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The most important part of any number is the exponent. After that, the next most
important number is the first digit of the coefficient (the number that multiplies the power of ten).

The second and subsequent digits of the coefficient are just small corrections to the first digit. 1

The number of digits in the coefficient (also called the “number of significant figures”)
tells us how well we know that number. For example, if your friend gives you driving directions,
there is a tremendous difference between the direction to “drive a couple of dozen miles east and
then turn left on Obscure Alley” and the direction to “drive 25.2 miles east and then turn left on
Obscure Alley.” The first direction is rather vague and imprecise. You expect to find Obscure
Alley somewhere between 12 and 36 miles away. If you miss the left turn, you will probably
drive quite far before you turn around to look for it again. The second directiony) is very precise
and you expect to find Obscure Alley between 25.1 and 25.3 miles away. If you miss the turn,
you will probably turn around by the time you have driven 26 miles. The extra digits in the
second set of directions imply that your friend has measured the distance carefully.

Similarly, the silliness of having too many digitsisillustrated by the following anecdote.
Suppose that you ask a museum guard how old a dinosaur _skeleton is. He responds that it is 75
million and 3 (75,000,003) years old. When you look puzzled, he explains that when he started
the job three years ago, the skeleton was already 75 million years old. 3

Many of us make the same kind of mistake with our calculators. Suppose that we used
23.0 galons of gasoline to drive 327 miles. If we divide 327 by 23 on our calculator we get
14.2173913... . But this cannot be the answer to our problem s We did not measure either the
miles driven or the fuel consumed to 1 part in a billion so our answer cannot possibly be so
precise. Our gas mileage should be 327 miles/23.0 gallons = 14.2 miles/gallon
(“guesstimation”, L. Weinstein and J. A. Adam, Princeton University Press )

1 2.58x 10° (O
(i) the exponent, (ii) the coefficient, (iii) the first
digit of the coefficient, (iv) The second and subsequent digits of the coefficient, (v) The
number of digitsin the coefficient (also called the “number of significant figures”).
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The space age began 50 years ago with the launch of Sputnik 1 by the Soviet Union on 4
October 1957. Since that time, some 4500 additional launches have taken place. Today 850
active satellites are in orbit, supporting a wide range of civil and military uses. The US owns and
operates roughly half of those satellites.

As aresult of this space activity, atremendous amount of debris has been left orbiting in
space. Orbital debrisis any human made object in orbit that no longer servesa useful purpose. It
comes in the form of discarded equipment and rocket stages, defunct satellites, bolts and other
hard ware released during the deployment of satellites, and fragments from the breakup of
satellites and rocket stages.

Space debris is the growing concern. With their high speed in orbit, even relatively
small pieces of debris can damage or destroy satellites in a collision. Since debris at high
altitudes can stay in orbit for decades or longer, it accumulates as more is produced. As the
amount grows, the risk of collisions with satellites also grows. If the amount of debris at some
altitudes becomes sufficiently large, it could become difficult to use those regions for satellites.
There is currently no effective way to remove large amounts of debris from orbit, so controlling

the production of debrisis essential for preserving the long term use of space.(y)

The debris issue gained prominence in January 2007 when China tested an antisatellite
weapon that destroyed one of its defunct weather satellites, the Feng Yun-1C, at an altitude of
about 850 km. The test added significantly to the debris population near that altitude.

The orbiting objects that are sufficiently large are tracked by the US Space Surveillance
Network (SSN), which consists of a mix of radars and optical sensors. That system can track
objects in low-Earth orbit (defined as altitudes less than 2000 km) with size larger than 510 cm
and objects in geosynchronous orbit (at an atitude of 35876 km) larger than roughly a meter.
Using SSN data, US Strategic Command maintains a catalog of objects; to be in the catalog, the
objects must be tracked by the SSN and its origin must be known. Currently the catalog contains
some 12000 objects, including about 850 active satellites. The SSN(» aso tracks several
thousand additional objects whose origins are not known.

Orbital speeds of debris in low-Earth orbit are greater than 7 km/s, and the relative
speed of a piece of debris approaching a satellite in an intersecting orbit may be 10 km/s or
higher. To give a sense of the potential destructiveness of debris at those speeds, note that a 1-g
mass traveling at 10 km/s has the same kinetic energy as the 100-kg mass traveling in excess of
100 km/hr. Alternately, at 10 km/s, the kinetic erergy of a mass mis roughly equal to the energy
released in an explosionof a mass 10m of high explosive.

Debris between 1 mm and 1 cm in size can damage a satellite if it hits a vulnerable area.
Shielding can protect against objects of that size, but adding shielding increases the cost both of
building satellites and of launching them, and many satellites have minimal shielding.




Debris larger than about 1 cm can seriously damage or destroy a satellite in a collision,
and there is no effective shielding against such particles. Debris particles larger than 1cm but too
small to be tracked are especially dangerous because satellites are unlikely to have warning to
alow them to avoid colliding with such objects. (3

Debris larger than 10 cm may be massive enough to create large amounts of additional
debrisin a collision with a satellite or another large piece of debris.

(“Space debris”, D. Wright, Physics Today, October 2007 )
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