Measuring the Properties of Stars Math Help

        3

Math Help:   Measuring the Properties of Stars
Please select from the following topics. Each topic includes a short description, 2-3 examples and a multiple choice/true-false quiz





Math Help:  Stefan-Boltzman Law




Math Help:   (m + M)P2 = a3
Math Help:  Stefan-Boltzman Law
This equation, L=4(R2(T4, known as the Stefan-Boltzman Law, tells us how much power per second is being radiated by the surface of a particular star. Astronomers call this power Luminosity, and it has dependancy on two properties of a star; it’s surface size (4(R2) and its surface temperature (T). These are direct relationships. An increase in either of the properties, results in an increase in Luminosity. The MKSA (metric system) unit for luminosity is the same as that for the power unit of light bulbs: Watts. As this would be a huge and cumbersome number, astronomers find it much more convenient to use units based on Solar values. In other words, instead of radius in kilometers we use Solar radius, [image: image1.png]


, and Luminosity in Solar Luminosity [image: image2.png]


.

Besides the Sun, the only other star we have been able to see as an extended source is Betelguese. Let’s use that in our example below.

Example 1. 
Compared to the Sun, Betelguese is a cooler star, but it is more luminous. Therefore it must be larger than the Sun. But how much larger?




LB = 21,000 Lsun



TB = 3,600 K




Tsun = 5,800 K

Lets start by setting up the ratios, isolating the terms for radii, and then, finally, solving to find RB (radius of Betelguese)in terms of Rsun (radius of the sun).




LB/Lsun = (RB2 * TB4 )/ (R2sun * T4sun) 



(constants 4(, and ( occur in both and therefore cancel out)




(LB/Lsun) * (T4sun/TB4 ) = RB2 / R2sun



1.41x105 = RB2 / R2sun



376Rsun = RB
Check out your understanding with the following exercises.



\MC

1.  Star A has twice the radius of Star B. Star B is twice as hot as Star A. Which of these stars has the greater Luminosity?



A. They have the same Luminosity.



B. Star A has the greater Luminosity.



C. Star B has the greater Luminosity.



D. There is not enough information to determine the answer.



Answer:
C

2. Star A has twice the radius of Star B. Star B is twice as hot as Star A. Above we determined that Star B had the greater Luminosity. How much greater is Star B’s Luminosity than Star A’s?



A. Star B has twice the Luminosity of Star A.



B. Star B has four times the Luminosity of Star A



C. Star B has eight times the Luminosity of Star A.



D. More information is needed to determine this answer.



Answer:
B

Math Help:   (m + M)P2 = a3
(m + M)P2 = a3 is a useful equation for determining total mass of a binary system when measurements of the separation between the primary and secondary bodies, and the calculation of the period of revolution of the secondary body about the primary body can be made. Actually, this equation can determine the total mass for any system based on knowledge of the period of some revolving object about some center of mass. For example, one can estimate the amount of mass within some radial distance of a galaxy’s center by finding the speed of revolution of an imagined body at that distance from the galaxy center. In that case, use of the equation for radial velocity from Dopplar Shift, (v = (((/()*c) must first be made. Howver, let’s concentrate on a more simple example, that of a binary star system. The terms inside the parentheses are the two indistinguishible masses, P is the period of revolution of the smaller body about the larger, and a is the semimajor axis of the orbit.

Example 1.
Compare the mass of Jupiter found by using the satellite Metis’ orbit with that found by

using the orbit of the satellite Ganymede. What information can we deduce from this calculation?



PM = 0.294 days
aM = 128 x103 km 



PG = 7.15 days

aG = 1,070 x103 km



MJ+M / MJ+G = (aM3/PM2) / (aG3/PG2)




      = 2.426 x1016/2.396 x1016 




      = 1.012

This tells us at once that the mass of Jupiter is much greater than either of those two moons.

Note, that this calculation as performed will not result in mass units. In that case conversions to years and AU must be made first.

Example 2.
Over a period of 12 years, a star is observed to circulate 36( around a second star. 

Multiple observations show that the average value of separation between the two stars is 35 AU. Find the total mass of this binary system.

A full orbit is 360(. If it takes 12 years to go 36( then a full orbit will take 120 years. Now we can apply the equation (m + M)P2 = a3 and calculate the masses.



(m + M) = a3/P2



 = 2.98 Msun
Now it’s your turn to take a crack at this.

1. The longer it takes for the secondary body to orbit the primary body, the greater the mass of the system.



Answer:
False 

2. If we use units of years for Period, then we must use units of AU for seperation (semi-major axis) in the equation, (m + M)P2 = a3. Why? 

\A The unit, years, is defined by Earth’s orbit around the sun which is the result of the mass of both earth and sun (mostly sun) and earth’s average distance in Astronomical Units from the sun. Both units are defined specifically for the sun/earth system thus making them a specific set of fundamental units just as meters, kilograms, and seconds are the fundamental units of the metric system.

3. Given that the units years and Astronomical Units are time and length units in the Solar unit system, what is the unit for mass in this system?



A. Kilograms (kg)



B. metric tonne



C. Solar Mass Unit (SMU)



D. Solar mass (Msun) or ([image: image3.png]


)



Answer:
D

