
First compulsory exercise

Deadline Nov 2., 2009

This first model is going to be very simple. You are only to consider a star
in hydrostatic equilibrium and test how much energy is produced inside it.
So far you should not include the transport of energy at all.

Method

The method you should use to solve the equations are as follows: Split the
star into thin shells, as a function of mass. Star at the outer shell and calcu-
late the characteristics of the shell further in, based on what you know about
the current shell. The differential equations should be solved to first order.
The differential equations you need are the following:
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and you also need the equation for the density in a thin shell based on the
mass contained inside, and the radius of the shell. You also need an equation
of state, where you can assume that the gas in the star is an ideal gas with
a molecular weight µ = 0.6.

Questions

You will have to write a computer program that can solve the equations
above in layers of the star from the outside and in(See later on the form of
the returned paper). The objective is to find out what the stellar radius is.
The way to do that is to start with a sensible choice for the stellar radius,
do the model and see if the radius of the innermost shell is zero. Since that
is not, you will most likely have to revise you choice for the stellar radius. In
that way you can revise your choice for the stellar radius until you arrive at
a correct answer - you will need to determine the radius of the star with a
precision of 1%.
To see if the star you get actually produces enough energy compared to it’s
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luminosity, you should solve the problem above, and calculate the nuclear
energy production for each of the shells, and compare the total amount of
energy produced pr second with the luminosity of the star(The data for the
star follows). You should only include the p(p, e+ν)d process.

Help

Table 2.3 from Stix. Here the unit might be slightly confusing. Remem-
ber that Avogadros number is the number of hydrogen atoms in 1 gram of
hydrogen. That also means that to find the total number of reactions pr sec-
ond, λppNAρX2/2 gives you the number of reactions pr gram and per second,
when the density is in grams pr cm3.

It is often a good idea to have very small steps in mass close to the stellar
surface, and close to the center of the star, while the steps in mass can be
higher in the middle of the star. You should have at least 100 shells in your
model.

Stellar data

Surface parameters:

L∗ = 25.4L⊙

T∗ = 9940 K

M∗ = 2.02M⊙

P∗ = 1.0 104 Pa

Hydrogen mass fraction: X = 0.9

Structure of the report

It is very important that you follow these instructions, otherwise you might
not get the report accepted. If you do not get it accepted you will get
one more chance to revise you report for acceptance. If you do not get
the report accepted, you will not be allowed to go to the final exam! The
following things should be part of the report: A print-out AND an email
of your computer program and instructions on how to execute it, so that
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I can try it. The computer program should have comments included in it,
explaining what the different variables and arrays/lists represents. A plot
with radius of the innermost shell for your guesses of the stellar radius (first
guess, second guess, third guess and so on). For the final model, a plot
of radius, pressure,temperature and luminosity as a function of mass. You
will also need to calculate the total luminosity produced by your shells, and
compare it to the luminosity of the star that is provided above. If it is not the
same, then you will have to try to come with an explanation of why the two
numbers are not the same. You will of course also have to write a document
explaining what is being done.

Example of code-text (IDL)

mass=fltarr(100) ; array of masses

radius=fltarr(100) ; array of radius values

L=fltarr(100) ; array of luminosities

...

...

m0 = 2.0d30 ; solar mass in kg

...

...

mass[99] = 2.02 * m0 ; setting mass included inside

; outer shell

mass[0:98]=mass[99]* ...... ; Setting up all values of the

; mass inside the shells

...

for i=98,0,-1 do begin ; Starting Loop

r[i]=...... ; Calculating radius of shell i

rho[i] = ...... ; Calculating the density of shell i

....

....

endfor ; Loop ends

Comments and questions

Comments and questions can be emailed to :

boris@astro.uio.no
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or
antolin@astro.uio.no
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