Astronomy 320

Homework Set 4
Tony Dunn

1.
 Supergiant stars
(i) 
The bright red star Betelgeuse in Orion is about 10,000 times more luminous than the Sun, yet its surface temperature, at about 3000K, is much cooler than that of the Sun.  Calculate the radius of Betelgeuse in solar radii using ratios.
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1 (ii)
If Betelgeuse were at the center of the Solar System instead of the Sun, which planets would be engulfed?

Betelgeuse would immediately engulf Mercury, Venus, Earth, and Mars.  Within months, unable to maintain circular orbits because of Betelgeuse’s 20 solar masses, Jupiter and Saturn would fall into the star.  Neptune and Uranus would follow.  Within a few years, even Pluto would complete its fall, crossing the photosphere of Betelgeuse.  An interesting question would be whether or not these planets would ultimately emerge from the star too.  If the outer layers of the star are orders of magnitudes less tenuous than the Earth’s atmosphere, can this thin gas stop something with as much momentum as a planet?

Before
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Immediately After
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2.  Unit Systems
(i)
Starting from the equation 
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 with 
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 in radians, and a and d in meters, show that the equation is also valid if 
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 is expressed in arcseconds, a is in AU and d is in parsecs.
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2 (ii) 
Show that 
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 and that therefore Kepler’s 3rd Law reduces to 
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 if the period P is expressed in years, the semi-major axis a is expressed in AU, and the sum of the masses is expressed in solar masses (MSun).  Begin with the value of G given in Hester’s Appendix 2.   Note that 1 N = 1 kg m/s2.
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(continued on next page…)

(…2(ii) continued )
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(…2(ii) continued )
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3 (i) At a good observatory site, stars about 1” or more apart can be resolved.  Consider a binary with this minimum separation that is 10pc away.  What orbital period would it have?  Assume the combined mass of the system is m1+m2 =~ 1 solar mass.
Without knowing the eccentricity and inclination of the system, it would be difficult to accurately compute the orbital period.  The following solution assumes a round orbit with an inclination of 0.
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(ii) For a more typical distance of 100 pc, what orbital period would be implied?  Assume all the same parameters as above, other than this distance.
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(iii) How long might you need to observe the binaries in (i) and (ii) to notice that they are orbiting one another?  Discuss.
At a separation of only 1”, these stars are on the verge on combining into a single point of light.  If the system has an inclination of 0 degrees, ¼ orbit should be enough to tell that that the stars have changed their orientation.  For system (i), this would take about 7-8 years.  For system (ii) it would take about 250 years.
[image: image67.png]



But if the system has an high inclination, it will take ½ an orbit.  The system will only be resolvable into 2 stars for a brief period of time when the separation is at its greatest from our vantage point.  This will happen twice per orbit.  For system (i), this would take about 15 years.  For system (ii) it would take about 500 years.
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Visual binary
Consider a visual binary system with eccentricity e=0 and inclination i=0.  You observe the following things about it. 

Angular separation a=1”.4

parallax = 0.04”

period P = 84 years

ratio of radii of orbits around the center of mass r1/r2=4

Make a careful sketch of the system.  Then determine the masses m1 and m2 of the two stars it contains.  Express your results in solar masses.
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  3.3cm = 1”.4 = 35 AU
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(continued on next page…)
(…4 continued)
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5.  Spectroscopic binary
Consider a double-lined spectroscopic binary system with a period of 3 years, eccentricity = 0 and inclination i=90, whose center of mass is at rest relative to you.

(i) For star 1, the maximum redshift you observe for the Hα line (λ0=6563Å) is Δλ=0.6Å.  What is this star’s orbital velocity?
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(ii) For star 2, the maximum redshift you observe is Δλ=0.3Å, again for the Hα line.  What is this star’s orbital velocity?
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(iii) Make a sketch of the system, its velocity curve, and then compute the masses of the two component stars, m1 and m2.  Express your results in solar masses.
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(…5(iii) continued )
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