
Physics with Matlab and Mathematica Exercise #1 28 Aug 2012

You can work this exercise in either matlab or mathematica. Your choice.

A simple harmonic oscillator is constructed from a mass m and a spring with stiffness con-
stant k. It moves in one dimension x(t) with velocity v(t) where

x(t) = A cos(ωt+ φ)

and v(t) = ẋ(t) = −ωA sin(ωt+ φ)

where ω =
√
k/m. The kinetic energy of the mass is K = 1

2
mv2. At the initial time t = 0,

the position and velocity are given by

x0 = x(0) = A cosφ

and v0 = v(0) = −ωA sinφ

so that

A =

√
x2

0 +
v2

0

ω2

and φ = tan−1
(
− v0

ωx0

)

Plot the kinetic energy as a function of time, from t = 0 to t = 10 sec, for an oscillator with
m = 1.75 kg, k = 2 N/m, and which starts from x0 = 0.25 m with velocity v0 = 1.25 m/sec.

All you need to turn in is a figure of your plot, saved in whatever
format you like.



Physics with Matlab and Mathematica Exercise #2 4 Sep 2012

This is a Mathematica exercise.

A damped oscillator in one dimension x moves with time t according to

x(t) = e−βt [C1 cos(ωt) + C2 sin(ωt)]

where β and ω are positive constants and C1 and C2 are determined from the initial conditions
x(0) = x0 and ẋ(0) = dx/dt|t=0 = v0.

Define a Mathematica function x[t] as described above. You’ll need the built-in functions
Exp[x], Cos[x], and Sin[x]. Solve the two initial conditions for the constants C1 and C2 in
terms of x0 and v0. Plot x(t) for some choices of β and ω over a large enough range in t to
see several oscillations that damp away. Do this for a few choices of x0 and v0.

A cooler way to make the plot for choices of x0 and v0 is to use the Manipulate command in
Mathematica. Give it a try.

Just email your evaluated notebook, including the plots, to the usual
address.



Physics with Matlab and Mathematica Exercise #3 11 Sep 2012

This is a matlab exercise.

You are to write a program which writes, to an output file, values of e according to the
Taylor expansion formula, namely

e = 1 +
1

1!
+

1

2!
+

1

3!
+

1

4!
+ · · · =
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N=0

1

N !

You get approximations for e by carrying out this summation up to some maximum value
of N . Calculate e for several different values Nmax and write the results out to a plain text
file with something like the following format:

Nmax ẽ ∆ (%)
xx x.xxxxx xx.xx
xx x.xxxxx xx.xx
xx x.xxxxx xx.xx

etc.

where ẽ represents your approximation for e and ∆ = (e− ẽ)/e. Include the table headings
and some facsimile of a horizontal line under them. Just use roman characters, and make
use of the fact that a plain text file has equal spaces everywhere.

You should include several different values of Nmax, in fact, see how many terms you need to
include in order to get an approximation good to some number of significant digits. There
are different ways for you to carry out the sum. One option is a for loop, but there are simpler
and more elegant ways, for example using the sum function. Note that n! is is calculated
with factorial(n).

You need to email two files for this assignment. One is the program,
that is, the m-file. The other is a text file with the table.



Physics with Matlab and Mathematica Exercise #4 18 Sep 2012

This is a matlab exercise.

Download the file MPG.dat from the course website. This is a two-column data file. The
first column is the day since 1 July 2008, and the second is the gas mileage (in miles per
gallon) of a particular car since the last time the tank was filled.

Make a one-page figure with three plots on it. The first plot should be in the upper half of
the page, and graph the gas mileage as a function of day. Make the data points little circles,
and do not connect them with lines. Set the axis limits from zero to 1200 for the days, and
20 to 40 for the mileage. Label the axes “Day since July 1, 2008” and “MPG”.

You will need the matlab commands load, subplot, axis, xlabel, and ylabel for this part, as
well as some other commands you have already seen.

The second and third plots are in the lower left and lower right portions of the page. They
should be histograms of the gas mileage, for certain periods of time. The lower left should
histogram the mileage for the period January and February months, and the lower right
should histogram the mileage for July and August. For each plot, include a title that gives
the average mileage ± its standard deviation, for that time period.

You will need the matlab commands datenum, find, hist, stairs, title, and num2str for this
part, as well as some other commands you have already seen. You may also find it useful to
use the mod command, so that you can pick out days modulo 365; this makes it easier to
select the months independent of the year.

All you need to turn in is a figure of your one page with the three
plots, saved in whatever format you like.



Physics with Matlab and Mathematica Exercise #5 25 Sep 2012

This is a matlab exercise.

This exercise is to fit some data for radioactive decay as a function of time, using the
polynomial fitting function polyfit in matlab. The number of counts −∆N > 0 detected
in time ∆t is called the decay rate R = −∆N/∆t ≈ −dN/dt. Quantum mechanics tells us
that R is proportional to N , the number of radioactive nuclei present at time t. That is
dN/dt = −λN for some positive constant λ. Therefore N(t) = N0e

−λt and R = λN0e
−λt.

Download the file A137.dat. It has two columns, the first is time in seconds and the second
is the number of detected decays per second. Write a program to fit this data to the form
R = R0e

−λt. Do this by taking the natural logarithm of both sides, and using polyval to fit
the result to a straight line. (Note that log is the matlab function for natural logarithm.)

Plot the data points with some symbol of your choice, but fill them in with some color.
Include the the fitted function through your data points, covering the range 0 ≤ t ≤ 120 sec,
which extends past the lower and upper ends of the data values. Use a color for the line that
is different than the color you used for the points. Note that you can easily calculate the fit
function from the parameters returned by polyfit using the function polyval, but don’t forget
to turn it back into an exponential!

Store your plot in a pdf file, using an eight-inch square plot area. Label the x- and y-axes,
and use a larger font than the default. Also use the text function to put the lifetime τ
somewhere within the plot area. I suggest a writing it as “τ =xx.x sec”, that is, a %4.1f
format. You might also play with the size and placing of the tick marks and their labels.

You need to email two files for this assignment, namely the program
(m-file) and the pdf of the plot.



Physics with Matlab and Mathematica Exercise #6 2 Oct 2012

This is a matlab exercise.

This exercise is to produce a histogram of a set of random numbers, distributed according
to a gaussian. You are to write a program (i.e an m-file) that asks the user for the mean and
standard deviation of the Gaussian, and the number of points to generate. The output is a
pdf file that shows the histogrammed data along with the Gaussian shape that corresponds
to the input parameters. You’ll need to recall that a Gaussian function is given by

g(x) =
1

σ
√

2π
e−(x−x̄)2/2σ2

where the mean is x̄, the standard deviation is σ, and the normalization is
∫∞
−∞ g(x)dx = 1.

You need to email two files for this assignment. One is the program,
that is, the m-file. The other is the pdf file with the plot.

In addition to matlab functions and commands encountered in the introduction today and
in previous classes, you will need to make use of two other commands. One is the function
rand(N,1) which returns an N -dimensional array of random numbers between zero and one.
The other is the function erfinv(r) which returns a number distributed according to a Gaussian
with mean zero and standard deviation 1/

√
2 for a random number r between minus one

and one.

Make your plot (as it appears in the pdf file) eight inches square. Plot the histogram as
round, red points, and the superimposed Gaussian function as a thick blue line. Put a
suitable label on the x-axis, but label the y-axis “Number of points per xx.xx” where xx.xx
is the bin width. (Think about this! You will need to appreciate this point to plot an
appropriately normalized Gaussian function.) Include a title that has in it the values of the
generated mean and standard deviation.

You are of course welcome to run your program with whatever parameters you want to use
as input. Exercise your freedom to make your plot look “good.” For example, use a range
on the x-axis that fully covers the Gaussian, perhaps several standard deviations below and
above the mean. Perhaps you’d like to adjust the font size of the axis labels or title. You
might also try using the text command (within the body of your program, of course) to add
more information inside the plot frame, such as the actual mean and standard deviation
(from the functions average and std which you’ve already seen) of the points you generated.



Physics with Matlab and Mathematica Exercise #7 16 Oct 2012

This is a mathematica exercise.

The exercise is to plot the motion of a forced, damped harmonic oscillator including the initial
conditions which shows the transient behavior. This is always avoided in classes because the
math is onerous. It’s a snap with mathematica, though, and the transient behavior can
be interesting to observe.

The equation of motion for the forced oscillator is

ẍ+ 2βẋ+ ω2
0x = A cosωt

It is convenient to express the motion in terms of the natural period τ0 ≡ 2π/ω0 and the
driving period τ ≡ 2π/ω.

Solve this differential equation for the motion x(t) and plot for 0 ≤ t ≤ 10, using β = 0.1,
and natural period τ0 = 1, subject to the initial conditions x(0) = ẋ(0) = 0. Try plotting it
first for a driving period τ = 2 and amplitude A = 1. Then, try it for some other choices
of these parameters. Remember to keep β < ω0 if you want to have an oscillating transient,
but that is not necessary.

Next, use manipulate to study the behavior of the forced oscillator. Probably the most
dramatic parameter to manipulate is τ , and let it span over τ0 so that you can observe
resonance.

Email a pdf output of your executed notebook to the standard address.



Physics with Matlab and Mathematica Exercise #8 23 Oct 2012

This is a matlab exercise.

This exercise uses matlab for some standard calculations with a Hermitian matrix. We will
work with the spin-one y-matrix from quantum mechanics:

M =
1√
2

 0 −i 0
i 0 −i
0 i 0


Define this matrix in matlab and carry out the following operations. Note that, for a matrix
A, the Hermitian transpose is designated as A†. Keep a diary of your session.

1. Show that M is Hermitian, that is M−M† = 0.

2. Find the eigenvalues and eigenvectors of M. Extract the eigenvectors v1, v2, and v3.

3. Are the eigenvectors normalized? Check by calculating ni ≡ v†ivi. Confirm that the
eigenvectors are orthogonal, that is, v†ivj = 0 if i 6= j.

4. Form a matrix U using the normalized eigenvectors for columns. Show that U†U = 1,
that is the identity matrix.

5. Calculate the matrix U†MU. Show that it is diagonal, with the diagonal elements equal
to the eigenvalues of M.

You need to email two files for this assignment, namely the program
(m-file) and the diary output.



Physics with Matlab and Mathematica Exercise #9 30 Oct 2012

This is a mathematica exercise.

This exercise uses mathematica for some standard calculations with a Hermitian matrix.
We will work with the spin-one y-matrix from quantum mechanics:

M =
1√
2

 0 −i 0
i 0 −i
0 i 0


Define this matrix in mathematica and carry out the following operations. Note that, for
a matrix A, the Hermitian transpose is designated as A†.

1. Show that M is Hermitian, that is M−M† = 0. You might also, or instead, try using
the function HermitianMatrixQ.

2. Find the eigenvalues and eigenvectors of M. Extract the eigenvectors v1, v2, and v3.

3. The eigenvectors are not normalized. Find the normalization constants for each of the
three eigenvectors vi by taking the square root of v†ivi.

4. Form a matrix U using the normalized eigenvectors for columns. Show that U†U = 1,
that is the identity matrix.

5. Calculate the matrix U†MU. Show that it is diagonal, with the diagonal elements equal
to the eigenvalues of M.

Email your executed notebook for this assignment, complete with com-
ments, to the standard address. You should also include a pdf output
file of your executed notebook.



Physics with Matlab and Mathematica Exercise #10 6 Nov 2012

This is (probably) a mathematica exercise.

This exercise is about numerical solution of a second order differential equation. It can be
done with either matlab or mathematica, although I’ll be using the latter for the class
time demonstration, and will refer to that here.

An object of mass m moves in one dimension x according to Newton’s Second Law F = mẍ
with a force F (x) = ax2 − bx. Assume that a and b are positive constants.

Numerically solve for x(t) with initial conditions ẋ(0) = 0 and x(0) = x0, and plot the results.
Solve and plot for 0 ≤ t ≤ tMax where tMax is large enough for you to see the behavior as
t→∞. Let x0 takes on each of three values of your choosing, but with the constraints

1. |x0| � b/2a

2. x0 close to −b/2a but a little larger (i.e. closer to zero)

3. x0 close to −b/2a but a little smaller (i.e. farther from zero)

You’ll need to put in numerical values for everything in order to solve Newton’s Second Law
numerically. You are welcome to choose whatever values you want for a, b, and m, but you
may want to play around with them a little to make the plots look nice.

What is so special about x = −b/2a? You might try solving and plotting for x0 = −b/2a to
get a big hint. You might also plot the potential energy U(x) = −

∫ x
0 F (u)du for a bigger

hint. The integral is simple, but you can ask mathematica to do it for you; no need for a
numerical integral here, though.

Email your executed notebook for this assignment, complete with com-
ments, to the standard address. You should also include a pdf output
file of your executed notebook.



Physics with Matlab and Mathematica Exercise #11 13 Nov 2012

This is (probably) a mathematica exercise.

This exercise is in animation. You can animate things in matlab or mathematica, but
the example I’m using today is the latter.

Make an animation of a square block, connected to a spring, undergoing simple harmonic
motion. The spring is connected to a fixed point at x = 0, compressing and expanding with
the block. Draw the block with the Polygon graphic primitive function of mathamatica.
You can draw the spring as a sine function with some number of wavelengths. You should
end up with something like the following, shown at some intermediate time:

You’ll have to make the center of the block, as well as the right endpoint and wavelength of
the sine function, depend on time. Describe the motion of the block with something like

x(t) = 0.5 + 2.5(1 + cos 2πt)

which is what I used for the picture above, but by now you should be able to set this all
up with parameters that you can vary. (If you’d like to do this by solving some differential
equation that includes damping, or anharmonic terms, or. . . , be my guest!) Use the correct
AspectRatio to make sure the block is drawn as a square.

Email your executed notebook for this assignment, complete with com-
ments, to the standard address. You should also include a pdf output
file of your executed notebook.



Physics with Matlab and Mathematica Exercise #12 27 Nov 2012

This exercise can be done in either matlab or mathematica.

This is the last in-class exercise. The idea is to get a short introduction to “visualization”
of function of two dimensions. Remember that we are just scratching the surface here.

The sample command files give you ways to produce “contour” plots of scalar fields, and
“vector” plots of vector fields, in both mathematica and matlab. You are welcome to use
either program to work this exercise.

The electric potential from a set of N charges qi is

φ(x, y) =
N∑
i=1

qi√
(x− ai)2 + (y − bi)2

where charge qi is located at (ai, bi). The electric field is E = −∇φ, or

(Ex, Ey) =

(
−∂φ
∂x
,−∂φ

∂y

)

Choose a set of three charges, located at three different points in the (x, y) plane. Make a
plot (contour or otherwise) of the potential, and also a vector plot of the electric field. Be
sure to include ranges in x and y that cover the locations of your charges.

If you use mathematica,. . .

Email a pdf ouput of your executed notebook to the standard address.

. . . , or if you use matlab,. . .

Email a pdf file of your plots to the standard address.


