Mathematica Project, Math21b Spring 2008

Support

he actual assignments are in the last blue box of this notebook.

Cells and Expressions

boxed in green for better readability.

Basic Computations




lab.nb

Det [{{2, 3, 5, 6}, {1, 2, 3, 4}, {1, 1, 1, 1}, {12, 3, 2, 1}}]
Tr [{{a, b}, {c, d}}]
Mat ri xFor m[Tr anspose [{{1, 2, 3}, {3, 4, 5}, {1, 2, 1}}]1]

A= {{1, 2}, {3, 4}}; QR=QRDeconposition[A];
Q= QR[[11]; R=QR[[2]]1; {MatrixForm[Q], Matri xFor m[R]}

Eigenvalues

With Eigenvalues[A], we can compute the eigenvalues, with Eigensystem[A], both the eigenvalues and the eigenvectors. What
happens for a random matrix? Here, we plot the complex eigenvalues of a random 50x50 matrix. You might want to try with larger
matrices to see a pattern.

A = Tabl e[Random[] -1 /2, {50}, {50}1;
ei genval ues = Ei genval ues [A];

point [z ]1:=Point[{Re[z], ImMz]}];

G aphi cs[Map [poi nt, ei genval ues]]

Explore this for larger and larger matrices. What do you observe?

An other question. Sergey Sadov of the Memorial university in Canada asked: Suppose A is an NxN matrix with entries indepen-
dently and uniformly distributed on[0, 1].What is the distribution of the absolute value of the largest eigenvalues of A for large N?

le:=NMdule[{},
A = Tabl e[Random[], {100}, {100}]; Max[Abs[Ei genval ues[A]]]];

Lets do an experiment, take 1000 matrices, compute the largest eigenvalue in each case and look at the distribution. This
computation takes some time.

s =Sort [Tabl e[l e, {1000}]1;

If we plot these data, we see the distribution function:

Li st Pl ot [S]

The density function can be visualized as follows:

Li st Pl ot [Bi nCounts[s, {Mn[s], Max[s], 0.1}], Ticks -» None]
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I‘ w

Determinants

Differential Equations

Markov Processes
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Products of random matrices

Nonlinear Systems
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Needs [" Vect or Fi el dPl ot s* " ];

PIX_, Y. 1:=0.4xx-0.4%y=*X;
g[X_, ¥_1:=-0.1%y +0.2%Xx=*Yy,

Modul e[{s = {}, a=0.45, b=1},
Do[S=NDSolve[{x’ [t] =p[x[t], Y[t]], ¥y’ [t]=q[x[t], Y[tI],
X[0] ==a, y[0] ==b+] 710}, {x, y}, {t, O, 40}1;
gIx_, y_1:={p[x, Y1, dIx, y1};
s = Append[s,
Paranetri cPl ot [Eval uate[{x[t], y[t]1}] /. S[[1]1], {t, O, 40},
Pl ot Range -» {{0, 23}, {0, 2}}, Axes - True, Frane - Fal se,
Pl ot Styl e - {RGBCol or [0. 3, 0.3, 1]}, D splayFunction-ldentity,
Frame -» Fal se, Axes - Fal se, Ti cks - Nonel], {j, 123}1];
s2 = VectorFieldPl ot [g[X, Y], {X, 0, 2}, {y, O, 2},
Col or Functi on » Hue, Col or Qut put - RGBCol or,
Di spl ayFunction-ldentity]; Show[{s, s2}]]

Lets compute some Fourier series. In this example, we compute the series of an odd function so that we only have to compute
the sin-series.

QearAl [t, a, aa, S]

fIx_1:=1f[x<0, 1, -17;
a[n_l:=Integrate[(1/Pi)f[x]Sin[nx], {x, -Pi, Pi}l;
aa =Table[a[k], {k, 1, 30}];

S[X_, n_]:=Sumfaa[[k]] Sin[kx], {k, 1, n}];

For every n, we have a Function s[x,n] which is a Fourier approximation of the function f:

Pl ot [{s[x, 5], f[x]}, {X, -Pi, Pi}]

If you plot several plots, you observe that while the Fourier approximation converges pointwise, there is an overshoot near the
discontinuity. This is called the Gibbs phenomenon.

Plot [{f [x], s[x, 1], s[x, 20], s[x, 301}, {x, -Pi, Pi}]

Here is how Mathematica can solve a partial differential equation. Here it is the wave equation. The result will be given in terms of
variables C[1],C[2] which can be general functions:
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Sound and Fourier

Sound generation
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Pl aySong[hul | _, tune_, ground_] : =
Modul e[ {soundfi | ename, scal e, songl ength, frequency, song, P},
scale[n_]:=ground*2” (n/12); beatlength=1/5;
songl engt h = Lengt h[t une] » beat | engt h;
frequency[x_]:=tune[[l+Floor [x/beatlength]]l;
song[t _]1:=hull [scal e[frequency[t]] *t];
P=Play[song[t], {t, O, songlength}]]

tl=4{0, 0,0, 2 1,2, 1, 2,1, 2, 0, 0, 0, 4,

10, 7, 7, 5, 4, 2, 2, 0, 4,7, 4, 0, 0, 0, 0O, 0, 2, 0, 0};
fl[x_]:=Abs[Sin[x]]; g1 =2000;
PlaySong[f1, t1, gl1]

Lets play some random tune:

T[Xx_]:=Mdule[{}, ¥ =X+Random nteger [4] -2; y];
s = Nest Li st [T, 5, 1007;
songl = Sound [SoundNot e [#, 1, RandontChoice[{"Cell0"}]] &/@s, 20]

You can export this into a midi file:

Export ["songl. mi di ", songl, "Mdi"]

here is an example with random accords. We also change time randomly.

r : = RandontChoi ce[{4, 7, 12}]
g[x_1:=

RandonChoi ce[{0.5, 0.3, 0.2} - {x, {X[[111}, {X[[111, X[[211}}1;
accord:=Mdule[{}, rl=r; {{1+r1l, 5+r1, 9+r1}, {1, 5, 9}}1;
scale={1+r, 5+r, 9+r};
s . = g[RandontChoi ce[accord]] + RandontChoi ce[scal e]
A =Tabl e[{s, Random[Il nt eger, 3] +1}, {40}1;
sn[{a_, t _}]:=SoundNotef[s, t];
song2 = Sound[{"Pi ano", sn /@A}, 12]

Export ["song2. m di ", song2, "M di"]

The Mathematica documentation gives the following cool example of a sound generation using cellular automaton 30:
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Assignment




