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The string is shown at time intervals of % period
for a total of one period 7. The highlighting
shows the motion of one wavelength of the wave.

Oscillator Three points on the string
generating wave

The wave advances
by one wavelength A
during each period 7.

Each point mtwes up and down in
place. Particles one wavelength apart
move in phase with each other.
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The string is shown at time intervals of 3 period
for a total of one period T.

Oscillator Three points on the string,
generating wave one half-wavelength apart
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R eveeae Motion of bead is entirely vertical . . .
0.06 s
0.12s

------- ... while pulse propagates to the right.
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& vectors show motion of hand and string
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.~ The disturbance is the rippling

s of the water’s surface.
v
VAV AV

The water is the medium.-**
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(@) Transverse wave on a string
. ‘ 5

5 7 Motion of the wave
#

(b) Longitudinal wave in a fluid

(c) Waves on the surface of a liquid
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These coils displaced to
right at instant shown.
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* vectors show motion of hand and string

trailing edge «.... /& NJ . leading edge
»

wave pulse




Undisturbed gas
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A whale sends out its sounds and songs...

...those sound waves reflect
off a fish swimming toward

the whale...
...and the whale uses those reflected

sound waves to determine where the
fish is and what direction it is swimming.
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d?x ,
— = —w*X
dt?

X = Xy cos(wt + ¢)
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- vectors show motion of hand and string
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Compression

Equilibrium
position
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The wave moves horizontally,
but a string particle moves
only vertically. .

Ay

y(x; t) — y(xr tO)

o
l—»:Ax = vAt
Ay The wave moves |
without changing 1
shape. i

X
|

> Ax = vAr

&1

.

Ay The wave moves !
forward Ax = vAt :
during time
interval At.

X
|

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.




ENEEEEEEEEEEEEEEE
IIIIIIIIIIIIIIHI!
Y\




(a) Shape of the medium at instants t = 0 and t = ¢,

.....'0. Dy = f(x’ O)
(shape att = 0)
LA
N
—=——
—

7
N7/

P\

A
7)

= 7 }
(displacement of segment at x,) y (x 0 t) E{jEXE${




R EdE= - s —HERE)

Earth reference frame Moving reference frame
2 ¢
Dy wave function moving to right Dy stationary wave function f(x,,)
| v v
- PN
v ) \
% X
M
O = Oy

=l

I >
A E SR ENHVEI A E K AR IEAY - DRIIEEORE R B L Asr ] S ] -
FaEcE (BN R E AT E 20N E Rxy

vy, t) = fxn)  EERE S BUEHF I RF YR Y R EY |



1% DW
A A R >
v
=l / : \ = Moving reference frame
|
| X (0 "
O O | ”
: : : D,  stationary wave function f(x,;)
| | . | v
| Ut | XM |
% XM

FERREINIOy & > JERIERIE - B AR RAMRE v = fa)  BRELS C REIRAVIZE

M EIHVERZE & Fr E 2L Bxm B F IV ZE B 28I BEx A AR
Xy =x— vt

L - FFFIERVEZEE 0B y(x, t) = f(x — vt)

R Ty (e, ORI -



y(x,tp) = f(x — vip)

(a) Shape of the medium at instants t = 0 and t = ¢,

D, = f(x,0)
g (shape at t = 0)
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y(x,t) = f(x —vt) + g(x + vt)

y (m) t=0
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Increasing frequency (Hz) ———>
10° 10° 10"

AM radio FM radio/TV Microwaves Infrared Ultraviolet X rays

300 3 0.03 3% 107* 3X 107° 3 X 10" 3 TOW

<«—— Increasing wavelength (m)

Visible light

700 nm 600 nm 500 nm 400 nm
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There can be a net vertical F,
force on the segment, but
the net horizontal force 1s

zero (the motion is :
ransverse). i g
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Equilibrium length of
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(@) Wave pulse propagates along string of beads (b) Free-body diagrams (¢) Velocity and acceleration
for bead 3 vectors for bead 3




There can be a net vertical Fs,
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There can be a net vertical F,,
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There can be a net vertical F,
force on the segment, but
the net horizontal force is

I
Equilibrium length of
1y this segment of the string
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M 5 2=, Wave Equation
d’y 10%y 1 0%

T
0x2  v20t?2 v2 9t V= 1

...those sound waves reflect
off a fish swimming toward —
the whale...

...and the whale uses those reflected
sound waves to determine where the
fish is and what direction it is swimming.
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(a) Shape of the medium at instants t = O and t = ¢,
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nonlinear optical materials
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waves coincide, so
cancel, so the string
displacement is zero.

position of string
x they add to give

x is along the

horizontal x-axis.
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displacement.
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