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1 hertz = 1 Hz = 1cycle/s = 15!

Period
In periodic motion 1 1
frequency and period =" == T =—
are reciprocals of each other. ™ 1f

“Frequency -
Angular frequency..., L Hrequency
N w2

related to frequency
and period



B. ®iBHRE] (simple harmonic oscillation)
B1: &&=l (SHM) : #1470 FSREFGERMTE x BRIEEL

IRAEGEEEE Ry T, B MERYAAR R S R T30
Restoring force e x-component of force
exerted by an - o= —fop 4 Displacement
ideal spring - Force constant of spring AR B S bR

Restoring force F, Restoring force F,

RE mYNMTEIEIRININEESTE: \
D SN £ <0 N\
JAE IE 1E l—lx *x. E. >0 \\\ “Typical real case: The
x-component of acceleration ...+ Force constant of Il‘.tj':;:rllIl’fotlr.?l‘(ll\‘il__‘"”"cs
E.quatlon for . £ d2x X restoring force Displacement x
Slmple harmonic -+=*---. A ax — 5 = ——x e, . o S0 % Displacement x
motion dt M <., Displacement v >0 E
een st F,.<0 ; :
Second derivative of displacement Mass of object .. but F, = —kx can be a \‘:
good approximation to the force ™

The restoring force exerted by an idealized if the displacement x is sufficiently small.

‘\/\_\ _— LY —
. |E—J'L%ﬁ]:}'[§2:jj|:|:| , ’%IHHEEﬁ#R;i\1R$ﬁa:mEEE ’E A. spring is directly proportional to the
displacement (Hooke’s law, F, = —kx):
the graph of F, versus x is a straight line,



2: EialiEIRYHEIA
d?x

EIEIEEIAINEESE: F,=ma= m 5 = —kx

e Angular frequency J 4+ Force constant of restoring force 5 k
Exﬁgﬁg w : fOl. Simple _‘,.....---......,.}w — o a) —
harmonic motion M ......Mass of object m
/B .
A5
LA ] 44 = dz X 5
t
,,,,, The displacement x
R HE, AERIEENEE: ;~ varies between A and —A.
YT ST
Displacement in Amplitude Tims: ‘ Phase angle  x_ ., = A \ >< /\ | /;\ |
simple harmonic -=**=-+-.... M % | | | | |
" s
motion as a X A cos (ﬁut T (’b) 0 : ! : | :
. : S | Ty \ | [ 2T \ |
function of time Angular frequency — k/m | i “ \| i |
Xmax — A . .
o m The period T is the time
w=—=2zxf T = 2o .| — for one complete cycle of
I k oscillation.



BIEEFNRERE. NEERE:

dx
Uy = 0 —wAssin(wt + @) (velocity in SHM)
dvx dzx 2 . .
a, = = — = —wAcos(wt + ¢) (acceleration in SHM)
dt dt
(a) Displacement x as a function of time ¢ (b) Velocity v, as a function of time ¢ (c) Acceleration a , as a function of time ¢
_ .2
o ' x = Acos (wt + ¢) Ux vx=—w/Asin(wt+¢) “ a, —_;ACOS(W+¢’)
X = A+ | v = wA a — CQ)ZA -
m=AC N A L AW L TR A AN ma = AN XN
| | A\ [
Xmax — —A —\/ T\/ 2T “Umax — —wA 1\T/ >T/ “Omax — _sz \/ \/
< T—> -" i roar
The v,-t graph is shifted by
%cycle from the x- graph. The a,-t graph is sh1fted by -~ cycle from the

Ut graph and by cycle from the x-t graph.
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1 1
ZhRg: K = Emicz = Ema)zAZSin2 (wt + @)

has. U = %kx2 = —kAZCosz(a)t + @) = mszZCosz(wt + @)

k .
w2 = — cos? a + sin‘ a = 1.
m

AT LA IR GE

. Mass Force constant of restoring force
Total mechanical

energy in simple -~ — 2m02 + 1kx2 = 1kA2 = constant
harmonic motion
Veloc1ty Dlsplacement Amphtude
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At x = TA the energy is all potential; K = 0.
' At x = 0 the energy is '
all kinetic; U = 0.

\ Y Energy| : ’ .5
\v: p_'E = K + UIL.»’

Y 4

At these-points the enérgy is half
kinetic and half potential.
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D. HiE (torsion pendulum)

HiZE—MAEIEIRE (angular simple harmonic motion)

LJ Fixed end

Suspension wire

) \/ Reference line

WWe |
e
-9,

HimE: 7= —kK0.
60 = Ocos(wt + ¢)

K NHEES O AEXBEMUE (RIEE)

Angular frequency Frequency

Angular simple -----., v K v 1 [k
g . p Aw — — e and f = —— = 3=
harmonic motion I

............................................

Torsion constant divided by moment of inertia
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E. 8iE (simple pendulum)

3 5
sin0=0—0 +0 —
31 5l

Q
S

Fy = —mgsin6
-------- We assume =5 - — Sy ——+ .
.""‘ the Strin 1 }}E[I]E{E/J \Hj— I SInH ~ 9 I 11’)\jj IEﬁ B EjJ i
A g1
massless and X mg
0 unstretchable. F@ — —mg@ — —mg Z — _L X
We model the bob
as a point mass. %fv)ﬁ%j]
L .
y Acceleration
) 7 Angular frequency-...,] k mg / L &, due to gravity
j of simple pendulum, w = /— = [F7/7— = e,
A= small amplitude @ il L "+ Pendulum
==X —= Pendulum mass (cancels) length
mg S{n 0
The restoring force on the Y, mg cos 6 JEHH?S :

bob is proportional to sin 6, \\
not to 6. However, for small \

: .\
0, sin 6 = 0, so the motion 1s \
approximately simple harmonic. )

. -+ Pendulum
P d of ke
erio 0 erren . 277 L 1 o L length
simple pendulum, IT=—=—=2m.[—
8

small amplitude R & fr Acceleration
Angular frequency  Frequency due to gravity



F. £32 (physical pendulum)

The object is free to rotate

Pivot . 3 ;
to the plane of the figure).
Irregularly :
shaped
object The gravitational force
acts on the object at
\" its center of
1 gravity (cg).
d sin 0
mg sin 6

The restoring
torque on the object \
is proportional to ~ mg

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

so the motion is approximately simple harmonic.

around the z-axis (perpendicular

7, = —(mg)(dsin6)
IRIBR/NES, Sin@~ @, IH{AREEI=EN:
T, = —(mgd)0

2 EYS R

Mass-.., .Acceleration due to gravity
Angular frequency of -.., N T i : : :
: . mgd *" Distance from rotation axis
physical pendulum, W = to center of gravit
small amplitude [, . g Y
Moment of inertia
JEHR A9
_____ - Moment of inertia
Period of N Je . : :
. RS T =2 . Distance from rotation axis
physical pendulum, T g t - y
small amplitude flgk O Cenier O gravity
Mass - =+ Acceleration due to gravity
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RN R Ay B RERT 25 19
F =-(h+y)pSg+mg =-ypSg
F=—w’ym

——> WMEREMREIETRS), HARMEN

w=1/—psg , T—Zn—Zn M
m 0 pgS

m=pSh — T=2n\/g




. WIS Rk
(a) : ERM, FERER

X, = A cos(apt +a,)

PIE IR B]
X, = A, cos(myt + ;)
G X=X+ X
= A cos(@,t +ay )+ A, cos(at +a,)
= Acos(m,t + a)
&Gie: FEJ7R. FEREHEERSINEGHR, 58312
A PR B TR VA AR 3.

SNun|
N

A= \/Alz + A% +2A A, cos(a, —a,)

A sina, + A, sina,
A, cosa, + A, cosa,

lana =




(b) : RAAM., ARELEZE

1. &R
X, = A, COS(@w, ot + )
)& A1=A2=A’ a1=a2=0
X, = ACOS @t

ERIE X=X+ X, = AcoSmpt + ACOS @t
F 323 9w 3h B AL RS B TR] ) 2675 B S 3ie 3 Y

VAT R 2, SIRSIABERR EIRS), BAH
FSH .
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T~60 mmp  ~1/60

W\(\AVMVAMMMI\/\VOMV/\[\MMMAV VAM[ Mf\nv I W
UV\]U WWWUU VUUWWU UVVWWV

—) EWE X=X, + X, = Acos@;yt + ACOS @t

£20=1.1/2pi; f10=1/2pi

o250 ?

A~A; W~ W,

Aon — Q@ -n + @
— 2 ACOS 202 10 t cog 220 10 ¢
Al Wy + D,y >> ‘0’10 ~ 0)20‘
@)y — Wy
COS t BE t S = M= Wye— W1y

2
cos 220 42_ Do BEt 24k PR




O 5 R HI R BN AE = TR B BE I [ 218
ARAC ) T R BT .

Af=2 O RENIR 5 Rk NIHR L HF.

0.25s 0.50s 0.75s

H—RRB KB EA RIS F 5 F & SR 3h & B 7 £ S RS RIE
AR IR,
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1. ffAaREIEEN? T HEs PR 2 &S Es)?
(1)$8 BB BB Bh;

(2)HEIRHVIETN;
(3)—/NEKFEEF FR KRB M EKE K EBRY /MEE IR T,

2. INRIP—BFEIRFIN—BRZEZR Bk L&, ENIREIE NS e gz 2

3. HE— 1 EIRFRRIBIE KRB EE, X EN TIIEEE 20 IRSIBVER. KEE. R AIMEEM RkaiaY
HEE o

4. B—RBENEFENENT EREASZEERRM—MEEe, RAEMFEHES. MRNEFEFiaiTEE, e
=B RIFNFHE? LB HRE S TR AR

5. EAN—@EIEE SN E=0R A [E T &L E, BRItk F M T E IR ¥IE.
6. AEENIBEAT, RESZEHRIMFINEREFTLRE? WERXMINRE, ZERIIRIES L2 T2 Mm?

7. BEIRT MR B iR R EISE AR ERT A ISR A TR LR LR HiSE XA
BiEH BT LRE?

8. (EM— LRV ER S HRER MRZEHEENRE BERTHIRSBIFERLEEE ?

9. — M EE MERBAK—REIMWPIFEEEN TEH. FRIZEEDEIRAE PDMEESTEHN—IREE L b5
ZIRTEA N ERFIIMREE—H? —ER KR WIT?



9. — AN HE MERB Ik, —REInNYIFEEECHN TH. H0ZEESE
BAEE, P EESRIEN—REE L, Qo 2a R EEiRTFRMERES
—RE? BRI X R WN{A]?

7531 Sl \/( kk,

21\ (k, + k, )m

0 = X

MRk1=k2, AASTERBMYBN—FABEREERHELER1:2, P4
PEABTEEIRTE, STOMIERIRTHOMERE 2K, HEERE
#x T35 I AR RAIIR S 265 .

FE2 R EMGERIERY

Force applied perpendicul:
Young’s modulus.., ] - i]\] ‘I. .“! ;] 'l'--.u “ /.:\)”LIIHIKI lr:lﬁlrl mq:*ﬁ ﬁ*;iY%M*SI-K
“tensi % Tensilestress F, /A F, e 4 =

" Tensile strain AL//I(, N FA_UIQ_.LMM“”” {IEZ;?!, ﬂgﬁggﬁ
‘ross-sectional area of object (see i ig. 11.14) yg_*-&ﬁ, I)-I\I‘I gﬁﬁ’%&
kIBKARFTH2ME. &R

YA YA

Fo=al mmp o k= [EL.

BYERY, BREMEARK



. —EEKFERE LR ERT, ARA90.55. Zft=0R}
x,=-1.0X102m, v,=0.218ms"', REEIFIE.

2 ) 2
i sz”:M(s h Az\/x2+‘i=2.ox102m
aQ

tgp = ——— \/_ ‘ Q= —72
KA B IEIREIFTRIZN, WA x=2.0x107% cos(4t + %7[)
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v = L k1k2 k.
C2a Nkt h)m FWWWW—RR i
9, X
WE: IRy, BES AN Fx, X=X +X,
kl
B ==k% =—lX, X, = k +k, X
= kK, - d“ic d’ ic kk, gl
“t k 4k, dr’ dt*  (k +k,)m
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MK 722 - Ik SEERE
Bk FICRET I SRR R A
Wik RICRBITI SRR 1P

Amplitude
3
M
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https://www.youtube.com/watch?v=ewsx9Gnh5eM



https://www.youtube.com/watch?v=ewsx9Gnh5eM
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Btk FAREBELRNENERETT

05'2!3? Fe— B 23R IR 5 A 2 AR

, X%&J’T (wave front)

R FEPEA RS, WESEE
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Hl

PEHE x Bl 1

\

H

BeARAR IR R R TR
Tt B %] x AR TR

I FONHS x Bl 1E )/
] A BREER) BR 2T

YU x i 472 )

&%, B y BR3Y

Y, = f(t)
y=f(t-2)
V

PRI TR . EEH RN 7 E AL rx 5

BT

BB

o Y = F(t+2)
v
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% Yy, = Acos(wt + @)
Xp Ry,
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= reofoe D)o

2
e 22 = —w?acos|w (- Z) + g = —wry E6 Sk

ot? 1%

0%y w? X w?
RV - -
X XAl 73 axz 12 Acos [a) (t V) + <p] =)z 8%
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1. Z¥|H] A
W PIAESEEIA R REEE A >
hi AR 4L,

WA i = 27” BB KB % HO A
2. B [g]
IR T BRTHE— AN R EE RS BT R TR
NZ AR w: f=1/T; o=2xf
3. I
S HE AT T VR S 4R IR S B, RIS v (AL ) e B A R BE S )
y)

WHEMENL: vt 72
VTAfk




S/

y = ACOS

ot X
= Acos| 27(—Fx —) +
(T /1) 7

KTV RYE AN R IR T

27rf(t¢§)+<0

= Acos|k (vt F X) + ¢}

= Acos|at T kx + o]
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EEE N RATLHNYIBEE X
y(x, t) = Acos(wt — kx) LA T

a. [BEE X, (X=X,) y(x0,t) = A cos(wt — kxo)
b. ElEt, (t=t,) y(x,ty) = Acos(wty— kx)
c. WHABIE—HAL, BI 4 (0 t-kx)=H 3L
dx w
FHIEE N E — E -V
d. RIBENM BT PWARAIRININS KL%
y(x + Ax,t + At) = y(x,t) HHPAX=VAt
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Agb — iZTL’T
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CLAN =0 IR T ZEONT, ainoxTy Ak 4k, Let=1/2s)m AR N i 4RI, RN A JA
T>1s, TAMRYE B 2 H AT SRR I RE I, IFRAR RS

. A=0.0lm
A =0.04m
BE:
V=X1_XO=%=O.02m-S‘1 T:i:—0'04:25 a)zz—ﬂ:ﬂs
t 1/2 v 0.02 T




F AR Y, = Acos(wt + @)

e 0= Acose
7T

_)¢:i§

s : : T
FamshEE Vo =—0Asing <0 smp >0 —p=—

2

7T
EammsiR Y, =0.01cos(rt +E)



Homework

1. S —HE R BT R R E L IHE SRR, T ik — R 2 om0/ 3%, TN
BN o BB LU T B 0 B S0/ IR KO Eh 115275 72, I TIE AN BR AT
BEEHFREEIRNAE - £ THNRENA CHREE2EER(1/2)KA(E
85 58 EUE/ )\ IR RO ZDBE RN D B BE LUK SR B A0SR S BE IR B BE 1 B A B

ok ==
AEEETm ©)

2. WE PR, —xREIRIKARNRETE M, I TR A AHEEI=20emAY R SR H L -
EIFIR, RS S AER, SRR HRE SRRENER A Ap=0.5 - <
ARG /KE G Do) —EBE & e B h UERR LE IR AR E BN i s A K E B H -
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Homework

3. RREAM=121gR7/KIREHEUEEHR E&EFIS=0.30cm2, H/KRE LT
kot BRI B HATE % K ?27KIRAVEE J913.6g/cm3. ZEEKIRSEEE
R R,

4. —HJAMEEAMFEARIEEE LT F L - KENH/NEMRER -

5. —RRENZ25M T ER—EZL LHEISEE) HRIEN A

xy, = 0. U4COS(ZF+ ‘%)

x, = 0. 031:05(2!-— -g—)

5 A IRIFIRIEN



N = SBZ E/\] SBZ ij] Jﬁj_ %g-z = EZ B Eéj :BZ transverse wave F

longitudinal wave 2%

T Az ERBEBONG], WERER L, WAF (A2 |, KRRy
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BF—MEF: NMEAHMS (Je3CRAP4ATS)
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~10A
X/ 1

R —/NR#Z 54 = ma
F sin &' —

F.sin@ =

==k r'ba)
3 anﬁ——f—ane
cos &’ Cosé
= F(tand —tanf) = F(@ G
GX X+dx 5)(

¥

o’y F oy

o2 1 OX°




FHEE KR IIEP

X, t = Acos(at —kx
Py, 1) = _Fﬂy( ) y Y ( )
ox
ay(x, t) ay(x, 1) Wave
P(x, 1) = Fy(x, t)v(x, 1) = —F . Py motion
$ .
X, t
1) = —kA sin(kx — wt) 5
ox > Fy
X, t (b)
1) = wA sin(kx — wt) S g
ot
l w = vk and v* = F/u Wave angular frequency -,
Average power, H ,
sinusoidal wave """ i = % M }:wz AQ,; .“}Vave amplitude

on a string T - .
Mass per unit length -+~ ™--Tension in string

P(x,1) = VuF o’A*sin’(kx — wt)



XS &SRR AIBEE RAE

W Y= ACOS(C()t — kX) —-S/Ay :A):( > X
/\m\lay/ax
B

1
A, =2 /mx(%)2 — R I E B

N | —

1 2
e sxo> [ + () F - 14( 2
X

1 | &Y
D)
AE. = FlAx 1+[%) ~ Ax! “EFM[gj

— /BRI - Tl P AR




2
AE = AE, +AE, == qu(%)Z += FAx(ﬂj

X

e S

XY T2

Tl VU

1
2

115K A FE

ol
@

- Y= Acos(at —kx)

1

2 X

AE, = % 1AXw® A sin®(wt — kx)
AE, = % FAxk®A® sin?(awt —kx)

< AE =AE |AE = Axuw® A" sin®(wt — kx)
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175X AR B 40 AR AR I, 72 7] — IR 21, o] &b 2 i e o2 e
R AT Kb A 5 P B DR AT AL S R B 3 PR e R A b
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2. y=0f BB EE A GE R EE A, y=AE-AMb S/,

ANIRIE o
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ft RIS,
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F— I REMAUREIZE S5IKE

IRIGHE

2z AEMAREIAIEIN, XEIKAISENFRE,

QXA REE R EfE®ERHE ST HiENERRR.




NI 2 2FpamrsEnsnEs
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MHF&MF: WERME, RITGHEHER, HALEERE
Wi*ﬁ“%ﬁ? I‘Eﬂ *Hi% ’ %
L R HIIRBN 4H 2 N s 5 —

5 IR BIIn 235, AP
ATPIR .

# y = A cos(at + ¢, —Kr)
= A cos(at + ¢, —kr)

EH: Y=Y, +Y, = Acosat + o)




T8 E 2R

Ht A=A+ A +2AA CosAg
Ap=0,-¢,—k(r-r)

//

‘ _ 27T
w P A¢:k(r2—q):7(r2—rl)
>4 f—r =401, n=012- |A=A+A I=1+1+211, K
A
>, —r = £(2n+1) 7, n=012- A=|A-A| I=1+1,-2/L1
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01K (Standing wave)

SAMFITRIEAE R, SRR, k3077 A F R
*Hfi?iﬁ%}%m‘ BN EJE T .

1. RER
#: Yy, = Acos(at — kx)

y, = Acos(at + kx)

5: Yy, = Acos(at —kx)

=-Acosl wt + k
y=Yy +Y =2Acoskxcosat Y. (@t + kx)

y = 2A sin kx sin wt



R 5

/|

Y=Y, +Y, =2AcC0skxcoswt

t= T/G t= T/4 t= T/3 t_ZZ

7E1T&W I\/\l l\/\| I\/\IM




9—’— EBZ EI/\] 2>|j§ y=Y, +Y, =2Acoskxcosmt

2. iER A KX=+tnr n=012--- ¥

-8 Ax—i
2
b kx = +(2n +1)§ N=012--- p
= 3 2/ 2/

AX =—| JE—T |AX = —
2 ol 4

o




HRRIAZIR

3 *H/n

S/

EdRIE RN 2 ACOSkX HIfEiERsh

4. BB E

PAAE AR 1 2 18] Be) R oA A AE [
B3PI &R oA

MAH IR .

sz:llj VA ﬁ%‘ ﬁlﬁ &HE/E\' ﬁfibﬁ% 0

SE & RIEE &K
R

SR % RIEE

7./
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V%, EFEEEANTEE.
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76 P T I o ZER=T/AIN, 4% B 70 16 Bl B R HE4 2 N4t

(A 2AE=T/ 20, 3% BT HI e B A2 T4 BER /NG A SCUnRl 298¢ A IR AL HY
J eI e 25 A2 Qi AR AL T ?

A,

T/ARS NBNEE, BT AR N0, BIEALSCK.
T/200 NHRE, BT ALERCOR, BRIEAENO.
BT AL BN REAR 24 N0, B Re S I B I [R] A2 4,
IHEAL 5 HEaR 2% N0, K)J & S B I [R] 2R AL
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S/

R Y8 LIEA= T (normal mode)

P i (B X USRS P AR, R BRI A RE B A3 AL
K| X A SRR A BB A A L2 SR R

i_L n:1’2,3... /\
2 .................
f=3%7 ™2 f%j\z‘ﬁljﬁz
k:zfanﬂ. n=1,2’3--. 0)227#:% n=123 n:2

Sk L R SR B AR N 52 ) ] IR AR BR B 5 9k 3
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Standing Waves and String Instruments

From Eq. (15.32), the fundamental frequency of a vibrating string is f; = v/2L. The
speed v of waves on the string is determined by Eq. (15.14), v = \/F/u. Combining these
equations, we find

Fundamental frequency, , 1 \/24 ----- Tension in string (15.35)

string fixed at both ends f 1= i (L <+ Mass per unit length
=«

Length of string
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