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Problem D 
CONSERVATION OF MOMENTUM 
PROBLEM 
Kangaroos are good runners that can sustain a speed of 56 km/h (15.5 m/s). 
Suppose a kangaroo is sitting on a log that is floating in a lake. When the 
kangaroo gets scared, she jumps off the log with a velocity of 15 m/s toward the 
bank. The log moves with a velocity of 3.8 m/s away from the bank. If the mass of 
the log is 250 kg, what is the mass of the kangaroo? 
SOLUTION 
1. DEFINE 
Given: vk,i = initial velocity of kangaroo = 0 m/s 
 v1,i = initial velocity of log = 0 m/s 
 vk,f = final velocity of kangaroo = 15 m/s towards bank = +15 m/s 
 v1,f = final velocity of log = 3.8 m/s away from bank = −3.8 m/s 
 ml = mass of log = 250 kg 
Unknown: mk = mass of kangaroo = ? 
2. PLAN Choose the equation(s) or situation: Because the momentum of the 
kangaroo-log system is conserved and therefore remains constant, the total initial 
momentum of the kangaroo and log will equal the total final momentum of the 
kangaroo and log. 
 mkvk,i + mlv1,i = mkvk,f + mlv1,f 
The initial velocities of the kangaroo and log are zero, and therefore the initial 
momentum for each of them is zero. It thus follows that the total final momentum 
for the kangaroo and log must also equal zero. The momentum-conservation 
equation reduces to the following: 
 mkvk,f + mlv1,f = 0 
Rearrange the equation(s) and isolate the unknown(s):  

 
    
mk =

−mlv1,f

vk,f
 

3. CALCULATE Substitute the values into the equation(s) and solve: 

 

    

mk =
−(250 kg)(−3.8 m/s)

15 m/s
mk = 63 kg

 

4. EVALUATE Because the log is about four times as massive as the kangaroo, its 
velocity is about one-fourth as large as the kangaroo’s velocity. 
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ADDITIONAL PRACTICE 
 1. The largest single publication in the world is the 1112-volume set of British 

Parliamentary Papers for 1968 through 1972. The complete set has a mass of 
3.3 × 103 kg. Suppose the entire publication is placed on a cart that can move 
without friction. The cart is at rest, and a librarian is sitting on top of it, just 
having loaded the last volume. The librarian jumps off the cart with a 
horizontal velocity relative to the floor of 2.5 m/s to the right. The cart begins 
to roll to the left at a speed of 0.05 m/s. Assuming the cart’s mass is negligible, 
what is the librarian’s mass? 

 2. The largest grand piano in the world is really grand. Built in London, it has a 
mass of 1.25 × 103 kg. Suppose a pianist finishes playing this piano and pushes 
herself from the piano so that she rolls backwards with a speed of 1.4 m/s. 
Meanwhile, the piano rolls forward so that in 4.0 s it travels 24 cm at constant 
velocity. Assuming the stool that the pianist is sitting on has a negligible mass, 
what is the pianist’s mass? 

 3. With a mass of 114 kg, Baby Bird is the smallest monoplane ever flown. 
Suppose the Baby Bird and pilot are coasting along the runway when the pilot 
jumps horizontally to the runway behind the plane. The pilot’s velocity upon 
leaving the plane is 5.32 m/s backward. After the pilot jumps from the plane, 
the plane coasts forward with a speed of 3.40 m/s. If the pilot’s mass equals 
60.0 kg, what is the velocity of the plane and pilot before the pilot jumps? 

 4. The September 14, 1987, issue of the New York Times had a mass of 5.4 kg. 
Suppose a skateboarder picks up a copy of this issue to have a look at the 
comic pages while rolling backward on the skateboard. Upon realizing that the 
New York Times doesn’t have a “funnies” section, the skateboarder promptly 
throws the entire issue in a recycling container. The newspaper is thrown 
forward with a speed of 7.4 m/s. When the skater throws the newspaper away, 
he rolls backward at a speed of 1.4 m/s. If the combined mass of the 
skateboarder and skateboard is assumed to be 50.0 kg, what is the initial 
velocity of the skateboarder and newspaper? 

 5. The longest bicycle in the world was built in New Zealand in 1988. It is more 
than 20 m in length, has a mass of 3.4 × 102 kg, and can be ridden by four 
people at a time. Suppose four people are riding the bike southeast when they 
realize that the street turns and that the bike won’t make it around the corner. 
All four riders jump off the bike at the same time and with the same velocity 
(9.0 km/h to the northwest, as measured relative to Earth). The bicycle 
continues to travel forward with a velocity of 28 km/h to the southeast. If the 
combined mass of the riders is 2.6 × 102 kg, what is the velocity of the bicycle 
and riders immediately before the riders’ escape? 
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 6. The largest frog ever found was discovered in Cameroon in 1989. The frog’s 

mass was nearly 3.6 kg. Suppose this frog is placed on a skateboard with a 
mass of 3.0 kg. The frog jumps horizontally off the skateboard to the right, and 
the skateboard rolls freely in the opposite direction with a speed of 2.0 m/s 
relative to the ground. If the frog and skateboard are initially at rest, what is 
the initial horizontal velocity of the frog? 

 7.  In 1994, a pumpkin with a mass of 449 kg was grown in Canada. Suppose you 
want to push a pumpkin with this mass along a smooth, horizontal ramp. You 
give the pumpkin a good push, only to find yourself sliding backwards at a 
speed of 4.0 m/s. How far will the pumpkin slide 3.0 s after the push? Assume 
your mass to be 60.0 kg. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <FEFF>
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [594.000 783.000]
>> setpagedevice


