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Announcements

• Recommended Reading:
– Textbook Chapter 13 and Appendix E

• Upcoming due dates:
– Homework 5 due by 11:59 pm on Monday April 29, 2019
– Prelab 6 due by 11:59 pm on Monday April 29, 2019
– Lab report 6 due by 11:59 pm on Friday May 3, 2019
– Homework 6 due by 11:59 pm on Tuesday May 7, 2019
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Transfer Function in s-Domain

𝐻 𝑠 ≡
𝑌 𝑠
𝑋 𝑠

V'( 𝑠 1
𝑠C

V+ 𝑠
R 𝑠L

I/ 𝑠

𝐻0+ 𝑠 ≡
V+ 𝑠
V'( 𝑠

𝐻'/ 𝑠 ≡
I/ 𝑠
V'( 𝑠 =

𝑠
L

𝑠2 + 𝑅𝐿 𝑠 +
1
LC

with	initial	conditions	=	0
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Poles and Zeros of the Transfer Function

𝐻 𝑠 ≡
𝑌 𝑠
𝑋 𝑠 =

𝑁 𝑠
𝐷 𝑠 =

𝑎9𝑠9 + 𝑎9:;𝑠9:; +⋯+ 𝑎;𝑠 + 𝑎=
𝑏?𝑠? + 𝑏?:;𝑠?:; + ⋯+ 𝑏;𝑠 + 𝑏=

Poles are the roots of the denominator polynomial −	𝐷 𝑠

Zeros are the roots of the numerator polynomial −	𝑁 𝑠

𝑌 𝑠 = 𝐻 𝑠 𝑋 𝑠 =
𝑁 𝑠
𝐷 𝑠 𝑋 𝑠

𝑌 𝑠 = 𝐻 𝑠 =
𝑁 𝑠
𝐷 𝑠

Impulse Response: 𝑋 𝑠 = 1

𝐻 𝑠 =
𝑎9 𝑠 + 𝑧; 𝑠 + 𝑧2 ⋯ 𝑠 + 𝑧9
𝑏? 𝑠 + 𝑝; 𝑠 + 𝑝2 ⋯ 𝑠 + 𝑝?
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Pole Location and Natural Response

Re 𝑠 = 𝜎

Im 𝑠 = 𝜔

Faster GrowthFaster Decay

Faster Oscillation

Faster Oscillation 𝑠-plane
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Sinusoidal Steady-State Frequency Response

𝑠 = 𝑗ω

𝐻 𝑠𝑋 𝑠 𝑌 𝑠 = 𝐻 𝑠 𝑋 𝑠

𝑠-Domain

Phasor-Domain

𝐻 𝑗ωXV 𝑗ω YV 𝑗ω = 𝐻 𝑗ω XV 𝑗ω

𝐻 𝑗ω = 𝐻 𝑗ω 𝑒Y∠[ Y\

𝑥 𝑡 = X cos ω𝑡 + 𝜙 𝑦 𝑡 = X 𝐻 𝑗ω cos ω𝑡 + 𝜙+ ∠𝐻 𝑗ωCircuit	in
t-domain
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Bode Plots (Revisited)

𝐻 𝑠 = 𝐻; 𝑠 𝐻2 𝑠

𝐻 𝑗ω = 𝐻; 𝑗ω 𝐻2 𝑗ω 𝐻 𝑗ω = 𝐻; 𝑗ω 𝑒Y∠[b Y\ 𝐻2 𝑗ω 𝑒Y∠[c Y\

𝑠 = 𝑗ω

𝐻 𝑗ω 𝑒Y∠[ Y\ = 𝐻; 𝑗ω 𝐻2 𝑗ω 𝑒Y ∠[c Y\ d∠[b Y\

𝐻 𝑗ω = 𝐻; 𝑗ω 𝐻2 𝑗ω

∠𝐻 𝑗ω = ∠𝐻2 𝑗ω +∠𝐻; 𝑗ω

𝐻 𝑗ω ef = 20 log;= 𝐻; 𝑗ω 𝐻2 𝑗ω



ECE/ENGRD 2100 8

Bode Plot Example 1

𝐻 𝑠 =
10j 𝑠 + 10k

𝑠 + 10; 𝑠 + 10j

𝐻 𝑗ω =
10j 𝑗ω + 10k

𝑗ω + 10; 𝑗ω + 10j 𝐻 𝑗ω =
102 1 + 𝑗ω 10k⁄

1 + 𝑗ω 10;⁄ 1 + 𝑗ω 10j⁄

𝐻; 𝑗ω = 102

𝐻2 𝑗ω = 1 + 𝑗ω 10k⁄

𝐻k 𝑗ω =
1

1 + 𝑗ω 10;⁄

𝐻m 𝑗ω =
1

1 + 𝑗ω 10j⁄

𝐻 𝑗ω = 𝐻; 𝑗ω 𝐻2 𝑗ω 𝐻k 𝑗ω 𝐻m 𝑗ω

𝑠 = 𝑗ω
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Bode Plot Example 1 (Cont.)
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Bode Plot Example 1 – Using Poles and Zeros

log-scale
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𝐻 𝑗ω =
102 1 + 𝑗ω 10k⁄
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Bode Plot Example 2

𝐻 𝑠 =
10u

𝑠2 + 10𝑠 + 10v

𝐻 𝑗ω =
10u

−ω2+ 10𝑗ω + 10v

=
10

1 + 𝑗ω 10j⁄ − ω 10k⁄ 2

𝑠 = 𝑗ω
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