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Frequency Response For Series ac Circuits

 Frequency Response for Basic Elements
 Introduction

 RLC Series Circuit (qualitatively)

 RLC Series Circuit Impedance Example/ICP – Find the 
equation and sketch

 Frequency Response for a Series RC Circuit
 Total Impedance and example/ICP

 Voltage ஼ܸ and example/ICP
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How does the response of a series circuit change as 
the frequency changes?

 Parameters of Interest
 Impedance, Z
 Voltage, V
 Current, I
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Frequency Response of Basic Elements
 The impedance and impedance diagram of ideal circuit 

elements are shown in the RLC circuit below

ܼோ ൌ ܴ∠0° ܼ௅ ൌ ܺ௅∠90°	 ܼ஼ ൌ ܺ஼∠ െ 90° 
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Frequency Response of Basic Elements
 The response of the ideal elements to changes in 

frequency are shown below

Low Freq. 
	 ࢌ ൌ ૙

High Freq. 
ࢌ → ∞

ࡾࢆ No changes No changes

ࡸࢆ Short-circuit Open-circuit

࡯ࢆ Open-circuit Short-circuit

Note:
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Frequency Response of Basic Elements
 What do |ZT| and |IT| look like for a series RLC Circuit?

|ZT| Ω
|IT| A 

L    

C
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Frequency Response of Basic Elements
 Find |ZT| for this circuit as a function of 

frequency (as the frequency changes)

ICP: 
1) Calculate |ZT| at 100Hz, 10kHz and 100kHz
2) At what frequency does |ZT| hit its minimum?
3) Sketch |ZT| as a function of frequency (calculator…)

|ZT| Ω

C

L
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Frequency Response of a Series R-C Circuit
 Example: Determine the frequency response of a series R-C circuit

 Frequency range: 0 to 20 kHz
 Frequency response of the individual elements are key

 But - We are more interested in the frequency response of the entire 
circuit (ࢀࢆ	and	܄c	hereሻ

The frequency response 
can be subdivided into 2 
sections

 Section 1: ܺ஼ ൐ ܴ
 Divider : ܺ஼ ൌ ܴ
 Section 2: ܺ஼ ൏ ܴ
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 Frequency for ோ ஼

Frequency Response of a Series R-C Circuit

ܺ஼ ൌ ଵ
ଶగ௙భ஼

ൌ ܴ ∴ ଵ݂ ൌ ଵ
ଶగோ஼

 Total impedance, ࢀ
 Rectangular form

ࢀࢆ ൌ ࡾࢆ ൅ ࡯ࢆ
ࢀࢆ ൌ ࡾ ൅ ࢐૙ ൅ ૙ െ ࡯ࢄ࢐
ࢀࢆ ൌ ࡾ െ ࡯ࢄ࢐

ࢀࢆ ൌ ߠ∠்ܼ

ࢀࢆ ൌ ܴଶ ൅ ܺ஼ଶ ∠ െ	tanିଵ ೉಴
ೃ

 Polar form
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ࢀ

Frequency Response of a Series R-C Circuit

ܴଶ ൅ ܺ஼ଶMagnitude: ∠ െ	tanିଵ ೉಴
ೃAngle:

ICP - Calculate |ZT| and <ZT at:
100Hz, 3.18kHz, 20kHz

frequency ZT
100 Hz 159.2KΩ < -88.2⁰
3.18 kHz 7.07KΩ < -45⁰
20 kHz 5.06KΩ < -9.04⁰
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 Find the voltage ࡯ using voltage divider

Frequency Response of a Series R-C Circuit

࡯ࢂ ൌ ࡱ࡯ࢆ
ࢀࢆ

ൌ ࡱ࡯ࢆ
࡯ࢆାࡾࢆ ൌ ௑಴∠ିଽ଴° ா∠଴°

ோା௝଴ ା ଴ି௝௑಴
ൌ ௑಴ா∠ିଽ଴°

ோି௝௑಴

ൌ ௑಴ா∠ିଽ଴°

ோమା௑಴మ ∠ ି୲ୟ୬షభ ௑಴
ோ

࡯ࢂ ൌ ஼ߠ∠|࡯ࢂ| ൌ ௑಴ா

ோమା௑಴మ
∠െ90° െ ሺെtanିଵ ܺ஼

ܴൗ ሻ

 Voltage ࡯
Magnitude:

 Angle:

| ஼ܸ| ൌ ௑಴ா

ோమା௑಴మ

஼ߠ∠ ൌ െ90° ൅ tanିଵ ܺ஼
ܴൗ ൌ െ	tanିଵ ܴ

ܺ஼ൗ 	



Electrical Engineering Technology

࡯

Frequency Response of a Series R-C Circuit

Magnitude: ஼ܸ ൌ ௑಴ா

ோమା௑಴మ

Angle: ஼ߠ∠	
ൌ െ90° ൅ tanିଵ ܺ஼

ܴൗ

ൌ െ tanିଵ ܴ
ܺ஼ൗ

Calculate |VC| and <VC at:
100Hz, 3.18kHz, 20kHz

frequency VC
100 Hz 10.0V < -1.8⁰
3.18 kHz 7.07V < -45⁰
20 kHz 1.57VΩ < -81.0⁰
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Frequency Response of a Series R-C Circuit –
Multisim 

 There is a great way to check your understanding and perform this kind 
of work more efficiently…

Frequency VC
100.2 Hz 10.0V < -1.78⁰
3.17 kHz 7.09V < -45.2⁰
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Frequency Response of a Series R-C Circuit – Multisim

 What about ZT?

frequency ZT
~99 Hz 160.5KΩ < -88.2⁰
~3.1 kHz 7.19KΩ < -44.8⁰
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Frequency Response of a Series R-C Circuit – Multisim 

 Get familiar with Multisim for this kind of work
 See the posted file to get started

 Use Multisim to check your HW answers and text examples


