
Satellite Altimeter

We shall take earth radii as our distance unit, , and  as the satellite distance above the" B
surface of the earth (altitude).  See Figure  below."
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Circumference of the circular orbit velocity times periodœ
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Rearrange to get a form of Kepler's third law
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A satellite arc, , subtended by an angle, , as measured by on observer on the surface of= )

the earth would be different than the angle, , between the position vectors from the9

center of the earth.  One reason for this difference is that the observer to satellite distance
is shorter than the center of the earth to satellite distance.  Lets assume that the satellite
passes directly overhead, through the zenith, and we measure the time, , between two>
positions at equal angles from the zenith.  We want to find a relationship to give us the
distance, , when we measure the time, , it takes for a satellite to pass through the arc .B > )
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Now we use some geometry to replace  by  .  Since   a straight line= = ¸)
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Solving for B

B œ '
" >

# Î#

1

" � Btana b
È

Èa b a b
)
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If we time satellite passage in seconds, , through a ° arc then this formula can be> $!
solved to find , the satellites height above the surface.  Some results are summarized inB
the table below
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miles
  87
178
265
353
435
519
598
677

The line  fits this data closely.  This chart would be useful for making a7 œ )Þ%# > � "!
crude determination of satellite altitude with a stopwatch, and is in fact the chart used by
my Satellite Altimeter.

If the satellite is measured at two times not exactly straddling the zenith, then we must
alter our formula.  Any deviation from the exact straddle will result in  appearing to beB
larger than it really is.  An angle, , related to the elevation now figures into formula : a b'
as
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The term     may be calculated from the sight angle unit vectors    and   , andsin : 66 66c d c d! "
the observer position vector  .  See Figure  below.<. #
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Solving for  we get .  This is the approach used in ELFIND to get an initialB (a b
approximation to the length of the satellite position vector.


