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Transient Response

• Outline
– High Pass Filters
– Series and Parallel Resonance
– Amplifiers and Devices

• Reading- Hambley text sections 6.4, 6.5, 6.6, 6.7,slides
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Recap: Concept of Transfer Function

𝐻 𝑓 =
𝑉!"#
𝑉$%

𝐻 𝑓 is a complex number
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Recap:First order low pass filter

𝐻 𝑓 =
1

1 + 𝑓&
𝑓'&

∠ − tan()(
𝑓
𝑓'
)

𝑓' =
1

2𝜋𝑅𝐶
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First order High Pass Filter
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First order High Pass Filter
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Low Pass and High Pass Filters with Inductors
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Resonant Circuits

Series Resonance
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Recap: R-L-C circuits: Response in time
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Example

• Given vc(0
-)=1, Vs=2 cos(ωt), ω=200.

• Find i(t), vc(t)=?

C

R

Vs

t = 0
+
−

+
vc

–
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2nd Order Circuits

• Any circuit with a single capacitor, a single 
inductor, an arbitrary number of sources, 
and an arbitrary number of resistors is a 
circuit of order 2.

• Any voltage or current in such a circuit is 
the solution to a 2nd order differential 
equation.
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A 2nd Order RLC Circuit

R
+

-
Cvs(t)

i (t)

L

• Application: Filters

– A bandpass filter such as the IF amp for 
the AM radio.

– A lowpass filter with a sharper cutoff 
than can be obtained with an RC circuit.
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The Differential Equation

KVL around the loop:

vr(t) + vc(t) + vl(t) = vs(t)

i (t)

R
+

-
Cvs(t)

+

-

vc(t)

+ -vr(t)

L

+- vl(t)
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+ + =

𝑑&𝑣*
𝑑𝑡&

+
1

(𝐿/𝑅)
𝑑𝑣*
𝑑𝑡

+
1
𝐿𝐶

𝑣* = 𝑣+

𝑑&𝑣*
𝑑𝑡&

+ 2𝛼
𝑑𝑣*
𝑑𝑡

+ 𝜔,&𝑣* = 𝑣+

Homogeneous solution

𝑑&𝑣*
𝑑𝑡&

+ 2𝛼
𝑑𝑣*
𝑑𝑡

+ 𝜔,&𝑣* = 0

From previous discussions we have seen that an 
exponential solution works 

Lets try: 𝑣* 𝑡 = 𝐴𝑒+#
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Series Resonance

𝑍 = 𝑅 + 𝑗𝜔𝐿 −
𝑗
𝜔𝐶
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Series Resonance
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Series Resonance
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Series Resonance
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Series Resonance Bandpass Filter

Half-power frequencies are defined as the 
frequencies where the magnitude of the transfer 
function has fallen by a factor of )

&
= 0.707

It can be shown that 𝐵 = 𝑓- − 𝑓. =
𝑓,
𝑄+
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Parallel Resonance
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Active Devices

• Active devices are made of semiconductors
• Semi-conductors are materials whose resistance is in between a metal and insulator

• More interestingly, one is able to change the resistance of the semiconductor materials by using external 
control such as voltage or current

Half


