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LECTURE 6 
Power and Energy in

the Frequency Domain
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Energy and Power in a Waveform
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• Energy Spectral Density, ESD

• Power Spectral Density, PSD for a truncated waveform 
of duration T

Energy and Power in a Waveform
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Energy and Power in a Waveform
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Time Average Autocorrelation 
Function
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Autocorrelation of a Sinusoid
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Autocorrelation of a Sinusoid
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Autocorrelation of a Sinusoid
Figure 2–9 Power spectrum of a sinusoid.
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Time Average Autocorrelation 
Function
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Power and Power Spectra of a Waveform in a 
given Bandwidth
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Figure 2–12 Periodic rectangular wave used in Example 2–12.
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Figure 2–13 PSD for a square wave used in Example 2–13.
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Orthogonal Functions
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Normalized Orthogonal Series

constant ionnormalizat the isdtttK

dtttw
K

awhere

tatw

b

a
nnn

b

a
n

n
n

n
n

n

)()(

)()(1

)()(

*

*

∫

∫

∑

=

=

=

ϕϕ

ϕ

ϕ

14

15
Couch, Digital and Analog Communication Systems, Seventh Edition                                               ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

Waveform synthesis using orthogonal functions.
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Figure 2–11 Fourier series coefficients

Note: each physical frequency 
is composed of
two vectors: cn and c-n

(see section 2-5 in text)

16



EELE445

5

17
Couch, Digital and Analog Communication Systems, Seventh Edition                                               ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

Fourier series coefficients

952sincos

882

1032)cos()(

0
1

0
0

1
00

0

−+=

−=

−++=

∑∑

∑

∑

∞

=

∞

=

∞

−∞=

∞=

=

eqtnbtna

eqec

eqtnDDtw

n
n

n
n

tjn
n n

n

n

n
n

ωω

ϕω

ω

:form Quadrature

:form Complex

:Form Polar

17 18
Couch, Digital and Analog Communication Systems, Seventh Edition                                               ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

Normalized Power of a Spectral component 
in Fourier Series
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LECTURE 7 
Some examples in class…
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