
 

Circuits Intuitive Analysis of First OrderSystems
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capacitorvoltage is continuous inductorcurrent is continuous

First order circuits have a singleenergystorageelement
so weget a first order differentialequation
e g Any linear independent sources circuit connected
to a capacitormight bemodeledusing a therein equivalent
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We get the following first orderdiffeg
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which we solvemathematically a a

We p is gny solution to
start adf.fi

Nc h is a solution to the homogeneousdiffeg
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The homogeneous solution has the form
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This works for gny linear first order capacitor
circuit with constant inputs
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Today Skip the math and find the responsedirectly
for linear first order circuits with constant inputs I

in.IE EpE iiEetHe
can replace everythingconnected to our energystorage
element with a Théverin resistance to find homogeneous
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I
current and hence constantothervoltagesandcurrents
in the system after the natural responsedecaysaway
Can we find the constant particular responsedirectly
from the circuit YES
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In de steady state

capacitor not changing inductor is not changing
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So for the de steady state

capacitors looklikeopencircuits
capacitor is a de open

Inductors look like short circuits
inductor is a de short
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How do we use this To find the de steady state

steadystate to 55
For example
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after the switch closes
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after switch closes

For very short time scales

capacitor voltages don't vary instantly
if net t.int n
a short time scale
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act like an incrementalopen tovoltage
on a short time scale
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To figure out the capacitor voltage t 5

SEE Letitit.ci tte4Ifsteady
t0FmFIbf V15 D
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By continuity we thus know Velot 215 D
Rzwoulddischarge any voltage on C that existed e
t co leavingUc 5 0

For this example we now have everything we need
to solve for Vc t

we know where Ve starts at o

Vc ot Vc o
we know where Ve goes es t CO
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we know how it getsthere A e I RthC
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In all cases for waveform t
1 Find t 01 steady state value
2 Find Ot from Velot D o ordicot 1215
3 Find I Rtuc or L Rtk

for too t t co t 0 t 0 éᵗ


