ISS and a Sunspot - Angular Scales

Photographer John Stetson took this photo on March 3, 2010 by carefully
tracking his telescope at the right moment as the International Space Station
passed across the disk of the sun.

The angular size, 0, in arcseconds of an object with a length of L meters at
a distance of D meters is given by

0 = 206265L
D

Problem 1 - The ISS is 108 meters wide, and was at an altitude of 350 km when
this photo was taken. If the sun is at a distance of 150 million kilometers, how
large is the sunspot in A) kilometers? B) compared to the size of Earth if the
diameter of Earth is 13,000 km?

Problem 2 - The sun has an angular diameter of 0.5 degrees. If the speed of the

ISS in its orbit is 10 km/sec, how long did it take for the ISS to cross the face of
the sun as viewed from the ground on Earth?
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Answer Key 1

Problem 1 - The ISS is 108 meters wide, and was at an altitude of 350 km when this
photo was taken. If the sun is at a distance of 150 million kilometers, how large is the
sunspot in A) kilometers? B) compared to the size of Earth if the diameter of Earth is
13,000 km?

Answer: As viewed from the ground, the ISS subtends an angle of
Angle = 206265 x (108 meters/350,000 meters) so
Angle = 63 arcseconds.

At the distance of the sun, which is 150 million kilometers, the angular size of the ISS
corresponds to a physical length of

L = 150 million kilometers x (63/206265) so

L = 46,000 kilometers.

The sunspot is comparable in width to that of the ISS and has a length about twice that
of he ISS so its size is about 46,000 km x 92,000 km.

As a comparison, Earth has a diameter of 13,000 km so the sunspot is about 3 times
the diameter of Earth in width, and 6 times the diameter of Earth in length.

Problem 2 - The sun has an angular diameter of 0.5 degrees. If the speed of the ISS
in its orbit is 10 km/sec, how long did it take for the ISS to cross the face of the sun as
viewed from the ground on Earth?

Answer: From the ground, convert the speed of the ISS in km/sec to an angular
speed in arcseconds/sec.

In one second, the ISS travels 10 km along its orbit. From the ground this corresponds
to an angular distance of
Angle = 206265 x (10 km/350 km)

= 5900 arcseconds.

The speed is then 5900 arcseconds/sec. The diameter of the sun is 0.5 degrees
which is 30 arcminutes or 1800 arcseconds. To cover this angular distance, the ISS
will take

T = 1800 arcseconds / (5900 arcseconds/s) so

T = 0.3 seconds!
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