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e Grades:
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e 70% Final exam



Intended Learning Outcomes (ILO’s)

* To review/calculate Fourier Transform of signals

* To recognize the different types of digital modulation and
demodulation techniques

* To Calculate main communication system parameters: bandwidth.

* To Choose the best modulation/ demodulation technique for a
practical engineering system and analyze the system



Fourier Transform



Electrical Signal

« A signal x(t)is function of time t and could represent an electrical
waveform
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Electrical Signal

« Assume x(t) = A, cos(w,t)
* What does x(t) represent?
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Electrical Signal

« Assume x(t) = A, cos(w,t)

* What does x(t) represent?
* Voltage? Current?

COS Wel

HHHHHH
SUVIVVU VYU



Electrical Signal

e Assume x(t) = A, cos(w,t)

* What does x(t) represent?
 Voltage? Current? —> Electrical Signal in general in Time Domain
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Electrical Signal

e If | tell you: “A cosine signal has amplitude 1 Volt, and Frequency
50Hz” then you can draw the signal in time domain

*|s there any other representation of this Cosine signal?



Electrical Signal

e If | tell you: “A cosine signal has amplitude 1 Volt, and Frequency
50Hz” then you can draw the signal in time domain

*|s there any other representation of this Cosine signal?
* Yes: Frequency domain



Fourier Transform

» Frequency domain is another way to represent a signal
* Frequency domain of a signal is obtained using Fourier Transform

equation:

X(w) = 2 2w a, 6(w — k w,)

k=—o0

* The parameter “a;” is called Fourier series coefficient

X(w) = Z 21 4, 8(w — k w,)

k=—0o0

=-+2ma_, 6(w+2w,)+2ma_; (w+ w,)+2mayd(w)+2ma; §(w—w,)+ 2ma, §(w—2w,) + -



Fourier Transform

e §(t) is called “delta” function in time domain



Fourier Transform

» 5(t —T)is “delta” functionatt =T 5(t—T)

* 5(w — w,) is also called “delta” function, but in w domain 8(w — wy)
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Fourier Transform

» Before discussing how to calculate Fourier series coefficients, let’s

take an example
1

1
* Assume x(t) = cos(w,t) and that a; = E and a_, = "
e Fourier Transfoogm:

X(w) = z 2ma, 6(w —kw,) =n8(w + w.) +185(w —k w,)

k=—o



Fourier Transform

» Before discussing how to calculate Fourier series coefficients, let’s

take an example
1 1
* Assume x(t) = cos(w,t) and that a; = ~anda_; =~
* Fourier Transfoogm:

X(w) = z 2ma, 6(w —kw,) =n8(w+ w.) +16(w —k w,)

k=—o0

- X(w)




Fourier Transform

« How to compute Fourier series coefficients?
* Fourier series equation:



Fourier Transform

« How to compute Fourier series coefficients?

* Fourier series equation:

* Example: x(t) = cos(w,t)



Fourier Transform

« How to compute Fourier series coefficients?

* Fourier series equation:

* Example: x(t) = cos(w,t)

Since cos(w,t) can be written as cos(w,t) = %e

1 1
Thena_; = > and a; = >



Fourier Transform

« How to compute Fourier series coefficients?
* Fourier series equation:

0.0)

x(t) = z ay el k@ct

k=—o0

* Example (2): x(t) = sin(w,t)

. . . . 1 _; 1
Since sin(w,t) can be written as sin(w,t) = 27 € JWct 4 z—jef Wc't
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Thena_; = 27 and a; = 2



Fourier Transform

« How to compute Fourier series coefficients?
* Fourier series equation:

0.0)

x(t) = z ay el k@ct

k=—o

* Example (3): x(t) = sin(2w,t)

. . . . 1 1
Since sin(2w,t) can be written as sin(w,t) = 2 ¢ J2wct 4 z—jef 20t
~1 1
Thena_, =— and a, = —
2] 2]



Fourier Transform

* What we have seen so far is sine and cosine which are “periodic
signals”

* What if the signal non-periodic? How to obtain Fourier Transform



Fourier Transform of Non-Periodic Signals

» Fourier Transform of non-periogic signal:
X(w) = f x(t) e 7 @t dt
t=—o00



Fourier Transform of Non-Periodic Signals

» Fourier Transform of non-periogic signal:
X(w) = f x(t) e 7 @t dt
t=—o00

Ex(t)

* Example: Rectangle pulse




Fourier Transform of Non-Periodic Signals

» Fourier Transform of non-periodic signal:
00)

X(w) = J x(t) e/ @t dt
t=—o00

x(t)

* Example: Rectangle pulse 1
X(w)=[___x(t) e dt :
T 3 Tt
= F e J ot gt 2 2




Fourier Transform of Non-Periodic Signals

« Note that
_;wt W1 2
L. (e I — el ) = —sin (ﬂ) (show that)
—Jw w 2

* This expression can be written in another form

Zsin (ﬂ) =z sin (ﬂ) = 1 sinc (&)
w 2 bl 2/ ™ 2




Conclusion

» Fourier Transform obtains the signal in the frequency domain

* Fourier Transform for periodic signals:
00)

X(w) = z 2w a 6(w — k w,)

k=—o0

* Fourier Transform for non-periodic signals:
X(w) = J x(t) e/ @t gt

t=—o00



