
V791:  Problem Set #4, The Frequency Domain

4.1  You are given the following set of three measurements of the function Y(X):

X                Y
0 2
1 -1
2 3

a)  Determine the Fourier coefficients m, a, and b  such that the model

Y = f (X) = m + a ⋅ cos(2pX / L) + b ⋅sin(2pX / L)

fits the measurement data exactly.

b).  Using the inverse DFT, verify that your answer to (a) is correct.

c)  Using MATLAB, plot your 3 data points and the Fourier series determined in (a).

d).  Verify Parsival's theorem for this data vector.

4.2 You are given the following set of 9 measurements of the function Y(X)=e-x:

X Y
0 1

0.5 0.60653066
1 0.36787944

1.5 0.22313016
2 0.13533528

2.5 0.082085
3 0.04978707

3.5 0.03019738
4 0.01831564

a)  Determine the Fourier coefficients such that the model

Y = f (X) = m + ak ⋅cos(2pkX / L) + bk ⋅ sin(2pkX / L)
k =1

4

Â

fits the measurement data exactly.

b).  Using the inverse DFT, verify that your answer to (a) is correct.

c)  Using MATLAB, plot your data points and the Fourier series determined in (a).  Is
the model reasonable?

d)  Plot the Fourier coefficients as a frequency spectrum (e.g. see Fig. 4.4 of coursenotes)

d).  Verify Parsival's theorem for this data vector.



4.3  You are given the following set of 10 measurements of the function Y(X)=2X.

Repeat the analysis of exercise 5.1 for this data set.
X Y
0 0
1 2
2 4
3 6
4 8
5 10
6 12
7 14
8 16
9 18

a)  Determine the Fourier coefficients such that the model

Y = f (X) = m + ak ⋅cos(2pkX / L) + bk ⋅ sin(2pkX / L)
k

Â

fits the measurement data exactly.

b).  Using the inverse DFT, verify that your answer to (a) is correct.

c)  Using MATLAB, plot your data points and the Fourier series determined in (a).  Is
the model reasonable?

d)  Plot the Fourier coefficients as a frequency spectrum (e.g. see Fig. 4.4 of coursenotes)

d).  Verify Parsival's theorem for this data vector.



V791:  Problem Set #4A., MATLAB programming project.

4.4  Fourier Series.  Write a MATLAB function that creates and returns a string variable
that defines the Fourier series

Y = f (x) = a0 + ak ⋅ cos(2pkx / L) + bk ⋅ sin(2pkx / L)
k

Â

The returned variable should be a valid MATLAB expression that can be evaluated for
any given time/space vector x.  Input arguments will be the vector of Fourier
coefficients produced by your DFT program and L, the length of the observation
interval which defines the fundamental frequency.  A good choice of default value for L
would be 2p.

Validate your program against the Fourier series which were created manually in
problem set 4.

Use your new program to plot a Fourier series which fits the 3 data vectors supplied in
problem set 4.

4.5.  Complex exponential basis functions.  Write a MATLAB procedure to compute
the ortho-normal matrix defined in text eqns. 4.17, 4.20 using complex exponential basis
functons.

a.) Verify your result manually for the case of D=2,3,4,5.

b.) Verify text eqn. 4.24 which specifies the conjugate symmetry expected of the basis
vectors.

4.6  Complex exponential DFT.  Write a MATLAB procedure to implement the forward
DFT (text eqns. 4.16, 4.21) and inverse DFT (text eqn. 3.38) for any data vector of length
D.  Verify that your routine can yield v=IDFT(DFT(v)) for the following data vectors

v1 = [3, -2, 6]

v2 = [-5, 0, 3, 8]

a)  Compare the Fourier coefficients produced by this progarm with those produced by
the DFT program written for trigonometrical basis functions in problem set 3A.

b)  Verify text eqn. 4.23 which specifies the relationship between Fourier coefficients for
trigonometrical and complex exponential basis functions.



V791:  Problem Set #4B.

4.7  Comparison of "slow" and "fast" algorithms for computing Fourier coefficients.
MATLAB, like many other programs that compute Fourier coefficients, use the "Fast
Fourier Transform (FFT)" algorithm developed by Cooley and Tukey in 1965.  Originally,
this method required that the number of points, D, be a power of 2 (e.g. 8, 16, 32) but
algorithms have been developed subsequently to handle other cases.  Typically these
programs use complex exponential basis functions.

To check the results of the FFT method with the "slow" DFT methods developed in V791,
consider the following set of 8 measurements of the function Y(X)=e-x:

X Y
0 1

0.5 0.60653066
1 0.36787944

1.5 0.22313016
2 0.13533528

2.5 0.082085
3 0.04978707

3.5 0.03019738

a)  Determine the Fourier coefficients such that the model

y(x) = cke
ikx2pDf

k = -N

N

Â

fits the measurement data exactly.

b)  Using the inverse DFT, verify that your answer to (a) is correct.

c)  Using the MATLAB function fft.m, compare your answers with results from the
FFT procedure.  Pay attention to the ordering of the results as well as the actual values.

Hint:  don't forget to use fftshift.m to re-order the output of fft.m

MATLAB programming project.

4.8  Complex Fourier Series.  Write a MATLAB function that creates and returns a
string variable that defines the Fourier series

y(x) = cke
ikx2pDf

k = -N

N

Â

The returned variable should be a valid MATLAB expression that can be evaluated for
any given time/space vector x.  Input arguments will be the vector of Fourier
coefficients produced by MATLAB's FFT program and L, the length of the observation
interval which defines the fundamental frequency.  A good choice of default value for L
would be 2p.



Validate your program against the trigonometricalFourier series which is created by
your program written for problem 4.4.

Use your new program to plot a Fourier series which fits the 3 data vectors supplied in
problem set 4.  For comparison, include the plot of the trigonometrical series for the
same data set.

Hints:

MATLAB orders the Fourier coefficients from -D/2 to +D/2 if you use the command

fftshift(fft(v))

Also note that MATLAB does not use an orthonormal basis set for computing the FFT,
so the output Fourier vector will have a different scale factor from that given in class
notes.


