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Surrounding Applications

Cell phone
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Surrounding Applications

ADSL Splitter
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Surrounding Applications

Heart Rate
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Surrounding Applications

Automotive Applications
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Mathematical background

Fourier Series

ao =
2
T

∫ a+T

a
f (t)dt (1)

an =
2
T

∫ a+T

a
f (t) cos(kwt)dt , k ≥ 1 (2)

an =
2
T

∫ a+T

a
f (t) sin(kwt)dt , k ≥ 1 (3)
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Mathematical background

Hierarchy of Filters
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Four types of filters

"Ideal Filters" Frequency domain
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Four types of filters

"Realistic Filters" Frequency domain
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Four types of filters

Key Filter Parameters
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Realization with passive Elements

General form

T (s) =
N(s)

D(s)
=

bmsm + bm−1sm−1 + · · ·+ b1s + b0

ansn + an−1sn−1 + · · ·+ a1s + a0

T (s) =
N(s)

D(s)
=

b1s + b0

a1s + a0
First Order

Conditions

I ai and bi are real numbers.
I ai could be positive, negative, and zero.
I bi could be positive.
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Realization with passive Elements

Examples

EEC 242 http://Drshiple-courses.weebly.com/ 13



Introduction Passive Filters Characteristics Bilinear Transfer Function Exercises

Realization with passive Elements

Examples
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Low Pass Filter

Examples

I Find the transfer function.
I compute magnitude, phase, pole, and zero , assume

R = 12kΩ and C = 100nf .

Solution
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Low Pass Filter

|T (S)|

α = 20log10|T (S)|

fc =
1

2πRc
=

1
2× 3.14× 12k × 100n

= 132.6Hz

Magnitude
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Low Pass Filter

< θ(ω)

Phase
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High Pass Filter

Examples

I Find the transfer function.
I compute magnitude, phase, pole, and zero , assume

R = 12kΩ and C = 100nf .

Solution
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High Pass Filter

|T (S)|

α = 20log10|T (S)|

fc =
1

2πRc

=
1

2× 3.14× 12k × 100n
= 132.6Hz

Magnitude
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High Pass Filter

Excr 1:

Design a 1st order HPF with
next specifications:

I |T (0)| = 0.3.
I |T (∞)| = 1.
I there are a zero @

fz = −159.
Solution
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Bandpass Filter

Example

I Find the transfer function.
I compute magnitude,

phase.

The BPF cct.:
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Bandpass Filter

cont.

H(S) =
R

R + SL + 1
Sc

SL +
1

Sc
= 0 purely real

ω0 =
1√
LC

The BPF cct.:
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Bandpass Filter

Band Pass Filter

I Therefore at the resonant frequency the impedance seen by the source
is purely resistive.

I This implies that at resonance the inductor/capacitor combination acts
as a short circuit.

I The current flowing in the system is in phase with the source voltage.
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Bandpass Filter

Max. and Min. Frequencies

H(S) =
R

R + SL + 1
Sc

× Sc

=
SCR

S2LC + SCR + 1
÷ LC

=
S R

L

S2 + S R
L + 1

LC

|T (jω)| =
Rω
L√

( 1
LC − ω2)2 +

(
ωR
L

)2

The BPF cct.:

|T (jω)| =
1√
2

=
1√

(ωL
R −

1
ωRC )2 + 1

± 1 =
ωL
R
− 1
ωRCEEC 242 http://Drshiple-courses.weebly.com/ 24
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Bandpass Filter

Max. and Min. Frequencies

ω1 =
R
2L

+

√(
R
2L

)2

+
1

LC

ω2 = − R
2L

+

√(
R
2L

)2

+
1

LC

Band width = β =
R
L

Quality factor = Q =
ω0

β
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Band rejection Filter (BRF)

Example

I Find the transfer function.
I compute magnitude,

phase.

The BRF cct.:
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Band rejection Filter (BRF)

cont.

H(S) =
SL + 1

Sc

R + SL + 1
Sc

SL +
1

Sc
= 0 purely real

ω0 =
1√
LC

The BRF cct.:
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Band rejection Filter (BRF)

Max. and Min. Frequencies

H(S) =
SL + 1

Sc

R + SL + 1
Sc

× Sc

=
S2LC + 1

S2LC + SCR + 1
÷ LC

=
S2 + 1

LC

S2 + S R
L + 1

LC

|T (jω)| =

√
( 1

LC − ω2)2√
( 1

LC − ω2)2 +
(
ωR
L

)2

The BRF cct.:

|T (jω)| =
1√
2

=
1√

(
ωL
R

1
LC −ω2 )2 + 1
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Band rejection Filter (BRF)

Max. and Min. Frequencies

ω1 =
R
2L

+

√(
R
2L

)2

+
1

LC

ω2 = − R
2L

+

√(
R
2L

)2

+
1

LC

Band width = β =
R
L

Quality factor = Q =
ω0

β
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All Pass Filter

Example

I Find the transfer function.
I compute magnitude,

phase.
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All Pass Filter

cont.

VA = V1
R1

2R1
=

1
2

VB = V1
SCR

SCR + 1

V2 = VA − VB = v1

(
1
2
− SCR

SCR + 1

)
ωc =

1
RC

H(S) =
1
2
× 1− SCR

1 + SCR

The APF cct.:
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All Pass Filter

Max. and Min. Frequencies

|T (jω)| =
1
2

for all ω

θ = −2 tan−1 ω

ωc
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Appendix

Example 3.1:
By using voltage divider:

Vo = Vi

1
Sc

R + 1
Sc

× SC

Vo

Vi
=

1
1 + SRc

=
1

1 + jωRc

To find the pole of TF
(Dnum = 0):

|T (S)| =
1√

(1)2 + (ωRc)2
=

1√
2

ωc =
1

Rc

Back to Example31 .

To find the zero of TF
(Num = 0):
zero =∞
To find the magnitude of
TF:

|T (S)| =
1√

(1)2 + (ωRc)2
use ωc

|T (S)| =
1√

1 + ( ω
ωc

)2

To find the phase of TF:

θ(ω) = 0− tan−1(
ωRc

1
) = tan−1(

ω

ωc
)EEC 242 http://Drshiple-courses.weebly.com/ 33



Appendix

Example 3.3:
By using voltage divider:

Vo = Vi
R

R + 1
Sc

× SC

Vo

Vi
=

SRC
1 + SRc

=
jωRc

1 + jωRc

To find the pole of TF
(Dnum = 0):

|T (S)| =
1√

(1)2 + (ωRc)2
=

1√
2

ωc =
1

Rc

Back to Example33 .

To find the magnitude of
TF:

|T (S)| =
(ωRc)2√

(1)2 + (ωRc)2
use ωc

|T (S)| =
ω
ωc√

1 + ( ω
ωc

)2

To find the phase of TF:

θ(ω) =
π

2
− tan−1(

ωRc
1

)

=
π

2
− tan−1(

ω

ωc
)
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Appendix

Example 3.4:

To realize |T (0)| = 0.3:
a pure capacitor will not meet this condition we

need to add shunt resistor, the exapectid cct.:

Back to Example34 .

Vo = Vi
ScR1R2 + R2

ScR1R2 + (R1 + R2)
(4)

|T (S)|ω=0 =
R1

R1 + R2
(5)

To find the pole of TF (Dnum =
0):

ScR1R2 + R2 = 0 ⇒ ω =
1

cR1
(6)

From 4 and 6 assume c = 1µf

∴ R1 = 1K Ω and R2 = 429Ω
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