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[l Sl Sifel cos A + cos B = ]
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i A2 i 0, ¢ o, 97 oY T @ Tw = o EIRIEERID

SCATEFe O | b A S o 61471 G2 2,14 (AF S AR

x = 2a cos @t cos @t |

2acosmot

55 2.4

2.15 FMF2efS o7 Fe @S FOF6! @ (FIfAF FCET 7761 iealfog AMFIe 9057 W0
“2‘@1%?@&%@?{%@?{%@?2? N A AfFS N | @ft fres 24 @i
Wmﬂmwﬁi@@lﬁﬂéa sifelba (e FF o, e =7 |
2.3 ot 2.15 A9l @il Aqfbe ietalfo i 2z | Hafb =@ el FRee 2@ @,

aURGE TR oEd (Miersifer RS A e (= S W[+ 22 | SIeiE, Seifdeifew

mEife w3l T3 T A, O RS M 27 @R @afer 799 [sidre ™ s,
o R RS, qUHeE ¥ 27|

G SEI SRS A SE, T @, 8 a, S, OL F WCE O (@R (53 |
‘«'I“«’lﬂal;taz:@Wal>a2,aI:a+b,a2:a—b®?ﬁma€b@%ﬂ@W|W

A AR a = b = |

2.13 309 a, € a, 99 ARECS a ¢ b TIFF FH AR

x = (a+ b) cos wt +(a - b) cos w,t
Q4 Dl ANfdfes SReleael e |

X =a [cos mt + cos mr] + b [cos w1~ cos my]
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5flCod 39 cos A + cos B =

GEN cos A —cos B = 2 4,

UGS = 0GR = @, T oheal AT

X = 2a cos W,f . Cos Wt — 2b sin W,f . sin wt

SR HTAFICIT & 2a cos @, G5 ZITT A cos ¢ G 2b cos @t &K BICT A sin ¢ (T

@CO AT | G FCeT ASA I

x=Acos ¢ coswt—Asin ¢ sinat ... 2.16
= A cos (ot + @)

92 g A2 = (A cos 9)* + (A sin ¢)

iz 1 <21 i &

xlm

A\

A\

= (a, + a )’ cos’ ot + (a, — a ,)* sin’> ot
— 2 2
=a’+ a}’ + 2a,a,co82w¢
<, A= 2.17

azel tan ¢ = ﬁig’sﬁ = = 2.18

2.17 AT A T WA FACS ARCI (@, A (ierelfen e A e 705
(a, + a,) € (a, - a,) S TSI FC | (o, — w,)t A A AL 0, 27, 47, ..... T
A =a, +a, 9% (0, — ) 99 TG I 71, 37, 57..., O A = a, — a,| TR, {9

3 SRS 2RI 1 2.4 5C@ 2.16 A9 S x @7 ARTEST @RI 22 |
S G GO (NS TRCZ (@ 0, € 0, 9T W& AW 3 @ W GR (0, - 0,) <<
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e @) << 0| 9 FTE A GR ¢ TR A ARCAES 2e1e G e

Tor% 89 | Fifa (riaifen AEsiE ANeEd W Gt [Rwis [ @lee wifzasy 906

Il

& SICWIeTCad [ABIEd 2 AT SIS A6 (beat) IoT 2 | *1% [T (7= TF
@, IR F0E 12l 79 G0 /i 20e “IHE AR_ED AATFCN ST 106 | AT
R FEF! AT | @ THCR oA AW GF RS @ A0S AR |

GF2R Sl Sf0el MG AR 12 GFCEAR FE (ieaifed SoifFsiion 790a SCan=
9| € OF Witel WP 2o @30 ARRIE (numerical) #E WM FE Wre
BIZCa |

SepAteTa-3
7210 GFCHAR A (wAaifen AN x, = 20 sin (527) G @ x, = 24 sin (48m) (I,
G 99 §FF (TP | &1fd (ietaifed AN efa e |

2.5 Givel MR T [ RN

S .

WWWWWN,A%? Sl j o Mo Woe S @3k @I =1e&l
o (@ie wftesrs FEae a3 FEle ¢ awg afkw TwEE e @e WA
(@I 2 + 3i) SNl Sioet A A0 AfF | o0 GFhiol @0 @ioet A1 | @ibd S cos O + j sin

0 wiefie, @f6a AW T cos O € FEFAF SH j sin O SN 2[FIS! SNCEABT A
O €f AT AW B¥ @3R FECe AT FEF I (@R |

@ (i GG Tioe A Z (= X + jY) (& Ae® 0o @1 T | =Ed RIGT T (@,
GG A2 = X2 + V2 = ZZ", (A Z° @ivet A1 Z @7 30 @ioet 1 (complex conjugate)

G2 tan O = | Sifdced @2 el SNl G FCS A9 |

SRl G 2.6 ANEResfe Rrea AR | g wiEl el e Jf bz =
AR Z, = IR, O x, =4 (Z), x, =3 (Z) 4R x, + x, =4 (Z,
+Z) Q¥ AWM Z + Z, = @RI &, OF A{E o (A 2.7)
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x=x+x,=A cos (wr + 6)

A AR W9 el s & Sl foece [,

(Z, + Z)e ™ = Ael® o3k,

A*=(Z + Z)e".(Z, + Z ) e

Z +Z)Z +Z)
= (a,, a, AVI R

j(6,—6: —j(6,-6:
— a12+a22+a1a2(61(1 2)+ej(1 2))

i, A’ = a’+a, +2aa,cos(6,—6,)
2.8 ANFACR S
SRR @ARY, (Z, + Z,)e’™

= (a, cos 0+a cos 0)_+](a sin 6 +a, sin 6))

,%Hm)\

(D+W®)i— 9h +(

& AR (X + 1) AR Sty Wi BTe A
tan O = | @f5 2.9 FMFACT SIeyzrot |

ol o2 S TR (F, GiveT AR AR A MEefen Soikolres sifdfes
el 0] ere <1 AR | G SR FPCHL 8 SP7 F2{0&FS 42 (Miaifed SR lites
(F(Q G2 Smed AT [ |

Gioe WA AR A 2.12 AN 4Hre @l O

x, =9

1
@ x, =3l ( azej(a)zf+92))
AT O 0, ¢ 6, PHTPIASEE 27 4 #E @ @S A
x =3l (alej“’"+azej"k-’) A (2) @ACA Z = ae’™ +a,e’™
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M a, =a,=a ¥ SX
7z =
aife (eteifon wim T A =3 ©
A2 =77 = az(ej“’"+ej”’2’)(e’j”*’+e’j”’2’) [a @3 AT AA]
_ a2(2 4 pl@-ox e—j(arwz)r)
= 2a’[1 + 2 cos (0, — m,)t]

_ %[%t)

A= ZaCOS(@JJ (el 2.15 GER)
SARATE, a, > a, 4 [, A A
A* =77 = (ale'f“"’ + aze-f“’l’)(ale’-f“"’ + aze’-f“’lt)
= a’+a," +aa, (ej(“*’“’z)’ + e’j(”’“’z)’)

Oly 4 )y
2 2
a; +a; +2a,a, cos(w, —w, )t

1
CRIN A= [a12+a22+2ala2cos(a)l—(02)1‘]5 (TR 2.17 PR

QG A (A0S (AT (@, Gioe R TIRE FCH ORI FACER (Aiealfes
Tolfolieraa RreRels =i 41 T | @K @ LF0E G0 SegRtetal SNioife e 03 g |

SR 4 ;@2 [FBI foaf 7el (eraifed i i e witeealE e
¢ Ff& oereifen [ f@efa <o

Q 2RfF S GHEIAT 9l od SIS FICH TG FCAR | QAT SR 270
FACHICO G2 F=HICFT LA T SoAIte v2 [fen F=i(Fa mieafen SoAfioes 790w
HQCAD << |

2.6 AT TSN 12 37 (vieraifos CoAfioire

st o632 @I 370e MIETSa 9IfS 7% I A/ | G Ol GF2ATE 46 (=6
a1 &t G 3T Wi @i 79e (e Cofd a1 TS 21w | Sl S7a (e
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510 G S ST AFCETE W (B (BT Sehic wiet [b=e T0o At |
93 SHAGCF x-y & AT FRTAB FACeT (71 T (T, x € y, ToF 1 79197 foreft @ Fiice
TE MIEA9OTS HHAICRAl I | @ TSR (WIFTRCE SN (9l (e (spherical pendulum)
JfeT G3R @ib #F1 ANCHICE G2 36 WMIeT9Ifeq SHAR SRR G 72& Trige | T4 (FS
TG G2 A0 AT ANCHICA G2 e (ienaifere enwifere 77, o qwba afenie @ w
27, (I3 U3 SR STy K99 | 2Ty Wil 2 (Hie1sifed 9% Fe e 408 (< |

2.6.1 7 NF=A1E

@ IF, (FNe T8 x 8 y F IRT 98 FEFT (T AT (Ie9ifote baTbel d, (el
AN

X=acosor 2.19
¢ y = b cos (wt + @)
QAT 13 MIT9Ifed KRBT 0 € b | I S[EF ¢ | Q24 I g, b S ¢ 9 o [y =18
witAlel I efe owe e oife Ay 593
(a=b ¢=0:a0FEdx=acos ot y=acos or e, y = x| 46 x SCFF 7%

45° (I TS AT AN | 725oa sifeete 2.5(1) ora @it =@z |

= ns)

d
(ii)a;éb,(z):O:ﬂmx:acéﬁréﬁy:bcos or Sigie, y = %.xlﬂ?ﬁ?@‘ﬂ%

X SICE A (I DTS A T 3621 2.5 (i) Tora @2 sifewita (et 2z |
(i)a=>b, p=7m: ACF@ x=acos o,y = a cos (0t + ) = — a cos @t | AT, y
= —x, @A x TCHFA A —45° (@0 WTS AFAEAF A9 (@ 2.5(iii)) |
(ivya #b,Q=m:x=acos wt,y=>b cos (ot + m) =— b cos @t NOEJ y =

@ x ST A —tan_lz @Itel e Feeadl ot w0 (fva 2.5(iv))

4 b

b ¥
) p= =0 / : p=n \
45° fan —0 o L4 oL
0 0 a
y=-8 = y=-a \ b
awrd ? *y=-b =—a O & eea G
B4 2.5 (i) Yo e i u 5@ 2.5 (iii) 4 2.5 (iv)
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o FAL W S

ok
Ty=-d k 1. '
y=-b

-
i=-4 & 0 a
e y=-b
X=-a a a . =~ Is} a
72.5 (V) fod 2.5 (vi)
Vya=b, ¢= :9UF@x=acos wt,y= = — a sin @t AT F(J

eS| AT ¢
2 +yY=d

ql gFf> Jred WFae | @3 (Fq G0 G JeF #I2 vere AeF (ba 2.5(v)) | 7%

7 799 @3 @, x S0 AT 80T SR (3T (T (ol T61 FCH, ©f T = -

Q e

or, wifie, T 9fTa &@L::Mﬂ g AFEFEIRCS et Qe | AW y = acos(wt—%]
o1
7, o< @b affe (I

Mﬁﬁmmﬂrﬂml

(vija#b ¢= @A x=acos wt,y = = — b sin wt

@Y, = cos wr, = — sin o, =1,

@ 93 T2/{rea (ellipse) TR | 7T3F @ (4l A (@ G0 4F6 TSP I
qfGa FoIF M 7177 verce At (g 2.5(vi)) |

(vii) =62 5B, Wi a # b, ¢ WS : x = a cos of, y = b cos (ot +¢) | @3 96
T (ACF ot THAT T AT |

y = b (cos wt cos ¢ — sin @t sin @)
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J_x -
Y, b acosgz)

w124t Ten futea 39f W, -

<, = sin® ¢

@ft @3> (2N T2JTeR (inclined ellipse) AN | SN F20&2 21801 7 (qe2l 0o

AT (@, ¢ G S %[5 2067 @fb (1) T SRZR @R g Ao 70 @fs (vi) 7R SR AN

ARTS =01 749 7> ¢ > 0, O T lfe TGq FioE 1 39179 wefie, 7HwN_0S 27 | SoAFoTF
— < ¢ < 0=, ofe 9ftn FoE oo et ANRTS =01

R fa SRpETaing Ted fre S#FE (Qiued SiFs w6 |

SRAEL-5 ¢ 0 (el HABfeIrs g AT A ITF2IFD Y2 e (Weoifed

TNt 2 Egg aife T2 HCO (AL TFY (MIEaifod TRl Sifg
200 =4
@STeT Qe ¥ =gl Ve Mot afaic =iz | 2 Brag g it e

o1 |

[ Z I SININ @

Pa (=) () ("D () (®) (®) (%) (&)

O3 SRO SN AN FANCFET G2 KA (Mieralfores Stenel ANe @Rl siwem
ICHIC (T (NS G2 FHCFT 76T (Mietalfs @Fige 20, I8 (o712 FIRESIT TTors SioeT
o7 | T 1301 el et T (I 101, 1:2, 1:3 T90if7) I8 x-y Ore1 @< [ine wia
272 50O AT | G2 T sifesidafe femire (Twizet ov1g z) @ (Lissajous figures) I
sifafos | @i Sl @I FiF S we wfdes @ afsee fGdh a9
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2.6.2 G0 FE SNv @fdeSF (Frequencies in the ratio of 1:2)

(F) &7 A, y v I 776 FeIfod FF x W IR 7176 (eaifeod F=I0E fawd |
Tl for 299 ¥2 (Elfer wie 7z AR 20e AR | 1 = 0 T 2T i
¢ €3 faca sEl iEeifosfa wfiwae foce i -

X = a cos wt 590
y =b cos Qwt +¢)

G IR ¢ GF FEFO WS N So oifooited ANEe el 521

(1) =0:x=acos wr 9 y = b cos 2wt (AT “lNel

R[]
Y
=b(2 2ot — 1
y (2 cos*wr ) . /
A, y= " \ / |
- o ~ B
«fs ¢ wIfdgred (Parabola) FNwa | @31 (=14fbaf 57 2.6(1)

2.5(1) @ oriieat =z |

(i) ¢= :9CF@x=a O Ly = =— b sin 2wt |
Et . I

O, y=-2b sin wr cos wt = y

2
L, 7 = /
-b

- -]
a1 bt 2.6(ii) Brg @il &1 afba wighs °s° > ox®
B3 2.6 (ii)
TG W@ |
(iii) ¢ = 7 : 92 CFCG x = a cos wt b i
y=bcos 2wt +m) = — b cos 2wt = — b(2 cos* wt y /
_1) o 4
a, =
Y + .
—e ° a2 o
afbe ¢ wIfigred 7T @R 2.6(iii) Bra «7 3 2.6 i)

Tbat It 20T |
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Af S cwraz sl o7 T @, mEeifors e [t 999 x e @6 Tsgel
MW (1 I, Some y MF 13l e T 27|

¢ CRITEIR ST W S R (rietaifisn sifosices w1t fof 787 | o1 Grefe srore
Goe 2ETW SN ¢ G WS N Gep sifosiel fFef g =1 |

() G 4541, y e (ieaifoq FiiF x e fon @d | @2 oFg 2l Wi e
* 40 0 =El ByA (erifen A2 % 1 x ¢y AN @11 T

X = a cos wt

....... 221
y = b cos® wt
sifelces @Wﬁﬁy=b(4 cos 3wt =3 cos wr)
b
= v
-] - pu
@ft @36 fgare w0l | @7 @At sl wifEe /
267 | ST DA (WY, AN [0 1 = 0 A A Y _p
-0 -.‘?.;. 0"'% &
(x =a, y = b) (A Al &F I ICS K %927

ABCDEDCBA 12 Sfe@ 53, @M e 10 @ @ y e feafs msjef (wiem (ABD,
DED 'S DBA) 7¥I% & | C _Q‘;WT“‘“

(o) ARSI I TR (@, x 8 y T 0% o7 Seoi® I 73 PR SIgaiire
ST ¥, O A=l s @6 Tmelte 5etns 0 | SRy Aeia 1t T ¢ 27, Iasidbe
©o2 Gibe 2|

2.6.3 fepire foram e

I FCAC-F SAPTAICH (cathode-

L icie ]
ray oscilloscope) @ W2 SIS -SHFAGER s e
(audio-oscillator) 2 e FWTeICd = i

fomie fog el a1 T | wifbe SIRetaef 'E:l i o o m
< ~ U 4 b
= P ™ o
@ (FIE8 HWRG FNFT ([(QPYroF  AF9 E 5 ? T f_J s 5
(signal) TeoiMe FACS A | @Fol «FH * v <
SACHAGIRR ACHFOF SIPCHAICRICHT x ST 2.8
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B0 IR A G SIPCEBICER ACFOCE SIPCHAICRICHT y SICH 2975 =AW= =10
2| x 375 IMCFCO T(E SAPTACHCAT oM 20195 [ (beam) =R 72 Tega1 [y(G
SIS W Awe-Red SRRl 76 (Meaifers bae I | SR, y 355 Arwe’ & [
Tt AFe-ed ST I TR | @2 qW 12 AHRCS 2% 76 TS AT,
OE ST € TEy ¥3 12 oifeq Teifdsiives wiel Seget [t oifs we foptigat e sep@e
F(E 4IRS 2T GR APTEACHCAT 2 foprgt foa® ot qita

AT ST DA (I SERGTER SAKHINE IS FA A (e I (L0
A | e @A Sl free 3 [oom cca foriiet g S&taa (81 0 |

SEAEA-6 1 40T 3, x = a sin 2ar GR x = a sin wr 92 G2 FFE @IS THARsAfTS
2z | S Eeifed foptigat Bafta w¥iwae fadfa s @3z oaft i |

2.7 A

G T T2 A SColfE FRF 776 @iFafe Soifdonfoe 20a a9 «F @ @iafe
TRAT TACS I | SR 2= S 42 el (iersifon Soifiviiet «io fasifas sifeq
A TS AT | @B 9FCF e @Eifed TolfaoretTa TS @R @ 3 «@a olfaoeta
e T 29, Ciafel witaibe 2R | RE (e Seifdsiiotas ResRce e wif=
AR ACHS oAl #ARDo 2Ced |
el (el @,
® U3 IR A FES 12 7o (Mietalfiod METH @ FAFT G Tge1 A7aa
ETelfos TEd 23 |

o T3 FFAFR PN FICHFA 12 7961 (miraifed Toifaoieta e «3fb »7fige oifeq
3% 23, TCF 776 IS T T 1 GR TR AL 42 776 meaifod ARaeelem
FALG | OF FFACIT I T O 918 AT 9T SIS FH, O G FAEFD
aF (e S 23, TR R Fwe meaifers ears S |

® RFPR INCHA Y2 e (ieTafen FE IM WS SgACe AE, O (el

THAfwireta foptie oa Tty oikE I@cadl |7 aifen 7% 231

2.8 FETAT WA

1.3 r(t) =r, sin ot @R r,(t) = r,, sin @t (FIFS AKeT mefe AMFNS a7,
O 7 (1) + r,() @ AN w03 | @7 Fel T2 W (areaife gziba FoiE e
20 A
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2.@%%%@@@@)&=Acos(a)t—30°)<%x2:Acos(wt+30°)|6@?
Amore IR e AT Aafore ¥ w2 F[e mieafen afa fafd |

3. ofitel (@ Foals (wel 2 ©ite sl e B

P, 5fféT (A< @IS W02 | X @ ¥ ATIRE @b (.;—"_ R S
7ol P, ¢ P, 51 TAx g focace @ <ifo P ¥
GGERCH R C e e e o GIEICRE [ [l
P, 561 (A0 FOIF X € Y ATE0ae 78 IAGECH x
8 1 Q4T IM X 8 Y 2T GRS TSI SNCHifeTs

391 2 ACO xS y NG 596 EIIS A THCA
S R s7a @Eaifers eamst S04, S B
oiafba oifo (T3 207 SCEHAl F26 |

4. (FIe TG x 8 y T I 2 W @ F[(FT 7 (Me19IfoTe babe F407 | x M
@ietaifen vt y M e 60° @ity Stz | T@he aiforid e 26 |

5. 0 TRFCAT AN 727 Tl @6 Toige | 927 oifs [ 0z flb Teiitaz w@e
@eTCaR falfeTe 2FeT e S0 1 A 2

6. 2RrR TSR Yo Spm FICE el (elfe Soifivifoe ere, Itm Wik

A | @Y a@@%im@@ﬁ% +j§§ﬁ fReffe ey @ TS 2042
2.9 G&IAl

SeAeTel
1. 403 91 6,(1) 3% 6,(1) TORIR 2We AN TG | SN,

—=3
«r
Y

=0 @R =0

9l AMFACER lowa = 0.

T8 (T CFE TARTITeT A Araey 20 AT WS

= 0.

54



(CRQ sin 6, + sin 6, = sin (6, + 6,) ANFHAT MALTSIT 7Y T, TOE TG
Toffaences Gifo e w1 Tw@ |

2. 2ACIE 4@ A, 50¢ + 30° = 50¢, qa 9L GF @, SN £ = — 30°/50 JT6 (AT ¢ I
S TR | ¢ €T AATACS ¢ IR FACA TS el gaHoa AN Ko

X, = 5 cos 50¢

K< x, = 12 cos (50¢" + 90°)

G 2.8 € 2.9 9 W A, @ACRY 6, = 0, 6, = 90°
e A= =13

412

R IR 6 = tan 5= 67°

3. |fa CrleTaife AN
X =x, + x, =20 sin (527) + 24 sin (487)
= 22[sin (527f) + sin (4871)] — 2 [sin (527f) —sin (4871F)]

_ . 52+48 52—{- I, 52-48 52+48
= 44sm—2 7t cos—zé\@lﬂsﬁﬁn—z 7Tt Cos =—— 7t

44 sin 507t cos 2mt — 4 sin 2wt cos S0t

402 =, 44 cos 27t = A cos ¢

GR, 4 sin 27t = A sin ¢
~ x=A cos ¢ sin 50t — A sin ¢ cos 507
= A sin (507t — @)

T, A% = (A cos ¢)? + (A sin ¢)?
= (20 + 24)* cos® 2mt + (24 — 20)? sin* 2m
=207 + 24> + 2. 20. 24 cos 4m
=976 + 960 cos 47t

Asin
¢R tan ¢ = Acosf‘) =
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4. €11 TS rErsfosfer FAeae
X, =acos (wt — @)
X, = a cos ot
dR,  x;=acos (vt + @)
oA, x = x+ X, + x, = 9 (Z) @A

7 =

7 =

TSR, & IS (Z 7 AW SH)
x =a cos wt (1+ 2 cos ¢)

3R #fg (ieTeifes B A
@+ W) ﬁ‘ﬁ@%#
A=a(l+2cos (I)sag

5. WG S () 7, (D) 2L (6D 0, () L (®) () (@

6. ACFCE sin wr = ER cos Wt =
2
x = a sin 20t = 2a sin wr cos wt = 2y,|1-25
a
ferire foq i@ &= A=A :
y = 0 +a
X = 0 0 iag +a
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Lo

- o

w &

TN eIl

1. 20aF 2w S 2.2 Skeel wtelibe zeacz | e wixifba [acw wieifw 2.4 ke
AT | ST o532 JATS (AT (F, ST A& 42 e (Mieraifod Sofikioiieta @

RIS Teoim 23, ©f AFe @S 971 2.16, 2.17, 2.18 3@ TF© 0 G2 SR+ T&d e
AR |

2. (ST A&OCS : x, € x, (s YHT Sl A Tresia w2b (o34 i<l o e ~Alf |
x ST A Qe IAFE o — 30° € wr + 30° (e e | & (rieafo R @7 e

OE‘+\“\
R = °0520° Amﬁ%m@x 9F IBTS! (e 60°

:\/gA
@%ﬁm‘?f@ﬁﬂt@:xl+x2=ﬂ(@

REIICR Z =

= A (e.30° + &7

= 2aé’™ cos 30°

A A 2A cos 30° cos wt = =

RIGAEICIE
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3. (G Jola o AW 2L = @9 P, Sfel I P, Ol P, (AT z Y[CY W5 AT, O
2L =x + y + 2z

IM x € y 97 RYR ¢ 2V @ TORA (g AIANF Wil ¥ 47 @1 I

TXx+y=

1(2n 2@ 1(2n 2&@
= 2acos§(?+?)t.cos§(?—?)t

B 1efbs oife P, 7ffert oifox Segel 3 z AT @2 5ifs fois St | 92t L @6 9 |

BIITIEE R IR el FCET (@R AR, @b 60 CTLFS ARTHER

IR (ET9NOTe ARSI | TAAATT, A G AR WK @Sl

QRN | ek, z ARG O ATte (eaifors St FF @R @3 (eifen @@

60 FITT AFFIETE 76l @esifere “fiaf$e o3|

4. G2 @0 oife N9 @A W
x = a cos (ot + 60°)
y =a cos (wt)

or AT R[feq g o @24 =9 x 8 y @3 W AT TS At
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wt=| 0°] 30°| 60° 90° [120% 150° |180° 210°|240°|270° 300° 330°| 360°
X = 0 —-a —ga —%a 0 %a a
y = a 0 g—a—ga—%a 0 %a a
a ora wr AR [fey g & awba
 30° oIEE @ ofesie (TRt z& | bal’ (AT
1= . (e T2CSE JATS ARCI (F, GCFHCEG TE
60 qEceS wdle 19fa FoiF [eAce vece
o TS |
90°
0"
Lo f12o _
T: 240°
5 -
N Ll L oS
- -i& =] -;-.q- a
»” -

P 7 P
5. 9, IR GG T @ A [ T SISy 2018 @ eI Wi GHgd 0ol
BT, YRR AT 3 |

6. =ll, 7 4o AM € @y T O O G WA ('’ + @'y, T+

GF ANFHATS] T | SIRG G 5 x SCH A0 (Il Ao FHCA, (T FG AL

TRy Sfeyrd e I @B (&l tan’l% 29|
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93PS 3 SANWe MFA9S (Damped Oscillations)

¥
3.1 o[-l
Tl
3.2 RN (@I S AN afew
3.3 SRS (MITAE SRPE ANPAER AT
3.3.1 e SREW @ ©F (35
3.3.2 TR S
3.3.3 19 Sq
3.4 =g SREe (MECEE (b
3.5 SRS (G FEIFO (AR
3.5.1 AR g
3.5.2 ¥ FleT
3.5.3 % (Q)-weli®
3.6 SRNWS WIS Snizdel
3.7 AA
3.8 AT emiE
3.9 TeE

3.1 AT

G SR AU GFS A AT (ieTeifod AT (ATacR | e o Seates (@,
OB PGA (AT (5 *fe TPl S+ifFfee A @R Fg-77e (#12foaf Azea (At
@PER) Tfbraa St 23| OiRce & SNEl 408 (@ (@, e @ieraifeq @3 Aty
BrrT Seifzaf$e A7 OiF *feq (@S T 2 Al 9L O GG (MieTife W ST
SR FIE 407 5002 AFE? AN Sifowe! @ SM«aas 05, O =i ?

TS (T e (MiAaIfoq A SN 2w 2Ififs qibfee, (it FRasesa Sonet 96
SifFe A G TRRE | @3 TCE (MEASrE 6 W Y@ (free) SIAA SIS
(undamped) | AT COl, (FINSTFA LB A AR T61 T T2AFS T ASH, ©F AT
meaifere enwifere 47 =fe wsiaf$e g @R foale O @2 @ifs o 1 |
€ AW CFCg SN (MR (T, T WIETHT [BIF AT A Tl F0o AT G3R 9t A
02 (AT T | Pk -w 59! Qe S~ 2eTH “i9 %3 203 T, IS (AsRe (torsional
pendulum) GFEIF BNHIC F( | 7 (F(G2 (74l AR @, SN [T (FI9S IS A
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Q@ IE FE IACAG A % I (5B IR, ©F 240 [B SR A A3 ©Ird
*f&a g Z0A0R (1.9 T @ (e 7)) @3 o o1 (312 =i s1vpef ereifere zoa
(9% | AWI THITS o138 20 AT |

SIMCE AW GOICS SR 2AF© & F4 AR 1 | 75 Ffow1 ©reta N0y 7l 22 (T
) ey R A (e (@FHe @iefen CFa Aol Gies il A F=2He @7
frery SoAMItTa 4 992 (MIeT9IfSTe SR 90IF | ©fF AT STed (Mierifs S Sieve
SopR AR [wra oifs Te A P @i o «fe 2 @3z o #1® 7= w4
2R AR | AWM G2 SR Al S & 20 2108, SIRCe] Wiafe Qi w2 1 I =
GIR ATRZ! (ACF Ry T 0 (FRe Maifs ansfa 9 FE2 ATREE S (FS
BCET S0 | T4 SRS @] (AT T, ©LwE (T MiFalfs siel I | =7 @2 @ieraifen
W 2 *f& TR A IO AT | 93 4GS (93T 3) N SRfe @iFsife W
SCE F94 | RO (@17 (el 203 G2 (FAbTe ([T SR Qe §36 @} (el
ANET I | @3 SIAWICF AGAIGT &Y S 2017 bfzre w1 27|

S G Y SRACAS (IREPTIZ SACETb=] T A0 A0t Aw (ietaifos A 2Iffbe
23 | O(F SRR oAfRfS Arge (Meelfe IEiT TS (9ItsT F=oaiie ARIBre ABE (AT
& (@IS e 2ATAGH | GG+ (FIS 2RFE F6T LTI TR 20 ATE | T (@ L0
FACTA H@ o7, OIS I =W Grefifre 1 i (7eTafe (forced vibration) | #F<e! GFE
(9= 4) Tmba ReiTe Ncepa 27|

T Tl
B @FF ANtod Wa e Awfeiie Ramefs sisa sime 2ta—
o SINfre (MIFaIfed Al SREfwe g oIfed ST ANFI A5 8 O A |
o ierifen TwE, *Ife Wz (Tl FeICT ST T Foiife « 2 »IfFfew =3,
Ol I
® SR W@ S ©Iwa 7Y (A 7eT), @I (critical) @R S (heavy) @2 f&afb
@AITe oe Fa O [AHEPReed [ |

o Y SRS (WA AL (G O (AMHTPTR RCSRCEIR Sy 1917 21, B2 e
(relaxation time) @3 fFG-ae(iF (Q-factor) faefar |

o s [fer =R sefre @ieifer giea RiTamal € s |

3.2 GRS (AT SIFa ANSACNT AfoH

SIS (AFCAS SR TAPACR 2075 TLfo1e 2061 FoiRos W 27 (T, 7e (aaifed
@ AN S GFF1 -9 (AR (AN 1.1), ©OF Wy 7y siwe 9o et
MIETaIfeT TR 2SN TS | ST 3 ST ATIF, O (2 FCAGT TS et Srar

61



T A (@, 947 (ACF T T & (T GF ol (wieraifen g des @
DS BCCE, Ot SN IS @F9e I STad 2 |

sl FEN BCACT (@, ST L ZOR TG [l T GRS A6 A6
Tl | G2 eIl e IR sifen [Kieetm e 909, A = —
S ST s i 72 FoT oo T ACE 1S | |t L4
SRS 6, 9ifeq Sferen esm fasa @ o (=l —=g—] =
ey SRS I AT | G2 2P 2062 (T, @8 2B '
A0 TSI e A ? @7 Teraa &= <l B 3.1 a3
a7 e gie = |

3.1 ora It 20T @ Peik-o7 2 GIeita e 20 ([, Fek-a3 30 I
w4t @ (BI0ER S0y T SeTlteral 07 @R (G106 0K T4 Sl SR Sifere Ji4 0o
YA =0 | Sl 4G W 3, el (@ qKI-a0eT YA 2oz oI Al F, @3% @ifoa
W @FiNe R 206 odtd Aforaeed Aagenfes | «de sl fordts e :

= %
F,= —y2d@ 3.1

AT Y G0 LIS 67 A1 |y AT Fe1 23 SR @efi% (damping coefficient) |
G G AfSTACHNT Tl T o AR {7 G R Al A |

I—
(AN

_ TEREFE = kg 5
ARSCACINT 9B

Y FrOIRECIHE 2 T (F, SRAWGT JEF ST AN ST 417 (T Foife
TS 7 TRl e aifotael I 47 @R 91 7, wlRtE 93 ILifey GTH (e IR 9]
Rfen 2 ErFR M ©f RITA eI 2R | S AMOG e A (@ Ao Ao
2R AP, ©f GG NCEb Il (@00 A |

ArSIGas LT &= (Sl Awel[#% 2=IBR Stey M Aeaiie il beie (AeRmFie
€ G A4 IR YA 2 | G2 RIW Rearedl O @0 9@ (@« (Stokes’ law) | @2

BGIORIE!

Y @ GFF =

F, = 6mnrv
QT 1) LTI AL, 1 5T TGOS AT 2R v I8 AST9 | G2 QI A" T
verslle I aifon [Reetm frailier Qi) Te1 Ia iforacard i oifes |
O S G | SrOgd, SRETAG e @ FErEe 9 ISt Ao, @3 4
2 It werE 29
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o@ 3.1 -9 @RI FPei-ex 92l (@ TRl IR bRl TR, Ot x OF «9]
G ARGITRR SAOH SAPHCS SETY l x = 0 [ 40 (S 291 | Q2 BB BIAUC
S (@4 T [ 3@ =e M G e 2re wF 93| (@98 J206 R
(x = 0) A AHRY (AT x YHCY RN CALF €27 (@ IeTafer (e 203, ©f 2o,

(i) @7 I& (restoring force)—kx, (A k 202 2IR-4<<F (spring constant)

(ii) SRV IET—yy Al , CIAICS y 200 9w« ¥1F (damping coefficient) |

G v = % widfie, /oo grs aiforan |

Qe WCHR TSl sifedtam ARG @14l AW @,

4, = 3.2

2 AT m 7 9 I AT,

dx yde ko _
dr? mdt -
.33
QT @ = @R 2D = 93 MR (FfeF F01F Abw Izl @ b Al

fo2l 2b (@721 20CR FIReT GF T 270! 2T 3.3 Tl Tiaics welfls seren 27 |
o A [ (@ @3, 3.3 TR0 & (eT9lloq SRpe] Halwael (T O | S S

AR Sl ANFACH Wod TARGT TCeT I3 SRF AN (T ANAE 2ihedl T,

©l FeRes Y& METeR (g 2 TN (A0 foF 201 3.3 729l 9 sl Ia=
(second order) (3fF (linear) 3G (homogeneous) SRFE AT IR AN 2Afo
AR 240 (coefficient) 3 | G2 FANFACR AN ST o7 F29 | ©lF =Mitst @<l [weE=
W SR 42 S 00 b2 | & @Esiion de)aas IR 2ot A9 v AT A0

@ T +fFEe 2R ©l weifaafSe [wias 4 sfve e

SR fF5RE (12 9ISt eiiie T | F WHCo FAF SRl FACO A 2 ST (T
A (Fq WieTsifon KBRS @l 2P S (77, ©i2 (2 9019 2fewer 3.3 AN
I A AN | OIRe & SE1 S F09 Al (3, 3.3 @ T G50 F§grie
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it mereife b T3 2, T ©f 33 e ey | f[5e SREmers Nial SrejEs
B0 (9lCeT F 22 (WieTaife 6 EIOwta SImeei2 3Teq 203 7 SINme 3 el Ted Alea
T SIFRS] SICHRI SIS HAFACER T ez a7 wiw f[ifen aerafe «=fitama s |
FoEre I6 wEFIE, 3.3 AR G SRwfre (Etelfen aifeRie sl Abe T oK @3
SR A (MIEToIq T -wFg A |

3.3 SNfe (Ao ST ANFACAT AN

3.3 ORI AU AN Gy Sl R oifox %A 5@ T (@0 9o @3(o
‘ﬁﬂw S (trial solution) 4T fNTT GTaNTAT TR N0y AN < (7% (exponential
function) SICZ | FEel, ST S FfR (7, GF ALF TN GFIACF 76< @ ]S 57q
I | 95 AT T 7es [Rwicaa 2o 91w Fa0T =R +idge [+ o w3 a2t
TS BRG | GURE SR AIERRES TN e MRS -y et [Wre
A

x(t) = ae™ .34

QT g 9% o b SRS =5 A |

) SR R @, (3.4) Fced i faces G ey 7foe TR | STowd, O G (TR
G | AR, TH FHa A 9FF MCHT IFF T | 949 e AT b RO 9T
RIG SZ G 2 20 | O UL 07 (NS G AR Al | (T2 £~ G5 HACHA
G A IS (s5) O ‘a’S&%OW%%ﬁ%m Qo[ T® (s) | SI7 ©iE 3.4 FAFACR T
AT GFHT TNOR T ‘@’ GF GFF A CHF G5 () |

3.4 ANFIACF 2917 TAR SRPeT I A3,

= aoe™

= ao’e™
G2 T uh 3.3 R A 92T I AR,

=0 .. 35

G2 TG 7 G @ (I T G2 AGF | OB e # 0 (T 1 G Gely)
GRR a # 0 PR @ = 0 ZCET 3.4 A9 ST x(r)-F SN+ 74712 %[+ 203 | ©f2 3.5 AP
ERTICIASIFER DS RIN

(o7 +2ba+@) =0 .. 3.6

4t o 31 96 Taqio Fwael | G2 FAAFC 76 e (root) AW o, G 0, B, O f7@re
TNFACI ©g S @ I (X,
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Q
Il

= —b+ /b2_a)02 3. 7a

(x2 = —_ph-— Ibz_a)oz ...3.7b
IS 3 1 TG o, R 0,7 A IR @R R $3)

o 7 w2 A o, G301, -7 G S| AFACT G2 AL 511 | 42 Y2 FANAACE x, ()
G x,(1) RO Biee w @l W @,

x,() = 4 exp[—b(—\/bz—w&)t} .. 3.8a
x,(f) = azexp[—(b +\/b2—w02)t] .. 3.8b

(O FAFAC 3.3 A RO x, G x, (F AAN (507 (8 ANSeAb A5 |
e« TARHAITST (superposition) S [eTE= FC X, ER x, (3 I& (I GO ALK ST
x(r) “Ne I :

x(1) = x, () + x,(2)

= exp(—bt){a1 exp {(b2 - a)OQ)ét} +a,exp {— (b2 - a)OQ)étH .39

G a, 9% a, b 5% 6% (arbitrary constant) @ GTH = ol 19 S AISTCd
2ARF WS (initial condition) Sl &CANE | SIS, (@ (Pl AN, 41 TS T4 7 = 0,
©4e AR Al aiferate MW F el ©f @il A0 a,, a, W TS|

AN (B — @) I RO wpgele | @8 wiaiba M9 b 93R @,-F GRS N
997 97 0 L9, AN, ST *[+) 200 AF G- 97 ey ed foaft fon s=gs 9%
20d | 2 fonl g smidfa g cAts wiEl foaft for skt rats #ii | sifelfss
scem wieel Qaferm KRG ARpT (e T

() T D > 0 O o, R 0,7 W AF G FeT GG STwel 2 (I |
GO G2 IRANCAT NGl TOG2 (I, IF T I~ AT T ol | F=9[ IS ©IF A
SR (ACF [pre F0e1 ©f F0w =1l 23 A0 AT AR SR 607 SN0 | 93 S 0F
S Sife S e’ (heavy damping) JCeT i | 3.3.1 SIovRcn SN @ R0 =78 Sire
AR |
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(}) AWM D = o =W R o GR o, -F N AT 9 o = @, | G2 (FE @ AR
SRSV &7 ] T OICF el 2 G S (critical damping) | (FINS F=o{e41e] A2
ISR SR TS AFCET (TATAHES, F= G600 AT I | OIe [ SIS S@quwead 7
GF (@ ML @22 T, 9 oFg [FE @F T | GUH@ FRE TGS ARE (AF [pre
FACE O TS SR P W ARG e S, 5 ©f Sifeaw a7 [sidte s
(IS A9l TR N, Sl AR G ol /62 2 AT | 3.3.2 SCor SISl FE™
SR TS SATABA 24 |

(o) M b2 < w,’ 77 wieffe IUe o, 9R 062—?TWZ]%V=’?%?{ (complex) T I« (imaginary)
o7, OiEE @ w7 ffoe =@, AmiemE iR (0 ol TR @ ewesd |
SR ARG T A TF | (3 SAIW(F 6Tl 2 1Y G+ (weak damping) | AEI
TS (T I T4 SNEN (4TS 113, OIF FASATOZ 7Y Sl TN | O &Y SIAHCAR
O AR ACH FACR [ 02l *(& @l 231 213 | 92 SR SRS Fowfer (g
IR AT 3.3.3 @R AT 3.5 LR KBRSt SElbl 394 |

3.3.1 9f® oW € Ol (IFBpNR

o ST (Fa b > 0 (B - 2 ) [T 4N @7% 3.7, b AR o 998
o, U6 AFT A2 |
FAY

@A, B= b - o
O 3.9 AN SfEfie Sufvre St ke Sk #fif$e 3w wiew
x(t) = exp(=bt)[a,exp(fr) + a,exp(—ft)] ... 3.10
93 A 77 Ao 9ife Fomalfe 7 | @3 (AR 9AferF F@ (et (dead beat) T 2 |
ST TR IR < 2018 I N Y dreid ARfSe 703, ©f fFg o7 Faa aefis
*[T7 (initial condition) €2 | €3 &R =S AT 46 (R =64 a, 9K a, ¢ IBRIEG
31 AR
(T 431 I, 2AlAfi SRR I8l o IR aeEe widfle, qUT = 0, x = 01 43I
9T @9 G W (TS TF7 W 0 72| 2@ 28 @) AT 1 267 | Of T A
T i, ¢ = 0-09 €0 v, (@91 7 e | G4 @GR 46 *[6 Ao 1 AG |

Wﬁ%ﬁ,ﬂmt:&x:&ﬂ?ﬁt:& Av =y,
2 *S 3.10 AN IBCT A3,

0=a, +a, . (1)
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3.10 FRFACET TOT F(F SReTe FACe oAl AT

Q4 TSl «ofG IACE sedl A
v, =-bla,+a] + B la - a, ... (i)

() € (ii) I I TSB! A

G AR 3.10 TN SAfSe 2@ Ao

x(r) =

[K‘Wmﬂ%ﬁ&@%ﬂ% 311

AT ¢(t) = exp (—bt)

ax y (1) = SRLDZRELD _ Gy ()

T 3.11 @ (7l TR (@, x(2), G5 SowF T ¢(r) @R Wy (1) GF SO I |
9 fo SeowEa 2429 wdie ¢(n)[= exp (~br)], FAEI ACH A AT @R TORT wefie y
(1)[= sinh(Br)], FCH A I #I1F | SIS SREWCAR (FCG b G 3 B SCAF T8 26T (1)
T ZPT 2NGTE 2R @ | 012 gis STomREa el 2T AN Ia (oitEe ©f we g #fiT |

e x(7) AT ANCIF A3 A I (AT ¥ Orerelf ©f ==y 203 7| 3.2 forg 7™Ea
A @B Y SRS ARG (it 200 | 7 A9 [, 3.2(b)-8 (it ¢RfbrE

sinh( ) TG 0 ([TE BT, sin (Br)-F TS OF #AFE T 2NeT AT 1 | TES &+ AT
x(£)-3 TS #2193 F9 7 27 11 | 3.2(a) Bra =N (74T AT @ ¢(7) T

ACH IO AOVZ | (K 2 I T b~ e @7 e et | 3.3 forag 3.11 Fwael S
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e

-9 G x(7) 99 SO (AT 2EACZ | T4 TFOCE GF 0 9o ATHG FCI AR (ATF
pre 411 231, SR SO SRTG o 7 - 77 (Fb@ QT (vl Aoz | @2 o it

x(7) @3 W9 3.2 (a) @ (b) Braz v wrowee AR @6Ata =i [l ASA (altR |

@lt)
Wit

.t °

foa 3.2 (b)

3.3.2 TG TINHA

TG SRV AFGIITHF SIS ST G T SR SR IAfo® S0 | @2 SR
TARSTe (FRE T/ IGF T4 O ATREZE (S [pre 741 27, 04 ©f FACo
TS ARZIC (FTO BN @R @FIRIT2 (27 20 AW (FINE I 2l FCF 1l | SR
WG @7 (A @ 20E, OIT e ST @ 2E IR EIEREe I (il ACE =, e
T G SICPRIPO (I TR W0 AR 07 729 203 AR | ST SRR ] TS
SRV (AT I e, ANET IRIT G F AR (ACE Ko 20 Fe 2re A3 |

OFIF WA 20O A, I3 TR SFCad (@Five [eaw wiesd witg & 911 72w
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YR (A G2 SR [Fg {0 atiel J0a0z | el (qrd AR, TS (Ore (AR
77 ol IS (ATFE T7 20T AETF & G0 [T 40 wael I 919 920 (door closer)
VG AN ACE | 92 ARITCe wee 0w G FIIR SRR A9 T T | G
et Wi Ry S (A0F SCHFIFe wo ARFIREICT (FCH G O B 1€ (G =
TN (SICT (A ARTIREICR 7oA Go10e AR S, ©iF AT = AP FARFRE G0
GIH 8 TR GIFICS S FACA | Tl AT, @ (@FIwefbs Iafas 7o @ i
T | S ST Al TR ST SAF G0 SHIRIe (RS (TS AN | S 2K rwIaNea
@ 31 (SFBHHE, SHIfGRE € (G sTereItaifitr I2d FE S (B9l TR (@ 0w
™% (level indicator) T, GIRfETS V{W-ﬁeﬁﬁwml ﬂ?ﬁwéﬂ“ﬁﬁ 9IfSTe FIeT
SRAWCAF AT AP IO GG ARG TR I a1l 23 |

sNIfe R (A0 <@l IR (@, GV SR (G bP— ) = 0GR (PTG FAe]
3.9 e zwa wieR,

x(t) = (a, + a,) exp (-bt) = a exp (-br) 2312
G a = a, + a,

T A (T, 3.12 ATFAC GFONG (TR S5 AR, DL WA S (F, G0 i@
SRS ANFACE W30 oz WHF A, TWF A A5 =069 @7 fefe e e i
3.12 A9 G OIRCel Y& SRFE ANFe 3.3 GF AN 7 |

AN G0 AN &=y S=1 3.10 FNEGEE @it foree AT -
x(1) = exp (= br) [a, exp (Bt) + a, exp (—f)]

exp(-bt) al(l + Bt +%,32t2 + )+ az(l - Bt +%,32t2 + ﬂ

exp(-b1)| (a, +a,)+(a,—a,) Bt +%(a1 +a,) 7+ }

J4 b — ), 94 [~ AL — 0l

G B — 0 AR S B2 9. B @7 oK Aol Srei Sce Al 1 AW (a, + a,)
=p QR (a, — a,)f = q @l T O W0 203 ¢
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x(1) = (p+qt) exp (=b1) 2313

QT p @R q 46 CF0Z OB A T 2 *76F @7 fSTRNe | SR AR
ieife (e [0S 2N (@, 3.13 TG’ aes 3.3 SEe TANFAEE i |

3.4 Foaibre 452 T~ PR SIS, FET 8 7Y @3 for (WAF SRWCa Sy ATT-17g
@b ATl TR | FRGE (F) IS S, (4) FBR S G (91) 77 S
A FACZ| G2 oY SRV € OF @RI KT G Sl Rifie Sicesel 324 |

S2)

()
Q)

@ 3.4 URZ (ATF GFH FofTw JIRIS [Apre 03 (=0e et [feq Aae s

[N

(G O R 7R (e1fba @ﬁo@,@ 5@% WRICA 2 | ot (Fta AT oS
SR (F), FIER SR () @3 37Y S (91) ADS 2T |

3.3.3 1Y ST

siifafos FRecld (A0 7Y ST (F0d b? < @, T4 | 99 e 3.7(a) € (b) AN
a, 9% a, 99 W= g6 e A 2@ A |

G SN e S,

=

(-0 =

@A j = O] R ' =

T PR (@, 0 G0 AT TR IR I G2 TG SIS WG SO I 20 AR
S TG b — 0 O 0=, TR o T JER TSI FHCFD T 20 A |
3.9 A @ II2 T ST (@ TH-77G TNl 2If2, O GBI
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x(1) = exp (= br) [a, exp (jw't) + a, exp (-j0'1)] ..3.14
exp (Hjw't) = cos o +j sin @'t g IR FCA TN 3.14 (F (@71 W

x(t) = exp (-bt) [(a, + a,) cos W't +j (a, — a,) sin w't] ..3.15

G2 @, G a, AT 46 Gibe1 AR TC1 1 TR G ANFel 3.15-49 ¥
IEE @ (I ST 6 AN o FACe A | @3 4 WE (@ (@0 @74 AR,

ql x(t) = exp (=bt) [A' cos w't + B' sin w't] ..3.16
RV A"=a, +a, B =a, —a,

G A’ G2 B’ TORIE AW Al G2 2N WTeq ARIcT ooy | sisal o1y qeie
@2 Fifel N o3 F93 T SR 3.16 ANSAT T& T2 ANFAET A3 9l
AR TATN GRR ST 6B T | I == 47 @,

A'= A, cos ¢, B'=-A sin ¢

R A, = G tan ¢ =

9T 3.16 AT W(m

x(t) = A,exp (=Dr) [cos ¢ cos @'t —sin ¢ sin 7]
= A, exp (-br) cos (w0t + ¢ ) ..3.17(a)

3.17 AN o7g SRR (b < @,2) (PO 3.3 ST PO AL AT | G
3,16 ANFACANT A’ 4R B' &3 ARACE A, @R ¢ 42 736 ¥z 9HF ofedl oz |

AT QAT FZCGE 3.17 AP A 2L G AT (1o (& A 727G A<l
CATATRCET OIF 03 GoTell SO AR | G2 9oTell T (al0eT (@ Rxaefer Siomig 42 ool
A Tl e,

(i) 9% SIS F=CE (FICP FAE @, 7T, 98 TA1% wefie ST

ey FNCED T QOO0 | S T oY 209 @3 ARKEd (9 003 A |
(ii) 3.17 FANFACE @Al AR (F, SRS (s [B B sisat #ii

Al) = Ae™ .3.17(b)
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R 9L, GUH(G KB IR A0S AP | (AT A= RBICE AE A e 2
TN SR (MR FRCHCE TG (AR | TGO, 2 KB T I ANSTR FCE (ATe=ile]
7RI =fEe T g« | SRl 0 [Retm FIF T2 @2 ZI0| F9 |

SIZCHA T AN (@, 7Y SR T ARRO© FNF FogPie [ (et 7s{ifre
2| 3.17a ANFACE I 9o AWM G T 2 e ARTF Witwled ¢ = 0 27 O
G2 FANFACI 7 2,

x(t) = A, exp (=br) cos 't

3.5 forg 92 ATFACI @A WATS 2/ | 1At sy S (el @l @l e
(% RWICEE 3b<F (exponential) 2 ARIST (TR 2R | & bl @R RS
@ETeife e TR |

x{t)

-

59 3.5 #1Y SRR (5FCa I 77 (12 |
OB (broken) (I ANCIS ACH
It wAffSe (rITez |

SRS (MR (M 7' 2061 (&1 I (@,

2

7= 2% _ = |k_ ¢y 318
m  4m?

3.18-9 (Ml FTHE (T, SRS (WA (HITBIe] SEANS (AATBICA (ATF @ Fiel

b >0 9dR | SR 575 T (A b = 0 20T OO (R T G S Sne
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MIFTHRICTR A | F b = 0-7 I (AT SRANAZI | SO O] HS FIRACEZ eI 7o
(undamped) (FIFFICET FAF | ST SRAHCAT Golf (MlewFle e 2eqa [@afe
Aefifere, (@ 9 A4E [RFra @2 712 Sfeas F0e (IR TR @ e |

ST Qe P T ST FAR O TS Ol I (@RI Sy @3 ( aiifafsss 2 Teiof
T A | AR G2 STPNETAG T (GBI T2 | ATAISTA S I 2D [T e
G (e |

SepEre -1 :

Y e G e2ik-eF IR/ZR [TWRE .08m (ATF .02m (0 SPCS 160s I (73 |
G2 IR Wy A IRET 806 T TiF FF ATF ORCE 3 (R (A TS 2
3 (AETIFIET SN re (MeTRIerd (A0F Fobl for? oiwel F 3 ANdws TSrors Fare
e e

3.4 5] SRNWMS (eI N6 *f&

Y ST Solf T2 IR AT KB Fsiore 21 213, O 74 «ifeae =7
20e AT | T+ G2 *fE Fo we Fre (7 ©f 167 7 I92IHre ToifFe sumcaa Toa |
2 SR AL G DA (AT ([ (I T 1 Seiaafrs (ieroifen owta (b «ife

N
E & 1l T, 8

E = ..3.19

W o) = Ak = mw

GIR k (I T e7araIBa Feik-weli® (Spring factor) I67 T3 | ATFCE (I SRV TAFS
T AT A SRR A AR 27 A1, sl A @36 755 |

5 SEfre (MIFCR (FFlg A <7 3 G SIS @i (T, (i AR RS- A @i
ARET [ A9 (AP o 2T 21 A wiefie

A=Ae"”
@TT MR (O *fe E [RSitad acsfa smieenfess, ez @d o @,
E o A?
A E o [Ae"T
A E=CAle™ = Ee™ ..3.20
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G2 C G @ M (Coa &<5) @R CA? = E, (@I E, 2A[fes & Afow Tz |

3.20 AR (71 B (F, (B 4
e E &Y SR (M CFg Al
I A 5 FCH ZPT 2 | O E,
G2 7 RS QIR T Toed
T [RBIC 2101 =1 e f5g (G
«feq 2R 2T e | 0.37E}ae oo 202

E exp(-2bt)

3.6 =12 To0@ ST A= (G =&
E «3 sff@sta @7dfog il 0 1
AR | & A (T, G2 @Tfoa
R B (o ) [ BB IOl b4 3.6 &g WITH - 7R FIEH
@fbag (Ba 3.5 99 o (rea AR A~ g |
@) TeE @ feffE | T e, *few 2m 960z weed T |

L ]

AL GHFT 1.9 ANFACR AT ger=l FA0e1 (7Rl TF (@, (i =if& E =
— lma)onze*zb'

2 Ao~

AR, 3.20 FARNFACE C G0 ST %rgna)z | @I SIS S G SR Ted e
TS Atz |

Wﬁﬁ 2
a6 Feik-eq qEE Fek-wF 2Nm! §6 ©dl 2kg @R e SEwe 9@
0.4 Nsm™
(i) ==fog aifs & F{g& (oscillatory)?
(i) 9 SIfSTATH T SRNW I Golf 9fSfd FIFTSIE SIS 20 ?
(iii) P2k €35 € SR J67 AVE AT AFCE (I SFF Tl FIIT SV ANST I 2
(iv) 2l e e T 9 PORIH W (N2re F© 7T A 2

3.5 SN (HIFTAST FCIF0 IS

A G G (T, (FIETANG 37 ST (T2 F2I 218 A G2 SIS P
(TR AT FANCI A0 Gl T 2017 | B S9I00F Fo{ee] IZI (FAETIG 579 SIqHe]
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THAFRS TS, (13 TN (TG @oare AR 77, OiF sfawese sifavae srorw
ATGR | ©I2 TS AP 7Y A1 bizre T #It7, ©OF S8 21757 redw
e SR AY SREs dowfe (@ARER M "o g |

AYRTS =Y SR (IS Bfere wIa Gy Ssmces est AR fodlt R s
41 20 ACF | Qe T SN 779 ST 2R T=90F aiFelt o @3k gfo fom owig
TS &Y SRR AR Tatell I I (03 | (T foa A ey [esimeia oo
3 = el =,

(F) F1a1 M (Log decrement) (A)

(%) A FT (Relaxation time) (7)

(s) Q (FT) weirF (Q - factor) (Q)

G2 AR G A GRRCER AR N ST ST (AT JACS A1 | 4,
@ ARG sl T FfRiiee, ©f I G0 eofF Foa 70| 94 @3 foafs it
s afel Qe et 99|

3.5.1 AW A

Y ST Wl 2R TR ARAEE SR 206z, (FINe VI I [BF
SCAR AT < 2ICA A #A, Ol el w1l | =790 Bl aielaia SNApesy @bl 51 78 | w191 2
(A) F6TCo G 7o (ieTtes ARTET @ SIfgs e Sidie, AT (EFD 9F @ (17 26™
7 RBITIT ST 2liF ANECF (natural logarithm) ERIE | 45 7j¢f T fOF waea
8 (NAF RS S Gejg o 27, O g3 Sg7iites aolifave] odie, a1 g (A0S
SRV THACE G HATHR AT el AeAl A |

Bg3.7 =Y @ - H2 (R A Afefe
(e S 8 oA e fom =)
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3.7 Tor@ SR oY SREaS {0 R 79g ETRbaAl (Il 2007 | 575 e (3,
719 foafb (eTCers (F0g G2 s RS IAGF A, A, @R A, | (T (ETCE 2RSS [
foet A, 9fb (e sief R Ao O B AR A, G A [TE= (01 (@ (et v 20”
g6 A @ETCTR (<0 O TR (907 A, | 94 SR G @, 7Y SR (R

A(t) = A (RI9l 3.17 (a))

GTFCE A, (AF REIE A, @ SIPte 936 s (IeTera o oz | ©f grte 71 ¢ @
FA AEATPICER (T) AT | S0 3.17(a) AN TR I @ AR (@,

a Gr=exp®oD)

1
G2 SR FNEAe 3.3 (A @i @,
w=2L - p=
m

HOR T IR (F,

= exp ..3.21

G2 S[ASF g (decrement) d T& 2T G3R G2 SGAICOT AP AMRAIS S SN
2™ (logarithmic decrement) JfeT |

TR, TR T A (T (&7 A |
A = = bt = 322

@ARY A, > A, TR 2P A G Lo A1 | G S <eiee #Aif @, A A s
b @R TR (MieTael T G €oe oS i |

wisife] 5 o1 SRR (@, 2 A 93 e (ent @i sjof (ieTeeiteTa kit uit [

SEPe AR I 2 I G BT BN Sl Biee watie A1 Ggeid
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. APl SRS @ QI (d) I R AFSTRCEE log d G WA FAN 2 Ao |

= =exp (bt) =d

A
w A=Ingl =Ind=bt .3.23

2

(9 QI SIS 768 @ e e (20 HRAEwF 7w AR | €3 AF(FE RS
T AR 4 2 257 Ted T (BB A, EIIG [Tl witeve 2z )

3.5.2 99 I

Y SR ALARTO (WIS AR 03 (@ KB 75 217 2, O Sl Seaig (el |
GFNE ST Gl SR (T, (FIS Fp ZIE (e GNP A (iae #Afisicsg
ST SCE ¥ NG (AR | SR AR S99 &) ©i2 (ietees [ @ee [Gfe
SIS 2P (olte 6! W aicsl @I faefy <t =31
AT (FIS (ST Al T4 YPH DR +i17, ©4a (STe AT o el a1 7w
AR ! =ikeet wielie, 36.8 Watx%‘ cgvﬁg&?% T (3, O AR 1 27 | 9B TR @l
T SN (IR #2Fe (relaxation time) | 3.6 Bta @2 MATHAT @A 22 | AT
@ = 1 (%) e |
(3 SRR (GG BB G Aded Siefle, (ACawca atelfsis i A [wia ©ig 36.8
*OICH 7IfFeT® 20O TIPS (A I (T2, (@R A @ TG SR ] 53 | HLTleT
TS (26 T, SECAR TS T T ( Q| O wealel [Nz ey WMea s #ifwisl
1 AR | SR GG S LTS 20 (F, WLATFICE Qe (TG Y SLACA (a2, ATAST |
BT 9T T G 3.17(a) FNFACT 0 e T | @ ANDed SIGA 7 W #7g
SRS (I [ A®r) = Age”
G (ACF (7 AT, AW 1 = T (R ET) T ST A(T) = A e = Ae’!
bt=1

wefle, 1= = ..3.24
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QG (ol AR (@, T 2002 b @7 [#ide i | So9d b @3 N T© @ (3, T 9 T
©© (26 T(A | R b @7 W AT 26T L SR M@l I | O (=5 22 Tt SfFed
ST DS FCH GIR ] BCoNe TrEY FAl RRACZ | FTF A (F, WA T (1) (TG
b @3 @57 TS | 5 #9291 (1)b IR METFE T @7 997 183 I | O3 Sasmaa
Gl @RI & T A A T (0 TR T 20T O CRARC G SN F) SCE
s o @ fdifse Fa0e 23|

3.5.37FC (Q) - v

T (Q)- @ellF (Q - factor Al quality factor) < #IfFfo® @0 [T A 9= STHTIS
SRR A o Far e

6l A, (NG GG TR GER E,) 7R SNAe SEE (b *fe | 99w 97
RIS SR THAMFS el 2 *Ife wFulTe gHeid 23 | @2 =i, Sl @il @, 1o
B FACS ACF @R P T 50 O £ -4 AL ¢! oA 1 AR 37 *0kes! Afere =7
&3 INEE M0 I3ZNT FEH0 @t AT T | G (a1 T T oL IR
27 (AT Sfe@s S| Geltd E, O 37 =[S0 (0 WP MRGI W& (A AFOATH
[EIT7 WA FIeT, T G CHHT AN) ILOF T W T (@G Sfoa™ FA0E,
ol @ I [T -adEg ARmee | SO

e
3.20 AT (A @A AR @, E, OF 37 =0l Al E e’ WA A=re ¢ 1w e,

t= = ..3.25

(@ARY TS (A (FF FF ', t 7T T 20 To @ feqe sfoaw
F(ACR OF AR Welw o x ¢
@Ry @3 WA [Fo-gdz 2 wwifte 2rg, o 7@ I @,

T - @F Q0 = w'r = = = ..3.26

3.26 AT (ACF (7R A (T, FC - SAECS A9 FICAF AR A T4 97 wfe,
7o A TETE | IR T T [T @3 (@, 8- @6t Q ¢t uFwa f[um M4l |
wsifer 3 3.3 e afeodl aas StaAmaT @ R W, ©IRE (RTS AT @
Y Z0VZ SRIN ST |y ~4F TG W S(EFGF SN H5S B | S TS 7Y S
(FCE Y -4F W 4F3 T T AR GICHCF 3.2 TSI Q -9 e 332 @ T | AP
IR (GG Q BANER W (ORTSIE FEF 2GET T© R (T ST Y33 |
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TGS 3.26 AN (ATF (7] AR, ST e (MR (HGd, (T el SegoifFe A
Yy = 0, Q IITH A 2CI S | O LFOATH (FIS (M (F(A2 ST Be([TF A
*e 2 1 | TCET Q I WS I A |

SRR ] Y78 B 20 I A0 G IR @ @ >> b2, O SR e AT
(Flfels TF o @ @A

0= o=
G B Q - G W WS
Q: = . = = ..3.27

wiefie, GUFGE Q - F W FRR-40Ea IR A AT G y 97 TR Nfes 27|
Arefre (MeT (forced vibration) '@ S« (resonance) €3 (g Q - @elF R Sl
@ @Y O0Z | @ A0 ol 21781 5o GFF SIACS ARG | Q - @elltE K8 kel 7TH0h
T SACETBA 203 | G2t (@ FEID0 RIS AT I | S G (42
T-GF SHE JCAYR 200 o St a6t |

SepAter -3
GF SR ﬁwa—aawgﬁzoog%maozmwﬁamﬁwwmwﬁ@
CTE G -5oiTH (T SCS 100s 7% 6 | IZITF S @eliF 7, 62l FIe, Q - @elIF

e Fera Fek-was Wi 9 |  TFt@ @197 20 S S92

SRt - 4
341 Hz 3% R*% @30 e Q - @4 1800 | TF+eia aRfEs «ife 2% (ot
20 *SIKH 2O T A NN ?

3.6 SRAAMS (AECAT BWIRFY : (AF AN & I, 4T 8
@R IO

A G2 AN AU GFF (AT (@, GFo (@FUE TSNS T4 G SN (L)
=R GIFF (C) @A PRI T& ACF 9. TS0 (6 WO (@19 I 7 7)< oNifz®
F(A AR (ST T, O (0T & SN G5 Fe] ol e 302 | 75 (ot (g,
AW (G [ (@2 91 2N MBI 2 Sl T G AGOToId (@FH8 (@l (R) TS
e I, wrErEs Wit (@ 212 &kl tof, Ok ey (14 3% F<C9! OItaF (connecting
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wire) (14 TENTE TFGE 20| O L - C - R 9413 2FOATHF G35 w3 T84 G S
Gt O b [ FE@ MR (@3, L c R

TNZT TS A AITHE A]feId _pa—n\_” AAA

wifes TR o S wRE e @ (T iV -9

TEATS TN A NG TN AFITE )\

o 1 59 3.8 @ 466 L - € - R <4 (i | b
A Y —

TECZ| A GIFFE 1.4.6 DT AN

= 0 +AfRaf$e 33 WwIa

i %
* F

1}
"

q dl _
o 52 3.8 I TR Y& WS (L), 4195
@Ry, =+ <L, @@ Aiaefl e o (C) @R (@l (R) - 7% I$Al |
CeTll A,

=0 ..3.28

To oS L W ol 0 AR,

..3.29

% AT 3.3 FTETI ST | BTG 3.3 ANFACIF A 9ol I 11T,

1 o 7. _
a)02=ﬁu‘]?\b—

Tieffe, ToAIE Freifs FoolE Fdiqe a0 L @92 C, @92 SR+ Wafge 337 R @92 L-99

B4 | G TR 57 GR 9F G B s, A @, -« g |

GFTSIF 3.3 AN &Y SRAAUCAT O TN 03 9Tl I I&7 AW (T, T4 93
TEAI® b << @, TR << , O AR AT QI I A7 fSferiie wiiwael
SR TR,

q(1) = ..3.30

@A (FF FF o, 20",

W, = = ..3.31
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Soqd, GATRE (7l PR (T, q AN A IS 20 2 217, B[ cos (0,t+¢) -4
e SNCHIeT 21 L - C - R I941CS, R Ifa FACeT S Jia 2T @ R 2T SRt
ol[F Y 97 S 2ee | L @3 Sl 3.3 TR ©Cad 710get, Tl 3.3 AT 26

= % @R 3.30 FAFACE 2b = |
3.30 AN (AITF (7l TR (T, (e (discharge) IR SHICAR WGa [{BIF o 2
AR [

ST e, SLITAF T4 ASF T8TF & R < 7e7] AE | [Fg R I™ -a7
OO STATAR 20 AR, OIRCE (TR FF 0, GR o, AR T 2R A, 9fle o4

2 ~ 2 -
- =0, =

TE@, I QT T8 Q - @ BT L € C -7 Bt Q-oaiEa o ¥ e
ite #Aif7 | weife @it fAts @ TS «AiEa |
L - C - R I$qe @M R -a3 fars [oow 4f® (reqid etdies a0 | (@2 941t

SN AL FC | (R A g\ﬁm 62 05 S i A1 | (IR WA ISR
<
O+ —dC
PANY ~ ~ &.‘b <
e TSI e SRS 27, (Tvee w% %»m'@an GRICHR SFARAANG L — C — R T840
MREW |
St - 5

@35 L — C— RISITS L = 5mH €% C = 1uF 1 7f5 (F0g R IN@C 2Q @3 1009,
2 O(F AT 9 9Ifeq (FIfT F9% ¢ @diE T (F(g F© 2(J?

3.7 A

93 GIF (@ RIS ACH Db I 267 | (afer 27—

1. T GICOF AT ST SRS 2F AR S[INCAF FCe] MR (87 @ *{f&
ICIF A T AT |

2. Sufre (rieeifed e TNwad 2l

= 0 AT ohem Tm)
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Q9T 2b = % |y = G55 (9l oy SRRl 0 AT, &k = G A9

folg eiegiaze Ace A= |

3. ST MR S (FE SR ANTACR AN wolls o7 27| (@Fermig a7y
SR (LG (e o7 Fa A @3 s gt (A @3 @@n sk
TP wzrgslel | FTY SRR (R AN (@11 T,

x(t) = Ae™ cos ('t + Q)

A, ' =

IS A FIIT T CFCa Wsife 7897 27 1 |

4. e mElfer cwe R ¢ *fe I A P A AR =31 @
A=Ae"”

R E = Ee™

G2, E (N6 *f& 938 A ¢ E, INSE (Mlelead Aefes [ee ¢ @b «ife

5. oTY SRR FCE (s AR 2211 A b << 0, 70T 98 #ARRSH @il AN

[

2 G2 AT O TEAD 2 | LIS e (I (Tl Sl AR Ol %e,

0

T = =

6. 7Y SRR WAl ARSI T T Srmee FCIF A1 921 341 27 | Qe
23, TN IO (A), WA I (1) 9% 5 (Q) -welim | @2 AMfRaleT b, t, 0 2efox 2w
A<M 9 IR |

7. SR (L), 4175 (¢) @R @14 (R) (XN ANKICT T& G I8109 A0 Al (&Fiee A
Teq Tt 7@ (3 4TI 2)¢f Nfze w1 oiq i a1 Seobess itz wacs1 aiataa e
TR A0 G 2T 3R SIS (ol 2vefe 0 | I3 S T8I (AT @27 freglaT |

3.8 FLTAT Wik

1. S92 @R 8Nm' Feik = (¥R 3l Feikce «3t 9o [ (s Jferca o7 e
0.2 kg ©F I& 1 267 | (72l (9l (@, FRiR-93 A0 & S0 SRS (AT STHIeT 2oz
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G} O *f& 2T *fe7 37 =i (@0 SPICS 40s TR 0oz | SR SelIF, TN 2o
IR HL FET ACHCG T2 [T Q-LeIF 9ol T+ |

2. GF6 T (MR [RIF 4° (A0S 3° (S 2P 2Neq[ 7o 30/ o (aieTe s1sim 23|
MR (M 2,25 2061 WA Fe1 @ TR A 9lela] e |

3. L- C — R (¥ SR & €6 9100 L = 15mH, C = 3uF €% R = 10Q | &3I9S
a3 IHF & T awHes o wifze T -7 i [fven w1 2511 @49 g
SR BT < T4 9IS avfe] S0 2 SAICTa [BIcaa sifasiiel T 7108 oS 232 R @9
TSN (P AT G SR 2 T4 900 TSI/ 20 12

4. 3.5.1 SCoR SN (TAtR @, AT 2 A SR o el #F o7 5o It
R®E ¢ SR Siels IER T4 2002 | 58 IR (g T4 AT ©ftd A -7
= 37 09 27, O SR Sy A 2SR Ty TS @3l 1o F=0/0eq R
bl 1 =, AW T 1 (n > 1) FRAF 5 T 700 202 | ;W g, 9R a, GUHCE

2N 8 (n+1) OF FEF [RBIF 27, Oa = @, A -9 [ow afiian 29 A =

LCAERI G
(008068

L ouiEni D
1. AT2Y A = A e GR QAT

A, = .08m, A = .02m, t = 160s, SN A,
= =.25=¢'™

3, el6% = 4
s 1606 =1n 4 = 1.386

G (AT ST IR b = .00866s"

SN e @i T = =2s o= = 15!
I 0 = , wdie o, = -
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_ 2
. SRS (AT = 57[ - = 1.9999925 i 25
0

TSR, Y2 MIFIIETT N0 AL Srorwag |

2. (NS B, ©F m = 2kg GR FER 7 k = 2Nm™! @R 437 SIfSTA0s] S Je
vy = 0.4Nsm™

w b=k = = 0.1

SRS (FIF FF ) = = Ls!

(i) ol AR @, @) > b, W0 Afefs T IS T | TR, o > b* 26AR o G2
@, JIEIHCS ST FCENS © &7Y S |

(i) IR ST G o, = b Wi, b = 15!

TR, ¥ =2bm =2 x 1 x 2 = 4NSm™ 9Ile, 45 SIforacel 4N A0 &) oifefod FIeiw
S 90 |

(iii) ©F m-a3 *ifaee ws&%aﬁ%’- ESHE P17l <1l 05T IR SR 1S B | GTRE
Wl =bwEl, = LA, m = 1y 8 k&9 W I,
m = = .02 kgl
(iv) == @i @,

(G *f& E(r) = Ee

arseg b = 0.1s7' @R

=e?1In3=2bt,ql,t= = = 5.5s
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3. @ T = 025, . (IS F90F o' = = 107
@l glow e
Ay = Ae” . = A"
~In4=0100 . b=.01386s"

@29 m = 200g = 0.2kg, T TR (F, AW BT
y = 2bm = 2.0.2 x .01386 = .0055 NSm™

A T 7= = =72s

Q@‘ﬁﬁ': = = 4% 1100

ARY L << 0, 0, = ®
@9 K = mo, = mw”?
= 0.2 x(10m)*

088
= 197Nm'* m&

A BT A = bt = .01386 x .2 = 2.8 x 107 | &% F%e, @2 slifolfss 2%ba Teraa oy
SR SO RS [Kien TrFefr 2R MR | T8 [ 70F 7927 FEHe Tenaf

MET ASI| @9, A = , Q0 = | 9afe) Ioifa 927 I3 RTS 2NE |
4. Q = 1800 @I F& v = = 341Hz
Q @3 TH e W o7Y ST HH© FACR
Q= nT= = = 1.68s
@Ee T= b= = 595!

E = Eb™
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qCCe =20% = 0.2 =

s InS5=2bt -t = = 1.35s

5. 995 (%09 L = SmH, C = 1uF, R = 2Q

= X0 —ax10' = L4 x10%

s GRS T o,

STF] e, (AR % >> , S[edd GG QIR I (59 (oscillatory discharge)

I AR 0, = 0 = 20| a8 LG (T FF

= 1.0 x 10%" | 93 CF(g (@TY R = 100Q SREMCT @G 42T

w, =

S (@ G TGN FOITF T @ (=141.2 x 10%57) | 97 (F0F TAF ,-99 (A
S fom |

AT (FCE Q-

4 -3

T e, AN 0 ST I B Q 9 W @ |

3.8 AT WA

1. K = 8Nm™ | i@l @il E = E e 37 *oied 71%% gl i A2 #fe £ o
0.37 ST (G SPT0e 405 357 062

e = ewnw= (.37

- 80b = —1n 037 = 1.0 wie, b = %s_l
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;. SR WAE Y = 2bm =

= .005 NSm'*
I~ m 0.2
SAINTS (e T = Zz\/% = 27:1/?:: s
W)= 27” = 275!
A B A = bt = bT = = 0.0125
g1 7 = = 80s

1
T SR, S GAIFORROT T TN @A o' = o,

2. MR T = 2.2s .. 30T = 66s

@G A = A
L3 2 e - In = 66b
4
widle, b = =44 x 1035
wElE r= =230 .

4T A A = bt = .0096
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3. @Htd = = 141Q, @Y, R (1.0Q) < | 4ICRT Sdle

FlaIfere g A |

K e A g = =
.. _ 2L, , _ 215x107° _

ST (9 (discharge) F5IfeTs 9l 2€TF T TG Poarosl (4 2\/% Bl

141Q1
4, SIS @R A d-F (@ RS A 3.5.1 SR #Ribe Tialy, R fefere @14l a7 @,

=d=¢

G2 a, — 1 R a IAFE n 9N G=R (n + 1) ©F {1

- dn
@, 2feld ImAree Seie d-7 AW

SRS

TOAR , In = Ind" = nind = nA
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GFS 4 ATHIS F=9i7 @ O««(7 (Forced vibration and Resonance)

Fow

4.1 ABRA
Traly

42 erelfres I sifofes RTsRel—aTg SRse -2 ATAIe F=9/(a SIRe] AP
afo |

43  2ATNTS T S_FE ANFACER MG
4.3.1 TR SR AN

4.3.2 B SRER A
44 BT AER FHCE SR
45 SEAM

4.5.1 REIER Sgam

4.5.2 S35 =M

4.6 ereiire IR oiEd *fe dzreE 2|

4.7 SEAIME OFFSl € Q weIE

4.8 AeNTe! SfUHIEE 761 72 (A TR T& SIS (L), 417 (C) @R (@i (R) AFfere
TSNS ATENITS F5iw @ S |

49 A=A

4.10 FECHT 2Pt

4.11 TeIIE

4.1 AT

TS GF(F (GFF 3) TR (AR, SRWCA T JOIE G0 @R [ ¢ *Ife
T T (AT (FITe )¢l el 203 TR | OIRCe & AW S9l0e (FIHe (Mieme agEl 26
MBI T2 LG (FINE (FINE (F(F, (T T (G (M Al [gre Bifere Ja=Aia
TR T SIS NG 2 @ (Al I 0] (e SR e 40 5100 AT | 8@ @3
CFaufiroe g sy THfFe ATF | ©f TEe @3 (MIE IS Al TS 2 G0 [esE
TR | G2 AfST g FoTRE IS I (A0 ¥& F791E T4 W R @3 *if s
SRR CHATENO ACQE T TG AICS T 2 |

(e F9[a=F OCF (system) 2R (ACF A& TR IR G ARSI A0
ARSI @6 &1 AT T 27 | G2 2AfFTSTe eI 2AfT=iE “FgeeIta (harmonically)
- AR G OIF T {1F SR FOIE T (0 BRI [OF 2 ACF | TE© G2 FAF
GR ©FHI FelfFF F79IF (natural frequency) IXT G<F 0 IR, O G [ s==
A% =3 | smidfwi ofFer, IRE @ aEife s[7fige e Sl IR 2o
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™ (forced vibration) €<% @ FNES AMO Tl [0 SRZIOF Ole«I7 (resonance)
T =W | @2 G yiv [9ug wifae it s 23|

SPTH, SIE] IER @RI SRS I R oA e A 231 ARE (@A @
61 Y@ T ATAIMS IR ool IF(F IR SIS ACGES T AT, OICF S| Sl
6 A @R @ T (T IR 89T ATG 2, OICS SN SifeTe A<l IR | @Al (e
Tl FHCEE (G AN #If& TN Sy AF HEd (A bifetred Wi | bifere
A BIETFA @R TLie, BEE A W A FCET (Fie ARwe 9o 91 | avelifre
e @S e (e |

s, g [T @0 a9 g =i 7RIt SR 2[-AT@ G 2106 T @3 5Es
©F ¢ BifeTe OLEa Ghid TR0 TREREE 200 AT | O3 h0 4o O6F ([ I @4l I,
Sl 2relfre I (AF fon | @3 I o 2 IS I (coupled vibration) | 46
TN O(ED WK G0 [T A, AE ST @ 27 I (coupling) oifge
e, @t o 1 T | N1 oS! G (9 - 5) [Tl Scetva w9

smiefe [feq =E atenfre T @ SRR e 2t AR el |3
aiczifas agefe 0 SR @2 GFCF 2t DT 794 |

© TR

B OIS SCAIDS KGN T 207 DA 2ATeNTe i @ S THH S0
Tce AR[E | @ R Wil @ Feale Fae AR, el 26—

o Y SRV HZ TR O0F ANE FeT ATA 0o 978 S_ZA Mfelfes [aqceia ooy
ATAGA T FANFACIE 2D €@ OF AN FACO A |

o G Y(FE IER FIF, B, W17 70 T ST (steady state) ATAITS F=#Ca
fafen @RER T o Fa0e S|

® (A% (resonance) ¥} OIF e (ARl [usmd Face @R 2telits Fit 9
s 5C&F BIFS (A Biferen e #Ife swaies ofe 27 Ay Fare Sii[eae |

o ATNTe F™IT (F0g [FC @oF (Q-factor) el I O WP Jefell FACO A |

o OISl 81 TN AGT® (Ao TAH-4ITF-(Fly T9417 o RO (g aAcelifrs
WIeTCe R 2Tel A0S ARG, @ 40 Ogd AT Sbaces A0 F0o
AR |

4.2 graifee Itz ANfafes Rraga—eay s w7 ardifvs

ST I (GFF -3) 3.3 SR WA 9 Feik-e7 9T FU ATl | @RIt
4.1 5@ 0% G @6 Faik-oa 378 (el 20t | Fek-93 305 I m oaf 19 SR
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2 FC Z0e AN, G5! SN See ez | @i @3 IREE 9T 4.1 ora @wq @R
TR, (O @35 I e s1iqe 761 F(r) @itial T

dx
o6 | g9 Ol e SR (6% 999, A3 (AT g "dci o
TG 3 0 AN m A 0F Foia I 23|
IR AR F(r) @ e <61, ©iF @ q @, a4 T S a9 e

g T F(r) R Fei
©q I |

F(r) = F, cos wr |

G F, 2002 T969 A0 A= A1 KB @3 o 2062
O (FF FAE | G SEI F(t) = F, cos (@t + ¢) 108 ARON, ©F 3949 F = F,
(12 IS (ACF T A $F FACEA ¢ €T N * (Fe A |

G SN AfZEATE @B I Al Feik-ah 0 T b7 AENITS FRATTE DD
G POl G (3.2) TN ofge IR | swafes ey A,

=0 4.2

OCE €27 F(r) I 2@ 7€ 2Itd (4.2) Wt #ftafes 2w #ei,

‘%S %

T S m W ol I A,

=fO cos wt .43

@, 2b = %l W} = G, f, =

T IR (93, (4.3) ANl CRC =7 73 | G $AMF® AACR £, cos f | 9 T
@3 T 4.2 (A0F o7 @R @B SFH ANFACHT T FA00 203 o1 foq 2mafore |

4.3 SRF TRt o TaE afiE AN | e Afwela v w7 2wy, ot
@b SPTPTE (inhomogeneous) ANFRE | G2 AT AN Mo Acehifre (aiece=
TR T A T @ @R 7RG R M aefre it [afgef
ALTAG T S ZA | ATIF SR SN 3 FEs 324 |
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4.3 ATNTO F™TAT TP ANFACHNT AN

4.3 AN AT ST (4.2) AT A ©F GFG 9eiell T AT | TG© G T
ST JACS AR 2@ @, 3% F «@0ema e Sl (ot #iif | 7% F0EE @, (4.2)
AT G SRS (T b FACE IR FTY ST (F(q OFL OIF FOIRE (FIT

TAE @, (AP AR AR Gl (FfelF A% foca sneifere =21 | s

GFF-3-9 o€ (TR (), oY ST &) 0,-F G2 RS O G2 b << , A 0, =
o' 1 TR

AR @ TR Olg SRS ZCACR G0 ABEF BIE 91, T orm (FIfas F41%
| 5EF I (BB FAE OFOS OF (e FCF CHwifere F0o, T ol 9 fon
FAED SR SRS 2ors 3 | @ A0 OrEd FORT T ST @R
oG BIFE AT FAE STwIe | Sl SRt #iitad @, I @3 9o F=i% 0w 23
[, SIZCE S G5 Fo7 FooTED SR 21K 7l IR GG 960 7 2 ool @ [0
SREIR e T, T ST AN FLPE T | WN2NCS SR 0 # o, G0 707 4.3
SRR AR (5B |

ol 2TS SWIE FACS ¢ W%;f‘g) AN AN x(7) 510 =0 76 SR
A T, QA G652 . THAMFS AR | O T AR (@,

X(1) = x,(1) + x,(0) 44

G x, () 2002 4.2 ANSCI TN, (@6 HIeTs 0T S AMZOTS Sl o7g SRaa-7R

TR (R CoITIReT |

d’ d
ToR dt)gl +2b%+a)02x1 =0 A4S

SF x,(f) 207 4.3 AN AN Wi, Gl 21 OFf 2OIF S (XS HloTal FACo
5IZ(Z, Ol AE FA x, |

d’x, dx,
dt2 + ZbW

MICUE| ‘foW?lW (complete solution) x(7) (& x (¢) €< x,(¢) -5 Q7P 23 fewl T
(AT 4.4) SR TN TTIF ATGCH D211 575 FAC (T, x, (1) GR x,(7) (F ahfelfes
ARSI I 77 75T (complementary function) €32 R AT (particular
integral) WY Sfe2® 41 2| 4.5 @R 4.6 AAF 70 @t F0 1T,

+,x, = f, cos wt ..4.6

92



2

%(X1+xz)+2b%(x1+x2)+a)02(x1+x2) =f;) COoS wt 4.7
4.7 79 (A IR AR, 4.4 FNFAC (P x (F x, 3% x, -7 I8 AN (o741 202 |

CIREIRUE | A R G i DO LB KSR TS BRI (W R RS TS (G RIS E A

4.3.1 THIA SRXEFT ANY (Transient solution)

Siioife] 532 o S0 (@, SISl SRS 7S] G (9FF 3) 3.4.3 TORF 4.5
el AN FER | @ T wefle, 3.17 AN SPRE FCF 4.5 AN T
CeTl AR |

x,(t) = A, exp (-bt)[cos (07 + )] 4.8

G 0 = Jof b SR T Dzl «fibe o< 727 Tz

G 3-SR S2If Q8 (TCACRA (3, 4.8 TN ox (1) G el SIHIHCAL T ANCA]
05 ZPT ST IR Tl Ol 2 [+ 20 A | 38 @2 ANA0CE e 27 Fegie ogE
NI (Transient solution) | 2% TITe 2T (I, G2 FHZIT! AN AP I FOTF ? REEE
JEICS AIQRNS FOb] I (IR 2

TWE (3, G2 T IR o ORGSR M@K @9 fTSe | Aiaere Ia1 21
@, ST AN ¢ I ¥ I 7 T (AF (@ S T (¢ >> 737 1> 57) T I,
U @2 R SRl O 1@l oitT | SN O 3-9 (AR (3, 9T (g (e AlF
% T AW GG 5€ BIes e TolfRfen ooy «ifaffs fon | o sAumere oo smaieTa
(complete solution) Ei%‘ SR G0 [x,] ¥[U =X Caltete, x 53] x, ISR ICERT] ey 27
T—TFS TFH O BT AT FAE GF2SIT THITS 20 2ATF | 70! SJ0oai Sl
@2 i SRR WG G w9

4.3.2 A SRXFIF FANYH (Steady state solution)

SR wCoiE (A, AR BP0 T Sfew® 2eq[ AT x (1) GF AW S q5j6) 20
T G x(7) T 4.6 FRFACER FRATI AN (1) G I 20 A | x,(7) AN S7=9)ef@rca
BIeTE 0T FAAICES @7 fTSTNe x (7) RN 20 T ATT T4 x(7) TFOITI x,(1) @R
€ == (transfer) , 3= SN @ FANLAG AfE, ©F 61 27 BRI AN (Steady
state solution) | U2 SRFIF T, ToH HIAF I GRS AF(F, OOFe 50O AT | S
1A (T (T, G2 T FF BIeTS 0679 STET I 203 | I3 76 (7 e @5 [osaet
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| 2ATAGH | 421 TF, Y S0 72 G0 Feik-od 93! 2 St ARIRZIC (29 a0 |
AT @F 99T G0 TEGA I 2T 29, (T e FF @3 Fol-g I Freilis F1F
e foF | «F Ft 96032 Fek-wa 9l o e F0I0F (T oY SRsmes e SIfe
e iR Tz ) wiemiie zre 6% ¥ | e IfReTe ANeeT I (6B I
FEIHE I FIF SCwIlere FAco | @2 By 20 47 (@RFEF S 5a1ea I, el
SRR T Feik-od A O *IfE 2RI @3RI [RIF 291 (719 (50 %[+ 20 Hiatd |
SIS TG I 2RFE 20 IIZI0F €77 ToAFS (ATF F9re ST F9AF (1T Sl
A | 3 IS T5)ef 2SR MO TRGS 2@ THRIT T4 o4l T | ORAT 8F 201
B SRR T4, (T T TT-GAG AN S G337 [ewm= 6% 7691

4.6 ANFAER ANACT T SNl 407 72 @, @ Fhwqce [ToR 04 x,(r) & el
A,

x,(t) = B cos (wt — 0) ..4.9

QT B @R O 9b SIeare &< |

PN A 28T FOIRF, (@ SN x,(1) (F ANF 4.9 @ 70 o140 2 97 FoICF 7fo
e AR | e, SR smifmE pfEe (s /e 21 (@, 2 SRR T CFE
T-YAE NS FAF DN B 050 F9F w ToAfFe A, Fiad @i (e
FlefzACsl BIers Ae Bl i | T%@N%%‘MWM TolfEfore blers o1 92 AR 0L
GG I A (ACF AT | wefle, e Wil SRHAG or 20E, R W 2 (wr — 6) |

4.9 AN ToifFe ufb 47 B @3 0 (& WeITa STmes SR 4.9 @ T (S TN
ACATE AT SFeTe FCF A |

= —Bw sin (wt — 0)

= —Baw’ cos (wt — 6)

X, UEH G W 4.6 FNFACE AR A,

2

(0 — @) B cos (ot — 6) — 2B bw sin (wt — 0) = f, cos wt
cos (wt — ) €32 sin (ot — 0) (F TGS I ©104 9% cos wr G3R sin or 97 ARSI
GG A AR
[(w>— @*) B cos 6 + 2Bbw sin 6 — f|] cos wt +
[(w,— @) B sin 6 — 2Bbw cos 0 ] sin wt = 0 ...4.10

94



SR G (3, sin of 998 cos @f G LI He BCS A W | TEO AL GUrd GG *[)
o7, 9% O OF 5 WG (A=A | o 4.10 AMFA0e HCE cos or @3R sin o, TO@R
A9 FAMTSICT [« 2€T ARG | oK (T I (F,

(0= @?) B cos 0 + 2B bw sin 0 = f, LAl
R (w)— @) B sin @ — 2Bbw cos 0 =0 412
(4.12) ATFF (ACF S AIAR AT,

tan 0 = ..4.13a

qA,0 = ...4.13b

@3 (4.13) AN (ACF 7o FAHT 950 Ofle, O @F N AeT Ao | 92 A (TS

) )
AT @, sin 0 = @3% cos O = 0 T
[(a)oz—a)z)2+4 2a)z}2

W%WB?T%W?WWW&m 08 cos O G W 4.11 AN TILF I

I

Sl AR [g gdl=+ mo)kj

fo
B =
(

w,’ - a)z)cosﬁ +2bwsin

_ _ fo . 4.14
m[(a)oz—a)z)2+4bza)2}2
B SRER T T ARG ©rRee @1 @i T,
£
x, () = cos(wt — 6) 415

m[(a)o2 - w2)2 + 4bza)2}z

Iiofel f6312 575 AR (T, @3 ANLICH AN (F0F F90F o0 @R @fod @@ b
e eoin a9 st 9ol o=,
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(i) DT 0T [ (F)

(i) BIFF AR (FAF FF ()

(iii) F=o(T1eT ©F (m)

(iv) FHIE OLFa Felf[E % (o) 99

(v) SRS €7 (b)

SIRT! 4.13 ST (ATF SR 0 (@R T 412 | @b 2T Siere I TR o @

T (I TS AF, EIOCE AD® 0 | 7% FA0eT (Rl AR (J, O (Fele I [Ew7
sy fTSaieT | @afer 2=,

(i) PIETE AT 9T (w)

(il) Tl orEa Fel F% (o,)

(iil) o<W << (D)

TS SR 0 -3 Rl SRR SCAGT S | 4.3 ANFACA 724 AT Fiolfs
@A (Tl (ACO AT

x(t) = Ajexp(=brycos(@'t + @) + Fycos(wt - 0)

T ..4.16
m[(a)oz—a)z)z+4b2a)2}2

t
I {a}

o x )

0 x,(t)

% (1) 42,10

xlt)

4.2 s (¢) Mt Awg g M () [o] T g e (o) [p] 9%
ol FRAER (x- x; + x5 ) [c] EBa1 ] Tora wawt o a1 e

96



SIS AR AICIF (1) A0 x , X, 6% x 43 AfeCas [azibre ufe e vig | 4.2 fhra ™=
At qefer SR Tibg (il 2ot | @9 AN wdfie 4.2a, (f - x)) SR OIS
sfHfoe S e Y& @R @14ba | qTFg afb FerRIE T fo© FA0= | AR 705 [@=
G AIS BICE 21 2I1T62 | 4.2b, (¢ — x,) @bt 2R S=gR TG (Il ZRIE |
T e, 92T 8 TG T RSIEa @le #If7iasa @t iesz =1t | (R aft Seres
My |

4.2¢, (t — x ) =T4MTA IR A x, + x,) G ARTET LI 20AC | QR AL
IR AR | (el G2 2R oFh GIUeE e o, @Flds T=I0E Sk 2re
B @3 SRICA Gy O KB il 09 ACF | 58 B0 (AF AT 61 ©FHes ©iF
ey (FIfes FIE () HEel FACS BT | o7 FHI0FT 42 AW SoAfRASta el
SE T T O(F [RBIad - o7 1 A | @2 SRIrE 79 2w o gl
(transient beats) | S @2 SRFIH <& 7N T T @1, SCF GF FNE SACHIEN
A 2SN 27 BITF 61 OIF (Vo7 FAI0F 9IS WHIfeTe FCF GIR *I[G FIAI0ZA T
I Srpsl AT | O12 ANCAF A0S A AR S5 Tl AL x, 97 RIS Sz 2
AR | SEER TR0 A oI 217 FE S ANNET GFE OrE Sae AR F0A |
93 SCAGAIF S0F 6T SIAAIG FIC0 WA 633 ©fF it |

SR -1 : 200Nm ! PRk w7 [Jf*8 @t Fek (A0 0.2 kg o9 35102 | ©1f5d @0
Tamier SRS 96 — 20 Nm's (TR v ©407 (@9t | I @2 ©359 @94 12 cos 507 fGHa
7o faral 03, O T SRR SAhd RS 8 2@ e AT AR vl ALl ol e |

4.4 5151 JCeR IAICET Uil |

AR SRR 4.15 AT (ATF B SRZE I (T AAG 2N (91TR, (T
o633 o AR (T, T ST OFT FIF Herd AR FCER Il | e fsxd
& AR (@, BT AER FF AT 20, S0E AU F0FS 2106 AT | [aaf
% QT (T | IR, x, (1) 97 KB (B) 932 WISl (6), GO0 bl e FAF
W G OCFF FOIRT THF o, Torz ToifFe A2 | ©iF U2 2% 372 7o @, 0 GR o,
- ONES WCE @97 eitelifte Foltas (IR S Foae | oIl @ Seowem
W << 0, 9T O >> O, 98 Y (FIH (TR S F9 | GO A, T4 0 = @, Ao
T(J 2RO SICRH |

T 0 << @, (IR FEF I FF OEF FoRE F=NF 9ol 432 (25)

Sl S [(4.14) TR (AT ],
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Jo

B =
[(a) 2_ w2)2 + 4b2a)2}

B —

G CACF T IR (3,

STCE F9 LT S AT,

4
@Y w << w, 50«1, ok 1 @S 91X

J
@ w? = G k = TR @el® (stiffness const.), GCFG REIK LG SNF
7R TRl 27 @R o Wwwmmﬂiﬁwﬂmmﬁﬁwww
&‘"'» motion) &7l 2 |

O AofieRe @iE wuige i (stiff ;
WWWWM%WW@TW&T@WW

tan 0 =

= 20, gwe —<<1
w-)
a)O
TSR W @ — 0 SR QTG BT J61 IR B SRBE AT [0 W1 A1 A
) 20T A1 4.3 ora 0 7 970 0 -7 SRSt @1efbait reata el 3ace wiemE ke

2 2 . ] <
2|
T 0 >> o (Tfie FEF IET T O0Fd FeliRF FNET 9oty 492 (=5)

qTFCE TG 0 >> @), << 1
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SRS

N

qUFCE 0 I A A [EIF g AR | G2O] F=5a1e1 S0 [ Jiad A0t Ao [
Pt AR

e, tan 0= —22 = —— 2 L 03m, 50
b — @ @ o
=
oodqd, 0 - 1
I, GUFCG tan 6 K AT @ i@ ACF A LA g frroeneeee sy
fbaSl 2ete, ©f Welige AT W (A0 #evw e 1 /
T 2052 | SO, 6% (1 O FR & Gl 0 e :

I ||*®

707 94 0 (I me{1§0°)
o) | [“
2 @ AT (@, PEF AER FAF OE Fels
FHET QoI T@ AT 2, O HoTS 961 @ AR W&y 5F 4.3 GRS I F(r) -3 0T
VIR 2119 7 3l 180° 7 febael 27, widfie wiAl oo w -3 T TN g -7
T SR A | 4.3 org @3 [l @Rl Tz | “AfA |
S!S 4.4 Tora (Rl 20E F4% o -7 0% [WIF B -7 2If5ade |

P A IR T SRR (5B I (AL |

SepAteTal -2+ @36 0.1kg ©F 150Nm! Fek w35 (e Feik-a Qe s | eafbs
@7 faaiiier ool <=1 AW F, = Sv N2 (v @ai6e (391), ©IR0eT SR (Mo S Aaieeel
Af SV I @ AT FE ey T AW 9w @B oF@HT ToiF F = 3 cos 206 N
R #S 6 SIS 23, WiRte 2Rl SRER 2tellite Tt [Ree e wil sAlde e
5 |

Tﬁm 2| (4.3 g

‘®
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4.5 AW

4.5 SJRMS JCETHA wlf (et (@, B SRFE F0E (Steady state vibration)
CFE 0 GR o, 99 AL TO @R 77, TR [ o938 9 AT O 0 >> o, A o
<< m, 201 RV T (@2 (@ I A | FeRFONI2 SN2 3 209 A (@, @ S
w, -4 AL @R 2 [ T4 I 77, O @ 7o (FlE FohE FRilz gt [Eim
eI 3 (51T AT | @I TR 0 = , ZCE T, 5IFF I61 € Oiga Frelis T 126
I T CAICET B T0E (A2 A0 Ceval 3991 4.14 F9540 ke [eiws afmea®
BfowaiE e (ol -

QA 0 = @, I 2T

417

; : E @) S A () AN 20 (510 B-«31 SifIIiets
X (denommatorﬁ[ﬁﬁm {fﬁi B- @ﬂ%ﬁ fa =R | @ SEIGe O]l Tl 2 | 1) el

@, B(w,)-99 €% Wi 21{20 , b A T FACA AT TSR | TES, T O b
0

M9 & A A B(w,) 9 T 2P AT | (T (SIS BT TR0 OLF A2 [Fg SIe]
ToifFe At widie, b @F A W 27 91| T B(w,) 9F T SACE WCE et T |

o = @, 2T ACH A 7l (&F 0 TN A2
4.13a NFA (AT

tan 0 =

T, 0 = w, *C, tan O = oo .. 0 =%

SO CFFCY BIETE JCER WO AR VIR (IR QR |
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4.17 AN KBV @ N B(w,) #1831 (51T, ©f RBICTF AN 77 | {RBICaa 7
S SIS G ST [g51 foF AW Gralte 203 | (@61 ©ig 73, 2l @it (3t
SR (FATS 2119, ST 5ifSTa! RTeR %18 ATATT AL 27 IR G2 =6 7% [ sA1eqa
S Lol o | FeTee I [R@IR T4 M1 27, 94 oiF [Zfexife M St cofem
3R 4 O Sifors] FECA (@ 27, 03 ok sifeifER sl 221 T | 92wl CFars
s Jftemn IEm [@iF S (amplitude resonance) €32 SIfOT9 SAW
(velocity resonance) o7 23 | QI Nl E% 4G W03 ACHCA DTG 794 |

4.5.1 A& S

G 72T T, AcNre @it CFee RSIas A N “INSTE & ARG 2165 F2
4.14 AT = (KB B(w) 99 @ e’ e @i 2,

B(w) =

G W @ G T ST e =g AR A T2 77T, B(w) @ T

al, - 4o (0] - &) + 8w =0

widfie, o = =21 0

9T T @ = 0 TGT (@Fe Ih o I W1 | 9 wEl G A o) | 9=, (@0Ee
@ TR GG, B(w) 99 W A 2€AT =6 1 0 = 0 = (a)02—2b2)% .. 4.18a

@ QAT ST CFICIP T (RACOZ | Sl 2 o736 FCACRA (F, TOR G S|
@ e (FE FAE o -5 IR, 0,97 T OF G I @ T A @,

B(w = 0) @ B & AR i, 70H 7, ol =il a3 Wi ey 53 93 @7

YIS e 57 A AfSoT FA0S ATE |
G2 @ G99 T FILT FCE S [TEE B-97 A W (ol AT
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B = Fy = .. 4.18b

- m[(w(f —)+ 2b2)2 +4b° (e, —20° )}

=

SIRCE (R AR, @ = @, 7051 B-99 W A = 1| B -4 A= A =7, 749 0 =

w,= | fRB1a B-93 I (1% 29317 @2 To-160F 961 23 @I Sig=im (amplitude

resonance) | S @ (F &1 2 K@ S0
Gel) Sl (T F% (resonant angular
frequency) |

4.4 Bt@ o 97 703t Arelime F™ce [
B 7 ARASTR (@14iba (Rl 20 | T
FACI SR FF b-4F Jfad A (T @,
2 4182 e wRE s =@ o W, =
TR [ B-99 Wiwe g1« | 3 s
@S O wrEE IA FEN FE, @A f?wi4.4@m(w)a§ﬂtﬁ€rﬁ’lw

g Ebe foait fon ST
SV S ‘P{(Ff asf%@s
e R, i b =0, ﬂ QNTER (b) & (TR SR | &%

&, SRR TE ) 2 w, (G
T b — 0,99 0, = 0, |

T RS W 20 A AW (e

4.17 ) | FET AT, SR AV (FGg G7F SZ 2012 |
R SR o7 @6 @wgs) @ 00z | ol St @, F=0 e I (F0@ ©IF
fefexife :
V = %ka .4.19
G, k = @, ’m = AT SIF (spring constant) | (LY G ©CF k 7 T G &4,

oi2 fEfonfes wiw A 2 T34 x @9 A A, wdffe, T x = B, |

ax
MOdNR, V =
max

@Ry KB SR A B-G7 W A% 23, Ol K@ Sqaitnd Tk g A
fBfonifea W T 231 Ot Rew saior 6 s kel |

R S T, Sigfie 749 o= o, =
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2
p 1 F,
TR, AW Fexife v = —/{ L ] = ..4.20
N n = 27 2mbyw,? - b

4.5.2 ATSTIN S

ATNTS T CFCa ZIT SRZIT I - A ANFACT (a9 4.15) AT oA oieeid
Jifzfoe Trre | @ == -

F, cos(wt - 0)

w,’ - L arw?
m|:( wz) 2 2]2

=

Il
=
I

«@f5 (ATF TR FTRE SrEd aiferdel (olte #ifT

o

e 5 TR AT aIfSracam wfese Jfoe Fa0z| @2 aifStatam 7w e A

siferqel ke (veloaity agnpld AN, RGUGRIKIEN
Te e ? —f&ni%@ﬁ
v, = [‘“‘Mﬁe@é@ ) s 421

m[(a)o2 - a)z)2 + 4b2a)2}§

ol B2, (@ v, AT F, m, b @R @, TCIE @ 97 €57 ozl | G2 S+ sareg
- @ 9T (I AL G v, IS 209, ©f ey w0 #Aicae | 4.21 7 (A0 ~Ale A3,
v, _ 9y (@," - o)+ 4b2a)2}_%(4a)3 - 4ow,’ +8wb*)]
do 2

4 4
£ @y, —W

m 2
[(a)(f - a)z) + 4b2a)2J

[

waamaimmww% =0, Gif6 = @ = w,| G AW @, I 0 =
O G I A | G99 O, v, -G A WA S ARG T,
0=, 422
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O3 SFIHS = =W Aforga Y7 (velocity resonance) | 4.21 AN 0 = wﬂﬁl’@l
v, ~49 A A A 07

Vo= = ..4.23a

Om

T T, v, G AN ZCT b
Toifge acate Sidie, SR T i oAt
SITOTS! ST TR Al v, G A
T S (®6 2| f

4.5 Bota o 93 7 v, 9= ARTE
CTAICAT ZCACR | (0 CFCa8 T o =
W, (I ONE v, G W A 200 ,
ol AR | ST 93 @ebE (A @b o =

S
AR, v,,, 0 A ST P2 b O fig 4 5 Fafom Sl SAITE 1) AT (1)

@o | Sioffe TR JRTE AR0RT (@,

- A SITeast [REEs ofgada |
SS9 AT CFLE Fo(eTIe S ("’0)

sfecael T 2eAR o sifesifes QT @ = w, - (S AW 2oz | 58 v
(Kinetic energy) & SFAICTS 7 7 a3 R T R W (vy) @9
20| siftael SR Gl < 2o 2 |

A &1 AR, (2R .
sifoxifes A T T, 7R &2, Ot @l 21 ool Seam | @2 b=l (A0 Sl
SOt SREAICE 0 e sifosifes 7, -ax qif€Een ereR (ore A

- A sifesfe T, = =

= ...4.23b

Sodd (7RI THR (A, AW S @ aifraal Sigam I A Ffoxife ¢ i
sifeife s1ifas 191 9ifoe <°0a | Sy 72 SEE b Tl SATHCR Se 33 I A | S Sl
forace «if7

20 << ) GR 0 = o, FA TBR S ¢ 5ifora9 SGam ©Le 2R G FICE 06 |
AT SR SR @ = , WEOH $TPg SRS AT AR AL AT F#IT T SCE
& g0 2Ea [ wEibe 21|

o G (T AT B 261 ©OF 8T TG0 SIJATIF 5ol FACE (Fale 27 7
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SRt -3 : 200Nm! Fek w0 Feik-9 200g SIgE I @ 291 | Fekitre Seifze
SRSV T = —yNms™ | 92 F2RGtF SN KRR € 30 rads™ FIF [RiE 7 2@ 26 | @,
IANE FAE, A AfoxifE @R 2 SR [T I @3 $E@d OFa I (A2
SRRl -4 : FRECRLAR IR 70g SRR 3 T[T 9o 14Nm! AOTTIS <T@
& 33 | IM G2 org Tl S AER SARNe G 9fOtR9 0.7 Nsm! 2, ©IRCe (&
FIE R[S AEpT 61 A20H (ACF 2TV I A7 9% I A 2 I 92 29F@ IR [BF
8N 23, O(F OLEH A foxife T2

4.6 ATArS F=Tiel OLET e AT T

ATEHIIS FoATH ST 7, BIeTS 61 '@ ST 61 A Fo{e#11e1 T G2 P 4 |
g% T34 AR AGTFIE To1 (NG T2 (I FIE A 1 | BIoT 6 Sl 0T (T
QP T J& T Al | FofRNe I ST I [E0m I FAG T oiF *(fed w27 |
AONTS F=ITaF (LG BIeTS J61 B0 (AT IR [ A2 FH A T/ &0 AL |
SIEl @2 G2 S TR 2R R 99 | qe a2 #(f 6 TRRAIEE Ol Wie
3R OIFHR OIF AN I G0 S AN @B #fe AREieen 2 ffwe v

FREIPAICH SR Sl (@, *fe FEIed 2 00 Gas AR Wfew @alla A FIo!

(power) G | wFarz SEABHHARNP() 77, @l T @,
P = ﬁ%&@& é(ﬁﬁ@s‘fom)}m . 424(a)

4.6.2 Ie[(PrY (ACT 2NEHN v IS R I (TR A,

= vocos(a)t—ﬁ-i-z)

2
= v, cos (wt — ) ..4.24(b)
Fow 4
AT, v, = T = (0 ]I @R, = | 0-F | = (91 € DT

m[(a)2 - w02)2 + 4172&)2}z

AR W 2N v, @7 F(f) 97 W (4.24a) A0 TR I P(1) T @ T Al IR
©f 2,
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P(t) = F, cos at.v, cos (@f — V)

= F v [cos* @t cos W + cos @t sin @t sin Y]
= Fv, cos ycos® wt + Fyv, sin y sin 2wt 425

G 7)o TH TWETo =1 91T 214 Tl 51T ol AR T (4.25) FAFACE T 7 (F

0 (A T FNES N ANFa I G T Wz ol 363 o3, (T = = @ieT=<ien)
1
= EFOvOcosl//+0
<, <P>=%Fovosin6 ..4.26

\ é‘ Sé [IIZ DVD
[S I Cotdb 4 T

@4 tan O -93 3 (4.13a 39) (ATF sin O F I e F7 GRMER R Wi (ge) @3k
4.21b FNFAA CACF v, T A 4.26 - @ I AR,

1T 5 T 1
—|cos"andt — —=|(cos2wt+Ddt — 7 —
i # 1
) 1| cos2wt 1
«3e = T[ Sm l =T><0=0W°T,T=
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427

R G2 4.27 ANFAY (ATE (A 0z (T, G W 0 T €T o | 9q TR

@Y (@G IR TS AT, OiF 20 FRAF A A AR, T4 0 = o, | 92
M Al G W A G (2 TAE e e 0 (4l IW @,

T T, g M Sidle, a5

TR e (ArF bifere IREilce

AL ZEES (& T (DIGERR

(m) 3 AT TS %@W@)Jg

@ F, 91 Jfacs aq T

AT 1 4.6 oA 7T TBSHS Fxol |

G A el HARAes 2w, wf
T CER AR W] 2R | (T4
W = @, T SISTI9 SeAm ArST T
3R & G332 *1$ 9f7e Z(E *IG THIRA
ST e A 2 | < 7 2, FIel
@ *E (0 = ) *F T T

LN 0 = w,)
..4.28
A . 428
¢
&7
1
'
|
}
: '
Y — o)
vﬂ 1 i )
— ! 1 I
(o0
} ! 1
! 1 |
i 1 §
1 L] |
i 1 § —

w,

59 4.6 IR () TR BT 5T WY (P

£

@y

AfRTET | 7T TN, W, AR W, T G
(P} 97 = NG Swa W |

OCEA AfOT9 G AT A0 0 W AL *[ 2| @ I TR OLEA T (AT
T RICT @It A | @B R R SIeem SIerR aiferael Smm (¥ egsye 27
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4.7 SAITAE STF©! IR Q QEIF (Sharpness of resonance & Q factor)

4.6 @R 4.7 SeBR0E SCEBA] (A SN (AR (@, 0 = @, 05T @N 2IfSC9] S
qC5, (98 O3 e A = | T8 @6
A (FE FHAE o, -2 OET GG @B
T, SR (RS TS PG| | S AR
@l AR, (PIFS OCF BleTs 0T (PIfels A%

@ AW @, (ACF AN e =0, e GF T

(AT 9 @9 I AR | QIS (FIFS (e (P)
(R 2 g el we <GB A1 4.7 fora R 2 4T T () A Tp) -
G 2GR | @B (@Tba Tl 4.6 foraw AfFIETa o) qa fon Wae
ST Sl 438 Q Wl Hbw
S| O@ @At @ 9F ACH <3 A | :

S#ATeba AR Pre 4@l 2CACR | (7 AR (@, U6 CFCG S FAE AN (0,) 2,
a3 CFCET (A) T SPHGTS (B) & SAATSd I o 93 ZPFEI A S & 0.5
A A W S e G0z | ey Bema et wemr S wieie SRmi =i (A0
WW%&W%W@@%%WWWlW&@W@
S0 el (Sharpness of resonance) |

(FIFe FaEE OCF HIeTs (ACF bifeired e *If& WaAIted 29 o 99 g Jiad 10t
IS WY OF ACIH [ (ATF SCHF NG (0 SIPICR, ©IF AR SN SFFFoid aF01

sAfaielTe 2o 11 AR | @ 4.7 Bra @Y= 99, 0 = @, 944 a7 N A ¢ B 13

CFCAR 1.0, I 4 Ol (P) - D A 2O T4 |

G g, B eRBE 0 9 W I 0, J@ A @, 99 A 20 GE I CRG IR

0.5 widfie, =& TR AT RIT G FACAD AT SCHF | SCATIFO FoT A (510 (LG
38 Toel WO T4, 0 = @, A o, | @THAG 7T T 2l A, SFFo (714 B @3 (Fg
0 € o, ML, I (0,- 0,) 9FIT (0',- @) 99 G F7|

(FIfIF FCFT (@ AR T VB ool AEH NCd SEF A ogd AT, widie
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(0,- @) 3 (0,— ) &I T TFTOF WS 79 207 (half power band width) | 4f6tE
SO AT 7jf @917 (Full width at half power) S12141 (3591 I0SF 2371A€ (band width)
eI 2 |

SCR GF 3.5.3 SR Wil 4T wrE Q weNtEd st AR 2eACRA | Araliwe
TR (LG SRR STl 2Ifsielale ©Ita Mo F S SIdl Q @elitad SIike I
el [T T |

«ft =7 : Q = = 429

G W (FF FACET TO @ AR S 0.5 A 9% 23, S SIFele o9

T 7| AR, (0,— ) @R Z(E, SFFel T 207 | S 4.29 99 SAE Q @F Wwe I
20 | S0, Q-G TS [« SrFos Seel[7 > FC | 4.29 3[0d Q BelTE ( ARSI (rel
2R OE @A O @3 s qifsa Reftme o8 F991 4.27 @R 4.28 e 126
(AT SRl AT,

0.5 =

al, (02— w2)? = 4b’w >
wl— o> =1 2bw ..4.30

TAET (IS @ AN Brza o wiEt 4.30 (2AeF w6 faqre w¥iw¢l (quadratic
equation) i :

W —2bw - wp =0 ..4.31
GR W + 2bw — oz =0 ..4.32

431 AT (A W AR, 0 = p+ B>+ @, | 9T T AMLRGRE SIeAFR g
G AW frest St SAea,

0, = @ +b’+b
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@ SE @, S J2E |
IR 4.3 AN (A AT IR o = , T S0 Al WA %o

0, = Ja +b* —b | 9 @, ST FEe | S JACOL ARCRA (T, G ST @ G

1
0, TCoFF JTGT € FUeS W GHIFE IANF 0, € o, BT e Tl | 92 73 (FT
FHCF AN,
W, -0 =2b ...4.33
G4 4.33 T AR S forave A,

0= = = 434

4.34 AN (ATF (R AR (@, A bbb, s

1 2 3
w, 3@ cota Q I+ e [fFs b/
FORE FE oW @4® b Ia o
(GE Q @3 W W [WI| wefie, (P),, b,
SR Sl 2P A 1 4.8 fora @2 ! /ﬁ\
i v 2 TR 0 /\ }

T, ﬁr— CwEE Wﬁ {'BTMS ffen s @ w -3 AR (P), - @3
THE o, [ b a7 W Jiaw A Agaema @aba

A (I -G AR B, FRbaef Siieen ge 20y, e SRR Sl g
(PCCE @8 Q &1 N FCH (AL |

Q FITHT TRE GFb FE| SN FICS ST AT | ST o3 (0, G F=ofTaiie]
o7, &fsb 2T (cycle) SRR AT [Ze0m ST T IR O o1 ©F0 *If& 20 | S0,
BIeRE J&1 B F© FI T FiTH1e oLy *IfE Afes 23 | (Fe G ©F ©iF Afes e
TS F7 A G0 AL SN A [ECF T FE, OF Q BT ©O3 WiHF 2| @3
wiEelE (AF Q W7 ([ | e (AL 29 ¢

Q0=2rm ...4.35
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SR AT (MR (@, [@Pfes I8Ie AEad S [{afl oF @ 397 &+ Q
[F G0 Bfo ATAGR &=l |

Sl -5 10Nm! Pk = R[S 3 sryefice fek-ag @i eims ¢ s
feR-@3 T 3199 Beee 100g ST G0 € SGIICA! BMTE | ©A07 €21 5 (F91 foig
0.1N S Je1 @21 FCH | TLI0F €217 OIF AR W A1 cos o WEH BIere Je1 ATl
1 251 | E0A FIT SREIF TR [E 6 T2, 99 (1) 0 = 1 rad s € (i) 0 = 50
rad s O30 Q @oF fefa Fzee |

SRR -6 1 A T (T, (IS AT IR (Fg 2 5 (@ 9T =@ bifere ©g
g (I O] 24,

<E>=

@t el avfere o @ @ arFca

2 2
_ W to
Q= 4bw

4.8 AOTIO| SIYTH AT AT G TAAICH T& ST (L), 4TS (C) 9%
(Y (R) THTS IENTS ATHITS F=9(w 8 17 |

SR g2 GHCF @ SRE T oy Ardifre L c =
T ¢ SREM REE D Feak| e @3 — S l_‘NW_
WAlsH (= AlFs orEe ANm 1 @@
MR & H= (L), 95 (C) @R q14 (R)
THfere T6-l, W) L-CR (¥ TR 8IS (L o
CR series circuit) I @3 AefS! SfTwIEE 71 Ey coswt

(alternating emf) AT FCF OIF F9AF AfaSs Ba4.9 uF TN & e (L)
1 T, IR0 I AEifne gfes $10 8 yis(C) wae @I (R) @3 10 eoprady
AR A 1199 1 4.9 50a @2 LOR 6T ofwtems 31 E cos wor 72 36
(TR ZCACZ |

DO GF(F A G2 (R TICS R LA SN A 05t FIOIC P 24
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Ol (TATR | GG ASfie! Sfewmies e Soif¥fere wial fgh! for sEl 7 599 |
AT SFTHETF I67 AFOTH Hlered A SNl AT F0H |

sl Sl @, qis WS 3 ¢ (o I T AdiEsial [ 28 9B, L, R @38 C-(e [Feg

AT B AR AN AR & T4 I |

dl q
Ld +RI+C = E, cos wt ...4.36

G2 e - foa 7 TAFC L, R @3 C-9F 12 AICS 3 [eqoied b
TR | G E, 702 AOJS] OGO e AL A A KB, 0 ©F (o Fo41% |
'q' e FACR ' MR 47 C -4F (FINS §F 2[0S ST /el |

G [= o140 4.36 769 «ifef$e g wrem,
= E, cos wr ..4.37
FNFAE ToTAFE L W @l a6 A3,
‘¢ Rd 1 E
d—g+27§1+ﬁq = Tocosa)t ...4.38a

[Q %\M:é eaLﬂ— g@x)% ..4.38b

@2 AN 632 wiofz 97 2w Tea 2evz | G 92 G 4.3 FIFACEIR Sz |
& AT @ S 2 Ateiiire e @ers g ifedie ekl affe gz, 0w
GFTGICF 4.38b ANFHIDE LCR TS (@Afess ST AT (RieTe (QIANCER | 5757 F2eel,
q @RIC 4.3 ATFACR x G @ell WeaR G E,) cos wrg¥It BRs <& 'F, cos wr' -4¥
G ST FA0Z | O 4.15 AAFI SPiael FCF A SEIF AN AT G20 (@724 T,

q() = ..4.39

o 5, 4.38b @R 4.39 e wfb (ATF e (@R[N AR (¥, @B I8t L aifEgs
OCE ©F Al m G e GGl Al FAC8 @R R Al 07 y Al @35 SIfOra0el S
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fa Y ~ 1
SIG SRR RACN PR RSIAISEE FATE wo(zﬁl 2N AR, L @) C (AT G<R @[T

AT AR AT o@d 'K'-99 wifle, eopiame weitas o |
(4.39) FNFACN TS 2170 1 T AATE 951 (differentiate) FCF Al [ e A7 |

I = =

E,cos(wt —y)
2 2 2
L | R'w
a{(LC w)+L2 }

= Beeos@=y) o (r -y 440

[w-afoe]

(O —10) iz (EE) Hpb

o]

, IR g = 0—%

B =

G, [ = .441a
1
oL -~
@<, tan W = — cot O = = —z% ..4.41b
y @A 2 SfCwiere I9 (E = E, cos or) @38 O 2R102 (1) S0 il AL | @

W A1 @ L, C @R R -2 77, 0 «F @ fTeahie |

4.40 #ace 1, @iced [eie b TRl @8 [E o -9 70 ARSIt | 0-97
ST T [, G A T4 A ZH, O TGS ST AN T |

Ioﬂﬁﬁlzlﬂ?i b o7 el (] A ©lF 24
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i

2
TR L (“’L‘E) G5 IR | 97 ST T #[77 | AT =¥ R, @ 97 @07 TS

A A | ©IR T IR Al [, 97 A [ AN TR A,

_ - L
=03, & = 75 442

fFeerm e @, =’ |SO9T I AR @, T4 SIS 2ol SfewiEs e

THE @, TS FOITE FIF @, 9F T 2(F, T TAm AN AT | AT 7R
1, >Teio> W =
I = 443

Om

Efie, SR T IO (NG (@AY TO O B0 FCH |

qUFCE Wl 2N y = =0 | (ST (MY, 95! f5g erepifreg feet | S99 R

QIHTE TEATS ASITS| \oNis@ % R<R,

WW?{TWW@|W@

ST e, [, T A T R G €747 /Y \n..,

fes <1 R 0 (ot [, @9 WS |

ATT| TR ACHE (T, R @R =~ R

TEICS ST I AT B | O / o
w=w,

CHANT A TR, R a1 el %) /e
3l TS AWM FCE (FIAS @l TE
N TS 1, & A SACH T 5T B 4,10 37o0ma (o ) F0X RN Bicag
RIS EIEECEICECRIRCAC (o ACE AR T e e —
0% g (@i @I (ATF T @R R
(142 [, <= e fwgel 301 4.10 fooa | (10, 57 707 5 o2 @3¢ 0= 03,
fifer R @@ &0 0 7 T [, 7 AT < T o 4 A |

At @What @it Tz |

- )
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SR S AR ke S OB 6 CRiae Q QAE Ol SR el felsfa
FACo AR | 4.34 3 PR IF(H G2 IO Q SeFH @71 I ¢

_o _
Q== = 444

oG (7] ATPZ (I, TEAR Q ollE Selial F2A1%F @, ST L @8 (14 R-a=1 o1
@vg fSq 0 | R 210 A0 A0S (961 [) 4, Q 9= W6 i 2117 | 4.42 el ST

o = oIt Q @eNtEa WtIS0 [Fe AR “fhes T7 -

0
_ _ _ 1 |L
0= = = —R,/—C 445

TEAR, IO Q NTFT W A L, 999g C 8 (M4 R, @2 oo @73 sz |

A R & LCR IS SIS (T SIS GoeTl o158 FIEN, OIF Tolf 3 TP
@ e W IS4 (Series resonant circuit) I67 T | G2 TS9N Q BANTES SIHG Sles
&3 2ACE SEACANT | Q BNFS N TS 2EA a7, LCR TSAITS FAICES G516 Soifoa
TS S 906 | @7 0o 2 [fen FI0F7 fi o35 (AF @3 7941 @3 [ 1%
{6 TS 7 27 | ©fF (F9IF 2z 11 ([@f%e 107 @3 e ol aeaeg | @fed Sicsa
521 S Wil FAICES O35 GAfFe AFCa1e, LCR I9417 AR [eew F941% (@0 (783
| TES C @8 L (=~ g SO Sl FNE e SR @9 o w9
ffor (o e st d s Wil TR Wi T R 2, <l A (et (e
TR O TS ©Id Al WA |

ST GFFT SCAG (<1T FHIF AT G2 SN (BB FH WY |

S - 7 1 G @aAPTER| - A TSI L = 0.5mH, R = 30 Q| 98 T$AITS 1.2y
a8 10°Hz Fi1% (28 @3 aoas! sfowes 761 & 41 20| C 93 W T 206
ST AT TE? O ATAGI A e IS (A2 @ T8 Q-9 N felefar ey |

4.9 A

1. T LG I SRAWCAR 0 AT AT o2 2 | A1BCF (ACF AT T4l 2118
IR AR ST TARROroe Fie I&T 1 7S] =7 |

2. BIeTS ACR ARSI AT FTa7 1% 2 | OB FITs I GG Hahael f0ba St
FSNFCOR T NG A1 A

:fo cos Wt
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W, ©T 2% = Lo moer = L f= @R o= bF T AT T

3. 2SS0 T TG ANSACHE 7o B | G AN () T e a7 S
#{ta eI 203 AR | SRS (x,) B SRER I, A BT o1 0w GofFe A0, T
o A1 | ANFReBT Tl A,

x=x +x,=Ae" cos (wt+ Q) _B cos (wt — 0)

M, B =

4. SRS G BT 67 G2 AACT W0y A6 vl 2Ny (=l AR | 93 7 ANy b
0 GR 0, 7 S77 T |

5. BIETE T SR ARE S O RO AT Gy Sl SN AR | @ o =

20, B SR A [RE o7 41 T @R [{BF Seem oieq I o =

, B AATST% SR 26| AR | G2 7R F=e T@FF aifetanl A | [{ia @ @uar
A Aefer s wlw b ekl fFfge 21
1.0

6. BIeT <o BifeTe St e SN e 02 | (& TR0 1Y 2 AL
26T G TG {%“(éh—'kc()%
7. Sl S G eyl (qRE 1 Q weiiw Feftaw ARty @ Srelx Afist s

AN AWM @, , (FEE FHICF T TBBRG ] A T S R O,

Q aiF = B _

w, — 0,

8. ©fbe TET® 2efS Tl o757 F1 A | ¢ LCR (=apres! - I6-Ite 2AfRsmiis
FE [ 2orad! SFEwIE J6T AT I 2RI ST AT 7B | 2 TSI STl

Wwo’a‘(ﬂ,wo= ,
Wﬁ?ﬂ?l = G

> “0m

o TSTF Q WelIF =
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4.10 ALTHT AW

1. 2N T (T, SRS AT T (Fg el orgd GNit =ife @ 07| @3
A @A (T, ©OFod

2jef sfffCa =

2. (AN (T, (1€ &Y SRS 72 ATMe FTaa (F(g ©rgd {7 € wll, Q =

e N ey

JA2F I [WNE1® O] A/ /41 T,

B(w) =

diR  tan O = IL‘J?ITC?IB():

B skt

k1R
R
< L ) PN ~
3. G5 %ﬁﬁﬁ{%ﬁﬁ%@uF R =10Q, @ TSATS T& AITS! SIS IeT
o Oy e ~ P
e A 20v @91 60 \Hz | L-99 (&IF S &) I9e10e Ofee 2-1ea S S
97 @ FEH ofbe AR W F9?

4.11 &g

St - 1 orexl =itz m = 0.2kg, k = 200Nm™, F, = 12N, @ = 50 rad s
A BNE ¥ = 2Nsm!

a)02 = = = 1000 rad?* s

f,= =  =60N kg
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2b = = = 10s7! s b =5s"

- BT e @R B = =

= = .038m =38 cm

Il @ 2R ACEF A W @ O 7

2b0  _  2.5.50

o’ —@  1000-2500 — - 0.33

tan 0 =

. 0= 180° — 18.4° = 161.6° widlfe, 7H9 ACeTa Wl 161.6° WRICHIC Gz ARRCA |

Sl -2 @ R A Fek-aF ePIRe I We, O ©Al 7 = 0 SR R | 7 YA
& 7 (A e e sl 2o, SRS (WIstad SR ANDe

=g
d2 ' d ' , ’
, tzz ""2bal_zz_'_wo2Z =0 (R, 2 = Z_%
2b=L = =505, b=25" 2= = = 150052
m

- SRS (AT NS =

Scaifere 9 F = 3 cos 20 N
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S =N fy= Do = 30ms? 0 =20 57

FI SR At T [T (4.14 AT @)

B =
= .02m <, 2cm

v o124 0 (4.13b ATFH ST =

= tan 22220 = tan” 091 = 42°

St -3 ¢ QLI k = 200 Nm!, m = 200g = 0.2 kg

A
[&mra ik %@

SV 6T — yy = —p y =1 Nsm™

= — 54!

2b

F, =5N, o= 30s"

0

RER SRAIE FAE 0, 70, (4.18) e SR,

= = \1000-2 = 44.6 rad 5"

A SifeHlfe (KE)  (4.23) FTs0eee SRR A 3,

F2
(KE),,, = gb- =2.5J.
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B = = = 13.8 X102 m

= 13.8 cm
SR - 4 @A m = 70g = 0.07kg, k = 14Nm™, y = 0.7 Nsm
b=l = =57 o= = = 20057

o - = o025 = 12.25°
9fOTI9 SRR &) 2@ IR ARG T 0 = o,

W=, = 20057 Soo=14.1 5"
mﬁﬁﬁm%ﬂwwm € @,-93 T (F Lol 2Ny AT | 9

I, él?ffmwebw QﬁQ,ﬂWWCﬂT@?HW}?@I
U4Ye T [T F, = 8N
4.20 AT (A AR sifoxifE sl forare #if

8% 200
V.= = 2 2
n 8%.07x5°200—-5%)

=52J

SeAera -5 ¢ m = 100g = 0.1kg, k = 10 Nm', y = 0.1 Nsm™', F, = IN

=L = =1y 2= = =100s>
f, = = =10 ms? GR 4b* = 1 572
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() T 0 = 1 rad s, R SRR 113,

@< B = -

_ _ 10 _ _
= = 99.01 =0.1m=10 cm
(ii) T w = 50 rad s
B = =0.004 m =4 mm
Ton (R Q iF = s = =10

A o[Cw o1 Bfexfe @i as

Ty
_ L_mwoszj%[cosz(wt —0)+1]dt
0

=7
R Y
— ZTO.mwOB.(ZJ:
Wﬂ\‘)‘ﬂ@T:lmxz:

2
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GFzeld 7 AT 9w eifexife 20

= + = + %mafB2

= %m(a)2 + B’

A 21ty SRR [eta ST 419 T0e #fed 2 | G SIfOrate! SR I6 y
T, FNO!l 20 WA = (J67 X YH9) + AW =6 yv x @ v = yV?
oA SRV I K07 DR o)

<7v2> = bmw*B?

oY e W

Q =27 ief oieita < =i ( = CHIeTReIaT X <yfere weare)

SRl -7+ G FF f = 10° Hz, o, = 275, E, = 1.2V

C]CE 30»)0: .'.C=

qCFg L = 0.5 mH, w, =27 x 10° s', R = 30Q

1
40x10"0.5)x10~

F =51x 10°F = 5.1nF
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= .04 A =40 mA

S|
I

(IO)max =

0= = = 105

AT ARl

1. 2Telfre T (R BT SRR I ©Ed [ V:%ka

= %ma)(fB2 cos’ (wt - 6)

sifexfe

(7l TP, (G *If& E 31 ‘" @3 @2 fTSailia) 43R 47 =13 | @2 @6 5 5t Ffoxife
g sifexifes %Wﬁ'ﬁ‘ifﬁw

[(®—10) iz -+ (8- f  e L
A o0& 1w RFfouife =

1
spifitara org affesfe =(KE),, == [Zmo’B%sin’ (ar-6),,
0

5 o{o 57 T T
" qafb Al o org sifenfy

2. oY SR 2 ATNMS F9(1 (FCq SR Gifdl (@ ZE o2 Rew

Fy
B(w)= by = m :
2 2)2 2 22 2 2 |2
m[(a)o—a) ) +4ba)} ww{[a;)o_aci)) _I_il;z}
0 0



B(w)=B, o
w, o), !
o, _ o 2
(%-2]+0]
([N, tan O 2ba)2_ 2bw
Wo =@ o [ Lo @
No o,

WALLO= AT
“0Ix 31<

3. sl i, o SO

()) [Q\)

GF ACH e« T T2,

wL:% QT, a)2:L

G C =50uF,w =2760s" =1207s~"

1,~ 3 R A= 20e,
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@33 5 YfA® (F (Coupled oscillation)

orr|
5.1 oABR
Tl
52 TR PR BRI g e e I(Ae S
5.2.1 SRS AN 2o
5.2.2 e Foitaa Frelks fFToiE ¢ Freifie F=omea
5.3 Ffre it REIcaa ACSce™ |
5.4 7o e FE (T CRCE FreIRE I [{oee @ o:Atasl
55 FefE IR FiE i@ e smafs
5.6 TR
5.7 R e
5.8 TeE

5.1 AFIA1

G2 2RI Sl G #1T GFF WA (e TR SN IR | GF S 70! OIS
ATNS (METCAR BTG SR (R, BIers 6 Pt AR0F (AT > FRRA02F M
Bifere ©rg i TEIT A0 | TR *IfET TWIWT (TG GFUCE DLl 51 (AT Giferred
It 906 AE—PEAH e «IfE (e ST 91 U3R 9T FCH SIS ST (@8 sAf7aes
906 = | X Sl Srard IR (@, 7 #fed Twied TouRl 2ewl A8IHF 2, OiRe
BIeTs 6 BifeTors SemIeltd biers w1 AT 91| Ok @ T~ 4l A3, ©FF [feq o=
& eBIER Soyd ARG 203 ¥R 9T TFT AR BIfTres GhReE (rite [Fg 7t
I PR T 2i2d T | €3 ARE beTros ARFCI ool F5fe 7=2)¢f 75 200z | G2
RG>0 SR o7 AR I (A0 foq @3k *midRmE ey 9 =1 27 IfIre
(MeTe (coupled oscillation) |

93 GFF SNl 24O 9o A @ T2 AICH SAEAD| T | OF 92 BTG
i @ aNfelfo smafon et Ao 2@, G @ @i AU e @ETa (g A6
AR

AFTOTO YIS MR BT SrRe (TUCO AN AR | GEeTa 9T SHCEG #1719 {6
RGITEH 2[R 2ifeiba 70 fifere 207 @ @3 (e To1 0 | SRHCT AFNGF T
@2 9o (e IS ACH | 76 e @i I @3 B F0F A Feg (AT QA A,
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Szt @ Fegd FEpied M oiers wo gfAre =@ (Ba 5.1) 1 Bfomes mae Affze
IEFN ST AR IS ACE 02 @2 TroE NN [Ffegos eareE Tesife 71 @ (AT
@R T @, gfAre @i smiRE giEe (A @RE STow wwesd |

— ;
[[=
2, 8

59 5.1 9= e o7

|

e

IiAre (e R @3 a3 #ITte el (@ Froafer Fh19 Tl oo T (Tafe
oo —

o I T(el Gifes ffoma (HieTera (AT S 42t AfaSe 906 O 2D FAre
AT |

® SIS IS e MIFF S(FI oI ANFACIA (equation of motion) =&
FICO AR |

o IS (T FwepT fNTI% (normal coordinates of coupled oscillation) @ TSI
FICT9 49 (normal modes of vibration) @38 F™AF sl @ FIefe = Mywa
afe AL |

o TS ENbAIR N g +f7be AT OrE ok I &&= ATl |

5.2 Q1 Pk vil 3@ 16 AN ©TIF IS I |

FfAre F9(1a RG© SAEABAR G2 SR SRl @30 [ee Feik-eg vges @z bz |
5.2 fora @2 w7l (Tl 200 | 92T 9f5 3T ©F m, k' ek « [f*E 12f ek g eites

A & | G2 Pk o7 o Aeef qb SkeTtiad A0 9T | 4t ©F m (F @ ICACR PO
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@3 ik T Fek €35 k| @3 Pk 9 Staa S g0a (coupling) 1S F40= | k @ WG4
G5 AT Wit s

o4 . 8 al | A SR I
z

; f v ofs Fex frw fiw
e Xa = | (3 Aeifs e <@ A
! Xp ; «3e wRale fe eREw

TN TS TR . e
7 - L aef e e

X | l
¢ A o X 'l—'l 'F._.!"z__._:]
- s (b) AN, QR I OF

I 4 T OO

- o AAICE | O3 407 (@ (e
3-2 (a) TR P2 YT ©F (b) TR (LE R oo oy w5

s fprs it e9 (Rfew =ffFm fom) | S

(2T e, Erafe Ff~#e 2re A 3k Feikefie sreflir sd SRRl Tghe ¢ aeifie
7o AT | ©F 4ioe 2Nl [pjfs afn Ferafem trdy aara widie v a1 ifucs =31, o3
el FiNe Fer @ T FRE 20T | @3 GH0E IS SR S S 36 | o
7foa @35 At Toats T ek 43 TTdie o719 IR e F919 217 (20T (redl 23, o1 waefie
Q@ 5% AR, T TNATSI I (A | O@ AT SN (NG S T3
A=l AE R |

SR B SR 0o A2 201 (F, ST FI1 K@i, SA71{7F i 2tew agfe
A8 TI1a 2 *Sefr o fTSa 0 | TR, SR Fw¥s IGS(gd e FNHe
AfSD FACS ARTAE, O AT S0 ST AT Sy e aree 26

5.2 91Fe ANFACT 2AfSH

5.2 for@ (it Pk -e7 wtEa Ao Sl el sifkfbe 2rated | 92t SRl O [Reges
A @ Pk 7 Tl TR X ST QG (| 4R A, X, 9 X I 76 e A
G2 B 7 SACHEA ZAIF [0 F902 | 994 A € B 7 700 THMCS I X, 8 X, UFG
(BT AR 40 A 2o | 97 e Glmeaa P2k 7Fhe 203 | I ik @ N Pk,
CF ARSI Fe7 27 IAF P2k (coupling spring), @7 F(eT &AM 2| €29 A € B (&
(=0T s e IRZTF S Fiw 9609 AR |

W ¢ FC JER ACATE A 98 B O S I X, @R X, &, AR (AP
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IR G 209 U@ x =x, -X, @K x, =X, -X,, | ST o8 Trae TR (T, 7 AT
ufo Pk a7 Fek &% kK @R TR o Pk @3 CFg @ I k| J9dik, A € B @3 @93
i qereifer S 207 @l fres AR It 2= ¢

IR ARDT A &3 e+7 fFiie 3= B @3 @7 ferarier 3=
(i) AT —K'(x, -X )=K'x, —K'(x,~X,) =KX,

(if) Za <1 K[ (3= x,)=(X,-X,)]

(coupling force) = K(xx,) = —k(x, —x))

SRl e Ay, TR eeg W wdie, m, = m, = m G3% TORE TR O beEl
FACR | S0, MOGLR TSR Iq SRR (el T (F, ©F A -9F (FCG

........ 5.1
2
@EY X, 97 B0 Sge @RI, T A ©f AR[ e 7@ 911w, dd§A=0
Y\ ~ &_‘j <
é’:g _ﬁgﬂw)ﬁ ;%E“_ﬁxﬁxé
AN 5.1 AfFafEe Tom wew
d’x, ,
m—s =—kx, +k(x,—x,)
T m M@ Sl I ¥R vl Afew W s
dle 2 )
dr + )X, — . (x2_xl)=0 ........ 5.2
G g 0=k
m
3% yageld B waltd &o vl forece i
dsz o,
ar =—k x2+k(x1_x2) ........ 5.3a
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2
m @ o w5, ddﬁﬂzoaﬁmew%m o iz

QACTe w? € @33 Y B FACZ|

5.2 @R 5.3b A3 b SICET I o1 36 | ([N A0V (3, GIoF (@012 71 (mieisifedt
SRS ANBA! 7 | ToEF, A € B & 467 9SS 37e1 (miweifs I6 AW | @B SR Tl
IR 72 AL PORI 2, ([Sfe] SR (AR J2ATT G | SRl x| 9 x, TSCAR o
e THATFS AP ANl Yo SN P! SpyfRia (i eoz | ©Ete G2 SRgR Feid
S FAF GO AN FH92 (A [{ZAG T (F0L AN 5eI0© 20 ©f 76, Sl x| @
X, - ST (AT Ffrerss D 0 Fier S0 Al 76l | Geren 240 SsEl 5.2 @98 5.3b
& @9 FF G O 2l (AT oo [t w63 iR

2
@@ L (x-n)r (@ +20)(x-x)=0 L 5.4b

0=(g+)5 L9
@2 A9 gfo @1&@%&?@%&%{%&@| (MY AT SR SEFD oA G
Re “ifafbe I were #if | wwEl i,
x+x,=¢& 5.5a

@yl AR )R @ IM (5.4a) G (5.4b) AP IAGCT (x,+x,) G (x, —x,)F
GRENE ACAT T, O Sl A,

........ 5.6

2
@3z, a;,? +wi&,=0 5.7
G, wf=w§=% ........ 5.8
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€2, w§:w§+2wj=k%nzk ........ 5.9

o B, x, € X, 49 e @R A1 9o <= 6 (5,6) (=% (5,7) T 46
510 SR e el o oIt SR geifdoe e oriseifen 9ft Afiece st e
411 FICOZ | GG AR (1) A ARSI ¢ Al gfb Tofk 2rtm x, 938 x, &1 7 |
5.6 '€ 5.7 AP (A7 (leioifowfer e Ty, Oitrd (AT F™AE IN@C € |

Al o522 o7 FCA0RA (T, 9B 4 (FfelF FoNES S04 | P[] ST PR SIS
5.6'€ 5.7 AT 7oA A I IR, GR GG FlF FoE 8 -aF ol
fCse 351

5.2.2 Ifre IR TeiRE MUieiE € TreiiRe F=ewt=en

ST SECORC SN x, € x, ¥ A 2w g6 b e coial @B @=e

WWW@WWT’%(normal coordinates) | x, @R x, -ARACS u‘l?‘{ﬁb_@{
T JRE FA 5.6 @R 5.7 AN 96 aNfdfeFena FHered T (AR |

IS FICaF (@ FelRT [OHIE 00 @3 FERH0 1S baRifice @R, @ufem
RN T=ierlel I Ao sl TP @RS o[ T & @l
T | (T Ol T, @2 AR A st el B e A sllenl A @@
reaifafe (@Hemg TNEE eoR SaE 20| @9 Tee orgd Awfas aifel anfifereita
e 41 2% 20 A1 5.6 € 5.7 AN @yt Feiks Fosiw ¢ I, eiafe
U7 g3 (e TR Tl FqCE (normal mode of vibration) @RIT| @3

foemef sd@m ¢ (FIfde FE I =1 G || S TG A s

FeIRT FAFCAGAT F=F (normal mode frequency) JfeT |

e STFT I G905 @F Al GIIET FeiRF Tl IO Ao A1 | 77
GG FoFHE SoifFge A, O e afel otga T 8 FIER 776 Miersifere
2 | O G o] RO SREICO2 To0e Al | ARSI J(A© ©FO G FooCece
FS 27, T 2fo OCF GIIEE FHCER 776 (eTaifon SoifRsien 906 | - SRl 22w
G (TSI I (MIesifoq SIRma1 HNFae (0 Ol 7o —7ag Aaneeae [ Feafy, orena
5.6 @ 5.7 S ANBAeNfr AR fTdce AfF | @ wft AHE TN

130



QAT A, GR A, 6 SNCHAECE (BT @) ¢ ¢ 16 %0 I w0 e Tz |
5.10 3R 5.11 FF= 7 2o 3R &, (1) R T A9 FCE ORI A
OIE x, (1) @3% TRCEE (TS Al

= %[AICOS(@H@)+Azcos(wzt+¢z)] ........ 5.12

= %[Al cos(wf+4)+Acos(wit+g,)| L 5.12

5.12 3R 5.13 ¢ 2ifre 3791F g6 (A0F x (1) 43R x(t) e F0e o1t s v
AR A, A, IR G A G TR | GEe SN SRl A 8 (el 2l
RAIQY (initial condition) <&l 2| BI OEare 4q<

& ARG 7 | 43S Trreael (Ars R i 7|

@ ATt = 0 AN | Tieffe, efidfis sEE A @ B w4 ufo

ARE (ACE IAFCT Blmes @ s va0g 1 (29 ogr 7z (b9 5.3)15.12 8
5.13 FAAC @3 =Sefer IBT wwEr A -

........ 5.14a
2x,(0)=A cosp, — A, cospy=—2a .. 5.14b
dx 1 . .
(7[1);=0 = _§<A1w1 sing, + A,w, sin ¢2) =0 5.14c
d. 1 . .
(7);2} = 5(_A1w1 sing, + A,w, sin ¢2) =0 . 5.14d
1=0
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TATI ANl AT IIC AT W ¢
A cosg, =0,Aw,sing =0
weffe,

G2 el T B T IR

x,(t)=-acosey L 5.15b
AZER (Q AR, GG & (1) = 0.4, (¢) = 2acos o |

G ek S Orgd I GFowg FelfRT Foeag SofFe qrzg | @k @I 2=
& (1) | 93 TE OTE x, (1) S FAFES GF2 FCF HIGTE 2062 | @3 FAFD

24 , a7 Feiike == |

G G2 QO G0 SepRetal snsife e Fare (6B T |

e -1 : 05 (redl 2iefis WSef ek on otEe 5.12 ¢ 5.13 5ifs ANFACE e efer
el e

aa\(lv)[ j =0

(1) X, 8)_ &h 11\2) - A !,“ ‘,;_v:»-}.f
aﬁwﬁﬂﬁrmw%ﬁ%ﬁ—wm SR 129l @ SIfSTA0R (3 S (Ml Z0ACR, ©
GG RTT THATT 72 JfAre T/« 3foe Tz | 5.3 ora «HEsT @it 200z | 94t T
TACRE O ARTREICAI ACHATE Tl (S oAl (=A) Rpre 41 2030z | it Fek uiba

B 5.3 oo ey cuE e Rgrs 1ft e 7 |
43T GF AR ACFG Al AR W GF 267 O IAS 7 wo7 eoia @z s e
e 9 I | GF T ISP WA FRiBa @Il ARG A 29770 27 7 @R @ARY
PRl 2oel widfie ©RaM 4@ (e TR, ©iF ORI (@, GO T F~{Ifre
26 R 6 OCHF eI P27 (@ of¥eg (@2 | T YA (el ASRE 98 TI0w
(=2 | Sl T2 SiHTed, b Feik-o wEba Jei T=2[tel | GUHg FoiE T (0=
@ 0% oAleql AR, ol 2Afolb orw ey Freiiks F=iitax s |
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5.3 Ifre F=oita Rz afetemw

AR TS T FCACA @, 5.2 LR SR 8 SFAICS SNl F2ik-eh orgd
sifea @ g% Tuizad (oltafy, ©ite R 7 4@0aa ANAF =[S wcaist a1 zeaez | 4o Al
(S &7 o7 SfA0 (ETsiforn 3 (b SREl Tl T TRCR | O GHOre, T 744
%,(0)=x,(0), O W AL W SHHTS, T x,(0)=—x,(0), ©IF ¥l 21F 7 7
Tz | @2 ReE Aiefis =6 &prae w0 snEl fek o9 wgfbe o s fwg
IS IS 200 MCAR | GTO SR SR SCEAG [Fg0] 7e 2CCR |

5% Sl b3z epy etre iitaw (3, ek -1 ©gfb [ 992 305 12 F=aeiaice I~
20 HAICA T2 Sifdred S &0 W, @I TeRR F A% (non zero) TS AN 12
GF FAR 7 TeF 2, 53T Ol 200 7AICH | OCF SN 2o G0 Tl TrRAceE AR
@2 SEIh JATO HiRter | O3 G4t SIsEl @I 52T 2Nfiis =6 403 W@ 5.12 ¢ 5.13
TR aler e w99

@2 2fAfS *$9fe 7o, t = 0 AN

dx
GER (th) =0
t=0

Iy‘b — —
wiefe, 2ie %@‘E\ﬂﬁ%ﬁgw 4O e AT Fer s it (B 5.4)
Q< SSEl 5.14 (a —d) AN Sgmel S A9 Frdre AT

X, (0) %(Alcos¢1 + A2005¢2) =2a

X, (0) = %(Al cosg — A, cos¢2) =0

dx 1 i i
(Ttl)to - _5(1410)1 sing, + A,,sin ¢,) =0

dx 1 ; i
(th),zo - E(_Ala)l sin @, + A,w, sin ¢2) =0

TAEF AN AR @49 S WrEE mrRite AkEE @,

x,(t)=a(coswt +coswpt) L 5.16a
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fqreifon 7@ 2wiel T x, € x, -7 AR @ I

........ 5.17a

@ t 5.17b
oI RO A WCZ (3, GEN | 9T @, > @, e, RIS
e | SISl , Tefie 12 (FIfAF FET MTE @R wdfle, 13 FfF
IR AN oo o1 e walba sty g 3 e =, o R

MR AN 9T O (=0 2 | 92 SR t @F AR A @FHARE G A2

Il (PR wee A9 sifere Sitwifere 203 | =wEl 43 e #ii7] (@, @ a3
et 20 AL SR B, =2asin 221 | W G x,(1) '€ o

5182 ¢ boeg Ol ¢ @ @ AR g (e, ©iF (s Peik -ew wrEw
TSR bR (@I @0 AT 15.5 '€ b Hra IWEE 7M€ x, 99 AT (w1fbras
ARG Tl ZCECR |

S ECEI

qodk, @@ ARG 2a RBi ¢ (AT FICE S 20w A6 1y, iR
BT @ %77 | Joak, A ©46 2a KW@ 8 (Ffas 00z F1o 2re1e, B ©afs @3 7308
[EGIRISe Sl

TeMEE A [@Rb FWNre A @92 T4 CRIN o0
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3| SRS, B, @ T @ i (A =
%9 oz wIPe @k B w3t A 2a Wit FIfeF FNE i 2o AFE|

I 2a TG | oA, G2 TS A A

eAfer oo AT AT (@, @I T4 W,WQﬁQtZA—ZW SIRIE|
4
A =-2a @R (S | SR, t=A—Z) I, A =2a GR (< udfie, wF

AT TR FE RN A ¢ RSIET G2 ZH-Jacs SR AGSE (modulation)

FfeT| SR PN, NS 2R 3 ACTEHR AT FE
2r  Aw
@, === 1 X8 X, OF WO F RERSFS T,

m
A, =2acosw,t
@

oiefe fomoaz o Sace (@, [ wloa ISeme wi il ity @

: o4 n( % (R TF 1 5.16 a '€ b 7T
(AT Gt =% @, o7 757 5ifs g6 52 FNE I @A I WieTaifon SolfFoietas e
Ty 20T | @2 A o @ sl (Mrates (9,9 Sror Sofisiretas weet [{U6d Ted
= I A € B SEE (WIS [BICE (T QI 75 a7, ©f @2 {6 2ot i g 72|

5.4%f5 IS FIE (MR CHFL OIS F=oACen [Rrage siicersa

IR SIS 43 2IfFfbe Gl (Fa AT Sl b T | 76 (e @3
S (e @ Ramefs i Tow w03 fronz oim g w7 @73 | «ea 7w, 9fo s o=
e (e 2 3ifeca fote (bob) w6t 5.4 fora m (raitat TACR (IReIT @36
el el @ ARy iare 91 26 | <03 e, e vfoa STeey vae Osie (@@, T4 O A SR
TR T4 O AR Pkl o7 Freiis e aracg widie, wEhe i eefae =3t
A7 e viotE FeIce O @R G FA ZE SN S ECe S|, eI SiNeE
ey [ 