















































































































Circuits Phasors andTransferFunctions

when expressingsinusoidal voltages in terms

ftp.etitree eiieimiicif
and simply indicate themagnitude and phasecomonent

pint 1
RS.vn is I iÉ

TIesÉ o
1 1

This is known as the phaserrepresentationof thesystem
Let'sdevelop a graphical interpretation of phesors

Vector in thecomplexplane

This vector indicates

T.gg i te i ge

To get the time domain behavior of of Vilt from
Vict Re eint

we multiply x ̅ by edut
data its irititishe

left 1 Reint cut

Take the real part of the result
Takingthe real part is the same as takingthe
projection to the real axis


















































































































Circuits Phasors andTransferFunctions

tentative atffitheciatesting
at a constantangular velocity w ccu rotation at time
t 0 wt with its projection onto the real axis
providing the instantaneous time waveform The
projection of thephas or itself onto the real axis is the
value of the waveform 0

example d 1 6 35
IICord ᵗcwt

out

1 c

are
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Circuits Phasors andTransferFunctions

What is the impact of applying a transfer functionto a phaser
H s H W Hmed Halt

ft w
scale magnitude of I
by Hm
add Hp to the phase ofVI
rotate Ccw by Hp

T.fi for HCW RFI
fire e

w His Hm
H w Hp 45

EEE.it Eiiin EE ei cinies

E.IE E iitsidiaean t.fi
tin

e s V vi in p
vient Vient wetart in a

Re

wife statist in

We can see that It is the complex
vector sun of it and Phagefatal by the


















































































































Circuits Phasors andTransferFunctions

How can we understand transfer functions and
treat them graphically
Consider different mtn
transfer functions it SL
for our example R Vr
system TEed If
Hals

s stg
Hils e t Tri
For the kinds of circuit elements we've been considering
we can write transfer functions from inputs to outputs
as ratios of polynomials in s which we might factor
into the form

Hx s K
5 217.15 22 s 2m
S P S 127 S

e s.fr ether I s priests and P
R L

sites.IE st eieuttoanoutput
will

The roots of thedenominator P Pm are the poles
or natural frequecies ofthesystem givingthenatural
response A epit Azeratt Amerit

Different transfer functions will havedifferentnumerator
polynomials equal to or lower in orderthenthedenominator

The roots of thenumeratorpolynomial Zi Zn are
called Zeros
These zeros are complex frequenciesfor which the
output for that transfer functionwillprovidezero
steady state response for that input


















































































































ÉÉxa'mple consider Éf Iintistriesctions
at 5 2 0 2 0 24 0 This means that

EE e i i e
de short

The numerator gain k and any polynomial determining
zeros depends on what we're drivingas an input e.g
Iftp.ieeetie eFaiitiiiathtait.enI

and what

We often graphically express where thepoles and

ask.ee tEs Etiiii sgf iEIn

for values of s rtjw near

EIEE.tt siitgeitipou
2 1

re
for values of s 5tjw near a

it i sister is'éiñ
We can graphically compute the magnitude andphase
of H w from our knowledge of Hx s K and thepole
Zeromap
magnitudeproportional to k phase is sum of theangles
and the productof vector of vectors from Zeros
lengths from Zeros to a to a frequency point jw
frequencypoint s ju divided minus sum ofangle from
by the product of vector poles to a frequencypoint
length from poles to e 2W
frequency point jw


















































































































Circuits Phasors andTransferFunctions

e g
for

as.ITlii
Hils t.gs y tis k 5
K Z 0 P

Graphically
1H lw K.mn 4H w z 9p

114031 1 Hulu ATAN

ATAN WL

This is exactly what we get from analyticalevaluation

Halus Halsils jw t.jo
Lor1HEwslp F 4HLw E ATAN

An advantage ofgraphicalanalysis is that we can see
how H w changes as w changes by looking at the
pole Zers map




