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Agenda

* Concept of Frequency-Selective Circuits
* Low-Pass Filters (LPFs)
* High-Pass Filters (HPFs)



Concept of Frequency-Selective Circuits

Frequency-selective circuits are also called filters. Their ability is to
filter out certain input signals on the basis of frequency:

» Passband

» Stopband

» Frequency response plot: Magnitude plot and phase angle plot
» Cut-off frequency



Concept of Frequency-Selective Circuits

|H(jw)

Passband| Stopband

O jw) e
”(' \
'HUWE}' —

Ideal low-pass filter

w

H(je)

1

0(jw)
B(jw,)

0°

Stopband [ Passband

o ]

L \\

Ideal high-pass filter

Ankara University Electrical and Electronics Eng. Dept. EEE201



Concept of Frequency-Selective Circuits
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Low-Pass Filters: The Series RL Circuit

Voltage transfer function: sL

1"{’.'{ R ]’fl’.i'
H(s) = R/L 5) 2 Vi(s)

Let’s make the substitution s = jw,

. N _  R/L
H(]W)_jW+R/L




Low-Pass Filters: The Series RL Circuit

Transfer function magnitude:

. _ R/L
|H(]W)| T \/W2+(R/L)2

Transfer function phase angle:
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Low-Pass Filters: The Series RL Circuit

Let’s define the cut-off frequency, .
|H(ch)| = —Hpnax

V2
w, is also called the half-power frequency,
. Pmax
P(]Wc) = >
For RL filters,
. 1 R/L _R
HGwe)| = =11] = - we =1

JW§+(R/L)2



Low-Pass Filters: The Series RC Circuit

Voltage transfer function: R
1 Lg(j‘} %f""‘m I*Hﬁ;.(j')
H(s) = &< * _
S+R_C

Let’s make the substitution s = jw,

H(jw) = =5
]W+R—C



Low-Pass Filters: The Series RC Circuit

Transfer function magnitude:

Cut-off frequency:

. 1
|H(]Wc)|:ﬁ|1|: 2 > We = —




High-Pass Filters: The Series RC Circuit

Voltage transfer function:

H(s) = S1 ,
S+R—C i’afﬂ

Let’s make the substitution s = jw,
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High-Pass Filters: The Series RC Circuit

Transfer function magnitude:

, W |H[jcu}
|[H(w)| = — |
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Transfer function phase angle: S —

6(jw) = 90° — tan~* (WRC) ¥

Cut-off frequency: 0
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w
C > W, = —
2 1 \2 RC
WC+(R_C)




High-Pass Filters: The Series RL Circuit

Voltage transfer function: R

Wi
Vils) SL 3 Vy(s)
S+R/L _

Let’s make the substitution s = jw,

H(s) =

H(jw) =

]W+R/L



High-Pass Filters: The Series RL Circuit

Transfer function magnitude:

: _ w
|H(]W)| - \/W2+(R/L)2
Cut-off frequency:
. . i . W, . _ 5
|H(]Wc)|—\/§|1|— ’ WC_L

JWE+(R/L)2
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