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Lab 4: Frequency Domain Circuits

Key Concepts:
+ Decibels (dB)

» Steady-state signals; Fourier series

» Complex impedances

» Low-pass and high-pass filters

+ Frequency response

+ Time domain vs. frequency domain

+ Fourier transform, Fast Fourier Transform (FFT)
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Decibels
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Decibels cont.
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Steady-state signals
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Fourier Series
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Fourier Series Example 1
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Example 2: Square wave
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Square Wave cont.
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Fourier Series

Wolfram

Algebra
Applied Mathematics Calculus and Analysis > Series > Fourier Series >
Calculus and Analysis

Fourier Series--Square Wave

Discrete Mathematics
DOWNLOAD

Foundations of Mathematics %/ Wolfram Notebook ) wi\ ek R X
Geometry S o= S
History and Terminology
Number Theory
Probability and Statistics
S quare wave is Recreatonal Mathematics
Topology x
sum of odd ]
. Interactive Entries
harmonics
New in MathWorld
MathWorid Classroom Consider a square wave f (x) of length 2 L. Over the range [0, 2 L], this can be written as
More harmonics e — F@=2[H&/D-H&/L-D]-1, )
. Contribute to MathWorld where H (x) is the Heaviside step function. Since f (x) = f (2 L - x), the function is odd, s0 ay = a, =0, and
included - closer  csmesssiomeman e o) .
by = — (x)sin| ——|dx
to the truth | MathWorld Book L& L
° reduces to
Wolfram Web Resources » 2 nmx
=7 | 7 sin( - )ax ®
4 201
=—sin" (; nx; 4
nm (3 ) @
2 g
=—[1-(-1)] 5)
nnx
4 (0 neven ®
“ax |1 nodd.

The Fourier series is therefore

fo= ; 2 }‘ sin[nz’t). P

n=135.

University of Colorado
Boulder




Fourier Transform

F(ow)= Tf(t)e“”"dt
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Fourier Transforms
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More examples
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Fourier transform pairs

TJTABLE _ 18.2 A Summary of Sem¢ Fourier Transform Pairs
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Fourier Transform of derivative:
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A real Fourier transform
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Comparing Fourier Series and Transform

< -
st . N
S )((‘{‘3 = G,y ¥ E s C) - Qy E_& o, S it f L; S (A,‘l‘\
= 7‘, f=\ =
velt Janmoi a‘\sc(e‘(e (fcth(’\—()'cs
—
(WU & I volts
g\-jlhcd "« ’v-bst LQ (crA\Dé\’c
ca .
=S ot it \_ )L(\A\ C)\A& a@
S () = S (b 7 S x) - 2

— e

doamo cav‘l:‘ oS = (/C{

aths V/Hs% - VUoS

o

University of Colorado
Boulder



Comparing Laplace and Fourier Transform
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Discrete Fourier Transform and Fast Fourier Transform
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Complex Impedances
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Complex Impedances .
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Complex Impedance Phase delay
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Signal Conditioning (again)
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Voltage Divider
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Voltage Divider cont.
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Low-pass filter
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What about this one?

2. 4
f_‘{rw \L)\i\(pj (& 'J(,JLC

| f‘\J ‘: - () = =
¢ AN Y T L geks
NI }: % &
—] W< 2

abk =01 (N(‘-’“\l =9
ot W o= l“(‘“\‘ =1

V=
bes ther Ddl= /R
QR

University of Colorado
Boulder



High-pass filter cont.
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High-pass filter
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What about this one??
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