
13.853 Computational Ocean Acoustics
Take Home Examination

Assigned: Session 20
Due: Session 23

The problem 1&2 are about normal modes; 3&4 are about PE; Only prob-
lem 1&2 are required; but by finishing 3&4, you can earn extra points.

Problem 1
Based on the finite difference representation of the modal eigenvalue prob-

lem derived in the previous homework, complete a normal mode modeling
framework in Matlab, including the following components:

a. Use Sturm sequences to determine the number of propagating modes
in your 3-layered waveguide.

b. Use bisection in combination with Sturm sequences to define wavenum-
ber intervals containing only a single mode each.

c. Use Newton’s method to determine the modal wavenumbers for all
propagating modes.

d. Inverse iteration for computing the modal eigenfunctions.

e. Perturbational treatment of seabed and subbottom attenuation.

f. Computation of transmission loss on a depth-range receiver grid.

Problem 2
As a test example add a 20 m thick sediment layer to the Pekeris waveg-

uide in COA Fig. 2.25, maintaining a water depth of 100 m. Assume the
sediment to have sound speed 1650 m/s, density 1.7 g/cm3, and attenuation
0.5 dB/λ. Assume the subbottom to have attenuation 0.2 dB/λ.

a. Compute and plot the modal shapes for the propagating modes at 50
Hz.
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b. Perform a convergence analysis for the modal wavenumbers vs the dis-
cretization mesh, and show its consistency with the expected conver-
gence rate.

c. For source depth 35 m and receiver depth 45 m, and ranges out to
15 km, compare the modal result with the corresponding wavenumber
integration result. Discuss the differences in terms of accuracy and
numerical efficiency.

(optional) Problem 3
Complete your Matlab modeling toolbox for range-independent media by

adding a Split-step Parabolic Equation solver following the recipe in Ap-
pendix A6 of Computational Ocean Acoustics, including the following:

a. At least one sediment layer over a fluid halfspace, with proper handling
of density contrast at the interfaces.

b. Standard Gaussian starting fields.

(optional) Problem 4
As a test example for comparison of all your models, use the test case in

Problem 2, i.e. add a 20 m thick sediment layer to the Pekeris waveguide in
COA Fig. 2.25, maintaining a water depth of 100 m. Assume the sediment
to have sound speed 1650 m/s, density 1.7 g/cm3, and attenuation 0.5 dB/λ.
Assume the subbottom to have attenuation 0.2 dB/λ.

a. Perform a convergence analysis vs. discretization for the PE calculation
of transmission loss vs range and depth at 50 Hz for a source at 35 m
depth, for ranges out to 15 km, using the standard Gaussian starter.

b. Compare the PE solution to the solutions obtained using wavenumber
integration and normal modes, and discuss the differences in terms of
accuracy and numerical efficiency.

2



<<
  /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 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


