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Concept of Frequency Response:

• If the system is Linear Time Invariant (LTI)
• In Steady State, sinusoidal input will 

generate a sinusoidal response of the same 
frequency

• Although the frequency is the same, the 
response differ in magnitude and phase
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Frequency Response and the Bode Plot:

Phasor Notation
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Bode Plot:
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𝑉𝑉𝑠𝑠 𝑡𝑡 =  𝑉𝑉𝐴𝐴 cos(𝜔𝜔 𝑡𝑡 +  𝜑𝜑)

Phasor Notations:

1  𝑉𝑉𝑠𝑠 =  𝑉𝑉𝐴𝐴∠𝜑𝜑   standard form

𝑎𝑎 =  𝑉𝑉𝐴𝐴 cos𝜑𝜑
2  𝑉𝑉𝑠𝑠 =  𝑎𝑎 + 𝑗𝑗𝑗𝑗   complex form

𝑏𝑏 =  𝑉𝑉𝐴𝐴 sin𝜑𝜑

Converting complex to standard:

𝑉𝑉𝐴𝐴 = 𝑎𝑎2 + 𝑏𝑏2

𝜑𝜑 =  tan−1(
𝑏𝑏
𝑎𝑎

)

3  𝑉𝑉𝑠𝑠 =  𝑉𝑉𝐴𝐴𝑒𝑒𝑗𝑗𝜑𝜑   exponential form
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AC Circuit Analysis using Phasors and Impedances

Example:

𝑉𝑉𝑠𝑠 𝑡𝑡 = 3∠ −50𝑜𝑜   standard form

𝑉𝑉𝑠𝑠 𝑡𝑡 = 1.928 − 𝑗𝑗2.298   complex form

𝑎𝑎 = 3 cos(−50𝑜𝑜) = 1.928
𝑏𝑏 = 3 sin(−50𝑜𝑜) = 2.298

𝑉𝑉𝑠𝑠 𝑡𝑡 = 3 sin 100 𝑡𝑡 +  40𝑜𝑜Express in standard and complex 
phasor form

𝑉𝑉𝑠𝑠 𝑡𝑡 = 3 cos 100 𝑡𝑡 +  40𝑜𝑜  − 90𝑜𝑜
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𝐾𝐾

Increasing K

20𝑙𝑙𝑙𝑙𝑙𝑙 1 = 0
20𝑙𝑙𝑙𝑙𝑙𝑙 2 ≈ 6.02
20𝑙𝑙𝑙𝑙𝑙𝑙 5 ≈ 13.98
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𝑉𝑉𝑠𝑠 𝑡𝑡 =  𝑉𝑉𝐴𝐴 cos(𝜔𝜔 𝑡𝑡 +  𝜑𝜑)

Phasor Notations:

1  𝑉𝑉𝑠𝑠 =  𝑉𝑉𝐴𝐴∠𝜑𝜑   standard form

𝑎𝑎 =  𝑉𝑉𝐴𝐴 cos𝜑𝜑
2  𝑉𝑉𝑠𝑠 =  𝑎𝑎 + 𝑗𝑗𝑗𝑗   complex form

𝑏𝑏 =  𝑉𝑉𝐴𝐴 sin𝜑𝜑

Converting complex to standard:

𝑉𝑉𝐴𝐴 = 𝑎𝑎2 + 𝑏𝑏2  =  02 +  (−
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𝜔𝜔
𝑗𝑗)2 = 𝑗𝑗

1
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− 1
𝜔𝜔

0
= −

𝜋𝜋
2

3  𝑉𝑉𝑠𝑠 =  𝑉𝑉𝐴𝐴𝑒𝑒𝑗𝑗𝜑𝜑   exponential form
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1
𝑠𝑠 + 1

Closed Loop TF:

𝑐𝑐 𝑡𝑡 = 1 − 𝑒𝑒−𝑡𝑡

0.63

1.0
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@𝜔𝜔 = 1 𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠

Open loop gain = 1

Closed loop gain =  -3dB
Closed loop phase = -45º

0.707
(-3dB)

0.125 s
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@𝜔𝜔 = 1 𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠

Open loop gain = 10 = 1dB

Closed loop gain =  -3dB
Closed loop phase = 45º



UC Berkeley
Mechanical Engineering DepartmentUsing Bode Plot to design (Frequency Shaping):

1
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1
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10(𝑠𝑠 + 0.1)
(𝑠𝑠 + 10)
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