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Review In an LTI linear time invariant circuit the
patticular response to a sinusoidal input is a scaled
shifted sinusoid at the same frequency
We oftenexpress sinusoidal signals e.g voltages or current
as the real part of a complexexponential e.g
v t Vicos wt Re Yed est

Re Yet d edit Re eat
The complexcoefficient Vied Joe 0,7 jv sin 0
captures both themagnitudeand the phase of thesinusoid

This is useful since the mathematics of complex exponentials
is relatively simple and we can look at the real part
T.IE I theweapt epatigtitiitn it
If xe̅t fissiten Yet
then input

A re debut sits re feint
x ̅ cos wt 4 cos wt Y

This is e fast way to calculate the sinusoidal steady
state response of an LTI circuit

Today we carrythings one step further and use the
properties of complex exponentials tomake our life eveneasier

Since we can represent our solution as the real part of
a complex exponential lets look at the relationships
of V n for complexexponential drives an individual
components
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Impedance is a generalized version of resistance
that describes the ratio of complex voltage to complexcurrent in a component for a complexexponential drive

We will assume that we have complexexponential drive
est where I maybecomplex and 5 5 jw may

be complex
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For sinusoidal drive S jw
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Impedances naturallyhandle thescalingandphase
shifts due to sinusoidal complexexponential driver

Example
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In LTI Circuits Impedances act todescribeconstitutive
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Consider our simpleexample

fwm If Vilt x ̅ Cos ut

Express asVi E t
victs re Feddiest
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Impedure model Re Feint
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We can use this result multipleways
Sinusoidal Steady state solution S jw

E it é

Vilt Tics wt Re get pint
rect Re r.to ednntwm.qeidieiwty

Vclt vTIgg cos at ATAN WRC



Circuits Impedance Methods

The aboveresult is the same as wegotbefore but wedidn't
need to write any differential equators The magic of
compleximpedance makes all our equationsalgebraic

NaturalResponse homogeneous response inputzero

consider Etc s I

If input 0 can we get a nonzero response
only if SCR 1 0 This thetic

equation
The natural response falls out as theroots of the
characteristic equation

g I RC

naturalresponse V t Aest Et
This is exactly as expected for the RC circuit
we can always find The characteristiceqn this way

Thus using impedances we get algebraic relations
among the complexcoefficients of complex exponential
voltages currents In calculatingthings we simply
use impedances just like we've always used resistances

From this we directly get
Sinusoidal steady state solution es jwt
Natural response finds values for naturalresponseAest

Eth.tt stwes that cangive nontes response for
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Notes about impedances for sinusoidal drive s jw
Inductor Z SL jul
12 0 w o Inductor becomes a shortatde

12 1 co wasco Inductorbecomes an open
high frequency Hard to change
inductor current quickly

Capacitor 7 to
17,1 co w a capacitorbecomes an open dc
Zel o w co capacitor becomes a short at

high frequency Hard to change
capacitorvoltagequickly

For an arbitrary element A impedance is a complex
that maydepend on frequency

ZA RA jYg
The real part of impedance Thecoefficientmultiplying
Is resistance since this in the imaginary component of
relates to the component of impedance is called reactance
voltage and current that are It relates the componentsof
in phase 1 ftp.t

are
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Transfer functions

Yes PEE L ftp.eesferthesoisimipux
frequency S

For example in our Re circuit
R

est 1T estHCS

Ék Iser
t

we have the gain from inputUi toNc

As seen before H s has all the information
needed to calculate V t from Vi t for
sinusoidal skeedy stake response and natural response
used together with Fourier we can getthe responseto AY input much as we can with impulseresponse
h t

In fact impulseresponse h t and transferfunction H s are closely related connected
by the Leplace Transform L l


