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X
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2
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b Ll e e
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" x=x

@@l 335 (%) OV padge (e puuall a2y ik
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d[;(X)zo = ¢ (a’x-2a)=0
N
X=2/0 sie Saaly o35l s T3] s
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WS e el e e A GBI 0SS Ll G e

O .(anharmonic)

19



V(x)

2/a :
W X
(4-1) <l

(Free Fall ) yal! ko giad! 10 -1
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aas Taludl Tall 3 1 Gaggads J0)=0 Gadyglun

2
my, m°g, mg+by
= -—=In( )
O Jmax b b mg

S 7 Lagias aall My pasua ips wilaill 38 o e alall Lndlall (536 el
Aially laat «Lagia 5T alas pe 4, LG

GMm

7'2

(52-1) F=

22



6.6x107 NmP/kg? (galomy alall Luilall cull Geua
saill e gl Gilla IS5 il gl e aaiad 39801 1 ey
.

(53—1) Ulr)=-— j F(r)dr

o0

MJGLLJM'&GS}&“ 3\,3” ‘ada.ﬁg';tu; I'S=°0 CSJL..:‘:;Y| t;‘ld.u LZJ._\]E' C'_E-:\
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(83—1) N=(A+ B

A 538 b el pa Vel i (O8-1) Sl Siay

(8-1) J<ali

bl ’ . - y ; b - -
Usbaall Hoay Yisie y<@ <D S <4 mk (under damping ) Gpasa saldS. —a
L IS Cya cpds (81-1) 3 5al



(85-1) W=0,-7
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(Motion in Plane and Space)

Lagasl-2

al gilly Jall Juaill b i ki e pan 8o U5 Juaill 3 L
elall Lualyal JHall ol panadis oLl (b sl g (b g Epa s
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2 2 2 2
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i j k
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. (Vector Differentiation) & lgasl) Glaskl 6 -2 -2
DYl ase A 423l SIS 13
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8L Ll Gyl AV g 85335 Juse (1) 0xP25lad ) Leshiil Lsilly diidia iSG Xaie
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Losie puvia ¢ ludy desun aagly ASLo Lhlaayl jylall Laghiie o L Lasd & 38
L sSI i <(polar) Lukail i «(cartesian) s JlSaall o LElaaYh dais go daie 3G
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ssbae Tkl Tl r= i+ g+ 2kaaills Tosme 7 Lovan Lol of 2 il
S Koo d UV prcanll ey danie LSS Ssie 02 TS Llaa)
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d di

(11-2) a= B _ My
d dr
2 2
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i
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av dv

Y . z . .
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dzy, d*z

1+——]+?k= dyi+ ajj+a,k

dt?
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(14-2)
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u du Ju
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aslae Losbil Ll £ = it gt kel Tosae 7 Lo Losl 5 L2 sl
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)
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(20-2) ¥y
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3
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j=sin@ 1 +cos6 O,

w
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24-2) V=—=—r+7
( i dar' at

dy_dy o, dy
da de di dt
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:QT (21-2) oGl (yo 3ad Eua

(25-2) %=—sin9 i+cosf j=0,
3
a0
262 ~—L=_cosf i+sin6 j=r
( ) 0 cos@ i+sinf j=r
! (24-2) Jas el
(27-2) v=(11+(r9)0,
Dl
(28-2) v=10,1 + U0,

10, (radial velocity) L yadl!) Lo yuud | 5520 s
(29-2) v =i
: Uy (tangential velocity) Laulad 14e juul |y
(30-2) vg =10
Aalls aas sl g 505 51 oLaall (S Bl i
(31-2) a=(i-r0")r + (16 +210)8, = a1, + ag0,

(Al 4y ealad l g 5 Luddls a, s bl g ludlla i o

.02
(32-2) G=r-10"
ag =10+ 210

o 1 b S e 7 aush s dumy paaall o a3 131 61 (31-2) Tl e Lol

P=#=0
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sl sloso (ool g HLell ey Sisie
(33-2) 4, =-r6*

3y «(central or centripetal acceleration) ¢3S,k 1 gobuillanla e @J.L:

el 35l e aall eyats duay ¢ (_ph2aled Wl 5,LaYI Lay) 3O gas
- (30-2) Bdtalls 5lane 1 L durulon de yuus 7L yla

:(spherial and cylindrical coordinates) Ta! gl 1 534 9 ,<I lalslaayl 3-3-2

31 4(5,2) L5l SlBaY endin san G LA L manin o s Losic
(2:2) JSall 3 daasll < (p,9,2) Lilyhansd ! 41 (1,6,0) Ly I
LG ol « (3-2) Yl fo colifaa¥ | Gl cps L3

X= P oS ¢ = rsin s cos ¢
(34-2) y=psin@ = rsin G sin ¢
Z= z =rcosf

(2-2) J<al!
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r=(+ i+ V= (pt+ DV
2, . 21/2
(35-2) } 0= cos' (D =sin (Y iR
r r z
o= an (1) = cos () = sin (L)
L x p
3
p:(x2+y2)l/2: rsin @
(36— 2) o =tan(D)=cos /(D) =sin" (L)
x p p
z= z =rcosf

(1,0, 05 (i K)5smsll Sleais Gibiie o bll (Ko o La s
:(9\914-2)0}&ﬁ| g.nc...a&o\,.b < ‘(ph(h,k)"

z
k 4
~ i
o 27N6 o "
0,
(<) (4-2) gzl (I)

(1,0, )9 (i,j, K) o= Bl (1)

i=(sin O cos ¢)1; +(cos O cos )0, - (sin )¢,
(37-2) j=(sin @ sin @)1; +(cos O sin ¢)O; +(cos )
k= (cos @)1, -(sin 8)0;

1, =(sin 0 cos ¢)i+ (sin O sin @)j+ (cos O)k
(38-2) 0, = (cos 0 cos ¢)i+(cos Bsin ¢)j—(sin O)k
¢, = (—sin 0)i+ (cos )j
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1y, 0, K00 (i,j, k) o byl (&)

i=(cos )p, +(sin 9)¢,
j=(sin@)p, +(cos @),
k=k

(39-2)

(40-2) ¢ =(~sin )i+ (cos ¢)j
k=k

(0,4, k)5 (17,0, 4o bl (<)

1; =(sin 8)p, + (cos B)k
0, =(cos0)p, - (sin O)k

&=

(41-2)

{ P, = (cos @i+ (sin ¢)j

P =(cos 6)0; +(sinO)r,

(42-2) o =¢
k=(cos 8)r, - (sin 6)0,

o8 pren g by de o olS e BlELEY )] Sansll wlgaie Gu Gl e wiis
Lokl oL luayl Ula i Glad LS Aslghsd [y Ly <1 il
Ol e O (6Ll o 3
A+ jj+ 2k
(42-2) V=10p +pod, + zk
ir1+r99]+rsin¢¢¢l

d+jj+ zk

(43-2) a= (ﬁ_p.¢2)‘)‘.+(p¢+2p¢)¢‘..+ﬂ(. .
(?-792—r¢zsin29)r]+(r0+2i”9—r¢zsin0cos¢9)91+
(r(ﬁsin9+2f¢sin9+2i9¢c050)¢,
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il fulaty san e oLkl 4-2
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Al SO i 9l e
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LIS

n
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bl 40 Py sl e 3550 La, W) (g5ill Uano F m
aai £ g oibaalll o Bl B3kl dalKay
t)
(46-2) py-pi = | Fy di
b
Ciokllp AT 5581 3 pauall lall a23]1 505 5 (40-2) Cya suand! ikl o Laadts
101 g« B30 el s F_(impulse) 3 5all pds 54 ¥l

(47-2) J= [ di

Gans! Lballl Ze pudl daio; Luse (45-2) ik Gayed of 53T 42 o

dp __ d(mv) _

482
(48-2) Vou T a

v-F
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(49-2)

(50-2)

(51-2)

5l

%(% mv-v) = gt—(%mvz): E v

T:%mv2

0l b opaalll o (49-2) Aalay 4o o5 0 A a0 GlI

L
L-T = [(§-v) a

h

Sl Fpovsall e dum o Glt) Tkl LalSal) JSal (512) pans

(52-2)

(53-2)

151 g1 instantaneous power) p Lubaallf
p=F-v
ﬁL&iJ'gidHﬁa@uha):@SﬂJLﬁ- 2-4-2

P all Lo diliwe DI JYA asien e 5550 358 Jid iya

4]
WzJ.F-dr ;

T

sl S T pall ala e dir Jin

S e Ll Ge el JS wie Digyre Epall slasly 5581 o Lhll sl 13

(54-2)

 JSAIL 5 ,A Y Zastall

n
szFr cos @ dr

r

o shaae Jadl juas Bie Logs Bgyan T gl daie S LS50 el 13] L]
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(55-2) Wz_[dex+ F,dy+ F,dz
923 512) i v=de/dt g

I
(56—2) L-T= R de=w,
r
(Work-Energy Theorem) GUall g Jakall 4 5 (56-2)

(Torque & Angular Momentum) (s3) 541 az 311y a5all 3 -4 -2
Ul O L 2ot Tl pacen e 5550 358 a3e iy
(57-2) T=rXF

(pasndl fdige sie o405 0 o s (1) O Uoil] Ll svsall udyso ol T s
(5-2) JSall il

y

(5-2) gl

av d
T=rXm—=—(rX mv)
a di

o Laasts 3
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d ar d
—(rXmv)=—Xmv+rx—(mv)
dt dt dt

(58-2) L=rxXmv=rxp
sl adall dyge < O Ll avuall (Angular Momentum) ol aa L eua

_at

-2 =
(59-2) T 7

o ol 4R 535 sl Lo Aol sl s e 85501 sl il a3 3
A i Lol 3l

cebasailf 3 O Ghean G ga il alad | JSLaTS g 1ia

Boall (G Gl LS gylyll anll Lyks 1 Jgmslly o3l mball Cayas oS
s 1) g 1 il o L Bl lo(Sas (Ll (EY

(60—-2) 6t =t a

5235 (60-2) rouas «sslewss (Angular Impulse) 9l I aaudl ¥ Gl e e
- olsll pASl Lkl LalSSl sl (60-2) Zastall shas

(Potential Energy) (H.Lol&lli.iLL:Jl\,i) el Gl 5-2
(PEER VN megwlgmy‘gwﬁsjyl 858l cudiel 13)

(DL ot Al Ge Jii Lasie

(61—2) W:fF(r).dr

r
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WJSAIL  pdpll sie prieall audg Tilk Lise 136
r
(62-2) V(r)=~-[F(r)-dr

2l Gl 055 Sie . Lasana JBa V(D) (155 Eumy Bule 335 (o5 Lia) gudise £ dua
Golia T 5K (o aunall Jail a0 8500 03a Jid ol Lo Ll sie B43l1 e 3Ll
Al s I (F sie asaii)

SNl W il LS salels

W= TF(r)-dr+TF(r)-dr=—]1F(r)-dr—(—TF(r)-er

r

(63-2) W = V(r)- V()

Lol gl il (b o (gl AL cpp Sy Losie pacans fle 35550 858 Jiukd
Lo Lgie
S ’L_.JL.M (el juas Ndie ‘M..AII e 853500 (g8l z.lm‘:gh seall ol 13)
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: gl
(65-2) L+ V(r)=T+ V(r,)
(66—2) E=T+V(r)
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F A1(65-2) Jgs Buie
(67-2) AE=E,~E =0
(Total Mechanical Energy) TSI LS (<.l | Glallawl E Lo 3l
e adiad (o538 dhana LS50 cad abis O posaas a5 3] 4T (67-2) o it
Gl LRI SIS Gl 55 St e gty Gl padliian (S i 4o
-(Principle of Conservation of Energy) Galkal | Lida Tass anfile e
My&@&ﬁ@éﬁ&]h@adﬁ: |J!Q1&LHJ|EJ§AJ|0AL|J.?.J

Pl e pal S (6 ¢ Lo gy Tilke sl o630

V(r):—JF(r)-dr

sle Bl AT pdse o ) sie Wb S prall gl LT LSS Bl o
.(Conservative Force) Lailas 545 peul Bidie dule 555501 844l

O lprdy Glb Ge sl Glinal Koy 4 e Gladl JeKI 38a5 7 Ladls
:dSylal

(68-2) F(r)=-VV¥(r)
i\bsb
AXA=0

:of aad Wl o (68-2) okl il ol Gasd 13k
(69—-2) VXF(r)=0
- (69-2) 3iazy pdshl o waias PR R THEN B P [
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Ko cle Byl dady Bl s s (b 1) b e pann a3 13] 1,31 Gga 000
((equipotential surface (or line))sga ol (b l) o e o jais 5] o8

AT s Gla 580 s e Ladll b eyads Mlaea o Ga1 puBile e JisS
233y 8lars 58 7 Liliws die say M GES Taa u

GmM
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,

(70-2) F(r)=-
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-GmM
r

(71-2) V(r)z—JF(r).dr_—__

Gl c;\:ﬁ.\ |.J‘L§ (180° QSJL"“:‘ 1'13 dl'u;u :L.'.UI.)” C;l .I::AY) (4.4“)3| t;.&}a Lie 61) LEIP-¥
ol 61 Al (71-2) 2 llaall eyl

GmM
r

(72-2) V(r)=- -C

_ GmM
c

(73-2) r

a6 (g1 e Ladll 3 sV o yas i el Mo avundl e Mascaall sy i
bt ol S oa Ul sin b seall ol poknd 7 Lajhd ciua 58 s e
LS M Liall 350 sie 538 yate « (L dafids i Jal Go (73-2) Tdlalls Loy Uas] Ciloas]

.(6—2)Js,:.n&,_a
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- (6-2) g
:oiéeedeegsmc@uhdﬁ%@wmlu«sm

(74-2) V(x9,2)=c
PO Bale euls Céua
(75-2) av(x,y,2)=0
FOSU
(76-2) av(x,9,2)=VV.dr

z

VreY Db (ke € as, preadl (B Ja) seall golas e Tyl KT TINEN
(:;JJ-M‘. VV[)i (:gi 90° Py dr Y ‘(.t:_u ;‘;'Jb” Qi én.'alu..} Jal SML: J.LA.” g\,Lu.a:nY
O LS sgall (gl el e

F(r)=-VVv
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Js.x:m.Wlwmck“uk@w@mﬁ@luhsjjllsﬂlgi@ml;\l

e Zh
sl e oty Losie wprmgsﬁga@waﬁ 150 T s
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., (Stoke's Theorem) o s Lk an S0 AL 5Ll Jsb L&ua

(78— 2) §F<r)-dr=j<VxF)-dA
L A

s ell il Aadlae 53l 1 L
VXF =0

(79-2) W=§F(r)-dr=o
L

;;tnguyg@‘);mn w@ﬁl—uwﬁﬁr@' yads Lesie 38l Jauls
L flailas 55l o) Glsds 4iaile wasilly lia Gl

(Projectile Motion) a4 ) 3811 4S ya 7-2
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(79-2) ma=mg o
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aad heall Lglss 0, L ELAN eyl e
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D and ASlaad slaldl e (86-2) Wdkall oliS o 32Ty eV g 02 5Laels

X=-0%x
(87-2) y=-ay
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A= b/m Lasyéan
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(91-2) —0 2 ; Dox g = 1>
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5o sty polie oy 3 ya Unsios by ps 350) Alas 238l 8 a jueais

A e
(92-2) v, =<0

3
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Al e ¥ alas 5
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Ll 3 e 61 Y] ¢ iy p Ll 3 5a Ge Dbl iyne o¥alall sda Ja ol
T e s o yas 7 L)1 S 5] A gy

bid AL S Jlos (B Hsadiapwa IS ya1-8-2
Bl Blans 50 S 81 gt 016 (531 LS
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A:JALM|QS);UJLMJ:LJA:\J
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e s sl B, s Ay s B g A gebiall cladl o1 Y1 coswi=cos(-w) oY
roble aas WL (209) A0 ok Lidge 13] a0 elld (i
oS 0 =0 G 13 ()
k/

LA AL
m m m

(

aa L Laiayl,
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(31“9) A1:A2
a0 =0, 58 ] (o)

k+ /e'_ b+2k 4

m

m
ui LSi

(32“9) B]'—‘—Bz
il e (30-9) 5 (29-9) cadall e unill S 1A

(33-9) x=Acosw,t Xy =Acosw,t

(34-9) x, = Bcos wyt X, =— Bcos Wyt
UJ'L‘“'“ ‘L,A)ﬂ I BT Jla JJ’:;YJ
W e Liu o (normal modes) Laagahll ¥ lall LSU ol e
. (normal frequencies) Luagalall ol ss 310,
Y Lad il uin 53 olileayl JS oL Lokl oYW 5uaw

Ol &%L.l(l)“ ..\.\):JL.a o ‘LQJ.B.LH b‘u ‘Ln.uJJ..\.“
X, =x7

1 2

(59) il age 54 LS (symmetric mode)s LUk U sia e

/-"—“\ ,
\\__,/ \xl
TN
t
\___,-// \xz
(5-9) !
gl::.:d @, s9y31lb 51y Wi
X =-X,



lia (6-9) JSall Jias . (antisymmetric mode) yJhUall juSe ULall sia es

. tAAJ”
.
\L/ < t
/\//
X) [
(6-9) Jsall
Ju I Jall

Waadley (24-9) W all aVulie ) susall Plawall Jol&I1 Jall Y1 aail =

o1 &l Ll Sl puds e S Lo COSWI e Vasinwt gsms Yo Ji& g5

(35-9) > - xq=Acosw;t x,=A’cos W,
3
(36-9) x, =B’ cos ! x,=— B’ cos wyt

) da oo AST pan oSeid Lhd Ll o¥ulall o Ly dpide Jsla oo
el le alall Jall (13 Vake o Sl oSy

(37-9) {xl:Acoswat+A’sinwat+Bcosa)bt+B’“sin wyt

Xy =Acosw,t+A’sinw, ! —Bcoswy,t— B’ sin Wyt
oS 0 Waalll i 0 asii SIS bydll o alall cladl] siaTs
%(0)=A+B %,(0)=A—B

2 0 gy o3l il Sllall L el

¥(0)=4'w, + Bw, %,(0)=4'0w, —Bw,

raad Wldl oYaladl Jas
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4= L1204 x,(0) B=1[x(0)=x,(0)]
2 2

(38-9) ) )

A== 1 (0)+ 0] 5= 15(0)=(0)

e Losbill LU Gaasdll e gl Ujae Wldl oYoldl W pews
(S53 slad¥ly Sl Gudly Lladl G pleceall i) 3l 25T byl
IRV Pt i, (0)=5,(0)= 09 x1(0)=x2(0):g_a LSyl bgydll o6G ASae
Alsele Lagire GSin colill JS Y bii G LB sl o dell
Galasly Hladll uily graseall Giay A5l ol B (oAl L e
& X (0)=3,(0)=03 x(0)=—2x,(0) LY Lgydll s Husie uSlaie
i Ll uSlae pdgll by Belinl dagsne culgdll JS o6 Ul sia
Loshill 5L edel oni oSl ullall 5ulie 514y hyyddl 65 Losie

(0,50 paanbll Gasa il Ge e olassl NG

~

(Normal Coordinates) Laagadad | &L a1 5 -9

DIl g, 5 g onslaal Bije cpladise a3l5e Bpa Lulys sie

1
61a=ﬁ(x1+xz)

(39-9) .
C]b:%(xl—xz)
of Badh sua copdluadl cuin Wiy gy Uls i o3 o
x=—t (g, +4q,)
1= 7,7\ b
(40-9) V2

1
xzzﬁ(%‘%)
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m(g+q) m(g-g) _m, m,
T=_ a +— a _ +—
2 2 2 2 7 BT

k(g +q)" k(q—q)" ¥ o k , ¥ ,
V=—=1a +—-1a +—q,=— +—
2 2 2 2 y BT T

u'! GIJLY dly U5

m., m ., ko, k'
42— l=—q +— g ——q; ——
( 9) P qa 7 a4y an ) 9
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:G;al)iy 9_“JJL9.° LGS

d ol _dl d oL _ dl

d@tdy, dq, °  didy dq,
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JSal e aaly US Ja osSe 13y 8pdbe cniladie GG oGLs

=A t
o) {% cos(@, 1+0,)
g, =Acos(wyt+@,)

wa:(£)1/2
m

k"’ k+2k
wb:(_)l/zz( )1/2
m m
7,08 Loshiall $as a I Jal oo 6l plaldl oadall Ge W as
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W335 G SR @ 335 g

agliall  (normal coordinate) u_a.;..‘.b &;'JA! 2G99, 00 S 8
Sliliall hd psane o AL gank Jlal JS ol Ll AW
S D ilis pyane I pdsl Gilly LSl G S35 eum
oo Jll s LS LSGE dhasie @Y o¥abie (5SS chdd Lokl
Oo 4l aab kB aaly wag ganbk Jhal S 0T A Ge g (429l
Lophio 535 Losiad . okl susji 4 ganb JShaa] Jdls Lk A K Jal
dla 56y il Al 3iE elilayl S ol ki aaly ek i L
poine i bis aaly ek Slas

S phadie Gle Al

: (symmetric mode) Hhlall aasll (1)

x=x, , =09 «Jelll Sl¥l 2 g 5 p=0,
: (antisymmetric mode) LSl LSl sl (o)

==X , qa:O 3 ¢ Jelall &;‘I“\Ag‘ g__;A quw:wb

Tsa oy ol Leghiia ¥ Luagehll alilaay 1 6-9

Sl s Lpall e ofians Ll Laskie Y Lol Sliladl ulay
oSl Lyl calgll hgyadl loaas ol (269) aaall Ll glilas

Jdssde Ja Epall oYalal
(S sl e palalall oola S bl Al 4

Ghias 4aad saall gl oK Ll oloaill sad Labe sualy sae Céua
c==1 g1 c=+1 51 Gsladl JilI 3 Guasy a3y cauhll suyll codBal
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(Bl Gpwaa gallaa) Gase 1) €T malgll Ge
‘ =X — X
dp =X — X

O Saamall ol pdlaadl g, g, (65 Bl € e Gy € eun
s Ol alsll Gay e ank wagn Lohill g Lie lagane yoSo Loaual
sk laal Ladd oo (4499) ol opiyadl ekl ol Cieliae

(The double pendulum) Gelal! Jgaidd! 29 Jis O
i il e Gl 2/ dsh bad o Gilge Cieliae Jouy Eja il
(7-9) Sl G LS iy sie AT MaS Huie aves AY Gl sl
E%aduglhk‘@#JIJ&‘ftﬁgu.hﬁﬂlobbhldiyvg
310 o2 3=l S e 68 LS LS e @ 50 oilaayl raall

Lt o oo <—mghcosO+cos@) 3 —mgleos @ Laganiny Bl K6+¢)

(7-9) Jsal!
Y Ul
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=l AY oYabe cuuas

d ol _dl d ol Il

ddp dp O 490 98
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mi20+ml*(0+¢)=—2mglsin @
ml*(+¢)=—mglsin@

faad agaall Cuiyiy SINQ =Q sin@=0 o Lask

2é+-2‘7g-6+¢=0

(45-9) )
é+¢+%¢=0

JEY (sams) pre (0 3yall Asbadl aas <

]
w4—4w2(§;—)+2(§[)2=0

lea Sladall Slasyll (Sl

(46-9) _, .

b (45-9) Of axi Ssie praanll ppoasll aals Lokl oial 13
(—2w2+251) Ozwz(p

0 0 om Ol ol GGl aad Wl sla S (469) 5ot Jash Ldasal
:Q:\S._;a:.n:xul u::dl.«.ll

p=+20 3 w=0, L !
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0=—20 5 w=w, A Sbe cayll

C oy Led oaiSas iend (44-9) dsladl o Cceulal ol pas Las
:olaahall LY (5K,
gy =0+26
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sie Lii olaye paene o Alhe oSSaw @Y Al 1 e Glall (Sa
a - oLl gl Slaay ! aluail

3¢l oleghaallialalid,lull 7-9
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il e Ll & all
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(47-9) T~“ﬂ11‘11+ll12611‘]2+ #27‘12 ZZgﬂﬂe%’%
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Nale &jate gea8 sas Gl Lase old

Gh LB 51 paymiin 13 g oI5 pdy doa 5360 Lokl oF Ly
dasad elal G W Lani aiin WS G159 ady i db b i Ol
bl se OIEY) s b daa LYl plall Lokl b

q]:qZ:"':qn:O

il e pdgll Bl S aaEile s
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di g, g
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JEAl e Ja dla S 13l
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1 sl gl JENT pra o Lavks Anladl o¥slaall g Yo aaly
:JI
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—UpO Ky —Hp@OT T Ky
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Laghiall Lokl olasill

Toaashll aLSlaaYl s92

o i ol o of o 1 Al 505G OF 2S5all Gl S 6l L
ol o Lkl ool b Bk sy ey Lage Ll SLELYG
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;;@kxjxk 5 ZZajkxjxk

b=ty aj, =ty
JSA o i Jagas uag Saie Lo Linge J¥1 0K 13) Lasie
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i
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j ok
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2
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(59-9)

_ql’%""’q’l

e :z G q]‘
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P ppailly s
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WJSE e sluye gesane Gloaai Vi T 5T cuay
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Ky Gy)
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O, A

Wlall jpin oo Laubll cludl ol Wi WG,SS S Lkl
bl oliladl Gjee Gon LGS (Sa Al (539) 55l
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d dL _ Jl

60— 4ol _ ol
(60=9) IETRREPR

Bl b A Lol sl g8 e Q) J5 caa

(61-9) X==Gh—da— " —Cu

((50-9) w¥olall) sueldia 5 &pa Ulal dplie L3l Eoall w¥olee ;S5
Al sia &’_9 ql’ ..UJ.A” YY) GLS:L:\.‘.‘.ALI
S dasas bl (aamall Wil puad oSIy) ¥ QT L oSall o

sl e Eall oYoles S tuas Lol olilial
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LS el Sty il gare g (iSS Bualaill ES5all Lo 1 Lads
LS dasa i T Wl wolatll 0 Lt il it Epall 06 5 (Sa
Jo¥! Jeadll LY

aaBll (53 of Lball LGl ol Hi o,AT g8 Jba @S 131 LA
Qport COSO! yiles Sty Lellaal oKan Stie yayll po Lna ,uiss Sl sl
Ll las Ja 0%y (60-9) Lpall Uslas S 3 (Q, €@ 5)
e S LRCTIRES L

(64-9) B G+ G G+, Gy =0, ¢

s eyl g buna ,us ey Lanls 558 sl S Leskill il 153G

5o bl Sla¥l o€ Bse i Toghiall Tanbll ol saY gl

by Al hnaYl I Tl Jgp Lasie L ST 4 5 31 olld

wagll sa JSlaadl ol o Baie Tus s selaall Jalae oS 13] gl
Aoshiall Sl

3 yin J5SG Jans el lyizial 9-9
caie (e el e Llge daven ashic olyliial BEA1 sda S uuin
sl sie degidge nlassey M Saalsll US Srmiie clotwas Jasky ik 5a
Someall Sllasl Lalall Lokl ags 8 ULll sla i lpdas oo dyslade

A SE G laydas S Lall Ball aseie ) sy

Gy oyl olaall (O] pudy o Y1 sadl) W1 dacall il
Lo pldll pcin S S 0l5all Ga cnesd Jla G malgll e g,
3 WS (transverse motion) Luaye olylyial @l JiwSly deSU 5155891 Leag
Gk oa @l dladl Hlee JSd Hlanlly graall Hlpaal 6 (7 89) <l
(o 8-9) gl o8 WS (longitudinal motion)

Loye oy pegill gun) o o8 el of sia Giwl i o il
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3 Loskil Ladll eyl 5 Jlall b LS Legis
S al Bl il

(65-9) T=T G gy )
o9 O —o_
qr, 7
;
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.
OO o0
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(8-9) Sl

Z:JJ.L” alhyaayl dis 6‘9 dad Xdie pa ssi d‘! SJL&]}!J V el e'.&;lml.u
S V] SV pamaall o elludl sl i
Jv+1— 4y

it bl e ehall il gl Gl osSSg

1
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el o Jealgll csall ol Dgye Jolae Kewa
AV GV el gu Bladl Gl Lsjall olyliay! A S Wi

1
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OBV pay S resall go Gl heaa
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1
Al:ﬁ(qvﬂ_‘h)
rall g )l &b S5 Buie bl i adll ga SO 136
S
SNZE‘/?“(CIVH‘%)Z
Lty ol Dbk 2S5al wilS lpen WK ol pdy Bl 5 5F olld e g
WSl e olaye psene oo
) n k 2, 2 2 2
(66-9) 1/:5[611'*'(%_(11) + o +(~q’7—qn—1) +qn]

(L yall 3,all) k:%

sl

(Llskll E,all) k=K

il Al sia 3 milye¥ Ay aas

(67-9) L=Egirnqi—k((1m—tmzl .
ey oYols (e
4oL _dl
dt dg, dq,
Paas
(68-9) mg,=—(q,—q,-1)+k(q,.,,—4q,)
v=12 ..., NéEua

O uaans Ldal (coupled oscillations) Uasiye Llalss Yslas 7 (68-9) Jiai
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JSall G Ma Comis peill e L LT gelSliayl
(69-9) q,=a, e

V‘s:u_u;” ES‘)A Loy av &
(recursion formulaly Ls,] Gske a3 (68-9) & <l il Jall Gaysar,
sy osbadl

(70-9) —mw’a,=ka, | -2a,+a,,,)

s Ll Ll Ly s Gl @l suas

(71-9) a=a,, =0
el (saadl) el aas o5 (e
—mw’+2k  —k 0 - 0
(72-9) —k —mw’+2k —k - 0 0
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oo 0 wapill L 5 Lia nalla (6 n@ll e ool i o L
Whall o soliindl Ko bpea amslasl Alas o Yoo 85uall dlol
(GJEI sl e (70-9)" de by
BBl av Ll g, LSl il
(73-9) a,=Asin( vp)
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(75-9) mwzzle(2-2c05¢):4ksin2%
5
(76-9) w=20, sin—(g—
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\m

Do 61 Y caay Lasaad o ll9 el WYy Ll wlos il (76-9) las
Lo A1 5kl Ge Slall Qo sy dasmin sSi Blall Guis 1 el
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¢ 4 Lhdall Ledll olay 4,70 LG LA Ljpdy i 13 a=0 LY
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(ol Maie Laagl e s Néaa
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Al e Lanbll wlos il slaul ki @ wuas,

Nrm
(79-9) Wy =205
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(ot Lahll oYl llEaYl daw G (78-9) 5 (73-9) e aas LS

(80-9) aV:Asin(Nm/j
n+1
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N=1,2, . ,mslse¥l Js5 Lin cpuppall aesall a8, V=12, nalse¥] 5a5
Aoskill L s ll(normal mode skl JI A

(80-9) Usbakl (po Laliaw, LS Gball Lokl oYl (9-9) Sl s
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w
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n
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Jadl e

n
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LY gyl e @ 5 A Sass aaaT Gua
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Ty [+ 1D aa¥ 20,3l e dania wliclas b Lawbll sl o gl
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