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Circuit elements in the s-domain

s-domain equivalent circuit for each circuit element J

A resistor in the s-domain
In time-domain
v=Ri

s-domain equivalent circuit for the resistor
V(s) = RI(s)

where V(s) = L{v} and I(s) = L{i}.
A Capacitor in the s-domain:
Terminal current in time-domain

_odv
T
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Laplace transform the above equ.
I(s) = GsV(s) — Cv(0)

or )
V(s) = al + fv(O)

Norton and Thevenin equivalents of a capacitor in the s-domain

0)

——
s-domain
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An inductor in the s-domain:

In time-domain

di
| — —
dt "
After Laplace transform
1 1
Lsl(s) — Li(0) =V I(s) = —V + =i
sl(s) — Li(0) or 1(s) i< + SI(O)
Equivalent circuits for the inductor
1i(0)
Li(0)

—_——
s-domain

Energy is stored in the inductor and capacitor
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The s-domain impedance and admintance

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)
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 Lsf,
and a capacitor has an impedance of 1/s5CQ

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)]" voltages of independent
voltage sources and the others, respectively. The terminal equ.s

OnRXnR 0 0 iR
Ve(s) = Z(s)le(s) + 0 Lhexne 0 ve(0)
0 0 _LnLXnL iL(O)
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Substituting the above equ. into the mesh equ.

00 O ir
BiZle+B, | 0 i1 0 ve(0) | + BV =0
0 0 —LI ir(0)

Hence the mesh currents is obtained

00 0 iR
BiZB/ I.(s)+ B | 0 i1 0 ve(0) | + B2V =0
0 0 Ll i(0)
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Example
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Example

Li(0)

Ls

S

Li(0)
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M1 Lssley — Lsii3(0) + (& + R)(ler — le2) + v (0

M2 Lysley — Laipa(0) + Ralea + (& + R)(lez — le1) — Lve(0) =0
In matrix form
e B[R 6 2]
= L3
. Rlv Lss+ Ry e 0 o L i1a(0)
A
0)
I V. ) ve(
1 _ Afl G _i_Afl l5 3 ’L3(0)
/c2 0 0 L4 .
———— s /L4(0)

zero-state response
zero-input response
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Example

R,

) <
A
0

m'_
Q
—( )

NS
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R, —R, 0 0 I
R Ry +1§ 1—% 0 I
0 T Gs Ces + L65 —L65 /C3
0 0 0 Rs 0 I.q
0 0 0 —L6S [—65 /c5
VA 0 0
0 ~1/s 0
0
= | V4 |+ | 1/s L [ ‘;C((O)) }
V, 0 0 L
—Vs 0 Lg
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h =11
Iy =2V,
Ic3 - Ic4 = _2‘/1

R, -Ry 0 0 0 1 0 |[1/q]
-R Rt —&s 0 0 0 0 Ieo
0 -2 astles 0 —Les 0 1 les
0 0 0 Rz 0 0 -1 les
0 0 —L55 0 L6S 0 0 Ic5
1 0 0 0 0 0 0 Vi

0 0 1 -1 0 2 0 | [ Vsl
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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) + Azlk(s) =0

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

Substituting

0 0 O Vk
AiY(s)Ve+ A1 | 0O —C O ve(0) | +A2ix =0
0 0 1L iL(0)
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Using Ve = A] V4, we obtain the node voltage

0 0 O Vg
AY(S)A[ Vy+ A | 0 —C 0O ve(0) | + Azik =0
o o L ir(0)
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o
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G1 + Gzs + é — (35 — é Va1 _
—Cg,s—l_i Gz-l—Cg,S—f—é

3S
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R;

L=2y, |

D ‘
: e e
R, Nc, ¢

)

V|

G2+G3+C55 —G3 :||:Vd1:|:|:ll—l4:|

—G; Gs + 1o Vo I — I
. 1/s 0 v5(0)
0 —Lg is(0)
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Vi = Vg

Iy =2V =2V p
Va1 Gy +2+4 G3+ Css —G3 0 -t I
Vy | = —G3—2 Gs+ 15 1 0
Iz 1 0 0 Vz
zero—sta‘c;r response
G+24+G+GCs -G 0] '[1/s 0 (0)
+ —G3—2 G+ 1 0 —Ls {.50 ]
1 0 0 0 0 is(0)

zero-input response

Spring, 2023
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Network Parameters

II 12
o—> —<—o0
+ +
4 2
o—] I,

Impedance matrix (z-parameter) The two currents /; and /, are
assumed to be known, and the voltages V; and V, can be found by:

o)== =]

where
Va(s) Va(s)
z11 = Z12 =
h(s) h=0 h(s) hL=0
1O _ Va(s)
h(s) h=0 h(s) h=0
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Network Parameters

Admittance matrix (y-parameters) The two voltages V4 and V; are
assumed to be known, and the currents /; and |, can be found by

O] =[] ]

where
h(s) h(s)
yi1 = Yi2 =
Vi(s) Vo=0 Va(s) V1=0
h(s) h(s)
Yo1 = Y22 =
Va(s) Vo=0 Va(s) Vi=0

y21 and y1» are transfer admittances
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Inverse hybrid model, we assume V; and /» are known, and find V5 and &
by :

[ h(s) ] _ [ g11 812 ] [ Vi(s) ]

Vo(s) | | &1 &» h(s)
where
811 = hs) 12 = h(s)
Vi(s) h=0 h(s) Vi=0
821 = Vals) 22 = Va(s)
Va(s) h=0 h(s) Vi=0
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Hybrid model, we assume V5, and /; are known, and find V; and b by:

e ]

where
hi1 = () hi2 = Vi(s)
h(s) Vo=0 Va(s) h=0
h(s) h(s)
hoy = hay =
h(s) Vo=0 Va(s) =0
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ABCD-parameters

Transmission model, we assume V4 and /; are known, and find V5 and b

by:
Vis) | | A B Va(s)
MR
where
_ Va(s) _ Vals)
SRAE | A E 1
N 11(5) —Il(S)
TG 7T RO lus
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Vi Z 2
Vi(s Vi(s
7211 = 1(s) =Za+ Zc 712 1(s) =Zc
h(s) h=0 h(s) h=0
Vo (s V(s
21 = 2(s) =Zc zn= 2(s) =Zg+Zc
h(s) h=0 h(s) =0
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40—
[ond

ABCD

Z _ 1 1 7 73
1+2 z,= 4+ = 1+ 2
vt %7z "2z T,
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ki
I R, R, b
° AN . M\ °
V] vl 4

For h-parameters

%

hi1 = 1() Port 2 short circuit
h(s) V=0
/

hoy = 275) Port 2 short circuit
h(s) V=0

hi1 = Yi(s) 21 = B(s)
h(s) Vo=0 h(s) Vo=0
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I R; R, L I=0| R, R, L

o AM—— A A AN

V} y! V} vy ! v
<

s o °

Input current (i = h )

i WU
b=kt L
1 R + R
then R
hyp = —
S
for h21
b = —ki
Substituing /1 = (k 4+ 1)i into the above equ
k
hyp = —
21 11k

Problems: Richard C. Dorf, James A. Svoboda-Introduction to Electric
. ite-Wile 13) pace: 859
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The rest of the parameters

Vl(S) I2(5)

hi2 =
Va(s) =0 Va(s) h=0

For I; = 0, the circuit is given

Rik 1
h = - h = —
12 (1—|—k)R2 22
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Combinations of two-port networks

Series-series connection

1 1, 1, Iz
o>—>— —e——=<—o
+ + + .
Via Vou
Vi 4
IIE IZB
+ +
Vis Vep
From KCL and KVL
h=ha=hs h=ha=hg

and
Vi=Via+ Vig Vo = Vou + Vop
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VlA(S) )
Vaa(s) |

|

]

n [ Vig(s) } _ [ Z11A
Vag(s) 214

[ 7118

221B

Z11B
221B
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Parallel-parallel connection

I, u Ly 1,
o )
+ + + +
V Via Vi V.
- - _ °

Lip Ly

+ +
Vis Vo
Y=Ya+ Yp
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Parallel-series connection

II IIA IZA 12
o —<—<o
+ + + +
4 Via P
——t —

I]B IZB

+ +

Vig Vas

I
g =8AT8B
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Series-parallel connection

I, u Ly 1,
o> o> )
+ + + +

Via Vi 4

- o
N Lip Ly

+ +

Vis Vos
o— |

h=ha+ hg
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Cascade connection

I, 114 Ly 1ip Ly 1,
o>—>— —<—<——o°
+ + + + + +
|4 Via Vis Vop v,
o— ——¢

col=len] e n],

Good to read : http://en.wikipedia.org/wiki/Two-port_network
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Common emittor
Vbe = f(ib7 Vce) Ic = g(iba Vce
small signal analysis:

Vbe . Vbe . .
Vbe = ——Ip + —Vee = hjip + hrip
Ip ce

. ic .
Ic i’b“‘ Vee = hfip + hoVee

Vce

@ h; input impedance with vee = 0. This is AC resistance between base
and emitter, the reciprocal of the slope of the current-voltage curve of
the input characteristics.

@ h, reverse transfer voltage ratio with i, = 0. In general is small and
can be ignored.

@ hs forward transfer current ratio or current amplification factor with
Vee = 0.

@ h, output admittance with i, = 0. It is slope of the current-voltage
curve in the output characteristics. In general is small and can be
ignored.
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Reciprocal Network

Reciprocity theorem For a reciprocal two-port N, the following relation-
ship holds for each associated two-port representation which exists:

z12 = 221
Y12 = Y21
hi2 = —ho1
812 = —821

READ : PROOF OF THE RECIPROCITY THEOREM (Chua's book page:
776)

e A gyrator (i; = Gvp and i, = —Gvy) is not reciprocal two-port

@ An ideal transformer (vi = nv, and i = niy) is a reciprocal two-port.
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Thevenin - Norton Equivalent Circuits

1 I I
—<—o o—>+ 1} o
Zth
"4 4 "4
Vin Wil iy
———-o0 o o

Driving-point characteristic of Thevenin equivalent circuit is defined by

V= Zth(s)l + Vth(S)
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