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sin
T o
sincostan [ i 2
a.0 >=—0 i
o i+9 sin(g—0)=c059 Y AN :
0= f 1
2 (-0)=ns —
T — cos|(=— 0| =sin
c.0-m—86 2 cos
d.0 -m+6 T
e.0 - 21w —0 tan(i_e):“’tg
AGMIL (BTG IAGSH sin, cos, tan AIANGIRNI A b, c, d, e
(4 o o 8 AN
ssssﬁaseg §EEHREBIRE (I0UNA GIUS ZNU)
GUSIgU MouiRuRRIERRIRUT §om S —————
- - o . P/A—:m‘_\cm;l . , Circular motion.
tU:UQ ﬁﬁiw:tn miﬁ‘:j&g @ j 1 ri i Ball's shadow \Ih'ltlﬂ\\\' moves
! ! al a ' ; i . g | "Q .';|:' Qe ':\rIL1.un
1. U (15] = 181 84 aghnithiad) ; s | B it
: ' ! oy
-imﬂSHa)zi—fziﬁi(rad/s) ! o.ﬁf T

Jo¢18a0 () = x(O1 + y(0)]
TR x(£) = Xpax cos(0t + ¢)

— Illumination

Table

Light beam
§ﬁ t) = sin(wt +
dy() Ymax sin(wt + ¢) BUT =2 (s)
s @
o~ 1 _ ° S o Ten S
0 = wt + ¢ VNN (rad) AUAR f =1 = (s7" Y Hz Y OSSHANGWING)

¢ NN UIRY (rad)
Xmax = Ymax = 4 ﬁmmﬁﬁgﬁﬁ
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2. BIUSINAYSGIMW ( Simple Harmonic W x,,. = DAM @ = 1 rad/s,
Motion ) "‘.]"J.|L1i|ihl'illm position ¢ =0rad IWR M8 x(t) = cos(t)
(spring relaxed) ! :
Spring - 1y
\ ;.- vt il | 55 T ...... anog _ 21
I uun,JE_ﬂ : |
/ ..................................... n/2  3m/2U/-m/2
iAnigiaishinuagiigs y agihany 0 s N A S
i —~ = ! aal
(restoring force ) AIMIN{RIFISRURINGNG
MRU8RY e \
,{ F k d2x 1 T T
= — = = —_— -
E, = —kx | R TEY i = .
"o S IIIIATITTtyr -HUAKY U AN
AISBURIESE (IHGMMAIR) wAdE U f ]
1
— o o
x(t) = Xmax cos(wt + ¢) = \/% WU m - kg S# k - N/m
4 () o 8 AN
sssssjseag R65EBIRS (1UN GUKIQU)
3. G FUSTHIA Hu. iw\jﬁ J (" Balance wheel Spring A
B 1 Tz Tz
4= = =
A hanging spring = Al =y F=kiM—-x)
that obeys iom v
Hooke's law 4 _\;,_ L
e
\ J The _\|;.|'in;_f torque 7. opposes
( o ] o ) the angular displacement .
An object is placed atop the spring. It is in -
equilibrium when the upward force exerted by
the L'l'll'l'lpl'l,‘.‘\!ictl ﬁp:'ing L‘l]llills the l'lhjt.‘t.‘l.ﬁ \\'Ci“__’hl, (a) Two-atom system (b) Potential energy U of the two-atom system as a (c) The force F, on the right-hand atom as a function of r )
. function of r
".“ Distance between [ v F .
< | L F = kAl ST L PRI G I e———
A Spri"g-"—” AI l ' oI s i\h" l-\:tll\l‘lillll|II;1IIl:-I.‘1I.I-._\- _:I-II SUL/Ry € approximated by o :'.l.ll-;h: line
thatobeys SN _______ (|, A e o l .
Hooke's ¥ 8 B \R o w Tk, R
law < = L L ‘ St/Rl
— — ¥
I A " R The equilibrium point is ot r = R,
> rig ||1 || nd atom Us ™ ~10Uo/Ry (where £, is zero)
. /L _J
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v, <088 a, >0
lﬁ)vx<08ﬁax<0
ﬁ)vx=0§ﬁax<0

U)vx>0§ﬁax=0“l

D3

Y Equilibrium position

gmi5
o (spring relaxed)

phousmAgicin
x(t) = Xmax cos(wt + ¢)
iG1gl2anIRYING x(t = 0) = x,,

v(t =0) = vo,

GINWUEMAAGSHORIMY

2
qb=arctan(-—zix’;) A= x02+%
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Transverse Wave Longitudinal Wave

IURgEH IURUIAMW
(Transverse Wave) (Longitudinal Wave )
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(a) Transverse wave on a string

v /Molmn of the wave

e — Paticles of the sring —___— © . As the wave passes, each
Y _\ particle of the string moves up
_ e _ i / and then down, transversely to

the motion of the wave itself.

(b) Longitudinal wave in a fluid
Particles of the fluid

As the wave passes, each
b > v v S particle of the fluid moves
od PO 04 PO ———)e S ) .
| M Ll forward and then back, parallel
to the motion of the wave itself.

(c) Waves on the surface of a liquid

— ettt As the wave passes, each

A > n o o8es,
@ & pm‘tu:l; of‘rh_e liquid surface

- moves in a circle.
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M. FAneamissaefaSandamss

[ >
Oseillator Three points on the string, H S| ﬁH S i m ﬁi S j L‘U

generating wave  one half-wavelength apart

:=§'f

\ V"
./ 1
P
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. |

4

_an

SWagHn
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y(x,t) = Acos [27r G - é)] R UTF G eusi] +x]
twjh
y(x,t) = Acos(kx — wt)

k — rad/m

w — rad/s

M. FAneamissaefaSandanss

(a) ||.'\\\:.th|.‘ Eq. (15.7) to plot v as a function mj"ﬁu mLmUHS‘ﬁgéjmﬁ

0, the curve shows the shape

of x fortime r =
of the string at 1

(b) If we use Eq.

of 1 for position x =

displacement v of
function of time.

:1] iTRAMU y SR x 1STen: t myw 1 idhmsiuniieg

2NUNINN: 200N: ¢t = 0, y(x,0) = Acos(kx) = Acos (2n§)

(15.7) 1o plot v as a function

0. the curve shows the
the particle at v = O as a

A Bk gmU y erU8H ¢ 1SIHRGANG » amyw i i o suy
¥ <:| =Y - > e 3
* 0§18 6ONG x thHgAYSISINN

2NUNIAN: 200: x = 0,y(0,t) = Acos(wt) = Acos (271%)
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M. FAneamissraafasanRiams

HSAYSIUATSIVANSWAARMUIF G auti] —x
- IATMUAEANG x = 0 1F1RUTANG x amywithwidin 2
I91:6UHR GANG x 181 200: ¢ ARCIFSHGUSITATANG x = 0 1si2nn:

t +; Muwsn tmﬁmﬁmﬁmmammgymmm x sl enn: ¢

y(x,t) = Acos [w (t + E)] = Acos [271 (f + E)] = A cos(kx + wt)

() ~ (5] () (=) 0o &
m. ?515@@8&5316%5555851553;255@5%%
1561 tmj]s Sh aigismaAand INARSWaRE ERAN@UG L = 2&0
mﬂsgsmsm W8 (v,) AINIUATUIF DAL x T’\/\
- finmiaisie) = L2&0
y(x,t) = Acos(kx — wt) ) 9x2 ;1: \/ \
62
vy (x, 1) = aygz' 2 = wA sin(kx — wt) % —k?A cos(kx — wt) = —k?y(x, t)

= V) max Sin(kx — wt)

a 2 2 2
iifhme ZEEO0C - o _ 2
coam 0/0x MsSworBTnwigaguil x thwod P Cenfoxt K

or ot 11 SR
n
- s haissinntdhe gumsaigs %y(xt) 1%yt
ax2  v?2  Ot2
vy (x,t)  0%y(x,t) 5
a, = % - a2 — @ A cos(kx — wt)

= —w?y(x,t)



ananTeniwadsiinm nyltidangaganidipuig)saBauignuis
yumignaitussi uAntiiuies: AlhinugmEuiGian: ¢igl

[ M. FAneamissaefaSandamss
I

3
2 ¢
S
w0
0
px
a o
7o)
ha
b7
3
3
10
o3
43
pxy
o

neIswaHa

(b) The same wave atf = 0 and f = 0.05T

L’}.=0

* Acceleration ay at each point on the string is proportional to displacement y at that point.
* Acceleration is upward where string curves upward, downward where string curves downward.

é. swﬁa@aswaa%e

u BRAIAEN R ARYW N A{UIY kg/m]
g stumstidiag: Tanjaso P Equilibrium | =

(a) String in equilibrium = ] |

-iglenn: ¢ = o iihHSIRAYR F,

fn

o ()
g‘ﬁiw‘im fut MU“LU IS1ALUM niaj (b) Part of the string ~ Vertical Moving upward
2 " o in motion -omponent with velocity v, Still at rest
RSy m feodihw e 2w
v

— — ' —

ing)s v, 160 Awo U

Disturbance propagates

o4

g ; at wave speed v,
B puiEh wtmjjs v MUGIRA . B
- Uy 3 U
0 ﬂ‘ 1§) ﬁjjﬁ = UILHULHN [UU?‘[:ﬂ NG component F N — F._
‘ <— vt ——>|P |

Et =my,
B, = uvv,

mv, = (uvt)v,
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NUAMMEIG] m = u Ax
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x+Ax
tm:ﬁgm AITUMYHA] y

dy ay\ | . 0%

B F’<6x> _<a_> T

x+Ax x
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There can be a net vertical Fay
force on the segment, but
the net horizontal force is
zero (the motion is
MANSVEISE), | toreeevpgr”

Equilibrium length of
Fiy  this segment of the string
£ /)

A A —

: X X+ Az

The string to the left of the segment (not
shown) exerts a force F| on the segment.

oy a_y)]
>x+Ax <ax X _aZJ’_ 162_3’ UZ\/F_/‘U

Ax F ot?
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(c) n = 3: third harmonic, f; (second overtone)
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IﬁmGILﬁéugﬁﬁIS“iﬁﬁ‘lisiﬁj (d) n = 4: fourth harmonic, f, (third overtone)

~ ° ~

v m =

megijmﬁiuuam%ms Ly A N A N A N A :’?-’
L |

¥x0) = yi(x.0) + ya(x 0) + y3(x. 0)

y(x, 1) = Acos[m(ﬁ = f)]

y(x. 1) = Acos(kx — wr) [ Vi

where k = 2m/A and w = 2mf = vk
Fy(x1) 1 Py(x1)
B ar?

v v
F -
v = ,/— (waves on a string)
i

f—”; =afy(n=123...) y(X, t) = ACOS(kx - wt)
1

fieey P(x, t) = FkwA® sin®(kx — wt)
P(x.1) = V uF o?A* sin’(kx — wt)

i
X 1

..__.._2 -
¢ |

FAS KL=
1o ¥ 1.
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y(x,t) = Acos(kx — wt)
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P06

>

Ampulla

w4l
; D

el

O AN

Semi-circular canals

\ £ Auditory nerve

=————— Utriculus

Sacculus
Cochlea

Eardrum
Ear ossicles
Malleus, incus,
stapes
. ) . 5
10Hz 100Hz 1kHz 10kHz  100kHz  1MHz
Tuna S0Hz 1kHz  (A58va) [T | e | T T LT
Chicken 15Hz 2kHz  (408wa) | TTTTE
Goldfish 20Hz- 3kHz 2 [
Bullfrog 100Hz- 3kHz  (498va) |
Catfish S0Hz- 4kHz 8a) |
Tree frog S0Hz- 4kHz 8a) |
Canary 250Hz 8kHz 08a) |
Cockatiel 250Hz 8kHz 08a) |
Parakeet 200Hz- 85kHz (548va) |
Elephant 17Hz- 105kHz (938va) |
200Hz 12kHz  (598wa) |
uman 31Hz 19kHz (93 [
Chinchilla S2Hz 3BkHz (938va) |
Horse 55Hz 335kHz (938va) |
Cow 23Hz 35kHz (106
Raccoon 100Hz- 40kHz 8a) |
Sheep 125Hz- 425kHz (B48w) |
Dog 64Hz- 44kHz  (948w) |
Ferret 16Hz- 44kHz (11.48va) |
Hedge 250Hz 45kHz (gg I
Guinea pig 47THz- 49kHz (1008va) |
Rabbit 96 Hz- 49kHz {Q,Da.a] [
Sea lion 200Hz S0kHz (B08wa) |
il S6Hz- 60kHz (10.18va)
0ssum S00Hz edkHz  (708va) |
no rat 390H- 72kHz  (758va
Hooded rat 530Hz 7okHz  (718a) | |
Cat S55Hz- 77kHz (1058va) |
Mouse 900Hz- 79kHz (b4 1
Little brown bat  103kHz- 115kHz
Beluga whale 1kHz- 13kHz (P9 [l
Bottlenose dolphin 150Hz 150kHz (100
Porpoise 75Hz- 150kHz (11.0
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y1=y(x,t) Y2 =y(x + Ax, t)
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AV = S(y; —y1) = S[y(x + Ax, 1) — y(x,1)]
o UAEISAY SROSE A - 085

W i 3027 y) = SHOH A D) Zyx O]
%4 Ax—0 SAx

ady(x,t)
ulBUPEUE2ISUgHIRIRUS S T ox

jmjmmg s(y2 —y1)

10




UshruyEnsisumsinuwizuesigys
M s UTIR Ay SR EN2 s Ax

RIS IHNW RIS W
IRCGHEHISGH [ actat=a o0
Sons §ons
y1 = y(x, ) Y2 = y(x +4x,1)
|

£

X x + Ax

|.<_

ulpugueaisdsirizus g
IRIMWA s(y, — y;)

usRUME
y S x

o ISMIUN y SH p SuenUSISMES?
. Iﬁimﬁnésmsumﬁ*gtﬁtmummmgmtfﬁ“‘

B INSHUS‘W =2

SR Jmﬁﬁjjﬁﬁ QE:T«.‘:ﬁ
L’UILIJ?L’UEUF’T‘ITE

gFISHNHUMSISUIBUR D2 8K
Ui uamMmoES NSt SSH Bulk

Modulus

_ _pxd _pav
== dV/VT:I p(x) = BV

SGISISAISHINH IMSESRUMS

MElSISuURgEsSs

dy(x,t)
B —_—
dx

p(x) = —

Longitudinal Wave

fUIs RIS STUN
(TN I EIFMITS

sEssnRUMAISUBUPEUEZ SH
WIUNUIMEA D RENOSSHIHSSH Bulk

Modulus

_ _pxt) _pav
B=-= dV/VLI p(x) = BV

SGISISAISHINH MmESRUMS

MElsisSuyEnss

oy (x,t)
ox

p(x) = —B = BkA sin(kx — wt)
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Movable piston

Pressure fluctuation

versus time f
clarinet with

mental frequency

f; = 233 Hz

(b)

0 5

(a) \'O

pA pA

Fluid initially

in equilibrium

(b) —

(p+Ap)A | : pA

— ] e

Moving p

——

At rest

ora
funda-

-

=429 ms

Harmonic content
of the sound in (3)

| FPRPTT V1 POV L

0, 205 30/,

Ui SH

40/,

D RIMSISAISIUT I SITEUS UERURENS

Pressure fluctuation
versus time for an

alto recorder with
fundamental frequency

fi = 523 Hz
p T =191 ms
() 0\ /\ t
YW OW N
A

Harmonic content
of the sound in (c)

beos

1
0 5 10f

(d)

1 1 il /
20f; 30 40f
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Movable piston

\'0

PA Fluid initially
in equilibrium

—>

(p + Ap)A
— ]

Movable piston

(@) \'0

PA " Fluid initially
in equilibrium

—

(p + Ap)A
— ]

Movi E

oving

IEUj]ST,SIEU?‘—mJJ-
ﬁmmssm

1. tufmrnﬁjtﬁwmﬁéﬁmﬁﬁgéw—ﬁnmmmgm
sinfiiuss iR

2. [SISANSNISSRIUNNN ¢ IUSULILNWENUETE
DzuiuUSIs ifiusRUTBInisSma218: 15
UAsISUBUE U2t anist ki S5
US1IS 1S1mIsNSIisUiEUE iUTEN NS U
SHANHUHESRIWNINU ¢ SHAGEITS
SUNSSRIUINU ¢

3. UgsFmgSmuUNUNUINUTENNGIUSY SHH)
NUNTHESRIWNNU ¢ FENWRUMAaNsSSHIns

isgSamouius
15

] SISIUSUEARUSSW
v = <

1. NOCNIEUASEMANS SRHEIN U

%G‘r‘-ﬁﬂﬂiﬂjﬁg St

[ =Ft=ApAt (1)
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Movable piston

\'0

(a)

pA

Fluid initially
in equilibrium

—>{ vyt

(p + Ap)A
-

Movable piston

\’0

(a)

PA " Fluid initially

in equilibrium

- vyt

(p + Ap)A
- —

] SISIUSUIERRUSSW
1. OENENUSSSMANS SHHINUAI
SGARINNIUSS SRR

I = Ft = ApAt (1)

2. [EIAMNSISHRIIINL ¢ IURUILMWENUERRE 200U

Uss waxuTEmnismais iSumsisuipuuea
iwaniE AR SEUSIS ISuMIsInSIRUTEUREN
UTHNNSUS) SHENEEEHIWINU ¢ SHAGIEITS
AN RN ¢

¢ DISIRUNUSHIWINU SV = At Wwuijuu

[P 21N WA RS AV = Avyt 5G1S:

UiguUgN TS Ap v,
= - = = =>Ap=B—
uMEUDUguEms At v

Avt

(1: I=ﬂ’1{ﬁ 2)
17

] SISIUSUEARUSSW
v = <

UlHUE TS Ap v,
= — — = =>Ap=B—
umEUiHUENE S Avyt v
Avt
(0: =224 (g

v
3. OssimesmunUIUIuUTENINGUIS) SHENUNE
FHIWINU ¢ HwshUumArisSwin)sissamn
VIS NGIURUIAMUI: Ap, = myy, = (pvtA)vy (3)

Y[ = Ap, SH(2) &(3)t

Bv, At B
Y .
; (pvtA)v, > v ,
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Movable piston £l ﬁ j‘]ij S «]ij 8 flj S

(a) \%0

PA || P Fluidinitially _ ~
in equilibrium * Hﬁmﬁmsvzﬁ 180U Y ™ Young’s

modulus ISHEMSIHSITH Wi p thenwg

D2ISHEmHTR

(b) —

4 y . f{js% = m
(p + Ap)A pA BSiy M

— ] v . =

——

Moving p At rest

o ' o
m m ﬁ h ﬁ.?Tt ﬁ f‘l}’j j /// II‘-:I.::TAit]IT;:Il‘-E;_;JI:;r;LTI-.iE

Py sgamsarpsiuiasMNISIuSEN UItie)
dy(x,t) dy(x,t)
P(x,t) = E, t t) =—-F
(x,t) = E,(x,)v,(x, 1) I y

= JuF w?A? sin? (kx — wt)

iNUiSHRSHSMISAPAHSAMNISIUS I
SHusSwaRuwesiy

I(x,t) = p(x, vy (x, t)
= [BkA sin(kx — wt)][wA sin(kx — wt)] HONOPOLE
= Ba)kAz Sinz (kx - (l)t) = V pBwZAZ Sinz (kx — (l)t) a.*ec;t.r:ar'_:f ;p;r]:fc:ed by 1kir.:| l:ﬂ;zlii'-_'lﬂ_'ngt.h

SRS HAISEEEIgUSIS?
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1(x,t) = p(x, vy (x, )
= [BkA sin(kx — wt)][wA sin(kx — wt)]
= BwkA? sin?(kx — wt) = \/pBw?A? sin? (kx — wt)

SRS HASEEEIYUSIS?

. IULDTMQSW‘HSS&MBTEEHTQQ‘H Pmax = BKA

o Sﬁlmj]gt-’{]m* v=w/k Iﬁmsmﬁﬁﬁﬁﬁﬁ {OHOPOLE
amjamﬁs‘ﬁasmgmmg S8 . £ =1 kHz ka = 0.5

vactors separated by 1/3th wavelength

2 2 2 2
_ WPmax  VYPmax _ Pmax _ Pmax

I(x,t) = = = =
(x,6) 2Bk 2B 2pv  2./pB

Perception limit

Auditory Field

‘ﬁ“]_i‘:iﬁmﬁ‘ﬁﬁ fﬁiﬁﬁjj%
SRS EUIUEU

Intensity (dB)
Infrasounds
Ultrasounds

I
B = (10 dB) log—
Iy

B: MBS HIRSR IS I

[: FESRGIEI

Ip: FIRSROISNE (107 12W/m?)
log: 1ENUEU

Frequency (Hz)
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ﬁi_‘aﬁ j—ﬂ ‘}j ﬁf}j mi ﬁ mj% —— A— Sound Intensity Level, Intensity,

B idB) T(W/m)

@Lﬁ S ﬁjﬁ_j U s = i
=~ ivete 95 32 % 107
a0 1073

70 10
65 32 % 107

50 1’

I u ol i:l
ﬁ == (10 dB) log_ Ome 40 10
IO Averag

20 10710

10 1o

B: B EHIRSH IS 0 1o 2

[ FES RIS I
Ip: FIRSROISNE (10712W/m?)
log: 1ENUEU

~

NSESICSASWAREEENSIEIGU?

IS S5 ﬁjmqgj

o.° %
ﬁﬁb ®, 5 ’ u.' i Y e™% @l,“q &’ “ B=- % VA
RUSTLING LEAVES FRHI;E CONVERSATION TRUCKS HELICOPTER POLICE FIREWORKS

BREATHING WHISPERS RAINFALL CAR/TRAFFIC ~ HAIRDRYER TROMBONE JET ENGINE

. 50dB 60dB 70dB 80dB 90dB 110dB 120 dB 130 dB 140 dB
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Air from///

blower

URNHNTUNI (Open Pipe)

(a) Fundamental: f; = (b) Second harmonic: f, = 2% =2f (c) Third harmonic: f; = 3 = 3f

N
L=4 > et e — Ay e 2o 2o 2oy
E — — K L= =

Open end is always a displacement antinode.
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UNHUS (Stopped Pipe)

a) Fundamental: f; = - b) Third harmonic: f3 = 1— = 3f ¢) Fifth harmonic: f5 = :\ = 5f,
J1 4L 1 1

A
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; i
Closed end is always a displacement node. 3
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Two speakers
emit'waves in phase.

P HIHISININIiSIuS

(0]

el

X \Q«\)'//ZE \\\W‘Iff//l/lz

Amplifier

The path length from
the speakers differs
by %: sounds from
the two speakers
arrive at Q out of
phase by % cycle.

The path length: /’/
from the speakers is l
the same; sounds from
the two speakers arrive
at P in phase.
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Doppler Effect: HRanUMiusS
[UANiSTigy

* Velocity of listener (L)
= Velocity of s (!
+ Speed of sound wave = v

Cced O
* Positive direction; from listenet

Doppler Effect: HRaNUS X
[USNNEIS
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(a) Sound travels from police car’s siren (source S) to warehouse
(“listener™ L).

(b) Reflected sound travels from warehouse (source S) to police car
(listener L).
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Figure 34.36 The graphical method of locating an image formed by a thin lens. The colors of the rays are
for identification only: they do not refer to specific colors of light. (Compare Fig. 34.19 for spherical mirrors.)
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