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name 
 

 

Do the Pre-Lab BEFORE the Lab 
 

Pre-Lab: Astrometry & Kinematics 
 

Velocities and Distances of Comets and Meteors 
 

 
 
In this lab you’ll be learning some basic techniques of how to measure angles, positions, distances and 
velocities.  In the Astronomy Program here at CSI, one of the major research areas is on “Asteroid 
Hunting,” led by Prof. Irving Robbins.  He spends endless nights in the observatory, even in January and 
February when is it absolutely freezing, and takes picture after picture of designated regions of the sky.  
He then compares these pictures (by “blinking” them on the computer) to find the asteroids.  He also 
calculates their orbital elements (positions, distance and velocities) in the same way as in part II of this 
lab.  His results get published in a professional journal along with other data obtained from national 
observatories.  If you enjoy this lab, check out our web site or stop by the observatory. 
 

Comets and Meteors – explain the difference between the two 

 
 

 
 

 
 

 
Now go and grab them…
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1) Read and understand the Appendix to this Lab. 
 Read Page 57, page 169 section 9-1; understand Figure 9-4 on page 170. 

 
2) What is an angular size?  

 

 

 

3) How does the angular size differ from a linear size?  
 

 

 

4) If you put an object at twice its distance, how does the angular size change?   
If you put an object at four times its distance, how does the angular size change?   
If you put an object at five times its distance, how does the LINEAR size change?   

 
5) What is the relationship between angular size, linear size, and distance?  Explain IN WORDS. 

 

 

 

6) Circle the correct statement, based on what you just said 
 

a) angular size is proportional to linear size d) angular size is inversely proportional to linear size 
b) linear size is proportional to distance e) linear size is inversely proportional to distance 
c) angular size is proportional to distance f) angular size is inversely proportional to distance 

 
 
7) Abbreviate what you have just said and turn it into a formula.  Use the term “proportional,” or 

“inversely proportional;” use the symbol “∝” for the word “proportional.” 
 

 
 
8) Write down the Small Angle formula. 

 

 
9) Solve the Small Angle formula for the distance (re-arrange so that distance=…) 

 

 
 
10) Is this formula consistent with the formula of question 8?   

Is this formula consistent with the statement of question 9?   
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OPTIONAL Exercise for Extra Credit – NO calculation needed, only analyze the Table 
 
The Small Angle Formula is only applicable to small angles.  Why?  It is an approximation.  Check the 
drawing in the Appendix.  The linear size is actually not linear, it is an arc of a circle.  Therefore, the 
mathematically more correct method would be to deal with real triangles like we did in Lab #1. 
 
 
 
                                                                                                                                         s 
 
 
 

Using trigonometry we have: 
r
s=θtan   θtan⋅= rs .  The small angle formula is: o

rs
3.57
θ⋅=  

 
So how accurate is the small angle formula?  The easiest way to go about that is to try some numbers.  
To make it easy, let’s take a distance, r, of 1 pc, and then calculate the linear size, s, for several angles.  
This is done for you.  The last column shows the percentage discrepancy between the values of s. 
 

trigonometry small angle formula percentage error

60 deg 1.7320508075689 1.0471975511966 39.5400211921927 60 ± 23.724 deg
50 deg 1.1917535925942 0.8726646259972 26.7747434184320 50 ± 13.3874 deg
40 deg 0.8390996311773 0.6981317007977 16.7999037470397 40 ± 6.71996 deg
30 deg 0.5773502691896 0.5235987755983 9.3100317882891 30 ± 2.79301 deg
20 deg 0.3639702342662 0.3490658503989 4.0949458126391 20 ± 0.81899 deg
10 deg 0.1763269807085 0.1745329251994 1.0174594391758 10 ± 0.10175 deg
5 deg 0.0874886635259 0.0872664625997 0.2539768208274 5 ± 0.0127 deg
1 deg 0.0174550649282 0.0174532925199 0.0101541202028 1 ± 0.0001 deg

30 min 0.0087268677908 0.0087266462600 0.0025384913861 30 ± 0.00076 min
10 min 0.0029088902913 0.0029088820867 0.0002820533256 10 ± 2.8E-05 min
5 min 0.0014544420689 0.0014544410433 0.0000705133015 5 ± 3.5E-06 min
1 min 0.0002908882169 0.0002908882087 0.0000028205317 1 ± 2.8E-08 min

30 sec 0.0001454441054 0.0001454441043 0.0000007051329 30 ± 2.1E-07 sec
10 sec 0.0000484813681 0.0000484813681 0.0000000783481 10 ± 7.8E-09 sec
5 sec 0.0000242406841 0.0000242406841 0.0000000195870 5 ± 9.8E-10 sec
1 sec 0.0000048481368 0.0000048481368 0.0000000007835 1 ± 7.8E-12 sec

angle angle ± accuracy

θtan⋅= rs trig o

rs saf
3.57
θ⋅=

trig

saftrig

s

ss −

 
 

Comment on the accuracy of the small angle formula.  Would you use the small angle formula for an 
angle of 10o?  If your answer is “no,” explain under which conditions you would nevertheless use the 
small angle formula for an angle of 10o?  What about an angle of 1o, 10’ or 1’? 
 

 

 

 

 

Angle θ 

r
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Appendix: The Small Angle Formula 
 

You have to know how to use the small angle formula (boxed equations). 
Understanding the derivation is optional. 

 
Let’s look at the stars.  Since they all seem to be equally far away, it looks to us as if they are painted 
onto a circular dome like in the picture below.  You look at two stars and see the angular distance, θ, 
between the stars.  The distance between the stars, “s,” depends on both the angle, θ, and the distance to 
the stars.  The bigger the angle, the bigger the size “s.”  An angle of 90o corresponds to one quarter of a 
circle, and an angle of 360o corresponds to the circumference of the circle.  The circumference of a 
circle is C=2πr, where r is the radius of the circle.  This corresponds to an angle of 360o.  However, we 
are only interested in a fraction of the circle, the distance “s” that corresponds to the angle, θ.  If you 
increase the angle θ, “s” increases in a similar fashion.  This means that the ratio remains the same, or in 
terms of a formula it means that 
 

=
θ
s constant 

 

The largest angle is 360°, but the ratio is still the same, i.e., 
 

=o

C
360

constant
θ
s=  

· 

We can measure the angle, θ; however, we have to calculate the 
linear distance “s” by solving the above equation.  We get 
 

θ · 
360o
Cs =  

 

Since the circumference C is equal to 2πr, this gives 
 

θπ  · 
360
2

o

rs =  
 

Dividing this by 2π gives 
 

 θ · 
3.57 o

rs =  

 
Since the angles in astronomy are generally very small, we often prefer to quote the angles in arc 
seconds rather than degrees. Since there are 60 arc minutes in one degree, and again 60 arc seconds in 
one arc minute this gives 
 

"60 · 60 · 3.57
 · θrs =  

 

And the final relationship we will use in class then is 
 

 "206265
θrs =  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


