goo

gboobooooooooooooooooooooboooboboboboboboboboboboboboon
oboooOoboooobOoboooooboooooobooooboooboobooog
gbobocobOoboooobobooooboooooboobooooonn
gboboobOobooooboobooooobiloooobooboooo200b00000000000D0O

00000o0o000o0oO00U0oOo00oOoO0O0U0OD (bob0o0D0oOoO0OU00oOO0UD)Db0OOoOoOOoUoo
0000000000000 00000000000O00U0D (DUo0o0O0D0DUooOooDUoooOoo)ooo
gooooooobobooobooogobooobooobooobooooooooobooboooboboboobooogooDo
0000000000000 00000000D (0000000000000 0D00D000OU0O0ODOo0OOO
00000o000oo0o00o0O0U0oo00oL)DUoOo0U0O0oO000Oo0O0OU0OO0o0DUCoOOoUOoOoUOo
obooooboooobooboooobobooooobooooooboooobooboooooono
0000000000000 0000000000O0000000000OD0O00U0D (D0)0 20wO0O0O0O
00A0000000000000000000¢t00 20

z(t) = Acos(wt + «) , z(t) = Asin(wt + ) (1)

0000000 (0oo0o0o0oo)Do0o0o0ooo0o0oU0o0UoO0OO0D00Uo0oDoOOooOoUoOOo
gboooooooooooboobobobobobobobooooooooobooboboboboboboon
goobooboooooooooboboooboobooooooobooooooobooobooOooobooooboOoon
oboooooooon

oboobOoboooooboooooboobooooobo 20000000

d d
d—f = —wAsin(wt + a) , d—f = wA cos(wt + )
I
d? d?
%j = —w?Acos(wt + o) , Wf = —w?Asin(wt + «)
4
Pr Pz,
P R v R

U0000000000O0cosO000O0sin0000000DO0O0O0DOO0O0DOO0O0O0ODOOO0O0ODOOODOO mOOO
obooooooooogo

d*z 9 9
(s x=—kz (k=mw”>0) (2)

o000 k0O0000DOO000DDOO00O0ODOO0—-k:000D0O0OOO00DOODOOOODOOOODOOO
ooobooooooooooDD k0000000 O0DODOOOODOOOOOOODODOOOODDODOOO
0000000000000 00000000000000000O00U00O0O0O0UO0O0OO0OUOOO =(t)
ooooboooon

obooboooboooooooooooooooooboooboobOoboooboobooooooooboooboobobOoobon
ooooooooooooooDoo0D—-kz0O0OD0O00ODOOO0OOODODOODOOOODOOODOODOODODOOO



gboboobOoboooobobooboobdbes00b000000OO0O0OOODOODbOOOOODOObOOOOODO
Ob-00000000000C0000D000000DO00O0O0DO0O0OO0O0DOOOO0OO0ODbOO0
gboobooboooooooooboobOooboobobobobooboobooooooooooboobOobobobon
0000000000000 (000000)0000D000000000 —k:000000000DOOOOOO
boboobobooobooboobooooobooooboboooobobooooobooobooboo
000000000000000000000000000000O0000000 (D0)000000 (harmonic
oscillator) 000000000000 OOOOUOOOOOOOOOOOOOOODODOOO
uboboobobooobooboooobooooobobooooboon

d*x
ez = —w’x (x = (v,y))

0000000000000 000000O000 (DUoo0oUooOoooooooo)o
gbobooboobooooooooooboooboooboobooooooooobooobooobooboooboboboboobon
oboocobOoboooooboboooboobooooobobooooobobooooboOobooooOoo
e JOODOODDOD (ODODO)
oboooblioooobooboooooboooogon

dx
dt

gbob0l00b00booooobooooooon

000000 (000000000 U000U00Ud0)0000O00DO0CcoOo0DoOo0DU0ODUOoOoOO 100
00 10000000000000000000000000O00 (C000)D 10000o0o0ooUo0o
vobloooobooobooobooobooboboboon0OO0bO0O0OO0ObOOO0ODbOOn0000n0O0000
obooboooboboboobobodo0bO000OO0ObOO0OO0ODO0OO0O0ODOOO200000000000 2000
oooooooboooo

oboobobooboobobooooobooooboobo eOobOOobDOoon

Z—f =cx (4)

gbobooboboobooobobooooboboboobooooboboobobooobobooobo
boboobdz000000000D000O00DO0O0OC0O0ODOO¢tDODOOOODOODOO

/dtd:;it) = c/dt x(t)

() = c/dt (1)




UbodbobOz0000000:00000000000000D00O0C0O0O0O0OOC0OOODOO

goboooobobobooooooobooobooooboooobobooooboooobooooooooboobooOog
gbooobobooobooboooobobooooobooooobooobooon

googod

— = cdt
d
/—x c/dt
T
000000000000 2,020 2000¢t0¢t0000000000OO0DO0O0OO200000000

00000000000 Az0000 A¢t000O000OO0QCO0O0O de,dt0 Az, AtO000ODOO 000
obooo+«0oboboboobooboobooboobooooon

dx
—dt= | d
dt / v

000oooO00ooO0o0ooo0o0ooo0o0(D0ooOo00ooO0o0oooO0o0ooOoOooooDoOO
000000)DUoo0o0ooOooUoooooooooo

d—m c/dt
x

log|z| = ct + B’

|x‘ _ ect+B’

x = Be‘t

B'0000000RB=+e5 (eB/>O)DDDBEIDDDDDDDDDDDDDDDDDDDDDDDDD
gobooboooboooooooooboooboooboooobooobooobooboooboOooboboooog
goooboobooobooboooooboooo

gboooobgoobobooboboobobooboobbobobbobooboboobobooobo

ubbooooooboooboooooooooboobob20b0b0oboooobooooboobobOo1Ing
oooobooooon

d 1ldx 1dz d%z

iead) " 2atae

gbogboobooboboobooboobooon

L
x dt?

d 1ldz 1 dz .,

aea) telg) =~

3= 3=



000000000000u=2"'dz/dt000000

dqu 9 k
2= o2
dt m
du 9 Kk
a = )

du 5 k
‘/ﬁ?ﬁ—/ﬁ (W' =>0

gboobuoobooboooboobooboon

/ du 1 u
—— = — arctan —
w2 +w? w w

000000000 (w=wtanfOOOOO0OO)darctan 0 tan 000000000 OOO

tanf = a , 0 = arctana < tanf = tan(arctana) = a

gboobooobobooboo

U
arctan — = — wt + By

u = wtan(—wt + B1)

5, 00000000« 0 000000000000

1d
ECTf = wtan(—wt + By)

d
7 logx = wtan(—wt + By)

toogoo

logz = w/dttan(—wt—i— By)
= f/dztanz (z = —wt+ By, dz = —wdt)

= log|cos z| + Bo

b, 0000000Ds0D00000DDOO0O0ODDOOOODOOOODODOOOO



|z| = exp(log|cosz| + Bs)

= eP2|cos 2]
x= +eP?cosz

= B} cos(—wt + By)

00000000000000000000000000000O0 (2)0o00UOoUooOO 200000
0000000 2000000000cosf=cos(—0)0000000000OOODOODOODOODOODOOODO
00000(1)ooooooooo

z(t) = Acos(wt+a) (w= %)

O000OOcos000sin0000000e0 a—w/2000000000000
gbooboobooboboboobooboobooboobobobooooboobobobobooboon

gboboooboobooooooooooooooooooooooooobooobobOobobobobooboon
oboocobOoboooooboboooboobooooboboooooboboboooOobooooOoo
bobooobooooooboooooooooooooooobooOoooobOoboboboboobobooobon
goboooboooobooooboooboooooooboooooobooooboobooboboobooooboooobobooon
gooobooooooooooooboooooooooooooboboboboboboboboboboboo
gboboobOobooooboboooobobooooboon

e OO OODOO

0000000000000 0000U000000O0U000O0U0o000U0@UoDoOoUOo@oUoo
ol1o0dbooodbc0b000bO0obbObOOo0obO0b0bbO0obOooboobooboboobbOooboOobog
00000000000«00000000000000000 z=e00000 (400000

d at __ at
—e" = ce
dt
ae™ = ce
a=c

ob0o0O0b00b00 0000000000000

z(t) = e

obooobOoobooboobo1boooobooboooobooobooobooboobooobog
OO0 BOOOODOO



dx
BT
dt

d

%(Ba:) = ¢(Bx)

o000 Bz0O0000D00ODOOOODODOOODOODOOODO

x(t) = Be®

gooobooogooboooi1ooooobooooboboboooDobooooboooooobobboonoog
00000000000000000000000000000000000xz=¢e%+B0O000O0O0O0O
obooobOoboooobooboooood

gooooboooboobooobooboogobooooobobooobooboboboooboo 20000000 2
uboboobotb200000000000000DOO00O00OO00OO0DOOODOOOOODOODbOOODOO
ooboooboobooobooooobbooboooboobooboobooobooooooooooboOooog
ooooooooooon

gboboooboboooboboobobooboboboobobooboboobobobooobo
ubooobobooooboooon z,ze 000000

x(t) = Bix1(t) + Baza(t) (% # const)

O000bo0oobOobb0OdbOd0eonst0 000 By, 00 0000O00DOOOOODOOOODOODOO
0 (0o0oU0boo0o200000000000)0

0000000(2)00000 cos(at) 000000

R

k
2

t) = t
a” cos(at) - cos(at)

Ik
a ==+ —
m
000000 «00000000000sin(bt) 000000000000 e=b0000000000

cos(at)
sin(at)

# const

gboooboo0ooboobob2000000000000000 By, B, 00000000

z(t) = By cos(wt) + By sin(wt) (w = E) (5)

m



O000000«0O0 tw 0000000000000 OOOODO0OOO0OOOOUODOOUOOOO()OODOO

000000 B,B 0000000 A aQODOO

By =Acosa, By =—Asina

0000000 (eos,sin000 —1~1000000000000000000C00O0) 00000000

x = Acos(a) cos(wt) — Asin(a) sin(wt) = A cos(wt + «)

00000 (sinOD000O0000)O

ooboobooooooboboobooobooboobobooooooobOoooboooooboobooooboooonog

gbooobooboobooo

bobooboboooobobooobooboooobooooobooboo 200000000

d?z dx
e + al(t)% + ag(t)x =0

(6)

gboboobooboboboobdobdbe,e DO00OO0OO0DOODOOOODOODDOOO 00000000
b 00000000000000000000D0 0c0O00O0COOOOOOOOOODOOOOOOOOO
0000000000000000 :0000000000 100000000000 (220 (dz/dt)>0000
0) 000000000000 000000000000000000000o0o0oUoo0O0On (()ooooooo

0O0000)0

000000000 21,2 0000000000 21 +2, 0000 Cy21,Coze 0000000OCDOOOOOO

00 (600000

d? d
ﬁ(ﬂ?l“rlﬁ) +ax (t)ﬁ(xl =+ 1‘2) + a,2(t) (q;l + 372)
d*z; dxy A2z dxs
::7ﬁ§—%*&1&)7%74fazﬁ)x1%*7ﬁ§f4fa1@)jﬁ—4fa2@)x2
=0
g
d? d d%z, dy
@(lel) + al(t)a(oﬂ"l) + az(t)(Cra1) = Cl(ﬁ + 1(15)E +as(t)x1) =0

obooooOobooobodxy,z00000000000O00O000

!E(t) = Cl.’El(t) + Cgl'g(t)

(7)

gboboooboooboooooooooboobooooboboboboboboboboboboboboboboon

00000000000 0oooooooooogogg zs=An 0000000



Ciz1 + Coxg = Crxq + CoAx = (Cl + CQA).Z‘l =Cx

oo, 000bobobooocobobbooogooo

00000000o00o0o0ooUooo0oDO (noU0o0oo0 20000000006 D00DO0O0OO0O0
000006 0000000000000 0U00DD 2000000000000000000DO0O0OOODO
gbbooobooooboboooobooooboobooooboobooooooo
goboobooooobooooobooboobooboooooooboobooobOboobooboobooonon
oboooobOoboooob200000000000000
oboboooooooobooooooooooooooooooooooooooOooOooobobobooobon
obooobooooooboon
gboobOobooooobobooobooboooooboooooboobboooboboooooboooooDooon

et = cosf + isinf

00000000000 000o0o0oo0U0U000 (00D00D00D000O000D0000O00D0OUOUOO
0000000000000 00O00O0OO)D00o00oU00oO0o0DUoooOOoUooOoOoUooo
goboboooooboooboobooboobooooobooobooooooboooobooooboooooooobooobooboOoon
oboboobOoboooobobooooobooboooooboboooboOobomonag

T
a2

:(%—i—iw)(%—iw)x (w= E)
0000000000000 00000000U0000O00O00O000d/dt0 DOODODODODODOOOOOOOO
gboddotbooboddoooobooouoooooboobouoooouooboooooooooooDg
dooooooooobobbobobob oo oooooooooooo
O00z020000000000000000000O0ODODOOD0O0OO0OOOOOOODOOO20000000
dooodddooboooooooboodo2dooobo oo ooooooooa

_&r_ de L de
= dt2 1w dt w dt w x

d2x+ 9

= — twx

dt?
oobooOooobooooboooboooobooobooobooooboooobooooboboooboooooooobooooboOoon
00000000000000 (0000000000000 0000000000000000000O00oOO



00000000000D0)000000000000000000w?000+¢t000000000000000
tdo0oboooobooboooobobooooobobooooboon
uboooboboo20000000000b000200 1000000

d d
(%—I—zw)x 0, (%—zw)x—o
goooooooo
d . ..d . d . .d .
(%—sz)(% —iw)r = (ﬁ—zw)(a +iw)z =0

obb0O-s0000000000000000000DO0O0OCO00O0O0OO0O0DOO

Li(L_z)=L_(Lyz)=0 = L_z=0, Lyz=0

gooooooo
gbooooooooooooboobOoboboboboooooooooooooobooboobOoboboobon
oboooobooooooboboooboOoboooooboboooooboon
U+t020000000000000000000000000O00O0CO0O00DOOOOOOOOOOOOOO
01000000000000 4)0O000ooooooooooo

dz .

o = W

d

W wdt

x

d
/—x:i/dtw

x

logx =iwt +C

$(t) — eithrC

= Cleiwt (Cl = 60) (8)

gooooo0oooooOoooooooooocCcoooooogooooooooOg 200

s L
dz gz-z

goooOoOoOoO0O0O0ODDODODOOOOOODOOOODODODODOOOOOOOOA,BOOODODOO

eC = e = 4B — ¢4 (cos B 4 isin B)

oooooocc,0o0ooooooobooo
gooooooooooDec,000goooooooon

x(t) = Coe™ ™!



000000000000000 (2)0000000000000000000000000000000000
000 a1(t),22(t) 000004, /2,00000000000000

x(t) = Cleiwt + Cngiwt

oooooo

0000000000000 0000000U000000O0U0OO00UO00LOO0OUO0O0 (Doooooo
0000000)00000200000000000000000000000000O0O00O0O0DOOOOOO
00o000o0oo0o0o0o0oo0o0o0oUo0oUo00oO0000o0000UD (COUD0O0ODDOD)OO
gboboobobooooboboooboobooooboobooooonon
gboboooooooobooooooooooobooobooooooobobobobobobobobobooboon
gboboobooboooobooooooobooboboboboboboboboboboboboboboboon
gboooboooooobobooooboboboooobobooobooboboboooboobooooooDo

I(t) = Cleiwt + Cgeiiwt = (Cl + CQ) COS(wt) + Z(Cl — Cz) sin(wt)

0000000000000000000000C;+C,0000¢C,-C,00000000000000000
00000C, =B, +iB, (B,,B,000)0000 Cy0

Cy =C} = B} —iB),

gboobuoooooobogoboboabo

x(t) = 2B cos(wt) — 2B} sin(wt) = By cos(wt) + By sin(wt)

000000B,B,00000000000O0OUOOOUODO (5)000000000O00OO0O0OOO0OODOOOD
oooboci=C;0000000000004000000000000000200000
0000000000000 00000000D00000000000000000000000D00O000deM
gooooood

d*z
A2€>\t: _Ee)\t
m
ER—
m

googoogno

x] = euut , Ty = e—lwt

gbooobooobood

10



z(t) = Cre™" + Cye ™!

0000000000000 000 MOODODODDOO0OO0OO0000 AD02000000000000000000
00000000000000 (MOOOODOO0OD00000 MO0D00000000000)0000000
ooboooooooooobooobooboooooooobooobooooobooooooooboooobooOoon
gbooobooboooboobooooboboobooobooooobooooobobooobOob0b0dsin,cos0O0OOO
00 2000000000000000000000 (B)0000O0O0DDOUOOODOOOD
goooobooooooooboobboooboob2b000b0ooooooboooooboooobooobooOoboo
gobooboooooobooobooboooooboooobooooooooooobooobobobooobooon
gbooooOoboooooboboooooboooooboobooboobOobooooOobOoooooboOoboOono
gobooboboobobooobooboooobooobooooboobooobooooobooooooooooobooon
0000 (dimension) 000 0000000000000 0OOOOOOUOOOOOOOOOOOOOOUOOOOO
gooboooooooooooobobooboobobobooobooooboooooobobOobobOoboboo
goboobooooboobobooboooobooooboooboobooboooooooobooobooboooboobooon
gobooboooboooobooobooooobooobooobooooobooboooboobooooboooobooon
oboooobooooobooboooooobo 3sbobooooboboboooooo

oboooo0O0o FOOO xOoboooooOooo MOODOO LOOOOTO0OO0O0OOFODOOO

Fl= 7
00000000000o0o0o0 (0000000000000 0000ULO0O00DDO000DDO0OOoOoOo
gbobooooooooboooobobobobobooooooobooooobooobooboboboboboboon
000000000000M?2L/TO0000000000O0000O0O00O0DOOOO0OOOOO0O0
obooboobOobooboobooobOoboobooboobooobo e*0b00obOoboboooooboooogon
00000000 (0000000000000 00 000000000 O0)000O00O00O0OOODOOOOO
gooobbbboooooobooboo

1
ez:1+x+§m2+~--

000000000000 ¢00000000000000000000001000000020000003
0000020..00000000000000000000000000000000000000 (0000
00000000000000000000)000000000000000000000000000000
00000000000000000000000000000000000000000000O0O0O0O0000
00000000 loglzyzs) =logay +logz, 00000000 212,000000000000000
0000000000000000000000 (0000000)00000000000000000000
000000000000 (000000000)00000000 #(t) =Acos(wt+a) (A,a00000)000
00oooooo

1 1 d.
T = imv2 = “mA2w? sin2(wt +a) (v= d—j

5 = —Awsin(wt + «))

ooooooon
U:—/ da:’F:/ dr kx = —ka? = —kA? cos?®(wt + a)

11



obooobobooooobooog

1 1
E=T+4+U= imA%J? sin?(wt + a) + gkA2 cos? (wt + a)

1 1
§k:A2 sin?(wt + a) + §I<:A2 cos?(wt + a)

1
:7A2
2k

000000000000000000000000000000000000000 (00000000000
00o0o)o

ooo
gbobobobobobobobobobobooboobooobobobobobobobobobobogan

obooooooooboobooboobooobooboobooobooboobooobooooooooobooooon
gbooobooobooboobooboobobobobboo
gboooboobooboobooboobobboooboobo

00000 de/dt0000¢t000O0O

uboboggoggodg

d?x dx d dx dz
— —dt = ——)—dt
m/dt2 dt m/(dtdt)dt
d  dx dx
d dx .,
dx

m(—)?

1
2
1
2
1
2"\ dt

10000 20000

d dx dz _ Pxdr drdix d dz dj

ot Gt W oA iiadhatiha Y ¥ (e sind
dt(dt dt) dt? dt + dt dt? (dt dt)dt
dd
DDDDDDDDDDDD(ﬁd—f)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
Joooboobboooooobobbooooooobobobooooo
good
dm 1 d 4 1, d 5 _ dz

12



gooooooOoOoOoOoOoOOOOOOOOOOOOOOOOOOOOOOOOOOO CcOoOd

1 dxr, 1, .,

Sm(E2 = v o

2" Tk
000200000000 10000000000000000000000000000000000000 1
0000000000000000000000 10000000000000000000 10000000
0000000
0000000000

%m(%)z—l—%kxzzc
gboooooobooboobobobobobooobooooooobob0o 10000000 oboooo 200000
gbooobooobobobobobobobobooooobobobobobobobooobbobobobon
gboboobOobooooboboon
O00000000000o0Ak0000000C00O0O0O00DO0O0OOO0O0UO0O0OD (COmOOOOOODO 200
0) 0000 cO0UoOoUoooocooo AOoOOoo

1 2
C = kA

oo0oooo0o0 CcOoo0o0o0o0o0oU0oUOU000000O00O0 (CO0O0OD0O0DDODOUDOUOO
O0)DcOo0ooOo0o0ooO0oOooooooooood

1 dey, 1, 5 1 5
(2 Tk = ZEA
2m(dt) —|—2kx 2k
dz
et — A2_ 2
m(30)2 = k(4 - a?)
@, [F s
dt m
dz k
—_— :I: = _—
/\/W o w=yfo
—sind
/27f%%%§?d9: twt  (z=Acosh , dr = —sinfdf)
l/‘*?ngdez + ot
sin 6
—0=twt+a
arccos(i)* twt+
) = fuwtta
%: cos(twt + «)

x = Acos(wt + @)

000000000000000000000000000000000D0O00OO0OO0Ocos(DOOO)OOODO
arccos(000O0ODO)0O

13



cosf =a, § =arccosa & cosf = cos(arccosa) = a

00000000000 cosO0 £0 cosf=cos(—9) 000000000000

14



