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TERMINAL EQUATIONS

12

_> ‘—

+ _ -
s-domain

Y, %4

circuit

s-domain two-port basic building block




Terminal equations relationships

Ist Relationship:

Vi=2,d, + 251,
V, =251, + 251,



214 Relationship:

I =y, Vi + YV,
L, =Y, Vi+YnV,



3rd Relationship:

Vi=a,V,—a,l,

I, =a,V,—ayl,



4th Relationship:

V, = b11V1 _blzll
I, = b21V1 _b2211



5t Relationship:

Vi = h11l1 T h12V2
I, = hzlll T hzzvz



6" Relationship:
Iy =8,V + 8,1,
Vo =8V +8nl;
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IMPEDANCE PARAMETERS

Vi=2,d, + 2,1,
Z parameters
V, =25, + 2,1,

V V
Z=—1 Q z,=— Q
I
L1z, =0 211,=0
% V.
== Q zp=—4 QO
I
L11,=0 2 11,=0



ADMITTANCE PARAMETERS

y parameters
I =y,Vi+y,VY,
Ly, =y, Vi +¥Y»V,
I I
Y11 271 S Vi :71 S
lv,=0 2 lv=0
I I
y21 :72 S }’22 :72 S
1y, =0 2y, =







b parameters

V. V.
b11 == blz = : ()
Vl I;=0 Il V,=0
/ /
by, = = S by, = 12
1 =0 1 V,=0

a and b parameters are called transmission parameters




HYBRID PARAMETERS
h parameters

V. V.
hy, = '1_1' Q h, = —
I'lv,=0 2

/ /
hy, = 1_2 hy, ==
1 V,=0 2




INVERSE HYBRID PARAMETERS

g parameters

I /
811 = S & =—
Vl I,=0 12 V=0
V V.
821 == 820 == ()
Vi I,= 2 1v;=0




Example 1
Find z parameter for the below
circuit:

I 50 -
® I AVAVAY |




Solutions:

When port 2 open-circuit, I,=0
S0,

V.|  20020)
I 40

=10€2




Wh@]ﬂl ]IZ=©? T]:hUlS VZ

1
V, = > V =0.75V
15+5
s _ —0'75‘/1—7552
L), Vi/10




Now, when 1,=0,s0

v, 15(25)

I, 40

=9.373(2



When port 1 open-circuit, I,=0,

SO:
Vi=—=— v, -0sv,0, -
5+20 9.375
le = K = O.8V2 — 7.SQ
L|,, V»/9375
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Therefore,
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RECIPROCAL TWO-PORT
CIRCUITS

If a two-port circuit is reciprocal, the following
relationships exist among port parameters:

Lo =<1 Y2 = You
a,,d,, —a,,d, =Aa =1

b11b22 _blzbzl =Ab=1
h,=—-h, &,=—8,



11=%»n Yu~=Yn

a, =a,, b,=Db,
hyhy — by = Ah =1
81182 — 818, =Ag =1




Example of symmetric two-port circuits

Symmetric tee
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Symmetric pi




Symmetric bridge tee




Symmetric lattice
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ANALYSIS OF TERMINATED TWO-
PORT CIRCUITS

£ I,
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6 characteristics of terminated two-port
circuit
Input impedance (Z;,=V,/1,) or admittance
GRS
Output current, I,

Thevenin voltage and impedance (Zy, V1)
with respect to port 2

Current gain I,/1;
Voltage gain V,/V,
Voltage gain V,/V,



6 characteristics in term of z parameters

4 parameter equations that describe the
circuit:

Vi=2d, + 2,1,
Vo =250 + 2,1,
V, =Vg —IIZg
V,=-1,4,



I8t characteristic (input impedance)

AP 2511,
: =
L, +2Z,
. {12471
Li, =7




21d characteristic (output current, I,)
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Impedance Thevenin

7 — Ryl s
;=
z11+Zg
v
) _ _
I_ =L, = 2y
21y, =0




48 characteristic (current gain)

I,  —2Zy

VA 4%



5% characteristic (voltage gain V,/V))







6 characteristic (voltage gain V,/V )

Z,V5 . Vg

L= ~
1 ZL(ZH_I_Zg) Z11+Zg

V — Z21Z12V2 | Zzlv‘g
C Z(z,+Z) +Z, Z,
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Two-port parameters
Vi=a,V,—apl,
Iy =ayV,—ayl,
Vi=a,\V, —ayl,

RPN ST AN A 7.
I, =a,V,—ayl,



Interconnection (V’,=V’, and I’,= -I’,)

. / / / /
Vi=a,V,+a,l,

4

. / / /
[, =a,V,+ayl,



Relationship V’; and I’, with V2 and 12 in
second circuit :

P o
Vi=a;,V,—a,l,

P o
I, =a,V, —ayl,



/ n / n / " ! n

V, =(a,a,, +a,a5)V, —(a,a,, +a,a,)1,
! /4 ! {4

I, = (a21all T azzazl)v — (B0 + Gostss M

/ {4 / {4

a,, =da,a;, +a;,d,,

—a' g Lat g

d, =dd, TAd;Ady,

o o

a, =a,ad;, +a4y,a,,

o P
a,, =d,a, Tad,a,,
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