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Agenda

• Concept of Frequency-Selective Circuits

• Low-Pass Filters (LPFs)

• High-Pass Filters (HPFs)
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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
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Concept of Frequency-Selective Circuits
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Concept of Frequency-Selective Circuits
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Low-Pass Filters: The Series RL Circuit

Voltage transfer function: 

𝐻 𝑠 = 
Τ𝑅 𝐿

𝑠+ Τ𝑅 𝐿

Let’s make the substitution 𝑠 = 𝑗𝑤,

𝐻 𝑗𝑤 = 
Τ𝑅 𝐿

𝑗𝑤+ Τ𝑅 𝐿
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Low-Pass Filters: The Series RL Circuit

Transfer function magnitude:

𝐻 𝑗𝑤 =
Τ𝑅 𝐿

𝑤2+ Τ𝑅 𝐿 2

Transfer function phase angle:

𝜃 𝑗𝑤 = − tan−1
𝑤𝐿

𝑅
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Low-Pass Filters: The Series RL Circuit
Let’s define the cut-off frequency,

𝐻 𝑗𝑤𝑐 =
1

2
𝐻𝑚𝑎𝑥

𝑤𝑐 is also called the half-power frequency, 

𝑃 𝑗𝑤𝑐 = 
𝑃𝑚𝑎𝑥

2

For RL filters, 

𝐻 𝑗𝑤𝑐 =
1

2
1 =

Τ𝑅 𝐿

𝑤𝑐
2+ Τ𝑅 𝐿 2

→ 𝑤𝑐 =
𝑅

𝐿
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Low-Pass Filters: The Series RC Circuit

Voltage transfer function: 

𝐻 𝑠 = 
1

𝑅𝐶

𝑠+
1

𝑅𝐶

Let’s make the substitution 𝑠 = 𝑗𝑤,

𝐻 𝑗𝑤 = 
1

𝑅𝐶

𝑗𝑤+
1

𝑅𝐶
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Low-Pass Filters: The Series RC Circuit

Transfer function magnitude:

𝐻 𝑗𝑤 =
1

𝑅𝐶

𝑤2+
1

𝑅𝐶

2

Cut-off frequency:

𝐻 𝑗𝑤𝑐 =
1

2
1 =

1

𝑅𝐶

𝑤𝑐
2+

1

𝑅𝐶

2
→ 𝑤𝑐 =

1

𝑅𝐶
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High-Pass Filters: The Series RC Circuit

Voltage transfer function: 

𝐻 𝑠 = 
𝑠

𝑠+
1

𝑅𝐶

Let’s make the substitution 𝑠 = 𝑗𝑤,

𝐻 𝑗𝑤 = 
𝑗𝑤

𝑗𝑤+
1

𝑅𝐶
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High-Pass Filters: The Series RC Circuit
Transfer function magnitude:

𝐻 𝑗𝑤 =
𝑤

𝑤2+
1

𝑅𝐶

2

Transfer function phase angle:

𝜃 𝑗𝑤 = 90° − tan−1 𝑤𝑅𝐶

Cut-off frequency:

𝐻 𝑗𝑤𝑐 =
1

2
1 =

𝑤𝑐

𝑤𝑐
2+

1

𝑅𝐶

2
→ 𝑤𝑐 =

1

𝑅𝐶
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High-Pass Filters: The Series RL Circuit

Voltage transfer function: 

𝐻 𝑠 = 
𝑠

𝑠+ Τ𝑅 𝐿

Let’s make the substitution 𝑠 = 𝑗𝑤,

𝐻 𝑗𝑤 = 
𝑗𝑤

𝑗𝑤+ Τ𝑅 𝐿
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High-Pass Filters: The Series RL Circuit

Transfer function magnitude:

𝐻 𝑗𝑤 =
𝑤

𝑤2+ Τ𝑅 𝐿 2

Cut-off frequency:

𝐻 𝑗𝑤𝑐 =
1

2
1 =

𝑤𝑐

𝑤𝑐
2+ Τ𝑅 𝐿 2

→ 𝑤𝑐 =
𝑅

𝐿
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