Champlain College - St-Lambert Physics 203-BLE

Astrophysics
Problems

1. Calculate the absolute magnitude of Sirius and Alpha-Centauri from their apparent magni-
tudes and distances from the Earth.

Star Apparent magnitude| distance away (pc)
Sirius -1.46 2.65
a-Centauri -0.10 1.32

2. Sirius is 22 times more luminous than the Sun (L = 3.826 X 10%6 W), and Polaris is 2350

times more luminous than the Sun. Sirius appears 23 times brighter than Polaris. How much
farther away from us is Polaris than Sirius? What is the distance of Polaris in lightyears.

3. The following table gives information about two nearby stars:

Star Apparent magnitude| distance away (ly)
Fomalhaut 1.2 22
Aldebaran 0.9 38

a) To an observer on Earth which star would appear brighter?

b) Which star has the lowest absolute magnitude

c) What is the parallax angle of Fomalhaut?

d) Would you expect Aldebaran to have a greater of smaller parallax angle than Fomalhaut?

4. Show that

my! my=2.5log o )
1 is equivalent to

102(m1 —mp)l 5 _ 72
by

5. The definition of apparent magnitude is:

b
mi! my =2.5log b—?

while the definition of absolute magnitude is the apparent magnitude a star would have if it were
10 pc from us. Show that the absolute and apparent magnitudes of a star, M and m, are related to
the distance of the star through

m—M = 5log <%>
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6. Using the following H-R diagram based on the average properties of main sequence stars,
estimate how far (in lightyear and parsec) are the following stars. (Lo = 3.826 X 10% W)
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a) A main sequence star emits most of its energy at a wavelength of 3.87 x 10”7 m. Its appar-
ent brightness is measured to be 4.3 x 10 W m=.

b) A main sequence star of apparent brightness 3 x 10® W m has an approximate blackbody
spectrum with maximum intensity wavelength at 480 nm.

7. One of the first Cepheid variable stars to be studied is 5-Cephei. Its apparent magnitude var-
ies over time, and a relationship between peak absolute magnitude, M, and the time period of
the variation in magnitude was determine. Use the following data to:

a) estimate the peak absolute magnitude for 6-Cephei.
b) calculate the distance to 6-Cephei.
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Light curve of Delta Cephei © 2003, C J Hilder, waw. AstronomylnYcurHands com
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Peak absolute magnitude
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Light curve period of the star (days)

8. Using the previous relaionship, calculate the distance to the five brightest Cepheids

The five brightest Cepheids

Star Constellation | Magnitude Magnitude Change in Period

when bright- | when dim- magnitude

est mest
Polaris Ursa Minor 1.8 2.1 0.3 4.0 days
[ Carinae Carina 3.3 4.2 0.9 35.5 days
Beta Doradus | Dorado 3.5 4.1 0.6 9.8 days
eta Aquilae Aquila 3.5 4.4 0.9 7.2 days
delta Cephei Cepheus 3.5 4.4 0.9 5.4 days

9. Betelgeuse has an angular diameter of 0.016” (i.e. the angle subtended by the star’s diameter
at the eye of an observer) and a parallax of 0.0067”
a) What is the distance of Betelgeuse from the Earth?
b) What is its radius in terms of the Sun’s radius?

10. The following graph shows the variation in the speed along our line of sight of two stars in a
binary system. This data is obtained using the Doppler shifts of the absorption lines in the
spectrum of each star.

Rémi Poirier

page 3 of 4



60 [~ Observed Doppler velocity

from a spectroscopic binary system
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a) Using Kepler’s third law in the following form,

3
My (Ma) + (M) = gy"*“—))z

where m and m> are the masses of the stars expressed in solar mass units, A4u is the dis-
tance between the two stars in astronomical units (1 AU = 1.4960 x 10”m), and T the or-

bital period in years of the binary system, find the total mass of the system.
b) Using the fact that a more massive object is closer to the center of mass of the binary sys-

tem and also has a smaller orbital speed,
mi ar %)
my ap Vi

3

find the masses of stars A and B.

11. Complete the following table:(Ls = 3.826 x 10 W R = 6.96" 1C° m)

Stellar Data
Parallax Distance
Star m M angle o) Ll L R/R T (K)

(arcsec)
Sun -26.81 1.00 1.00 5770
Sirius -1.46 2.65 35 9230
Canopus 0.0333 6.5 1.6
Altair 2.2 5.1 7850
Procyon 0.2857 2.9 1.4
Betelgeuse 0.41 0.0067 660 3450
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