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1.1 Time/frequency representation of 

digital signals

 Signal is represented 

either in time domain 

or in frequency 

domain.

 Fourier series 

representation (for 

periodic signals)

 Fourier transform ( for 

non periodic signals)
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Fourier series
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Only lower 3 components 
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Fourier series expansion
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𝑥 𝑡 = 𝑎0 + 

𝑛=1

∞

(𝑎𝑛 cos 2𝜋𝑛𝑓0𝑡 + 𝑏𝑛 sin(2𝜋𝑛𝑓0𝑡))

If x(t) has period of T=1/f0, ( and if x(t) is real signal)

𝑤ℎ𝑒𝑟𝑒 𝑎0=
1

𝑇
 

0

𝑇

𝑥 𝑡 𝑑𝑡 =average of signal

𝑎𝑛=
2

𝑇
 

0

𝑇

𝑥 𝑡 cos(2𝜋𝑛𝑓0𝑡) 𝑑𝑡

𝑏𝑛=
2

𝑇
 

0

𝑇

𝑥 𝑡 sin(2𝜋𝑛𝑓0𝑡) 𝑑𝑡



Fourier series expansion 

- complex exponential signal -
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If x(t) has period of T=1/f0,

𝑥 𝑡 =  

𝑛=−∞

∞

𝐶𝑛𝑒
𝑗2𝜋𝑛𝑓0𝑡

𝑤ℎ𝑒𝑟𝑒
𝐶𝑛=
1

𝑇
 

−
𝑇
2

𝑇
2

𝑥 𝑡 𝑒−𝑗2𝜋𝑛𝑓0𝑡𝑑𝑡



Euler’s law 
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𝑒𝑗2𝜋𝑛𝑓0𝑡 = cos 2𝜋𝑛𝑓0𝑡 + j ∙ sin(2𝜋𝑛𝑓0𝑡)

Real

Imaginary

2𝜋𝑛𝑓0𝑡

𝑒𝑗2𝜋𝑛𝑓0𝑡

cos 2𝜋𝑛𝑓0𝑡

j ∙ sin(2𝜋𝑛𝑓0𝑡)

0 1-1

THIS IS ROTATION FUNCTION!



EXAMPLE 1.1
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EXAMPLE 1.1 (2)
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EXAMPLE 1.2
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EXAMPLE 1.2 (2)
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EXAMPLE 1.3
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EXAMPLE 1.3 (2)
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Spectrum of data pulse
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Smooth edges to reduce spectrum BW
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Smooth edges to reduce spectrum BW(2)
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Short pulse increase higher harmonics
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Frequency conversion
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Mixing process

- mix (analog )= multiply (digital)
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EXAMPLE 1.4
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EXAMPLE 1.4 (2)
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The Vector modulator
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EXAMPLE 1.5
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EXAMPLE 1.5 (2)
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Cellular telephone example
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Elements of communication link
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Distortion, Interference, Noise
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Distortion, Interference, Noise
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Distortion, Interference, Noise
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Need two presenter

 Each presenter shall chose two problems 

from 1.4 to 1.10.

 Show your answer at the beginning of next 

lecture. Each has 5 minutes.
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