


Agenda today

1 Transverse waves and longitudinal waves
2 The speed of waves,
3 wavelength, frequency, phase

4 wave function



Particle and waves

Type of waves:

Mechanical Waves (H1#H)
Electromagnetic waves (E8 &)

Matter waves (HI1E3R)



Transverse waves and longitudinal waves (7
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Transverse waves : the direction of the particle’s motion 1s
perpendicular to the direction that waves propagate.
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Longitudinal waves: the direction of particle’s motion 1s
the same direction that the waves travel.



Surface waves (FREF)
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Water wave bréaks when it approach the beach



The function for sinusoidal wave:

Where + means waves travel left;

- means waves travel right with speed u.



Some concepts about waves:

Amplitude(#&IE) : the maximum displacement
that a particle can make in the medium.

Peak and Valley(GE I 58 A)

Wavelength (3E4<) :the minimum distance
between any identical point along the direction
of wave propagation

Period (JA#H) : the period of the particle in
oscillation



Frequency (3R38) :the number of peaks (valleys) that
pass a given point in a unit time interval.

Angular frequency:
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Speed of waves: the distance that waves travel in unit time.




Phase:

Wave surface CGEF&E
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- the surface on which all

the particles have the same phase

Wave front GEEHEJ) :the first wave surface that

the wave propagates
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Spherical
v waves

MERE
waves



The equation that describes the motion of particle
O:

Y, = Acos(ot + @) |
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The time needed that the wave travels fromo to p is:
X
At =—
u

y, = Acos[e (t ‘E)W] _ Acos[(a)t—wg) + 0]



y(x,t) = Acos[® (t—=)+ ]

27T
ACOSw (t——) Acos?(t——)




Acos 27z( t ) Acos 27z( t )

AT
_Acosz—ﬂ(x ut) = Acosk(x—ut)

= Acos(kx— at)

X,t) = Acos(kx— wt + ¢

K: wave number




at many locations energy Is found at three semidiurnal frequencies:
1.93 cycles per day (due to the Moon), 2.00 cycles per day (due to the
Sun), and 1.90 cycles per day (due to the ccentricity of the

lunar orbit).
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The wave formatt=0is I, and the waves travel
rightwards, after 1/2s its form changestoll . The
amplitude i1s 0.01m, The period T>1s, find the

eqguati on that descri bes t

movement (A=0.01m)
ty(cm)

solution: ml /><\
A=00Im 1 4 /5 6 x( : )
= 0.04m/ w -

The speed U= 0 = =-0.02m-s™
of wave: L 1/2
14004 . _ 2 _ o
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Assume the oscillationof o: Y. = ACOS(wt + @)
T
2

U=-wAsin <0 sin @ >0 —>go=%

Initial condition: 0= AcCoSep —> @ = +

y, =0.01cos(~t+ %)



y, =0.01cos(zt+ %)

The equation T
describing y =0.01cos[(7 t—507x) + ]

the wave : 2

O 01
The equation Yy, =0.01cos| 7 (t ) + —]
describing the
motion of

particle A: yA —0.01cost



The equation of waves for harmonic
waves:

choose one segment of rope, if the amplitude is small

> F=Fsing,-Fsing, = F(tand, —tan b))
o’y
OX*

= FAX
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ma:yAxﬂ
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By Newton’s second law of motion:

F=ma
We find the PDE that describe the motion the rope waves

o’y 10%y
ox> U’ ot

u=+F/u




speed of waves in rope

F :tension, p: mass density of the rope.

Speed of longitudinal waves:

In liquid and gas
B

H= |—
fs. B: volume modules



In solid:

U= |[— Y Young' s mc

Speed of transverse waves

G
U= _|—

P G: shear modules

Transverse waves can only travel in solid.
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How to find the source of earthquake



Subadult Smeringerus vachoni

VS.
3" CA centipede




Beetle

Example: When a beetle moves along the sand within a few
tens of centimeters of this sand scorpion, the scorpion
Immediately turns toward the beetle and dash to it. The
scorpion can do this without seeing the beetle, how?



