
 

Circuits Capacitors and First OrderDynamicCircuits

Up to now we have focused on static circuits wherethe

f EY's IF it.it nc fine Eeron
interesting are dynamic circuits containing energy
storageelements The behaviors of these circuits dependupon
past conditions as well as presentinputs and their

Fists t.EE atntd

Today First Order circuits oneindependentenergy
storage element
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For the linear case C is constant
across voltage Integrating
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so for a capacitor CE

ifor dg Cave or 4ft Cdf
housessecondpassinga sine point
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Notes For theory purposes we couldconsider this
a defining characteristic for a capacitor
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For a constant C thisis a linearelement Cl
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Energy StorageProperty

II the
electricfield insidethe capacitor

W integratingthe power Vic
flowingintothedevice we can

live.CI dt see that it storesenergyrelatedto its voltage or charge
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n T ftp.f.gg usingthe capacitorfrom

Charging a capacitor from V to V2 volts we would
change the energystored by awee CY ICV
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1 to voltagedependsuponcurrentand previous
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Let's consider the chargingbehavior of a capacitor
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switch closes at too

AssumeVelt 0 for
I too in this example

historymatters

Today The mathematician's approach
First order linearApplythe node method constantcoefficient
differentialequation

C 0

4tRe
faffedtake them
is FEEFee It



Circuits Capacitors and First OrderDynamicCircuits

we can express the solution fort a as

Vc t Ve p t Vc t

53T Psii L Is or natural

Steps to solve i e find Vc t

Find a particular solution to the diffeg
stay ff w solution rep is any function that

Vc RC4 VE
Find the general homogeneous solution

The homogeneous solution solves the homogeneous
equation represents

Vc RC D
This is thegeneral solution to the
case where independent inputs are f fset to 0 Thegeneral homogeneous

have a singlearbitrary

A sum of a particular solutiontothediffeyend
a homogeneous solution will alsosatisfythe diff eg

T.fi d ifetit itatiiiets t4 faith
solution and thegeneralhomogeneous solution

Pick thescale factor of the homogeneous portion
such that the total solution matches the known
initial condition
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e g for our circuit with Vc o 0 for so

Vc p is a particular solution to

Velt RC because
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vein test of T.fi t5sEufactorA
satisfies V RCYf D homogeneous

eyn

substituting we can find s

A est RC SAest D

Dividing out Aest we getthe characteristicequation

v
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Thus the total solution has the form

Vc t I A e
t
for t 0 where I RC

price feel homogeneous
solution solution
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To find the value of scale constant A we match the
solution to the known initial condition in the circuit

54m

Vc ot V Aéᵗ A TI
t o

The solution for the capacitor voltage is thus

VcH E Cᵗ frtT
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Notes

First order capacitor circuits one capacitor
always have a homogeneous natural solution form

Vein A e
t
where I Rac
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Théverin equivalent With independentsources
killed for the t cthe network ca

looks like a resistor of value Rth
This metal our life eery
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