ECE 307 - COMPLEX FOURIER SERIES - INVESTIGATION 3
COMPLEX FOURIER COEFFICIENTS OF PULSE TRAINS

FALL 2000 A.P. FELZER

Todo "wel" on thisinvestigation you must not only get the right answers but must also do nest,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. Y ou also need to include drawings of all circuitsaswell as
appropriate graphs and tabl es.

In the previous investigation we came up with the following expression
_ 1 \ - jkmot
X, = T Q x(t)e at

for calculating the Complex Fourier Series Coefficients Xk of periodic signalsx(t). Memorize

thisexpression. The objective of thisinvestigation is to cal cul ate these coefficients for pulsetrains
— not only because the calculations are fairly straightforward but also because pulse trains are so
common in electrical systems — especidly digital systems. We will then make use of our pulse
train results to surmise what's going on in more general situations.

1. Giventhefollowing periodic signal
X(t) —2e jp/4e— j200t +3ejplse-jlocx +4+3% jp/3ej loa 2ejp/4ej20(l

a Findwg, foand T
b. Find X_.o, X_1, Xg, X1 and X2

2. Giventhefollowing pulsetrain

x(H)

10

t (sec)

Find Xo
Verify that the complex Fourier Coefficients Xk for n1 0 are given by

Xk = Ssn(kp/ 2) e- jkp/2
kp /2
Hint — make use of thefactthat €™ - 1= e‘“‘p/z(e""“”2 - e“‘p’z)
c. Now caculate X_s, ---, X_1, X1, *=*, X5

o

3. Asisoften the case, it is nice to have graphs that show us how thingsvary. So for the
complex coefficients you found in Problem (1)
a. Make adiscrete spectral plot like the following

Xl




of the magnitudes |[Xk| versus kwg for k=-2 to n=2

b. Make adiscrete spectral plot of the phases DXk versus kwg for k=-2 to k=2

Plot the phasesintherange-p top. Notethat these plots arereferred to asdouble
sided spectral plots becausethey are plotted for both negative and positive
frequencies.

4. Giventhe pulsetrain of Problem (2) with an expression for the X's as given in part (b)
a. Useaprogram like Mathcad or Matlab to obtain graphs of

X €  for m=1,3,5 7and9

m
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b. Describe and then explain what's going on as k increases

5. Now let'sgo in the opposite direction. Obtain an expression for the signal x(t) with the
following spectral plot where wg = 200
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6. Verify that agenerd pulsetrain x(t) asfollows
X(t)
h
t t t
-T+1tp —al2+tg! al2+tg T+1o

that has a magnitude h, pulse width a, period T, fundamental frequency fo= 1T andis
delayed by tg seconds has complex Fourier coefficients given by
_ha sin(kofod) oy,
“ T (kof,a)
Then verify that this equation gives the same result you got for X in Problem (2b).



