro\ymdrw?s}’tc i)

e (ERU g LY el e nln CTAR Y e
M{:dn‘c | elusiey WM Ea R tair W cwr e

N | |
Cer , O){‘@Tf‘l 0{% €9 vechr (?ﬁl VY, 4 ) ?/"

wysr 4.4 1%
wrh e WL gmiaet S s

it a|25 = Ntl
LT KmMiyey TiR U




Mo dal o= ﬁaeowova M‘«é“k?ﬂ

¢ -- ‘i’ | ] & o dak
- " M«J'VZ%
| ( Fow vector3 “4757)

—a
Q)
e
Z
s
t {
';’r“‘\"
2
o 13
- -
.
-
¢
e
2
\

SR mwimd, (m=l2, o ND T (hk)

23 g (kA ALed B Mg matrly
6‘54{0#7017% [Covwr«(/{"fé symbol T4 B 9¢ “Z"L"f_

OLL 9

¥4 43




by ot A%

Lt =ermd, <0 mode ol Tat

9Tt 4,y = B (n m 8 o B
%, = oy ™ 4, & 1 made o fm*bﬁ”l
< - T 2 )
f,] (% $) = ft,\, (Wy 1 ‘fy7 — - EH
| P
(kyrbe 7o U2 RH (RS scedw by 2R 4% e
Ak M, o0 L 4
f"‘T % f’l’ = w/_wQ f:@‘ iy — - CHEX)

(O — CHFE) s (-9 ) (9T ,) =
. 04’24"7 ?,:’2 Cﬁr:O . 0)»/\,144 w;,:%w,,,l

—7 .
a0 43 —_—
e dTe g et AT g =
134%i A

—L? Cowpled 235,

Decowple Tve €1 o) 2o
L, adal SIS
M ored et 21324 7




Note :

2N
(

| ]

\ v
|

07 [ R4, H
_‘f; ~ éiz\ ‘loziPN:]
r: ) XN
g7
N X
\ v 85 teve th’w)
L ftan
(:t(%:il o B KM
2T dag (1% 1.0
3 XA
L fNTi&— ‘-?i/vj
N KN

GeksE x
% a2l 4
Mo

N XN

M |
. ) — - i
gTmt = _icox} _fPMT»:L )
A

N XN

/\/,,]ng
., = ¢7f ‘
AT AR
Swy (gTnd)

Loo=q?
wm =Q, M

4]




{/\/O}fmw&?fﬁf’zm "-flf*’lofy&oj k @

— ) - . |

| e gE%a Kyl e e YL
— M )
4);”, . 7%?5 %M)@l 7(/10":; a\ Yy
Ve g = VS n €
me (9]%7 (Z/a')‘zm "BW 2.7| - c % 2 2e

%@V(/\ZW}WQ 230D
Ex. 1) MouaHar Bpen ) ¢k [0 2 ﬂi% V)OVWMI(Z'Q/
2) 7@@0, g dof (WD wo;l’;) o oo ) azz 2 YW

3) g At 9 M%Ge1 L1227k Mg Mmass w«d-ﬁ%m)

Z‘/Iﬂ"’j @ytho..morm(,@’bkf/i MW, =
Mo = fmTr-? i/‘ﬂ = Ive 2 1% =
X o, 4/)(/\/
A
s o= WiRT G CBETHE e
. . \ : o & ?
[§ b aup. . ek wire %2

' . T> / N
T - —_— l:/]__, ém
i;m }i i/"l (m f/"‘ ( @MU—.@« >
DT 2, ;

% onpay (8-l ~ (05 ¢
4 folloa-vt ¢.




@

16,1 Modal ewpamsiom oL dioplacemente LQ%)

S
“AM'} sk o ‘)C N //)J/byw(ie,ni‘ vechore Chm !“’ waed 4q o bates
Ne3

mv«a othey Uedor o,ﬂ UYCLLV N .

FepresentTn
r L Thasts § 2 Wi
“pag
N 1A .
§ = = ¢ «p, =3 x3 =04 -—-M[?"} PP
— ] - F ~ . _ .
7 F=y 1 Aﬂ NX] iy
o) ete) Y49 vedry aBrvedy A
€ 410 4m) ¢ Khom) NN
(¢, o 3%er 2455
vedvy spacel | e
/.7’71,7;/%) basis

] [ U
NO*M(DL,{-:[%): u‘[o}?-% IJJr“ oA
Uy 6 : 0 | |

: /‘127 LAS(S") 6‘102,1/ of%%[*r é——‘ Oblﬂ"jf,e OJJ:

C modal o NormaR Ceord7nate ) basts e £l
B o § oYY Viz

@ 4,

. a .
‘ G) $u Hnms ol%bred &% | _ g
(o 2 P = =4
0:{%/,;317,41,% %3 %0 %T NAN %, WX
Yoy =1 ¥4 g (2Ri%) )

&'(mMo,ovekO?OHO\Wha ST P e D

o(¢4rv2” : : ,
S PTmxy =9 TmxE g =tThx AT S SV

—_—mn — —

- T ,
= ipﬂv r—)zim XZ_M gl\/"
= My b

oeo % — 950,7[.:1 —_— ( 1o.h 2)
i M,

Note © Shiffnino - o thogonalimy 3 5|4 fs000,

$ihy =4TRTE o 4 = <o Leon.2)




&
(:Tu modal <X pansi o of tue 475 placemeq U p{a\?,q,
6 ot whe 7w the analyso of  frec, fred prhrafion
V(,bpongz, amd @0\}’-65(8/«7»/4@ /li«z./f&ng.e, ojC Mo F SZIS‘}YMLJ

o (/( Z 45 _ .

- T T 3 4% un\‘{. k%o

/ u
doawped a2
0.9  Solutrem of free U2hratzem 'cg/.(q'f"?i)% Lmddtin p
‘ \ed |
= a%,@ql}"\ul covwy - (:f i (o)
Grvem = m i Ry =0 with =) :

] wx“ﬂ”'m

, %; | '“W%’r @ Jug
?3? zfn ’%’o\ % ((,%/

: ) ,
IO =3 ¢« (cpnstumttBnosont) D
nz) — :

W .
%)

§£H’7h§‘[’:o (™ E;d n 4,(1)) |
Gl ‘
| ‘ T ¢ x@ - 3
| m*@)e{“): O s

N
A o) :El _4:

—_—

M aag~ 0¥ the gonaltty °l%ﬂ“”z,j,




~r
¢ T . - O — N1Meg
(] 208 1 I decoupled
fr"(%ir 95/"7/‘[7
fot b Crt v A
¢,
oy . oy 5 —_—
* Wy y = °
gﬂy{ ’ sol%+7M
oy m
@foq ét)"émwz
gmd’)’?— AM&stZL '+Bf&1 %wm}{’ 6’ .
Beny WML %Gy 394 0
]
j6.9 ~ (0-(2 S lattom {— frew Utk yation
. ebumf—?an&« wWlth C[O\QS{CQ/Q— dC(Myu\«g/
dowmpng —oythe 32 nalzty 21"%
Gugm = M+ cqthu=2 W d=de)fd=de

fz% Soluttor & [ h _wa ™) ¢ =° ( bne)

N
Solabton form s = T P xg by = LE
( Modad 23 panszen) - B




$Tc §,.) b T 4Tt En® o

i

Y (o) = 2 fm Z’MCO) - g/h("’)
$m e,

quas At ( | . 9
che S 24, b 7 e o P g ()

N
5‘, M(,{-—):Z gfm%g_’wa__> .
M=/ ) o ]
o Che (0 AW X
¢10-b, %1% -1z,
- (5-18)

"
)llﬁg ll)fOuiZ)(O.{'s i};%}

o
Ex. i0:9, lo-to



*Bhe G e &

panord are yorym ‘(7)Tn pue (1)1n sjuewede
I 2 [dstp 100y oy saAIS (1°2°01) 'bg ur “¢
u o ; y
M: v...w:w::.umnsm san3y asay) Jo (o) 1red ur pajussaxd a1e ()b pue (1)1h mc W:o:_._n_OM
UL T601 Brqut ,(1  [—) = (0)nIojpue 160 ‘S1 ur pajuasaid are A1 5 = ()
iL [

sjuauade[dsIp [eniul 10§ synsa1 ay, *(0)n s1uawade[dsIp [eniur 0) pajoalgns oom\s«w =

1M ‘PIIPIS : a)
”u. o.ta. e : ) sli-e0) b ‘spomowr asoyy Juisn “Suonenbsd
\. 2[rmaragyip pajdnod yons Suiajos 105 ¢ 1ardey) ur pajuasaid are spoyjau _mo:uE:z.
‘padnoo are

= (1)%h pue (7)'h ur suonenba [eNUAIRYIP OM) AU SNY) XLIEW [BUOSEIP B J0U SI 1) 1By JJ0N
/

ol _[]/]o09 —

0 b L0 YA P wg

@) o021 (O o X

A Lf® ) Toe

N @2

rboTy . P ureiqo 01 (¢'6°01) ‘bg ur perasur are yorgm ue
D ‘I 9W SIAIR (°6°01) PUE “(9°4°01) “(S"p"01) "SbeT ur “6h pue 5 *y “w asoyp m%awwmsm

@600

“A.@ 01 9jdurex
YIM Wa)sAs ay) Jo sopoul [eInjeu 9y, "oy = 0 pue 2 = M
paurelqo st d pue () d[dwexy woIy J[QR[IEAE I8 ) pUB W Ay,

ur payndwod arom Furdwie
s (01°1°6) b

=

‘K10ys1y yuawraoedsip (p) ¢(7) “b saeur
! p[dst : 2UIPI00D [epou () 12 pue ‘p ‘2 ‘q ¢
sjuesul awn e sadeys pa1oayap (q) ‘awely £10)s-omi (v) cwiasAs padurepun ay) jo uco.,” _E_n:E _QEM

b “1p

147 Buidweq ynm swelsAg jo uopelqgiA 8814 60} 088

.

v oy T 1- I _
= & w=uw
y— S =5 3 z
i (1°6°01) DA Aq
uoAI a1e wa)sAS SIY) 10] uonoul Jo suonenba Ay, ‘SALI0)S OM] A UL 2§ pue 2 SJUADYJ0
Jo s1oduiep SnOdSIA IM mouing &'OTH ‘81,1 JO wAsAs A101S-0M] Y} Smoys B1'6°0T 2In31]

(s'6'01)

waysAs padweq Ajjed1sSeOuoN 1'6°01 H

‘wiaysks padurepun 3y}
Se S3pOM [BINeU aures ) §sassod Jou op Kot pue ‘sisK[eue [epoul [BOISSE[D 01 d[quuawE
10U 91 swaysks asay], Surduvp [p2ISSD]IUOU AEY O) PIES AL [euoSerpuou st 0 18y yons \
Suidwep yim swAsks 11 1ydey) ur payuasaid st sonzadoid asay) saysnes jey) xeu
Surdwep ) JO ULIOY [BIUAT YL, ‘waysAs padurepun Ay JO 9SOY) SE SIPOUI [BIMEU SIS 3}
ssassod SuIa)sAs asay [, ‘swsAs yons o) aqqeoridde st (¢ pue [ s1aydey)) sisA[eue fepoul
[eotsse[o asneoaq Surdupp (p1sSV]2 IAY 01 Pies SI waysAs oy pue ‘b $3)eUIPI00D [BPOW u/
suonenby [enuaayyip pajdnooun N syuasaxdar (¢'6°01) bd ‘reuoderp st D JI “wAsAs ) ut
guidurey Jo uonnquIsIp 3y} U0 Surpuadap ‘[euodeip 2q 10U Kew 10 Kew ) xuew arenbs oy,

Cyrucboyp-4042)
#'601) poeborp J1° gt sv]> &< B, =D
? dmo? P “pue (¢'4°01) ‘ba ur pauyap a1om 3 pue sooLjeu [euogeIp A} AIYM
(60D F—————"2\ 0=bx+bD+bI

(opp borp =2HEZY) L

~—

1 7 : sl ;& £q Suikjdninwlg
1p =3 WLk “hlg =bgx+bgd+baw |
(1°6:01)/ba ur (1°2°01) "bg aimmsqns am sny ‘Furdwep noyim wa)sKs _
21J) JO SOpOUI [BINJEU AYFJO SWId) Ul N Juowaoe(dsip ay) ssaIdxa om asodind siy) 10
‘swASAs JAN %\ uoneIqIA 2213 Ay uo Furdurep Jo $193J32 Ay Keaneyifenb purisiopun
01 SN S9[qEUA 1BY) WASAS OYy1oads e 10j uLo) [eorydess ur pajuasald sI UOHN[OS A UONIS
SIY) U] 'SINJONNS [21 AUBUI 0] S[9POW J[qRUOSEI are jey) Suidwep JO SWIO UIelIad 10§
01°01 uonoag ut pado[aAap 2q [[1M UONN[OS PSP a2y ureiqo 0y ampadoxd v 0 = JI®
(T601) (on=u (Qn=n
SUONIPUOO [eNIUI ) saysnes 18y (1°6°01) 'bg Jo (7)n uonn[os 2y puy 03 paxsap S|

)

(1'6'01) 0 =y + 0o + nu [t
0= (duym (Z1I'ze) bd
£q paurarod s walsks Ay Jo asuodsal uoneIqiA 221y ) ‘pepnpout st Surdwep USYM

HNIdINYA HLIM SNILSAS 40 NOILYHEIA 3344 60}

‘syuawaor[dsip [eniul asay) 01 0P asuodsal 2y) 01 AINQLIUOD SApoUl [einjeu

10q Jey) 2A135qQ P PUE I1°1°01 “314 ur.panord uaq E:I:,:_ pue (7)"b 103 suonnos asAYL
z I 1)L [
sosaa(}_}+ oo £} {

\)

01 speal(7-8°01) by ut U pue (1) b Funmnsqng

\

oL 'deyp  uoneiqgiA a8l 4 (447



(0

T SINsAI Ay, “(4)'n syuauraoeydsip ayy ureiqo 03 (1°2°01) ‘bg ur paimmnsqns st sy pue (1) b
& mwwww\wuoE. yoee 10j (6'6°01) bg jo uonnjog ‘01’0 = 2 01 pes| suonenduwod Ie[iug
=g <500 = T2 sani8 (11°'6'01) “ba pue ‘gog/my/ = o pue ‘wg/yN = lo ‘wgp = 1y
961 = 1D g0l S1d Jo wshs ayy 1o pajuswedwil 218 SUONR[NO[ED 2SAY ],
'z Jadey) jo spoyaw oy £q (7)“h 10§ paajos 2q ued (¢°¢'01) ‘b pue
,N :a:gm
LsH At w — = e

:,U

(z'7'7) "bg 01 snoJo[eue JouuEw € UI SPOW YOBS J0J PAULIP 3q UBD o:m‘._ﬁwwg_wm_mvn%%“:ﬂm
‘urdwep nim wasks JJS ue oy (]'z'7) by se wioy awes ayy jo st (6°'¢'01) uonenby
oreoly: T g P2 'p = 15

(o oty pue (9'°01) *bg ut pauyap asom “y pue “zy asaym
il e 0= B DD+ g

SI S9JBUIPIOOD [BpPOUI Ul
suonenba [enuaayIp A 9y Jo yoea ‘Surdwep [eoISSE[O Yim WSS JO-N UL J0g
‘pajdnooun are suonenba [enuaIaIp 0M) AY) pUB XLIBW [BUOFRIP B SI J) 98I SIY) U]
AR @ | 009
(8'6'01) 0110
/ 0 ' srol?F

w

_w Sl
~0Ie W)SAS SIY) 10

{14 v

| ‘10351 Juawaoedsip (p)
£(7) 1b areuIp1000 [RPOW () {2 pUE ‘p ‘0 ‘q ‘v syur)sul awn Je sadeys pajoayap (q) ‘auiely £10)s-0Mm1 (B)
BInjeu 1sIy ay) ur durep A[eoisse|d e jo uoneiqia 221y ¢'6"01 24n31q
2 42 192,21z Fale

(P) ]

dlg jug =aiy

! TN
=

144 Buidweq yum swalsAg jo uoneiqip 9ai4 601 093

SN

=29
pue (5'6'01) ‘ba
ur se aures ay) ¥y pue w s (1'6'01) ‘bg Aq ueai osfe a walsAs s1y) 1oy uonow jo
suonenba ayy, ‘00z/my/ = 2 pue ‘K[panoadsal g pue Jf 21 SALI0IS pUOdAS pue ISIY A
10J S)UL10YJ200 Surdwep snossiA ay) ased sty uf “Surdurep Jo uonnqLISIp JUIYJIP € 103I0q
Arsnotaard paIopisSuOD U0 Ay 0 Je[IUIS ‘BE"6'(] “SLI Ul UMOYS WAISAS Y1 MOU JIPISUO)
waysAg padweq Ajjedisse|d 2601 Q\_

PT'601 81
ur a[qeaonou st siyy ‘Aouanbaiy anbrun e yim uonow ooulrey dfdulls padep TTIOU
ST rGonow oy (777 i) Suidwep yim swasks JAS 10) NyHun ‘piyl,

Q7’601 "S1 ul 9[qeadonou SI SIY)_{UONBI]IA 221) Ul paulejurew jouesLadeys p1odyap [en
-Iur 3y} ‘puodag LOT'6'01 Bf ut o # ()'h pue o1°6°01 Sy w o # (1) (g101 pue
7101 'sS1y) mEW;m padwiepun J10j PIAISQO M Jeym 0] AIenuod ST 5 AU0NIBAISqO
2anyp murad synsar oy ‘wysAs padurepun Yy Jo ¢ sApouUl [BINIRU OM) ) reuontod
-01d are yoym—uydesSered Surpaocaid a ut (O)n $10109A Aq pauyap—sjuatade|dsip Jur /
-sodurr £q uonisod wnuqnba I WOI} PIGINISIP WAISAS B 10] I8 SHNSA Y,
‘san8y asay) Jo (q) 1ed ur panoyd are—2
pue ‘p ‘0 ‘q ‘p—sjuelsul Wi} pajdas 1k sadeys pajoayap 2y ‘samdy asays jo (p) yed ur

-ut own e sadeys paroapap (q) ‘owrely K101s-om) (¥) :wsks padwepun 2y jo apowr [einey pu
ayy ur juawaoe(dsip [eniut o) anp wasAs paduwiep A[[EDISSE[OUOU © JO UOHRIQIA 231 T°6°0T EXUEIE |
2

(e)
/7774 7/
2
¥
In =
wy
o ¥
in =
w
o} 'deyg  uoneIqIA 8314 vey




