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Physics of waves
Characteristics of waves

Generation of waves by storms

Wave speed - shallow vs. deep ocean

Sets - dispersion

Exercises: April 15

(each problem is covered in class today)

1. Derive the expression for the period of a harmonic oscillator
with mass m and spring constant k.

2. Derive the expression for the speed of a deep water wave in
terms of the wave period T.

3. What are sinh, cosh, and tanh in terms of the exponential
function? What is tanh(106)? What is tanh(10)?



harmonic oscillator
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d x m - mass
m—-=—kx :
d t2 k - spring constant
force from = restoring force

acceleration  of spring

guess solution x(t) = x, cosmt How do we solve for @?




wave characteristics
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) ) L - wavelength
h(x.t) = Asin| 22— _mj A - amplitude
L T H - height
T - period (5 - 18 s)
deep ocean waves
air
ocean p - density (kg m™)
P =pgz g - acceleration of gravity (9.8 m s2)

Z - depth (m)

What are the units of pressure?

restoring force = -pgh

K | ) L d’h
acceleration = p— —
P =pgh P=0 force 2r dt
L d_2h — _p h
p 21 di? &

guess: h(t)= Acoswrt What is @?
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deep water waves
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Table 8-1 Description of a fully developed sea for a given wind speed.

Wind speed in Average height in Average length in Average period in Highest 10% of waves in

kmlh (milh) m (ft) m (ft) sec m (ft)
20(12) 0.33(1.0) 10.6 (34.8) 32 0.75 (2.5)
30(19) 0.88 (2.9) 222(72.8) 4.6 2.1(6.9)
40 (25) 1.8(5.9) 39.7 (130.2) 6.2 3.9(12.8)
50(31) 3.2(10.5) 61.8 (202.7) 1.7 6.8(22.3)
60 (37) 5.1(16.7) 89.2 (292.6) 9.1 105 (34.4)
70 (43) 74(243) 121.4 (398.2) 10.8 153 (50.2)
80 (50) 10.3 (33.8) 158.6 (520.2) 124 214(70.2)
90 (56) 13.9 (45.6) 201.6 (661.2) 139 284 (93.2)
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wave generation

+ generated by storms at sea
- far from the storm they are sinusoidal
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h(x,t)= Asi 2_7Zx - 2—mj L - wavelength
L T A - amplitude
H - height
L : - peri -
c== phase velocity T - period (5-18s)

Wave movement
1/2 wavelength

|
‘ [e——1 wavelength ———
|
Still water level

1/2 wavelength

Depth

Wave base

Negligible water movement due to waves below wave base



Airy solution

/2
L 2 7td L - wavelength
c(d)= |:g— tanh[— ]:|] g - acc. gravity
21 L d - ocean depth
deep water waves shallow water waves
d>>L12 d<<L/2

cd=1/§—L ¢, =~/gd
T
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The Coastal Data Information Program ESTz s
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Integrative Oceanography Division Oceanography \

Analysis Time - 9 APR 2008 : 1233 PST
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Hs (feet)

Peak Period (s)

Forecast for Torrey Pines Outer Buoy
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Sets

— Are sets real? How is a set defined?

— More analysis of buoy data can provide
characteristics of sets.

— Why do waves come in sets?



0.5 u

height (m)
o

| | | |
0 50 100 150 200 250 300

time (s)
2 T T T ! T T T T
15[ H
1 L -
—~ 05H U
E
ﬁa 0
2
-0.5
-1
=157
iy I I I I I ! ! I I
0 100 200 300 400 500 600 700 800 900 1000
time (s)

OCEANSIDE OFFSHORE, CA - Station:

04501
Water depth(m): 220.00 Average time between sets
August 3, 2007 8.8 min

11y
iy

' m”‘.”l'h,_ m”’r""!r..v h
A Al |l
! 4

1
120 130 140 150 160 170 180

180 190 200 210 220 230 240
time(min)



Antarctic
storm
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Munk theory of sets

San Diego
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Waves arrive in San Diego at the same time t,.

Suppose the waves were generated at the same time f,,.

t,—t,=2R/c,

t,—1,=2(R+D)/c,

R+D
c,=¢ R
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deep water dispersion
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h(t)= Acos 2m + Bco 2m suppose B=A
1 T,

h(f)=2A co{m[l + i]co{m[l _ i]}
I T I T

surf = mean period modulated by beat period

interval between sets

1
T,=T{1-——
R+D

R=7000 km D=400km T =17s,

TB=5.5min

A long time to wait
between sets!




Conclusions - Waves

Ocean waves: force of acceleration is balanced by the force of
gravity.

Wind speed >= wave speed. 17-s period waves require wind speed
of 27 m/s = 60 mph.

Wave speed:
deep water (d >> L/2), speed depends on period (dispersive)
shallow water (d << L/2), speed depends on depth (refraction)

Refraction is important when d < L or about 200 m = 650 feet

Surfers believe sets are real but the data are not clear. Why?



