
Physics 2200 Final exam

• Reproducible research is a concept relevant for a data analysis and computational
projects. It requires that the data and the computer code which went into doing that
analysis be available to others so that they might examine what you’ve done and
reproduce your findings.

In the spirit of reproducible research approach, your code must be ’compilable’
(using make) and ’runnable’ and produce the numerical results and graphics without
any grader’s intervention.

• You are welcome to discuss the project’s ideas with others in order to better under-
stand them but the work you turn in must be your own. In particular, you must
write your own code, run your own calculations, and communicate and explain the
results in your own words.

• You are encouraged to talk to the instructor at all stages of your project.

Name:

Date:

Question: 1 2 Total

Points: 40 60 100

Score:

Page i



Physics 2200 Final exam Fall, 2016

1. Recall the class discussion of approximating π by the ratio, pn, of the perimeter of a
regular n-sided polygon inscribed in a circle of radius r, ln, to the diameter of that
circle.

pn ≡
ln
2r
, (1)

π = lim
n→∞

pn. (2)

We derived the following expression for pn:

pn = nsinαn, (3)

where
αn =

π
n
. (4)

sinα2n =

√
1−

√
1− sin2αn

2
(5)

We supplemented the recurrence relation Eq. (5) by the initial condition

sinα4 = sin
π
4

=
1
√

2
. (6)

The results of calculations using Eq. (3), (5) are presented in Fig 1 using starred points
connected by a line. They (results) are absolutely unsatisfactory.

Your tasks in this project are as following:

(a) (5 points) Create a GitLab repository for your project, call it fin1, and upload
there all your C code, your Makefile, and .gitignore file. Chose a license for your
project.

(b) (10 points) In several sentences explain the reason for catastrophic precision loss
when using Eq. (5). Create README.md file that containing your explanation

(c) (10 points) Based on your explanation modify Eq. (5) to remediate the problem.
Write a program based on your version of the formula. Plot a graph of the absolute
error vs number of sides in the polygon.

(d) (15 points) Your C code should (a) produce no warnings or errors when compiled,
(b) produce the results, (c) use reliable components, (d) be well commented, (e) be
written elegantly, and (f) properly and consistently formatted. Your repository
should contain snapshots of your code as you develop it!

The code that was used to produce the results demonstrating the catastrophic precision
loss is available for re-using from the download area of course website, in the directory
pi-poly.
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Figure 1: Absolute error in calculating π via polygon geometry. Graph of 1
x2 is provided

for comparison.
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2. This project applies numerical integration of ordinary differential equations to the
prediction of the structure of white dwarf stars. The goal is to determine the depen-
dence of the radius of a white dwarf stars versut its mass and find the maximal mass
of the white dwarf.

White dwarfs are thought to be the final evolutionary state of stars whose mass is
not high enough. If the star can be supported against its gravitational collapse by
electron degeneracy pressure, then the internal structure of the star is described by the
following system of two ordinary differential equations:

dm
dr

= ρr2 (7)

dρ
dr

= −
mρ

γ(ρ)r2 (8)

where

γ(ρ) =
ρ2/3

3
√

1 + ρ2/3
(9)

r is the dimensionless radius, ρ(r) is the dimensionless density, and m(r) is dimension-
less the mass inside the sphere of radius r. Eq. (7), (8) are written in the units where
distance is measured in R0 and mass in M0, where for a white dwarf star consisting
of 12C, M0 = 0.71×M� and R0 = 0.006×R�, where M� and R� are the mass and the
radius of the Sun.

This first order differential equations need to be integrated from r = 0, ρ = ρc, m = 0
to the value of r at which ρ = 0, which defines the dimensionless radius of the star R,
and the dimensionless mass of the star is then M = m(R). The scaled solution then
depends on the dimensionless central mass density ρc.

For small values of r Eq. (8) can be rewritten in the following numerically-preferable
form:

dρ
dr

= −1
3
r ρ2

c

γ(ρc)
. (10)

Your tasks in this project are as following:

(a) (5 points) Create a GitLab repository for your project, call it fin2, and upload
there all your C code, your Makefile, and .gitignore file. Chose a license for your
project.

(b) (10 points) In several sentences explain the project. Create README.md file that
containing your explanation

(c) (20 points) Write the program that integrates Eq. (7), (8) for a set of different
values of central density ρc. To produce a nice looking graph of M(R) use a
logarithmically spaced values of ρc as following:
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1 double rho_c1 = 0.08; /* min density in the center */

2 double rho_c2 = 100000.; /* max density in the center */

3 double r, r1 = 100.; /* interval of integration */

4 double factor;

5 int npoints = 100;

6 ...

7 factor = exp(log(rho_c2/rho_c1)/ (npoints - 1));

8 rho_c = rho_c1/factor;

9 ...

10 for (i = 0; i <= npoints; i++)

11 {

12 /*
13 * Initial conditions

14 */

15 rho_c *= factor;

16 ...� �
Integrate the equations to the value of r at which ρ = 0, e.g. as following:� �

1 while (r < r1)

2 {

3 status = gsl_odeiv2_evolve_apply(e, c, s, &sys,

4 &r, r1, &stepsize, y);

5

6 if (status != GSL_SUCCESS)

7 {

8 printf("Troubles at % .5e % .5e % .5e\n",

9 r, y[0], y[1]);

10 break;

11 }

12

13 if (y[1] <= 0.)

14 {

15 /* reached the edge of the dwarf */

16 break;

17 }

18

19 }

20 printf("% .6e % .6e % .6e % .6e\n",

21 rho_c, r, y[0], y[1]);� �
(d) (15 points) Your C code should (a) produce no warnings or errors when compiled,

(b) produce the results, (c) use reliable components, (d) be well commented, (e) be
written elegantly, and (f) properly and consistently formatted. Your repository
should contain snapshots of your code as you develop it!
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(e) (10 points) Plot a graph of m(R). Use a scripting program, e.g. gnuplot. Visually
determine the maximal white dwarf mass (in solar masses) with ca 5% accuracy.

MC :
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