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* Waves in the ocean
* Surface gravity waves

* Short and long limit in
gravity waves

* Wave characteristics

e Internal waves




Characteristic properties of waves

* Wavelength (1): The distance between two consecutive peaks and

Wavenumber (K) © 7
A
* Period (7): The time it takes for two consecutive peaks to pass from a point in space and
Frequency (o) 27
w=—
r o A
*Phase Speed (C): The speed of a monochromatic wave C= KT
0w y ,T
* Group Speed (C,): The speed of a wave packet C, = PYe }
0 AN
2” \\\\ E
* Wave Energy (£,): E,=p,.8 <772> [ \\\\/
v A= 27
* Significant Wave Height (/,;): The average NTK RN
height (double amplitude) of the 1/3 o R4
largest waves H = 4<772> ™~ S >
27T X

* Fetch: The length of water over which a given wind has blown I



Working equations
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wave energy (approx.)

The oceanic wave spectrum
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Linear gravity waves in barotropic fluid

_ Temporal Changes U1 L o1
o CoriolisTerm T fU /T
_ ViscosityTerms _ 4, (4, }__, - Scaling parameters
Coriolis Term  fL* | fH’
F, = v >> 1
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Boundary Conditions:

= 0 (Continuity)

at z=0
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Looking for wave-like solutions:

Wave solution for Laplace equation:

n=n, cos(kx +}§ — a)t) 2 - D solutions
\ P= (Aekz + Be ™" )cos(kx — cut)

for simplicity we will
investigate a 2-D (x-z) wave




Using the surface boundary n kH

condition: A+B = pgin, A= gn ©
0 M ki

S—

Using the ocean bottom —kH

boundary condition: Ae™ +Be™ =0 _ B = pgn, ekH€+ o
oetH) | pmk(z+H) p gn, coshlk\z + H
P=pgn, T i cos(kx - a)t) = Ocosh(gcf(l) )]cos(kx - CUl‘)

From equation (3):

w _ kgn, sinh{k(z+ H )] cos(kx ~ a)t)
ot cosh(kH )
o  ow 9y
Using the surface boundary condition: w= Py = Py = 912
kgn, Sinh(kH )

cos(kx - a)t) = w’n, cos(kx - a)t)

cosh (kH )

w’ = gk tanh(kH )

Dispersion relation — 2yéon oiacmopds




Short waves

A << H (short wavelength or deep

ocean) => kH>>1

tanh(kH ) = 1
w’ =gk

Phase Speed : C = %

g S
C = \/: Dispersive
k

c')a)

Group Velocit C
p y: p k

C
Co=~

Long waves

A >> H (long wavelength or shallow

ocean) => kH<<I

tanh(kH ) = kH
w =gk’H
Phase Speed : C = %

C= gH Non-dispersive

aa)

Group Velocit C
p y: p k

C,=C

g



Water parcel orbits
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cos(kx, — wt)

(xo +&,2, +§)

Both axes decrease with depth
The semiminor axis is zero at
bottom (-H)



Short waves

A << H (short wavelength or deep
ocean) => kH>>1 E = 770@""20 sin(kx, — wt)

& =-n,e cos(kx, — awt)

cosh[k(zo +H )] B sinh[k (20 + H )] ~ oo
cosh(kH) cosh(kH) \
* Circles

* Both decrease exponentially ‘\b
with depth ‘

Long waves

Constant
A >> H (long wavelength or shallow /

ocean) => kH<<I

§ =n,sin(kx, — wt)

cosh[k(z +H)]z1 E=—k _ :

0 =-kn,|z, + H)cos(kx, — wt) !
sinh(k(z, + H)|=k(z, + H) ( ) — >
cosh(kH) =1 S

Decrease linearly with

depth and becomes zero +
at zy=H T T T 777771




Stokes Drift

If we do not use the approximation (i.e. the Lagrangian
velocity at time ¢ 1s equal with the Eulerian velocity at x,,
z, at time )

The Lagrangian velocity u, (x,,z,t) can be defined as the Taylor
series expansion of the Eulerian velocity u(x,z,¢) around x,, z,

ou ou
uL(x09209t)=u(x09209t)+(x_x0) N +(Z_ZO) — | *--
ox /, iz |,
For short gravity waves (deep water limit):
u(x,,z,,t) = noa)ekzo cos(kx, — ar) Averaging over one period
Iz —
xX—x, =1,e " sm(kx, — wt) U =u, —u=
z -z, = -1, cos(kx, — wt)
_ cos[2k(zO +H )J
In general u, =1,wk o
2sinh”(kH)
Stokes velocity Mean positions of an

originally verical line



1 =1, cos(kx — ax) +n, cos(kx + awrt) = 2n, cos(kx) cos(wr)
L 2kgn, cosh[k(z+ H)]
wcosh(kH )

Boundary condition:
u=0 at x=0 ka1 L

kL=nm+Dmx n=0,1, 2, ...

Seiches

sin(kx) sin(ax)

Wave Refraction and the island effect on waves
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Internal gravity waves: Layered stratification
Eocotepika xopota Bapotnroec: AT otpopdtmon
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at z=-H R=P=pglH+n-C)+p,l w=w,=—
at z = - _O £ O
0z

XPNOYOTOLDOVTAC TIS OPLOKES GUVONKEC:

(‘”—2 - 1){‘”—2 Lo, sinh(kH ) + p, cosh(kH) |- (0, - p, )sinh(kH)} -
gk gk



First solution: ~ ” = gk Barotropic mode
T /__:__:\ (Bapotpomuikig
H — , TPOTOG
4 e TOAAVTOGNG)
< Py > P,

gk(,O2 — P )Sinh(kH)
0, cosh(kH ) + p, sinh(kH')

. 2
Second solution: @ =

¢
—_— In general:
I
= For an ocean of n layers, there is
- one barotropic mode and n-1
: baroclinic modes (a total of n
e modes of oscillation).
M
——
—

<« Baroclinic mode

= (Bapoxiwvikog Tpomog TalavInmong)



Internal waves:

Baroclinic Short waves .
mode KH — o 2 ___&klp, - p))sinh(kH)

0, cosh(kH ) + p, sinh(kH B
coth(kH ) ~ 1 1% (kH) + p, (kH)
_ gklp,-p)
0, coth(kH ) + p,

Long waves

kH <<1 0, - p,
smb(kH) =Kt . gk’H(p, - p))
cosh(kH ) =1 B 0,
c=.gH, g'='02_’01g
P

For a typical oceanic stratificatiob:
Ap=0(1kg/m?) , p,=O(1000kg/m?)
g'=10"g



