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G. fARRHRE) (damped oscillation)

The decrease in amplitude caused by dissipative forces 1s called damping

= ph = 0.1Vkm (weak damping force)

x == b = 0.4Vkm (stronger damping force)

ﬁ - A b/2mt

With stronger damping (larger b):
- e The amplitude (shown by the dashed
curves) decreases more rapidly.
* The period T increases
(T, = period with zero damping).

ECERN —bv,, b AHEHBEE
W&Hhh: XF. = —kx — bv,

k b L b dx d’x
—kx — bv, = ma, or —kx —b— = m—=
dt dr*
== o,
FHEEIRENST=:
Initial Damping Mass
Displacement  amplitude -., constant " .- a Time
of oscillator,=""""""""""*=-.., _ Wiy e
little damping = Ae ( / ) COS(wl‘ + q[))

Angular frequency of damped oscillations - Phase angle



«Force constant of restoring force

Angular frequency-.. ¥ >
of oscillator, ‘2(1)' _ i . b %, Damping constant
little damping m Am?
| o Yo,
.......................... Mass

b = 2Vkm
mFRfEE (critical damping) , WIIFARRERS

>It{E, 1IPEE (overdamping) , AREIR

<8, XPEE (underdamping) , EEIR%

1 - Overdamping
2 - Crifical damping
3 - Underdamping
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H. 185 (forced oscillation)
7chH e =18HREN

BB H: F(t)=F,cos(wt + f) _kx
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Frax/k : Sy If b = V2km, the peak disappears completely.
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Driving frequency wy équals natural angular frequency w of an undamped oscillator.



QE (@m[&EEF, quality factor) :

BT RBHIFEE, WirEE=m— AR, EREEE £MREE4L

EXmREATFQ, FkEERBIRNFIRIFEEERIEES:

= AR,

QfEiA, NIPEEABEERRFEE/,

QERTRERBRTIRINEE, (BEXERDHIRREIREIF, QEEIUSHIELX, BT EE.



S Ascos(wqt+@,)+ Aycos(w,t+@,)
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A>>A, wi>> w, 10cos(10x)+cos(x)
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&80 A,cos(w t+@)+ A,cos(w,t+,)
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cos(10x)+cos(x)
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r 2 b f1 20cos(1.1x) + 20cos(x)

“h n“““h A”““h zc(l')+2°°°s(x)
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HIRF  x=x; +x, = Acoswyt + A oS @yt

WD~y — Q) Wy + @O
= 2A COS 20 2 10 f COS 20 10 t
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£53Z (physical pendulum)

The object is free to rotate
around the z-axis (perpendicular
to the plane of the figure).

Pivot

Irregularly
shaped
object

v
The gravitational force
acts on the object at
N its center of

gravity (cg).
/

The restoring
. -~

torque on the object ! -

is proportional to Mg

sin 6, not to 6. However, for small 0, sin 0 = 6,

so the motion is approximately simple harmonic.

T, = —(mg)(dsind)
IRIEMRANES, Sin@~ 8, ARG

T, = —(mgd)0
T~
RS/ :
Mass .., .Acceleration due to gravity
Angular frequency of -.., % T ieneen : : :
: mgd * Distance from rotation axis
pHysicd’ percaium, w = to center of gravit
small amplitude [, _ g y
Moment of inertia
IR/ :
‘‘‘‘ Moment of inertia
Period of el . : :
) Ay A, ) __~ . Distance from rotation axis
physical pendulum, T - ,
m ga’ to center of gravity
ﬂ

small amplitude

*
----

Acceleration due to gravity
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y =Acos 277”(t$£)+g0
V

[ X
= Acos| 2n(—F—)+
(T Z) 7

= A cos_[k(vt Fx)+ go] _

= Acos[a)t$kx+ gp]




I\ A E &

&

A

3

K%

/

~
~

kb

A}

8] 15

A

/r

1=3T/4
T




\'l

— 2 1

K ARIETEIIEE X

Y (%, ) = A cos(wt — k) LT

a. FE x, (x=x,) Y(Xo,t) = Acos(wt — kx)

b.[EEt, (t=t,) y(x,ty) = Acos(wty— kx)
c. WINEFE—MAL, BI 2 (o t-kx)="F %1

dx w

HEEN: —=—=1v

dt k

d. KX M7 R IRSPRS KL &

y(x + Ax, t + At) = y(x, t)

HPAx=vA?
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+ylcm) 1 JF RS Y, = Acos(wt + @)

Iaa&t: 0= Acos

5 6 x(cm) T
1 —S>p=t—
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FAERHR Y, = O.Olcos(m+5)
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