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2. Frequency-Domain Analysis

Part C



Fourier Transform Pairs (1)
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Fourier Transform Pairs (2)
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sinc function
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Zero crossings are at all non-zero integer multiples of π because sin 𝑥 = 0.

Sinusoidal oscillations of period 2π

1

As 𝑥 → 0, we have . Using L'Hospital's Rule, we set sinc 0 1.



sinc function
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sinc function

115

0  2-

1

-0.2172

0.1284

-0.0913

1/𝑥1/𝑥

𝑥

sinc 𝑥
sin 𝑥

𝑥
1
𝑥 sin 𝑥

Amplitude of sin 𝑥 decreases 

continuously as .



sinc function
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The set of local extrema 
(maxima and minima) of 
sinc 𝑥 corresponds to its 
intersections with the cosine 
function cos 𝑥

A good approximation of the 𝑥-coordinate of the 𝑛-th extremum with positive 𝑥-coordinate is

𝑥 𝑛
1
2 𝜋

1

𝑛 1
2 𝜋

 ,

where odd n lead to a local minimum and even n to a local maximum.



Normalized sinc function
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Its zero crossings are at non-zero integer values of its argument.
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Normalized sinc function

Caution: These are properties of the 
normalized sinc function. For us, “sinc” 
is unnormalized. So, the integrations 
will give different answers.



Fourier Transform Pairs (2)
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Fourier Transform of Symbolic 
Rectangular Function in MATLAB
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>> syms a t
>> g = rectangularPulse(-a,a,t)
g =
rectangularPulse(-a, a, t)
>> G = fourierf(g)
G =
sin(2*pi*a*f)/(pi*f)
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Fourier Transform Pairs (1)
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Fourier Transform Pairs (2)
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Fourier Transform Pairs (3)
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Drawing the sum of two straight lines
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Still a straight line.
So, it’s enough to locate two points 
and then draw a straight line through 
them.
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Convolution: Ex 1
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[http://www.youtube.com/watch?v=C1N55M1VD2o]



Convolution: Ex 2
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When 𝑡 𝑎 𝑎, the two 
rectangles start to overlap and the 
integral starts to have some value.
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When 𝑡 𝑏 𝑎, the two 
rectangles completely overlap. 
Suppose the height of each rectangle 
is ℎ. Then, the area under their 
product is ℎ 𝑏 𝑎 .
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Self-Convolution of Rect. Func.
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Supplementary References
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 Fourier Transformation for Pedestrians
 by Tilman Butz
 2nd ed., 2015

 A Student's Guide to Fourier Transforms
 by J. F. James
 3rd ed., 2011



More realistic signal…
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MATLAB scripts
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plotspect.m
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% plotspec(x,t) plots the spectrum of the signal x
% whose values are sampled at time (in seconds) specified in t 
function plotspect(x,t)
N=length(x);                               % length of the signal x
Ts = t(2)-t(1);                            % find the sampling interval
ssf=((-N/2):(N/2-1))/(Ts*N);               % frequency vector
fx=Ts*fft(x(1:N));                         % do DFT/FFT
fxs=fftshift(fx);                          % shift it for plotting
subplot(2,1,1); 
set(plot(t,x),'LineWidth',1.5);            % plot the waveform
xlabel('Seconds');                         % label the axes
subplot(2,1,2);          
set(plot(ssf,abs(fxs)),'LineWidth',1.5);   % plot magnitude spectrum
xlabel('Frequency [Hz]'); ylabel('Magnitude')   % label the axes



An Example

136

% specrect.m plot the magnitude of the Fourier transform 
% of a square wave
close all
Ts=1/100;          % time interval between adjacent samples
t=0:Ts:2e2;        % create a time vector
g=[t <= 2];        % rectangular pulse 1 0  𝑡  2
plotspect(g,t)     % call plotspect to draw spectrum
subplot(2,1,1)
xlim([0,20])       % look only from t = 0 to t = 20 sec
subplot(2,1,2)
xlim([-2,2])       % look only from f = -2 to f = 2 Hz
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𝑔 𝑡 1, 0 𝑡 2,
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