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Problem Set 10.3 – Applications and Extensions of Fourier Series 
 
1.  Construct an Excel spreadsheet that takes values of R, L, C and  as input and gives the ratio 

out inv v  defined in Eq. (10.52) (in polar form A  ) as output.  Put these quantities in a row like 

this: 
 

R L C A intermediate stuff  
 
Tip: Excel uses various character string functions to do complex arithmetic.  Here are some 
examples of the most important ones: 

=complex (3,4)  Use this to create a complex number from real and imaginary parts 3 and 4. 
   The resulting complex number is in the form of a character string, "34i" 
=improduct ("3+4i","5+6i") returns the product as the character string "9+38i" 
=imabs("3+4i") returns the magnitude or length as the number 5. 
=imargument("3+4i") returns the polar coord. angle as the number 0.9273 (radians). 
Other useful functions are imreal and imaginary to return the real and imagery parts as numbers; 
and imsum, imsub, and imdiv to perform complex addition, subtraction and division. 

 
2.  Extend your spreadsheet from question 1 by adding more rows, thus creating a table of values.  
Use the table to recreate the graphs of A vs.  and  vs.  shown in Fig. 10.33.  Play with the 
value of R and observe that the curves get narrower as you increase R.  Play with the values of L 
and C and observe that the midpoints of both curves move left or right.   
 
3.  Change line [2] in the macro Wrapper to “Data(2 * K + 1) = Waveform(Time ‐ 1/12)”.  Since 
 = 1

12  this shifts the waveform one index point to the right so it no longer has even symmetry.  

Verify that the imaginary part of the Hn’s is now non-zero but the energy spectrum is unchanged. 
 
4.  In line [1] in Wrapper the number of sample points is set at N = 32.  Change this number to 64 
or 128.  Notice that the two peaks of Hn move farther apart.  Verify that the left peak remains at 
n = 8, meaning that its frequency is still 8 8

2.666667Nf    = 3 Hz (and the right one, 3 Hz). 

 
5.  In line [1] reduce N to 16.  Notice that the two peaks of Hn “crash into each other” and merge 
at the Nyquist frequency.  If N is set any smaller than this aliasing will occur.  
 
6.  Sunspots are directly related to solar storms, coronal mass ejections and other features of the 
sun’s “weather” and the consequences can be destroyed satellites, irradiated astronauts and 
changed climate on earth.  Sunspots were first observed by Galileo in 1612 when he invented the 
telescope.  The graph below shows the number of sunspots observed per year since the year 1700.  
This data can be downloaded from http://sidc.oma.be/silso/DATA/yearssn.dat .  It is text data that 
is delimited with spaces and it can be brought into an Excel spreadsheet with the command  
Data>get external data>from text.   
 
Create a macro that takes the FFT of the data.  Make a plot of the “energy” spectrum  (Use Fig. 
10.48 as a guide).   Look for peaks in the spectrum which indicate cycles in the data.  Calculate 
the period of any cycle that you find. 
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6.  There are 314 years of data so let N = 512 to include them all and let  = 1 year.  The energy 
spectrum should look like the graph below.  Ignore the peak at n = 0; that is the DC term.  Notice 
that there is a definite peak at n = 47. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Since 47 1
512 1 11

n
N year yearsf      and since the period is the reciprocal of the frequency this 

means that the data has an oscillation with a period of 11 years.  Closer study shows that there are 
actually two peaks at n = 47 and n = 51.  This implies two close frequencies that beat.  The beat 
frequency is the difference between the two frequencies: 
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This can also be seen in the data.  Every 128 years or so sunspot activity goes to a minimum. 
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