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    WORKSHEET FOR XRAY LAB TO DETERMINE CHEMICALS IN STARS 

Astronomers think that almost all elements heavier than hydrogen and helium were forged inside of stars, then distributed throughout space in supernova explosions and through stellar winds (like the solar wind). In the following questions, you will calculate how much of these elements exist in Cas A, and compare them to some more familiar objects.

1) Everyone will get data for Knot 1. Instructor will assign one of the other 3 knots. For the TWO knots you have been assigned record in the table below the value of each physical parameter that you found in your model fit, their average values, and the Quality of Fit.  (2 points each table entry)
	
	Knot 1
	Knot 2
	Knot 3
	Knot 4
	Average

	kT
	
	
	
	
	

	nH
	
	
	
	
	

	Fe
	
	
	
	
	

	S
	
	
	
	
	

	Si
	
	
	
	
	

	Ca
	
	
	
	
	

	Mg
	
	
	
	
	

	Quality

of fit
	
	
	
	


2) Answer questions below about iron using Knot 1 abundance.

Numbers needed for questions 

radius of Cas A remnant =  3.5 x 1018 cm (assume the remnant is spherical)

radius of a knot = 2.5 x 1016 cm (assume the knots are spherical)

solar abundance of iron (by number of atoms) = 4.7 x 10-5
density = 10 atom/cm3  (Note: this is the total number of atoms per cm3; the number of 


atoms of a given element will be this number times the abundance by number of 


atoms)
1 mole = 6.02 x 1023 atoms

mass of Sun = 2 x 1033 gm

mass of Earth = 6 x 1027 gm

molar mass of iron (mass per Avogadro’s Number, 6.02 x 1023 atoms) = 56 gm

molar mass of hydrogen = 1 gm

#moles = # atoms /Avagadro’s #

What is the total mass of iron in a knot? Follow the steps below to calculate how much iron is in each knot (assuming all four are the same size). (4 points each) 


a) First, find the volume of a knot in cubic centimeters. Assume the knot is spherical.  Volume = 4/3 (pi)r3.


b) Given the volume from 10(a), and the density (in atoms/cm3) given above, calculate the number of all atoms in a knot. 


c) Assume for the moment that the knot has 1 solar abundance of iron (that is, the fraction of iron atoms versus total atoms in the knot is 4.7 x 10-5). Given the total number of atoms from 10(b), calculate the total number of iron atoms in the knot.


d) Given the number of iron atoms in the knot from 10 (c), calculate the number of moles of iron in the knot.

e) Given the number of moles of iron in the knot from 10(d), calculate the mass of iron in the knot.


f) In 10(c-e), we assumed the knot has 1 solar abundance of iron. However, from your model fits you found the actual abundances. Use those to find the total mass of iron in each knot.

            g) If it takes 1500 kg to make a car, how many cars could be made from this iron?

3) Answer questions below for calcium using Knot 1 abundance.  Repeat the calculations you just did for iron, but this time calculate the total mass of calcium in entire CAS A remnant. Calcium has an atomic mass of 40, and the solar abundance is 2.3x10-6. Show work below.

a) volume = ______________

b) # atoms = ______________

c) # calcium atoms = _____________ 

d) # moles =  _______________

e) mass = ________________

f) adjusted mass = ________________

g) If a gallon of milk has 4.6 grams of calcium, how many gallons of milk could be made from the calcium in Cas A? .

# gallons _________________

