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! ! Last week we introduced

Resonance: Represented as a zero-point in impedance. A pole in admittance.

A
Z(Sres) i ZO(S o Sres)a Y(S) i A (3 i Sres)

Bode diagram: Plots of the absolute value and the argument of a transfer
function as a function of frequency.
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A Pole on the Real Axis

[ 7 T T ] Learsystemwith Circuit example: Z of
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A Pole with Finite Imaginary Part

1 RSN Wis) = . (*1)
' wo =1 ' (5) s+ 1 — 1w
3 10 ] Corresponds to resonance.
s (This approximately holds for w~w)
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Zeros and Poles of Transfer Function

(s=0B1)--- (5= Bm)

W(s)=1B

(s —a1) (2 —an) la;}: Poles, 18} Zeros

(generally represented in rational formula)

In[W(iw)| =In B+ Inliw—B;| = » Inliw — ay],

— —
Bode plot J J

arg[W (iw)] = arg(B) + Z arg(iw — ;) — Z arg(iw — a;)

Bode plots are sum of those for single poles and zeros.
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transfer interfaces




3.2.1 Impedance matching

J

g

o<

Efficient transfer of energy from electro-motiveforce
V;)ut(iw) — VO(Z.w) — Zout (ZW)J(ZW)

Z*V* 17
P=Re(V*.J)=R 0
e( out ) e<Z*+ZgutZ+Zout>

Vol?
= Re(Z
|Z =+ Zou1:|2 ( )
Hence the maximum power transfer Pax = Vol
T 4Re(Zout)?

can be obtained under the impedance matching condition:

Impedance matching condition Z = Z;

When Zisreal: Z = Z 4t




3.2.3 Image parameters (matching with 4-terminal circuits

If the 4-terminal parameters can be tuned to give the situation as

' O O
Z1 Zl|:$ ¢:|Z2 ZZ
I_Oi —O_I
That is ~ o~
7 'z, Z, i 7,
L |

o~
\J

N
A 4

Z, and Z, are called image impedances.



Conditions for Image parameters

Qv lep[ Tl

From definition:

Image (mirror) f 7 i _ 4%+ B
= — 1T = = —
{ ‘;1 é“f ZB;:]]% condition ) Ji CZy+ D
o > , _DZ+B
Vo = —JoZs L 2—CZ1—|—A
AB DB
When ABCD # 0, Zy = redol Zo = oA



Image parameters

é—fw@ JBO) _L}]Q:\/gw@wm

The 4-terminal interface costs some power loss:

ViJ 1 J Zo V;
o _ 11 4L S [4e
CEN TR Nk VNzy VAP TVE

6: Image propagation constant § = oo +i8 (o, 8 € R)

1. (ViJy , ,
= 1 (image attenuation constant),
Vada
1 Vid
b= §a1‘g [_‘1/2 }2] (image phase shift)



Image parameters

Z
A= 71 coshf, B =+/Z1Z5sinh@,
2 ~ Z1, Z,, 0: Image parameters
C = ! sinhf, D = 22 cosh 6

V 2125 Z



3.2.4 Impedance matching with two terminal-pair circuits

Lout AB BD
ABCD # 0 I _
|' _‘ Fous \ CD’ i \ aC

(A B) A=p=0 g, _AR+B . DRy +B

¢ D CR+ D’ CRout + A

L R J %RROUt:B/C
B=C=0 Row/R=A/D -____"_

Matching transformer

R Rout




3.2.5 Fidelity and distortion in wave transformation

When a linear response w(

’U)(t) = AO’U,(t — T())

W (iw) = Age ™™ (iw),

2(iw) = Age

t) = Z{u(t)} isjustatime delay with 7, that is

No distortion conditions are:

(1) [E(iw)| = Ao, (2) arg|=E(iw

)] = —wTo

In other words the conditions can be described as

(1) A, does not depend on frequency: No filter effect

@) 6(w) = arg[E(iw)],

dp(w)

dw

T(w) = —

.group delay 7(w) = 79

No dispersion in group delay




Effect of distortion in amplitude

(1) Sinusoidal amplitude distortion (amplitude modulation)

A(w) = a1 cos(Tiw) + ag, ¢(w) = —Tow

w(t) . / A(w)U (iw) et ) gy

:% .

1 [ .
=0 dwU (iw){a; cos(riw) + ag e =™

T — 00

1 [ . . .
=9 | dwU (iw) [ao + %(em“ + e_m“’)] g™ (t=0)

o0

a
= agu(t — 70) + - [u(t = 1+ 1) + ut = 70 — 71)]

Paired echo



Effect of distortion in group delay

Sinusoidal group delay distortion

A(w) = Ay, ¢(w) = —Tow + by sin(ryw)

b
exp|iby sin(mw)| = 1 + 22—,1(6”1‘*’ —e€
0

—i'le)

w(t) = Aolu(t — 1) + %{u(t —To+71) —u(t— 70 —71)}]

Paired echo with inverted sign



Distortion (paired echo)

Cosine Amplitude
Distortion

I Sine Delay Distortion




3.2.6 Filter Circuit

f
A .
Transmission
Low pass filter
>
%
(" .
A Transmission
Band pass
filter

A

Transmission

Notch filter

A o N
Transmission
High pass filter
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>
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Terms for Filters

/

=(iw) = A(w)e W)

N A(w)

(Transient Band)

Transmission

A(w) 1s sometimes
called as “gain”

Transmission or Gain

| Pass Band

I Stop Band

/
I Cut-off Frequency

v



Can an ideal filter exist?

(RN

0.5

-10

transmission

Ideal low pass filter

10

Z(iw) = H(wo — |wl)
Transfer function is written as Heaviside function

w(t): output to o-function input at t =0

w(t) /wo dw

eiwt
AO 2T

wo d
/ —wcoswt=2f0

wo 27

= 2fosinc(2f0t)
The output begins t < 0 hence breaks the causality.

sin wot

(.U()t

No ideal low pass filter can exist.



\oltage transmission

Transmission

Ji —> —, coefficient:
'® 0O
UV \J ] V Y
O+ @D To [ Tw) = 2%
o— ol L Vi(iw)

logT =log|T'| + targl = —a — i

attenuation  phase shift

Square root power transmission coefficient

o _ [P _ B2A+B+CRiR,+ DRy
5=\ p I Ri R

Sometimes called as “gain”




An example: Constant K type filter

L’(RR? " definition h
Z4 L Z1Zy =R*=K
Z; T C ‘constant
o o0 - Y,
Image parameters are
R
Z()l — R\/]. — szO, Z02 = \/1 — szC,
1 1
hod =4/1— =41/1 - —
coth @ \/ 3T 02
0=a+10

cosh(a +i3) = cosh avcos 8 + i sinh acsin 3

=v1-0Q2

Ql




Butterworth Filter '
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Bessel Filter |

Inverse Bessel Polynomial

B():]., B1(8)28+1
Bn(s) = (2n — 1)By_1(s) + Bp_2(s)s?

S50 o

100 By
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Chebyshev Filter

1 &: Ripple coefficeint

G (i) = [H, (iQ2)] = JI+e212(Q)  Ty:n-th order Chebyshev polynomial

£=0.2 n=11

1 = . 17

AL _

- €=0.2
094 .

[H= 0.8—-

'

0.7

0.4
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Packaged Filters

Web selection page
https://ww3.minicircuits.com/WebStore/RF-Filters.html
Mini-Circuits

Band Pass
19.2 — 23.6MHz 500hm



https://ww3.minicircuits.com/WebStore/RF-Filters.html
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3.3 Transient response of circuits

composed of passive elements




3.3.1 Classification with the number of storages

(a) Single energy storage

—\W\, 1
—X E(S) —
1+ s/sg
(a) (b) Double energy storage
_ 1
=S ) =
() b+ s+ as]

Number of storages: order of polynomial in the
(b) denominator of rational expression for transfer
function



Ex) Transient response to step function input

FHE(w)U (iw)} = /

Responses are obtained as w(t) =

EX) A
Vo
R
O—A\\N—9—0
u(t) C ==
@) —O

Heaviside function

Fourier transform

zwt

(

0 x <0
H(x) 1/2 =0

1 x>0
F{H(t)} = % + 7 (w)




Ex) Transient response to step function input

'iw

z— w27r

T o
) .e—t ’ 0 piee’t Zeezﬂdg
= —27mi— — lim -
21 =0 | ). eef(ee?® —i) 2m

Vs From the initial condition and
renormalization of t we obtain

{
_ 1 —
= V=V [ exp( CR)]




Introduction of freeware: Scilab

https://www.scilab.org/

Scilab wnload Resource: Projects Community  Development

I scilab 6.0.0 Console

File Edit Control Applications ?

BLIXCDIVIEISBIXSS 1 MATLARB clone but freel

Download Scilab
Scilab ©.0.1 - Windows &4 bits » 175.96 MB
Other Systems

B weoesy | &
Name !
I mySeripts

&

--> plot3d

1B compute.sce
&l myData.csv

Graphical linear response
analysis: Scicos

Open source software for numerical computation

News  12/21/2012 - Seasons Greetings 09/14/2018 - Back to School - Training on C

IS8 €3 L ttn 9

Discover Scilab Cloud Discover Scilab
Tired of exchanging Excel spreadsheets for What is Scilab ? =
. . .. your scientific & engineering applications? Features < O nVe n I e nt Set O Col I I I I lan S
o L] Xcos
Al . Discover the capabilities of Scilab Cloud for -
.0 . *e . the deployment of web applications: Scilab versions - =
. . Contatze your dta and aigorhrs o 5.0.1 Fe 1) or 1inear response analyslis
'. Eslwrnlphfy and control your Scilab 5.
®eccccsscee eployment System requirements

- Scilab Cloud is a new professional Showcases
C.I a solution developed by the Scilab Team. o
Gallery
clo u d ScilabTEC '15 presentations

Previous ScilabTEC Presentations

Get started Get help

Mew to Scilab? Scilab Enterprises is developing the
software Scilab, and offering

Here is a tutorial to get you started: professional services:

1. Overview Training,

Support,
evelopment.




Transfer function analysis with Scilab

eeeeeee




Transient response: Use of Scilab

--»z=poly(0, 2" )
-=2GE1 01 +=0;

--»zys=syslin( ¢’ LGl

--»t=linspacel0,10,100);

--¥y=cziml step’.t,sva):

—-rplot(t,w)

--rxgrid()




Transient response: Use of Scilab

+ Graphic window number 0

o— 1+ (00 Lo [ == x:
R L Graphic window number 0

B C's
- ILCs2+CRs+1

—-uG=sf (1442 %=

Y (s)

--rayz=syvzlinl c’,G);

—-ry=cziml step’ .t.,svs):

“}P|Dt{tpy}




