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@ Laplace Transform in Circuit Analysis-Cont.
@ Impedance and Admintance concept in s-domain
@ Mesh currents method in s-domain
@ Node-voltage method in s-domain
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Impedance and Admintance concept in s-domain

If no energy is stored in the inductor or capacitor, the relationship between
the terminal voltage and current for each passive element takes the form:

V(s) = Z(s)l(s)

or
I(s) = Y(s)V(s)
Z(s) is impedance and Y(s) is admintance function.

Resistor has an impedance of RS2, an inductor has an impedance of Ls(Q,
and a capacitor has an impedance of 1/sCQ2

KCL and KVL in s-domain

The algebraic sum of the currents/voltages at the node/loop is zero in
time domain, the algebraic sum of the transformed currents/voltages is
also zero.
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Mesh currents method

Write mesh equations
BV(s)=0

Laplace transform of the equ.
BV(S) = B Ve(S) + B> Vk(S) =0

where Vi (s) and Ve(s) = [Vr(s) Vc(s) Vi(s)]T voltages of independent
voltage sources and the others, respectively. The terminal equ.s

OnRan O O IR
Ve(s) = Z(s)le(s) + 0 e xne 0 vc(0)
0 0 —L, o i1 (0)
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Substituting the above equ. into the mesh equ.

0 0 0 iR
BiZl.+Bi |0 i1 0 ve(0) | + BV =0
0 0 —LI i1 (0)

Hence the mesh currents is obtained

0 0 0 iR
BiZB{ I(s)+ B | 0 i1 0 ve(0) | + BoVx =0
0 0 —LI ir(0)
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M1 Lssley — Lip3(0) + (& + R)(ler — le2) + v (0) — Vg =0
M2 Lasley — Laira(0) + Roleo + (& + R)(le2 — le1) — 2ve(0) = 0
In matrix form
ot S | AR A A
1 — 1 L3
—& = Ri Lis+ R» > 0 = 0 [4 iL4(O)
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"R, —R 0 0 0 Tl /y]
Ry Rt —os 0 0 le2
0 ~ Gos é + Lgs 0 —Lgs I3
0 0 0 Rs 0 l.q
0 0 0 —Les Legs | | Iles _
[ — V] 0 0 ]
0 “1/s 0
= —Va |+ | 1/s Le [ ve(0) ]
Vs 0 0 (0)
| — V7 ] 0 L |
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lo =2V
Ic3 - Ic4 = =2 Vl
R, Ry 0 0 0 1 0 |7 1/q]
—R R +1é 1—% 0 0 0 O >
0 " Gos Cas + L65 0 —L65 0 1 IC3
0 0 0 R3 0 0 -1 lcq
0 0 —Lgs 0 les 0O O lcs
1 0 0 0 0 0 O Vi
0 0 1 1 0 2 0 |[Vi]
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Node-voltage Method

Write the fundamental cut-set equations for the nodes which do not
correspond to node of a voltage sources:

Al(s) =0
Alle(S) + Aglk(s) =0

where i (s) currents of current sources and the currents of others
le =[Ir Ic 1]

0 0 O Vi
le=Y(s)Ve+| 0 —C O ve(0)
0o 0 i i1 (0)
Substituting

AlY(S) Ve+A1 | 0O —C 0 V(:(O) + Asip, =0
0o 0o i i (0)
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Using V. = A] V4, we obtain the node voltage

0 0 0 Vi
ALY(S)A{ Vy+A1 | 0 —C 0 ve(0) | + Azix =0
0 0 1/ i (0)
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G1—|—C3S—|—ﬁ —C3S—é ][Vd1]:[I5_

—Cgs—é G2—|—C3S—|-é Vo 0 |
T )l
-G 1 i(0) |
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—G3 Gz + ﬁ Vo Iy — |7 |
N 1/s 0 v5(0) |
0 —Lg is(0) |
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V7? = Vg
Ip =2V, =2V

Go+2+G3+GCGs —G3 O Va1 h
— Gz —2 G+ 1 Vio | =] 0
1 0 0 I V4
n { lés _OL [ v5(0) }
° is (0)
0 0
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