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3

Thévenin Equivalent driving C :
VTh = 2

5X , RTh = 10R||15R = 6R, τ = 6RC
V = 2

5X × 1
6jωRC+1 =

2
5X × 1

jωτ+1

Denominator is always (jωτ + 1)

Linearity: Y = aX + bV
KCL @ supernode:

(Y+V )−X
10R + Y

5R = 0⇒ 3Y + V −X = 0

Y = 1
3X − 1

3V = 1
3X − 2

15X
(

1
jωτ+1

)

= X
15

(

5jωτ+3
jωτ+1

)

Denominator of bV is unchanged by adding aX

(1) Denominator corner frequency is always 1
τ for any transfer function in the circuit.

(2) V = 0 at ω = ∞, so since Y = aX + bV , a = Y
X

∣

∣

ω=∞
(= HF-gain)

V is never discontinuous so ∆Y discontinuity = HF-gain×∆X discontinuity
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t ≥ 0: ySS(t) = −4v(t) = −4× 1 = −4

Steady State + Transient
t ≥ 0: y = −4 +Ae−t/τ

Discontinuity Gain (= HF Gain)
y(0+)− y(0−) = −2 (x(0+)− x(0−)) = −2
(−4 + A)− (0) = −2⇒ A = 2

Complete Expression
t ≥ 0: y(t) = −4 + 2e−t/8RC

0 5RC 10RC 15RC 20RC

0

0.5

1

t

0 5RC 10RC 15RC 20RC
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y
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For opamp circuits get τ from the transfer function because RTh is difficult to work out.
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• 1st order transients: circuits with only one C or L

• Transients arise from abrupt changes in the frequency, phase or
amplitude of the input signal or else a switch changing

• Output is steady state + transient

• Steady state: nodal analysis → transfer function

• Transient: Ae−t/τ where:

◦ Two methods to find τ :

⊲ Thévenin seen by L or C : τ = RThC or L
RTh

⊲ Transfer function denominator: (ajω + b) ⇒ τ = 1
ωc

= a
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• 1st order transients: circuits with only one C or L

• Transients arise from abrupt changes in the frequency, phase or
amplitude of the input signal or else a switch changing

• Output is steady state + transient

• Steady state: nodal analysis → transfer function

• Transient: Ae−t/τ where:

◦ Two methods to find τ :

⊲ Thévenin seen by L or C : τ = RThC or L
RTh
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• 1st order transients: circuits with only one C or L

• Transients arise from abrupt changes in the frequency, phase or
amplitude of the input signal or else a switch changing

• Output is steady state + transient

• Steady state: nodal analysis → transfer function

• Transient: Ae−t/τ where:

◦ Two methods to find τ :

⊲ Thévenin seen by L or C : τ = RThC or L
RTh

⊲ Transfer function denominator: (ajω + b) ⇒ τ = 1
ωc

= a
b

◦ Two methods to find A:

⊲ Continuity: ∆VC = 0 or ∆IL = 0

⊲ Discontinuity gain: ∆output = HF gain ×∆input

For further details see Hayt Ch 8 or Irwin Ch 7.
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