










ME 201 / MTH 281
Assignment #6

Problem 1 
‡ Part (c)

We will use Mathematica to verify the orthogonality.  We start by defining the eigenfunctions.

y@x_, n_D := Sin@Hn p Log@xDLêLog@2DD
Now we calculate the integral of the product of two eigenfunctions and the weight function.

int = Integrate@y@x, nD*y@x, mD*H1êxL, 8x, 1, 2<D
Log@2D Hn Cos@n pD Sin@m pD - m Cos@m pD Sin@n pDL

Im2 - n2M p

Simplify@int, 8m, n< œ IntegersD
0

We see that Mathematica has been careless.  We get 0, which is correct when m and n are different integers, but
when m = n, the result is not zero, in spite of what Mathematica just said.  We set m = n, which should give us
the normalization integral.

norm = Integrate@y@x, nD*y@x, nD*H1êxL, 8x, 1, 2<D

-
Log@2D H-2 n p + Sin@2 n pDL

4 n p

norm = Simplify@norm, n œ IntegersD
Log@2D

2

This is the same result we found by hand.

‡ Part (d)
Now we use a Do loop to plot the first five eigenfunctions.  We first define a command eigraph[n] which

produces a graph of the nth eigenfunction, and then we put that command in the Do loop.



eigraph@n_D :=
Plot@y@x, nD, 8x, 1, 2<, AxesLabel Ø 8"x", Row@8"F@x,", n, "D"<D<,
PlotLabel Ø Row@8"n =", PaddedForm@n, 2D<D,
PlotRange Ø 881, 2<, 8-1, 1<<D

We try this for n = 2.

eigraph@2D
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Now the loop.

Do@Print@eigraph@sDD, 8s, 1, 5<D;

1.2 1.4 1.6 1.8 2.0
x

-1.0

-0.5

0.0

0.5

1.0
F@x,1D

n = 1

2 sol6.nb



1.2 1.4 1.6 1.8 2.0
x

-1.0

-0.5

0.0

0.5

1.0
F@x,2D

n = 2

1.2 1.4 1.6 1.8 2.0
x

-1.0

-0.5

0.0

0.5

1.0
F@x,3D

n = 3

sol6.nb 3



1.2 1.4 1.6 1.8 2.0
x

-1.0

-0.5

0.0

0.5

1.0
F@x,4D

n = 4

1.2 1.4 1.6 1.8 2.0
x

-1.0

-0.5

0.0

0.5

1.0
F@x,5D

n = 5

It is easy to see that the nth eigenfunction has exactly n-1 interior zeros.

‡ Part (e)
To plot the series, we start by getting the expansion coefficient, which we did earlier by hand.

f@x_D := Log@xDêLog@2D
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c@n_D = Simplify@
Integrate@y@x, nD*f@xD*H1êxL, 8x, 1, 2<Dênorm, n œ IntegersD

-
2 H-1Ln
n p

The series is slowly converging (like 1/n) so we will go up to n = 201.

seriesf@x_D := Sum@c@nD*y@x, nD, 8n, 1, 201<D
Plot@8seriesf@xD, f@xD<, 8x, 1, 2<,
PlotStyle Ø 8RGBColor@0, 0, 1D, RGBColor@1, 0, 0D<,
AxesLabel Ø 8"x", "f@xD"<,
PlotLabel -> "Exact in Red, Series in Blue"D
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We see that the series does reasonably well except for the Gibbs overshoot at x = 2.
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