13. The Kelvin Wave

Let us take the linearized shallow water equation on a f-plane with D = constant.
A solid wall makes possible a rather special wave trapped at the wall, a gravity wave

modified by rotation. Consider the following configuration:
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Figure 13-1

Figure by MIT OpenCourseWare.

The peculiar property of the wave is

that the velocity normal to the wall is

identically zero everywhere

v=0
Then the equations of motion are:
1. u=-gnx The pressure gradient along the wall

determines the acceleration



2. fu=-gny the velocity along the wall is in
geostrophic ~ balance  with  the
pressure gradient perpendicular to

the wall

3. netDux=0 the sea surface adjusts itself to the
velocity gradient along the wall

Find one equation for

From 1 2Nx = -Ug
0
From 3 Ne=-Dux = Ne=-D—(w)
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Assume the usual dependence ¢
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If we now assume a wave traveling along the wall

ikx

¢ so the traveling wave is ¢'®**"

we obtain the dispersion relationship

o’ = (gD)k’ ® = tcok Co=4/gD

This is the shallow water gravity wave dispersion relationship without rotation!!

So, how does rotation affect the wave?

i(kx-ot)

Put n=a(y)e



Combine the momentum equations of 1 and 2

9 of 2 — fu=-gny
ox

From 1: u;=-gny
or frx-ny=20

With the given shape of n:

ﬂmﬂog =a
dy

fk -fk
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f
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Full solution
N = Noexp— (f/coy)cos(kx-mt)

Notice that if the wave is on the y>0 side as in the above configuration
. . ®
hmy_>+oon=ﬁn1te=0 Co=+ gD=E>0

and k>0
The wave travels in the +x direction

If the wave is on the y<0 side
limy — —o0 m = finite = 0 Co=-,/gD <0

and k<0



The wave travels in the — x direction

In either case, in the northern hemisphere £>0. The Kelvin wave always travels with the

wall on its right side.

The wave amplitude decreases exponentially away from the wall. The wave is trapped

along the wall by rotation.

Rotation does not affect the particle motion and wave propagation; only traps the wave to

the coastline.

Synopsis of Kelvin wave

V= 0 1 Ut = -gNx
2. fu=-gny
3. NetDu=0
: = o=zxck
Txx +(0)2/gD) n= 0 n= el(kx—wt)
Co= 4 [gD
n — a(y)ei(kx—o)t)

oKy
a(y) =mee ©

N = neexp(-f/coy) cos (kx-wt) The decay scale is
% = Rossby deformation radius

Rotation does not affect the particle motion or wave propagation, only traps the wave at
the coast.

The Kelvin wave always travels with the coast on its right side in the Northern

Hemisphere



Figure. 13-2 Northern hemisphere Kelvin waves on opposite sides of a channel that is wide compared
with the Rossby radius. In each vertical plane parallel to the coast, the currents (shown by arrows) are
entirely within the plane and are exactly the same as those for a long gravity wave in a nonrotating
channel. However, the surface elevation varies exponentially with distance from the coast in order to
give a geostrophic balance. This means Kelvin waves move with the coast on their right in the northern
hemisphere and on their left in the southern hemisphere.

Figure by MIT OpenCourseWare.
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Figure 13-3. Summary dispersion relation for the right moving waves.

Figure by MIT OpenCourseWare.



MIT OpenCourseWare
http://ocw.mit.edu

12.802 Wave Motion in the Ocean and the Atmosphere
Spring 2008

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.



http://ocw.mit.edu/
http://ocw.mit.edu/terms


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


