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Continuous Time Example

• 2-stage RC low-pass, equal R and C
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Euler forward:

Solve  for ሶ𝑽𝟏 and  for ሶ𝑽𝟐

Introduce constant time steps ∆𝒕,sufficiently short.
At every time step calculate

𝑽𝟏,𝟐 𝒕 + ∆𝒕 = 𝑽𝟏,𝟐 𝒕 + ∆𝒕 ∙ ሶ𝑽𝟏,𝟐 𝒕

with ሶ𝑽𝟏,𝟐 𝑡 as above.
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Euler backward:

Solve  for ሶ𝑽𝟏 and  for ሶ𝑽𝟐 and introduce constant time steps ∆𝒕

Use this to solve the equation system of Euler backward formulae

𝑽𝟏 𝒕 + ∆𝒕 = 𝑽𝟏 𝒕 + ∆𝒕 ∙ ሶ𝑽𝟏 𝒕 + ∆𝒕
𝑽𝟐 𝒕 + ∆𝒕 = 𝑽𝟐 𝒕 + ∆𝒕 ∙ ሶ𝑽𝟐 𝒕 + ∆𝒕

for 𝑽𝟏 𝒕 + ∆𝒕 and 𝑽𝟐 𝒕 + ∆𝒕 .
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Explicit: Known Waveform for piecewise constant input 𝑉𝑖 𝑡

VOC CVi

 

Start with node equations (sum of outgoing currents):
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Solve the differential equation system for 𝑽𝟏 𝒕 and 𝑽𝟐 𝒕 assuming 𝑽𝒊 = 𝐜𝐨𝐧𝐬𝐭
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Explicit: Known Waveform for piecewise constant input 𝑽𝒊 𝒕
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Use 𝝉 =
𝟏

𝝎
= 𝑹𝑪 to write the solution:

𝑽𝟐 𝒕 = 𝑽𝒊 + 𝑽𝑨 ∙ 𝒆
𝒛𝟏𝒕 + 𝑽𝑩 ∙ 𝒆

𝒛𝟐𝒕

𝑽𝟏 𝒕 = 𝑽𝒊 + 𝑽𝑨 ∙ 𝒆
𝒛𝟏𝒕 + 𝑽𝑩 ∙ 𝒆

𝒛𝟐𝒕 + 𝑽𝑨 ∙ 𝝉𝒛𝟏𝒆
𝒛𝟏𝒕 + 𝑽𝑩 ∙ 𝝉𝒛𝟐𝒆

𝒛𝟐𝒕

with

𝒛𝟏,𝟐 =
𝝎

𝟐
∙ 𝟑 ± 𝟓

𝑽𝑨 and 𝑽𝑩 are constant voltage values
determined by the initial conditions for 𝑽𝟏 and 𝑽𝟐.
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Explicit: Known Waveform for piecewise constant input 𝑽𝒊 𝒕
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The input voltage 𝑽𝒊 changes only at points in time 𝒕𝟏, 𝒕𝟐, 𝒕𝟑, etc. 

Use known values of 𝑽𝟏 𝒕𝟏 and 𝑽𝟐 𝒕𝟏 to determine values of 𝑽𝑨 and 𝑽𝑩 for
𝒕 ∈ 𝒕𝟏, 𝒕𝟐 . Calculate 𝑽𝟏 𝒕𝟐 and 𝑽𝟐 𝒕𝟐 . Final values at 𝒕𝟐 are the initial values for
the next interval 𝒕 ∈ 𝒕𝟐, 𝒕𝟑 . Proceed to 𝒕𝟑, 𝒕𝟒, etc.
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Test Bench: PWM input 𝑽𝒊 𝒕
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