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Mesh-Current Method in Frequency Domain

The number of equations to be solved are equal to the number of
independent loops (ne — ng + 1). There exists a tree such that the meshes
are Fundamental loops*.

BiRB{ i. + Bovi =0

where v, and vgi voltages of independent voltage sources and resistors.

Instead of V. = R/, using
V. = ZI,

we have
B1ZB] I. + B,V =0

where BlzBlT mesh impedance matrix.
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M1 Lsjwlq + (CJW —+ R)(/cl — Ic2) Ve =0

M2 Laywleo + Roleo + (CJW + R)(lc2 —1c1) =0

In matrix form

et | [ ] [

— Ry L4JW—|—R2—|—R1—|— C_jW
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' ' —gw — R
VL3 = L3JW[1 O] 1 ) J .

Ve
0
v (t) = 4cos(2m60t + T), L3 = Ly = 3mH, C = 4uF, Ry = Ry = 2kQ
10° -1 x;
' ——=— — 2k J
Vi, = 310_3j27r60[1 0] [ 4j2760 ] { 4es ]

10°
T 42760 2k 0
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I\ _/
C, R Cs R, Yo
+
<‘> Vg (o A~
L, L,
Icl V8
Z|lIlo | =10
Ic3 Vo
where
/ =
o Ryt Lyjw ~Ry — Lzjw 0 '
—R1 — Ljw R1 + (L7 + Le)jw + %JW + R —Ry — Lgjw
0 —Ry — Lgjw R> + Lejw + %JW
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lp =2V,

[ R2 —R2 O O O ] i IC]. ] i —\/1 ]
—RQ R2 -+ 1(:5% — C51jW 0 0 Ic2 0
' 0
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/1 — Icl
I =2V5
Ic3 - Ic4 = —2 Vl

with above equ.s

R> —R 0 0 0 1 0 |[la] [ O
—Ry, Ry + C51jW — C51jw 0 0 0 0 Ic2 0

0 —cw ocwtlew 0 —Lgw 0 1 le3 0

0 0 0 Rz 0 0 -1 lea | =| 0

0 0 —Lgjw 0 Lgw 0 O lcs —V

1 0 0 0 0 0 0 Vi h

0 0 1 -1 0 2 0 |LVva] L O
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Node-voltage Method

The fundamental cut-set equations for the nodes(which do not correspond
to node of a voltage sources)

Ai=0
current sources ix and currents of one ports i
Alie + Asi =0
in Sinusoidal steady-state /. = YV,
A1YVe 4+ Asl =0
using Ve = Al V4 we have
ALYA] Vg + Asik =0

where V is phasor of the node voltage.
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Gty G [ Va ) k]
~Giw - G+ Gwt o || Ve 0
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LY @

|:G2—|—G3—|—C5JW —G3 ][lel_[h—hl

—Gs Gs + Vio Iy — I
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Ve = Vg
I =2V = 2V
Go + Gz + Gsjw —G3 0 Va1 h
—G; Gs + ﬁ 1 Vio | =] 0
1 0 0 Iz V7

v7(t) = 2cos(2m60t + 2F), i1 (t) = 3cos(2m60t + L), Lg = 2H, C = 2F,
R, = R3 = 1Q)

1+ 1+ 22760 ~1 0 Va1 3 |
~1 1+ 55050 1 Vip | =| 0
1 0 0 Iz De3
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Network functions

Consider a general linear time-invariant circuit N. Assume that N is driven
by one independent source, say, the sinusoidal current source /g
represented by the phasor.

Suppose we want to calculate the node voltage E, and consider the
dependence of the phasor E on w.

EQw)
Is

is a function of jw which depends only on the circuit N and not on /. it is
called the transfer impedance from /, to E.

Network functions : (a) Voltage transfer functions, (b) Transfer
admittances, (c) Current transfer function, (d) Ttransfer impedance.
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Find voltage transfer functions from V; to .

R2
W\~
R1
M\
L

\
! C R3

Example : Chua’s book, Page 526, Examples 2 and 3.
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Network functions and Sinusoidal Waveforms

A linear time-invariant circuit N in the sinusoidal steady state of frequency
w. H(jw) = |H(jw)|e/“HU") is the voltage transfer function from
Vs = ‘Vslejlvs to Vi = ‘Vk’ejlvk.

Vic = Vi &Y = H(jw) | /10" v eI
= [H(jw)|| Voe/tAHU 21
vie(t) = [H(jw)|| Vs| cos(wt + ZH(jw) + £ V)

1 T T T : . . Linear Simulation Results
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Example: Low Pass Filter

C
IR
R, g, M
CQTK
Verify
_ V, w3
H(jw) = — = .

2 _ _ (RitR) 1 _ wo
where w3 = TRRCC and 20 = “ Bt (Note that Q = 52)
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Example: Low Pass Filter
wo =1 and 2a = V2

H(Jl) \/— \/— e ?

|H(Jw)’ ’m decibels = 20/og(]H(jw)\)

IH(jO)| = 0dB.[H(jL)| = & = —3dB
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Second Order Low Pass Filter

Trorsfer fancling . Vo -7
© o :
T NoDE 5

Vou

!

t

{or o7Mf Vﬂz.:\/ﬂo-

g
Kope L e, /_V"_/‘ %y =\
Bl | |
I 1l j
LRP | R:
: 3
@(_H -3 @
VT I?::_ iR @ :Z-! *‘Iz, f—jq )
l GL(Vﬂt—VM) +Gz(Vn3-Vos) +CIJ w(Vny— Lhe)zo
07_
B3 Guvm - (611Gt Cojo)Vo +CaVist Cilwlhg =0 Mofe V= Vi

Prof. Dr. Miistak E. Yalcin (ITU)

Ve = Vins — bk V/k’

Spring, 2020

Circuit and System Analysis

18 / 27



é\/ \/I]').:Q
62 (Vag-Vas) + Vn3Cojw =0O

(Got Geyw) Va3 = GaVee ) Vaz= (G2t Gags) ipy=
- — G
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R,

7})/5 /Jalf s /zmvv‘ec/. //
& V,
Example: Low Pass Filter
C.
2

Bl

4

— CyCp Ry RouF +(RetRz)Co \w 1

with € Ll

L R

R1R3CyCe

(Ki+R) Cr 4
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w=0 H(&D\ = 1
1
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RyReCy Co

_ 1, (KR o 1
1 G0,

e
R1ReCrCa R1R2CsCe ZrR (o
= - Jﬂtkga [
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Lets Ry:Ro=g
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Superposition of Sinusoidal Steady States

Let N be a linear time-invariant circuit which is driven by two sinusoidal
independent sources operating at two different frequencies.

Voltage source is specified by phasor E, and operates at frequency wj.
The current source is specified by phasor /, and operates at frequency ws.

Hi(jw) be the voltage transfer function of from E to V) and Hx(jw) be
the transfer impedance from / to V.

By the superposition theorem, the resulting steady state is the
superposition of two sinusoids

Vk(t) = |H1(jW)||E|COS(W1t - ZHl(jW) =F ZE) 4= |H2(jW)||I| cos wot + ...

wy = o if r is a rational number then periodic if r is a irrational number
then almost periodic
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Thevenin - Norton Equivalent Circuits

The techniques for finding the Thevenin equivalent voltage (V;y) and
impedance (Zy(jw)) are identical to those used for resistive circuits,

except that the frequency domain equivalent circuit involves the
manipulation of complex quantities.

Driving-point characteristic of Thevenin equivalent circuit is defined by

V = Zn(w)! + Vin
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1
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Zin = (((£41//22) + 23)/ / Za)

_ (Z34+ Z4)/ ] 2>
(Z3+ Z4)/ /2o + Z4
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Zs+ 275
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Y =J, i1 =2w and ip = —2v; In steady state I.; =1 —j. Find complex
power of two-port.

a U 2

—L ——
- +

'O (u 7 ¢ O,

Figure: (i =2w, h=—-2vveY =jandlg=1—).
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