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® 1) Introduction &

e e A portis a pair of terminals through which a current may enter or leave a network. rg
(3 o A oneport network is a two-terminal networks or devices or elements (such as &

o resistors, capacitors, and inductors). Most of the circuits we have dealt with so far ¢
o are two-terminal or one-port circuits as in Fig.1.1 (a). *
& o A Two-port network is a four terminals networks or devices or elements(as shown in &
* Fig.1.1 (b)), such as op amps, transistors, and transformers. E§1
< . . . . al
2 e A two-port network is an electrical network with two separate ports for input | &
val Pad
o and output. :i
o . . . . a
;i: o A multi-ports networg, is an n-ports (n-pairs of terminals) networks or devices or ;i:
A A
3 elements. *
¢ Note: the current entering one terminal leaves through the other terminal so that the net 8
'8 current entering the port equals zero. '8!
8 o——" | o——] ——o0 0
% + + + ’i

Linear Linear 2
:.: v network Vi network V2 :ﬁ:
(< _ _ - 8!
& I I, L 6
R 62
(3 (@) () &
::1 Fig.1.1 (a) One-port network, (b) two-port network. I:j
'8! '8
& Importance of two-port networks &
I:l 1) Such networks are useful in communications, control systems, power systems, and I:i
I:l electronics. For example, they are used in electronics to model transistors and to I:I
I:l facilitate cascaded design. I:I
I:l 2) Knowing the parameters of a two-port network enables us to treat it as a “black I:l
& box” when embedded within a larger network. &
& &
3 03

® To characterize a two-port network requires that we relate the terminal quantities Vi, V2,
® 11, and 12 in Fig.1.1 (b), out of which two are independent. The various terms that relate #

S ()
::1 these voltages and currents are called parameters. There are six sets of these parameters: I:l
% 1) Impedance Parameters (z-parameters) &
3 ] 3
::j 2) Admittance Parameters (y-parameters) :::
e 3 ) Hybrid Parameters (h-parameters) o
::: 4) Inverse Hybrid Parameters (g-parameters) :::
::: 5) Transmission Parameters (ABCD or 1 parameters) ::j
::: 6) Inverse Transmission Parameters (abcd or t parameters) ::1
(> Pal
L%

'8 AR A '8
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& 1) Impedance Parameters (z-parameters) &
D< ~ e <
:3: Impedance and admittance parameters are I, I, :g:
:3: commonly used in the synthesis of filters. They o o :g:
® are also useful in the design and analysis of . 8!
< . T Linear - <
w Impedance-matching  networks and  power WV, (,) network CD V, gt
D< . . . R <
w distribution networks. 62
ral . . 2
% A two-port network may be voltage-driven as in S O 8!
Igl Fig.2.1 (a) or current-driven as in Fig.2.1 (b). @) Igl
Igl From either Fig.2.1 (a) or (b), the terminal Igl
® voltages can be related to the terminal currents as 0
S ¥ : 3
Pal rat
::: Linear :::
3 Vi =zl + zLL 2.1) L v pework | V2 (DL %
A A
val _ * - - ral
3 Vo =251 + 201, o 3
A A
& (b) S
Yal "al
& Fig.2.1 &
e , ral
O N I REY N R P 2.2) 4
%: V, Z;, 2] LL L 5
'8! , : S
::j where the z terms are called impedance parameters, Or z parameters, and have units of ohms. &
::1 The values of the parameters can be evaluated by setting 1. = 0 (input port open-circuited) 8
::1 or I =0 (output port open-circuited) as shown in Fig.2.2. Thus, :%1
'8! '8!
s - - &
(3 Z,, = . Zy; = (3
(3 I =0 L Iy,=0 &
e (2.3) (s
'8! \% \Y% 3
val 2 2 Pal
::: 7 — I_ s Z;; = I_ :::
(D 1 1I,=0 2 1I,=0 O
'8! ’ ' '8!
'8! '8!
I : . _ '8!
I:l Since the z parameters are obtained by open-circuiting the input or output port, they are I:I
& also called the open-circuit impedance parameters. Specifically, &
"al . A . hal
:? z;; = Open-circuit input impedance :i:
< . . ~ g ~ X
% Z;» = Open-circuit transfer impedance from port 1 to port 2 o
s 2.4) S
I:l Z,; = Open-circuit transfer impedance from port 2 to port 1 E:l
ral 4
}.‘ _ — 5 s d A
% Z,, = Open-circuit output impedance '8!

s Sometimes z11 and z»; are called driving-point impedances, while z12 and z1 are called transfer 8

. < eni . (3
8 impedances. When z11 = Z2,, the two-port network is said to be symmetrical. 0>
o o
o o
Pal A rat
o NG o
O < = Q‘
ral "
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(2 = _ "
K Ay : L=0 L &
'8 —0 o— o '8!
) M + + Vi 8!
S 2= — 2=+ 8
() 3 = —= 2= —= 0
& o - - TL 0
(2 © o1 © 8!
8 8
:;: (a) (b) :;:
& Fig.2.2. Determination of the z parameters 8!
8 8
8 8

& 1.1) Reciprocal networks

. When the two-port network is linear and has no dependent sources, the transfer
impedances are equal (z12 = z21), and the two-port is said to be reciprocal. This means that if
the points of excitation and response are interchanged, the transfer impedances remain the
same. As illustrated in Fig.2.3, a two-port is reciprocal if interchanging an ideal voltage
source at one port with an ideal ammeter at the other port gives the same ammeter reading.
The reciprocal network yields V = z,,I when connected as in Fig.2.3 (a), but yields V =
Z,11 when connected as in Fig.2.3 (b). This is possible only if z;, = Z,;.

al 1 2 1 2 at
e o o O O '8!
Y

(2 - Reciprocal 2
S T Reciprocal ) ) eciproca <+> , Ya
O <_> two-port Gl <4 two-port A 3
'8! '8
el - o o o S
'8! - - '8
'8! '8
% (a) (b) s
02 Fig.2.3 %
3 03
& &
’ - - - - -

;:: Any two-port that is made entirely of resistors, capacitors, and inductors must be ;3:
;:: reciprocal. A reciprocal network can be replaced by the T-equivalent circuit in Fig. ;2:
;:: Fig.2.4(a). If the network is not reciprocal, a more general equivalent network is shown in ;::
;:: Fig.2.4(b); notice that this figure follows directly from Eq. (2.1). ;::
::: I, I, I, I, :::
8 —— — —_— - .
::: O Z) -2 O o I| Zy || || Iy || o
< I + + + 8
R 62
R z 4 4 62
% v, 12 Vv, v 2, LT S >z Vv, ,&
$ &
X - - - - &
3 03
8! o, O O O >‘1
Pat Pat
3 03
(3 (a) (b) (3
;:: Fig.2.4 (a) T-equivalent circuit (for reciprocal case only), (b) general equivalent circuit. ;::
R &
(2 A 62
(2 oY '8!
o AL 62
'201010X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’ﬁ'i’%l’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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® It should be mentioned that for some two-port networks, the z I I 02
\< - - e B ) 3¢
® parameters do not exist because they cannot be described by o 1:n o &
¢ Eqg. (2.1). As an example, consider the ideal transformer of * o ° T8
§ Fig.2.5. The defining equations for the two-port network are: v, %‘ ‘E V‘Egi
A Y
8 \% : \% I I (2.5) %
R / = Y o = —n .. - N/
E:i 1 n 2 1 2 o o §
A A
K Fig.2.5 &
% Observe that it is impossible to express the voltages in terms of the currents, and vice ¥
(3 (3
® versa, as Eq. (2.1) requires. Thus, the ideal transformer has no z parameters. However, it ¥
& does have hybrid parameters. 0
& &
::: Example 1: Determine the z parameters for the circuit shown. :3:
:g Solution: 200 300 :%
'8! B METHOD 1 To determine z,, and z,,. we apply a voltage source to O—"VWW\ VH—9 ¢!
::: V, .(the input part and leave the ouput port open as m Fig. 2(a).Then :::
2 40 Q >
(2 V, (20 + 40)IL, & o &
% Zy=—=—"7"T""=60Q : ral
8 I I, . Fig. 1 Pat
s 8
"al Pal
o that is, zy; is the input impedance at port 1. 8!
& 62
& V, 401 (3
'8! I I S
Pat Pat
'8! To find z,, and z,,, we apply a voltage source V, to the output port '8!
% .and leave the input portopen asin Fig. 2(b). Then &
Pat Pat
(3 V, 401, V, (30 + 40)I, e
N Zp=—= =400, zp=—=—-—"""==700 e
8! I I, I, I, 8!
o 62
et Thus, e
o 62
8! 60 Q) 40 8!
S E= 1400 700 $
& : . . . o
::: B METHOD 2 Alternatively. since there is no dependent source in :::
>:< the given circuit, z;, = z,; and we can se Fig.2.4(a). Comparing >:<
::: Fig. 1 withFig. 2.4(a), we get E::
Pat 1
}.: 212 o 40 () i 221 :.:
’ -

:? Zy, — Z1p =20 = Z;; =20+ 2z, =60 ) :i:
::: Zy, — Z1p — 30 = 2y, = 30 + Zyp = 70 Q) :::
? »

'8! 3
(3 '8
'8! vAg '8!
8! < = :Q:
Pal
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8! 8!
O I I.=0 = 7/
8 _1. 2200 3300 2 179 %o 0 B 0
< ANM—T—AWA o o MMM, %
(2 + + Pat
D< <
’i‘ V; 40 Q V- 3y § 40 Q v, ’i‘
R ’ 1 Tk
pa A
(3 () ®) (3
Pl : - L (3
;g Fig.2 (a) finding z1; and z,; (b) finding z1, and z; 03
8! 8!
8! 8!
¢ | H.W.1: Find the z parameters of the two-port network in Fig. ®
Ml . 0
$ Answer: I vy <
::: Z1 — 28 (). Zip = Zyy = 2y — 12 ). :::
Al A
< R
5 § 12Q R
'8 '8!
K K
A o} o) (2
e ral
a! 2!
% | Example 2: Find I1and I2in the circuit in Fig '8!
Al A
& Solution: &
. This is nota reciprocal network. We may use the equivalent circuit in '8

. . . . e
::: Fig. 2.4(b) but we can dso use Eq. (2.1) directly. Substituting the '8!
O ; ; (2
% e = ” Pal
S given z parameters into Eq. (2.1), &
"al ral
62 r : 03
Pat (
O g L (2
::j V, = j30I, + 50I, ) ::j
Pat Pat
. : : 03
::} Since we are looking for I, and I,. we substitute I:I
Pat Pat
O ()
* vV, =100/0°,  V,=—10I, &
Pat Pat
(O . 3
& into Egs. (1) and (2), which become &
Pat Pat
O (2
Pal " Pat
(2 100 = 40I, + ;20I, 3) e
Pal Pat
O ()
Pat 23 2 s
I§1 —10I, = j30I, + 50I, = I, =j2I, ) I§1
ral i i ; ” s
::: Substituting Eq. (4) into Eq. (3) gives :::
'8 . ” 100 '8
3 100 = j80I, + j20I, = I, = j—IOO = —j &
Pat Pat
% From Eq. (19.2.4), I, = j2(—j) = 2. Thus, ,&
Pat Pat
O ()
& I, =2/0°A, L=1/-90°A K
Pal Pal
O (2
Pat Pat
e SvAg 3
Pal Pat
o AL 62
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ral In= 40 Q rad
al By at
(2 L (+F " z2,=7j20Q - (2
3 100,00V (Z) W 12=J V) 10 Q '8
8! Z,1 =730 Q = 8
P 21 = P
Yal = =5 s Pt
< = Zy) = 0Q = &
al ~ - a
al a
al a
al a
< . : : at
& | H.W.2: Calculate I1and 12 in the two-port of Fig. &
al : a
e ANSwer: a
\/ \ /
% 200/30°mA., 100/120° mA 2 . R
() =) maA., V4 mA. 2Q — - K
A A
(3 ~—AA—O—— ——o0— &
Yal + + Pal
ral In= 6Q at
& z1p=—j4Q 3
y=—ji
2 2 /30°V + Vi 12 _ J vV, | &
3 236V m=J4Q| 2| %
al e at
o 2 =8 e
al - - - at
al o L o
al e a
al a
S a
" ’al
. A
" ’al
. A
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. A
" ’al
. A
P ’al
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(S S
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S S
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(S 03
S *
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S 05
(S o
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( (2
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& 2) Admittance Parameters (y-parameters) L 6
Pl . . . 3
:3: In the previous section we saw that impedance S 1 + :2:
. 11

:3: parameters may not exist for a two-port network. So i v—o :g:
% there is a need for an alternative means of describing - : :i«
ral . 2 7 al
% such a network. This need may be met by the second v S 62
D< . . . <
% set of parameters, which we obtain by expressing the @ 62
Pl . . . K
s terminal currents in terms of the terminal voltages. In 8!
& either Fig.3.1 (a) or (b), the terminal currents can be I < &
& expressed in terms of the terminal voltages as + N T &
’;‘ 12— V: ,;‘
E:i V=0 . v, G I, E:i
8 — = <2 &S
3 I =yuV: +yV: (3.1) - A - 3
e : S
02 L =y Vi + y»V; (b) &
P . L P
;i: Fig.3.1 Determination of the y parameters: ;i:
A - - - - A
:g (a) finding y11 and y1(b) finding y12 and y»» ;g
val y - ral
¢ Ll _|yn Y| | Vi _ Vi 8
= =], (3.2)
& LL Y21 Y22lLV2 V, X
'8! '8!
'8! '8!
ral . . . Pad
::: The terms are known as the admittance parameters (Or, Simply, y parameters) and have units of :g:
8 i 8
s Slemens. 0>
al . . . al
::: The values of the parameters can be determined by setting Vi = 0 (input port short- :ﬁ:
% circuited) or V, = 0 (output port short-circuited). Thus, e
& &
< — L D
(3 Yu =5 . Y2 = e
ral “1 V->=0 ‘2 V=0 ral
(2 2 1 ()
K3 (-3) &
L L
'8! Y1 = ) Y2 = S
(3 Vi lv,=o0 V. lv,=o 02
o 62
'8! '8!
’al . . . ey . rat
::: Since the y parameters are obtained by short-circuiting the input or output port, they are ;::
% also called the skore-circuit admittance parameters. Specifically, S
::j y11 = Short-circuit input admittance :::
(3 S ; : " (2
® y,» = Short-circuit transfer admittance from port 2 to port 1 0
< o o < . : (3.4 &
'® Y21 = Short-circuit transfer admittance from port 1 to port 2 '8!
(2 i ; (2
::: Y>> = Short-circuit output admittance :::
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! vAg '8!
8! < = :Q:
Pal

'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’Z’%K’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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Igl For a linear two-port network and has no dependent sources, the transfer admittances are Igl
® equal (yi2 = Yy21). This can be proved in the same way as for the z parameters. A reciprocal &
Igl network (Y12 =Yy21) can be modeled by the IT-equivalent circuit in Fig.3.2 (a). If the network Igl
® is not reciprocal, a more general equivalent network is shown in Fig.3.2 (b). 0
e S
e S
'8} I I I I '8!
1 2 1 2
:ﬁ: —_— 3 < — —_— ~<— :ﬁ:
W O Y12 O o O 8
e s
< + + <
e s
Pl } } rat
:% V, Yii Vi Y2 Y12 v, Vv, Y <+> <*> Y Vzt%
(3 Y12V V21 V1 8
A A'
o - - ~
e 0 0 0 &
e S
'8} (a) (b) '*
A ) ) ) ) ) ) ) ) A
¢ Fig.3.2 (a) 1-equivalent circuit (for reciprocal case only), (b) general equivalent circuit. 3
s s
s e
e s
& | Example 3: Obtain the y parameters for the network shown in Fig. &
¢ Solution: 20 &
g 0 3 o AW o 8
::: Bl METHOD 1 To find y,, and y,,, short-circuit the output port and :ﬁ:
::: connect a curent source I; to the input port as in Fig. 2(a). Since é 410
¢ the 8-() resistor is short-circuited, the 2-{) resistor is in parallel with
::: the 4-() resistor. Hence, o
&3
02 4 | P
Pal 1 1
:g V. =1L4]| 2)=§II, Yu =V_1:§=0-755
'8! e ’
::: By current division, I
>.1 2
* . S . '
::: L= P 211 = 311, Y21 = v, i, 058 1, v,
'8! e )

ral s . r

% To get y;» and y»», short-circuit the input port and connect a current
' source I, to theoutput portas inFig. 2(b). The 4-() resistor is

"' short-circuited so that the 2-) and 8-() resistors are in parallel.

8
e szlz(gnz):glz, Yzz=_=—=§=0.6258

% By current division,

'0‘ _Il = 2 3

::: 8 +2 5 2 s Fng
. . »

K (a) finding yi1 &Yy &

K (b) finding yoand y.2 %
»

X
X
M
M
M
M
M
M
Y
M
M
M
B
M
M
M
M
M
M
M
M
i
i
i
i
i
i
i
i
i
i
Dy

X
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X
R

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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’al A
e e
< ; . R s
::: B (METHOD 2 Alternatively, comparing Fig. 1 with Fig. 3.2(a :::
A A
5 b (S
W = —— —t <
E:i Y2 2 ¥a1 :gi
A A
'8! 1 1 '8!
& Y11+Y12:Z = Y11:Z_Y12:0-755 Eﬁ:
e !
e e
'8! 1 '8!
:ﬁ: Yoo T y12 = g = Yoo = g -y = 06258 :g
e e
8! . . !
® as obtained previously. ®
< . " . <
:3: H.W.3: obtain the y parameters for the T network shown in Fig. ;g:
::: Answer: 60 18Q :::
;:: yi1 = 75.77 mS, o— MW AMA—O :g:
A A
:ﬁ: )’12 = )’21 = _303 I'I'IS., . :ﬁ:
o 12 1) e
:;: Y22 = 45.47 mS. :;:
A A
& o o %
o e
S, - p<
& | Example 4:Determine the y parameters for the two-port shown &
ral . . ral
::: Solution: We follow the same procedure as in the 2i :::
::: previous example. To get yi;-and y»;, we use the circuit in <> :::
::: Fig. 2 (a), in which port 2 is short circuited and a current :::
& source is applied to port 1. At node 1, 80 410 62
& — 62
(3 o M MW o @
(3 V, -V V, V,—0 &
::: -1 "o _ oA, + 2+ 22— ,::
».: 8 2 4 2Q :.:
'* Q3
03 vV, -V, 0
::: But I, = ' . therefore, o O :::
o . Fig. 1 '8!
(< V.-V, 3V, s
S 0= + S
& 8 4 &
&5 8,
'8! 0=V, -V,+6V, =V, =-5V, '8!
'8! '8!
'8! '8!
ral Pal
(< 2, 21, &
'8! '8!
P.‘ — — "‘
'8! '8!
S 1 I %
! 8Q 14V, 4Q | P & 8Q 14V, 40 > S
ral o o Pal
&S —— A A AN — b AMA———0—— 8
3 + Y + + 3
'8! '8!
'8! '8!
¢ 1D v 2Q§ V,=0 v D, '
& 02
'8! © '8!
® b) 03
»od (a) ( Pat
Pat ; SRE BRE [
& Fig.2 (a) finding y11 &y21 (b) finding y12 and y2» &
Pal Pal
& YU &
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-1, = 025V, — 1.5V, = —1.25V,
Hence,
L, 125V,
Yo1 = V_l = sy, = —0.258S
Similarly, we get y,> and y,, ,using Fig. 2(b). At node 1
0-Vo 0 Ve Yoo Vs
8 2 4

0—-YV,
But I, = T; therefore,
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0 = Vo + Vo + Vo - VE

K g8 2 4 &
K &
K3 0=-V,+4V, +2V, -2V, = V,=25V, 8!
K &
:21 Hence, / :31
(> | -V,/8 (2
* Vo= =—2—=—005S &
3 V, 25V, o
val Pal
>:< At node 2, :ﬁ*
ral =4
% vV, -V, S
S ——+2, + L =0 '8
Pat Pat
o 4 62
o 62
% or £
o 6
o 62
(< 1 2V, &
el -1, = 0.25V, — —(2.5V,) — = —0.625V,, g
ba 4 8 (<
::: Thus, :::
'8! L, 0625V, '8!
& Yoo = = ———2=025S s
% Vv, 2.5V, %
Pal Pat
;g Notice that y12 # Y1 in this case, since the network is not reciprocal. ;§j
o | HW.4: Obtain the y parameters for the circuit in Fig. s
% Answer: 6Q 2Q 9
3 03
%y, =0.6258S AAAAY MWW—0
}.1 11 > . }‘1
: ) :
sy = —0.125§, '8!
K2 § 3 POai &
s Yo — 0375 S, o %!
'8 '8!
Pat Pat
P.1 yjz - O. 125 S P.1
o v 62
3 o 8
'8! '8!
3 '8!
'8! '8!
3 VA '8!
)

3 <(10)> K3

>
X
M
M
M
M
M
M
Y
M
M
M
B
M
M
M
M
M
M
M
M
i
i
i
i
i
i
i
i
i
i
Dy

X
»d
X
R

X
X
X
’Y
X
Y
s
X
X
X
X
X
X
X
X
X
X
X
X
X
Iy
X
X
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s e
ral . <
& 3) Hybrid Parameters (h-parameters) 6
s ” Y e

% Thezandy parameters of a two-port network do not always exist. So there is a need for :§<
x developing another set of parameters. This third set of parameters is based on making Vi &

wand I, the dependent variables. Thus, we obtain 3
'8! o
8 8
al , , !
::: Vi =hpl; + hi;V, @4.1) :::
A . A
& I, = hyI; + hyoV, 03
A . . 4
' or in matrix form '8!
™\ A
:ﬁ: ‘?l _ h11 h12 Il _ Il :i:
62 = | =1[h]|,, 4.2) e
’;‘ I: hzl h:: \'"-p ‘ 2 Yt

®  The h terms are known as the fybrid parameters (OF, k parameters) because they are a hybrid 8
# combination of ratios. They are very useful for describing electronic devices such as ¥
# transistors; it is much easier to measure experimentally the h parameters of such devices ¥
ral

® than to measure their z or y parameters. &
¢ In fact, we have seen that the ideal transformer in Fig. 2.5, described by Eq. (2.5), does not &
¢ have z parameters. The ideal transformer can be described by the hybrid parameters, &
¢ because Eq. (2.5) conforms with Eq. (4.1). The values of the parameters are determined as 8

s 5
s 5
& \4 \% 8
8 _ 1 _ 1 8!
'8! h,, = ’ h, = rat
(3 I lv,=o V2 l1,=o '8
8 ? - 0!
3 (4.3) &
3 L L 3
& h21 = . h'm = ,.‘
&S Lo _ 2 vl &3
e 1lv,=0 2 l1,=0 g
8 0!
o 02

ral . . {l
% The parameters hu1, hiz, har and hz, represent an impedance, a voltage gain, a current %
® gain, and an admittance, respectively. This is why they are called the hybrid parameters. o

o hy, = Short-circuit input impedance 3
(2 g ; >
::1 h,, = Open-circuit reverse voltage gain 4.4) ::1
'8! - : 2 e
::j h,, = Short-circuit forward current gain ::j
DS . X . D<
% h,, = Open-circuit output admittance e
I:l The procedure for calculating the h parameters is similar to that used for the z or y ,:1
Pat X
(> , I I 0
& Pparameters We apply a voltage or current source to L hy, 2 &

% the appropriate port, short-circuit or open-circuit the
¢! other port, depending on the parameter of interest,
¢ and perform regular circuit analysis. For reciprocal
% networks, hi2 = —hi2 . This can be proved in the

% same way as we proved that zi = z1.. Fig. 4.1 4 o 8
% shows the hybrid model of a two-port network - : s
& S y P : Fig. 4.1 The h-parameter equivalent &
0 vhy network of a two-port network. 02
p D

p-O-0-O-O-O-O-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0--0-0-OXOXORORORO-O-O-O-0-000000-0-0-0-0-0-0-0-0-O0-0-O0-O-O-O-O-O-O-O-O-O-OOXR
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& 4) Inverse Hybrid Parameters (-parameters) &
;3; A set of parameters closely related to the h parameters are the g parameters or inverse hybrid ;3;
A . . O
'8 parameters. These are used to describe the terminal currents and voltages as '8!
5 s
'8! '8!
& I = gV + gilb &
k3 (5.1) e
'8! V, =gV + glh '8!
Ya! Yal
e rat
I rat
al Pt
& I | 811 812 A\ . \4 0
= = [g] (5.2)
3 LV; g g»] LD I, 0
s The values of the g parameters are determined as '8
A A'
e ras
'8! '8!
£ L L £
al g1 T 5 g12 = I_ b
Yal Vi I,=0 2 lvy=0 Yl
' (5.3) i
3 \E: \£ &
:;: 821 — V_ , g2 = I_ :;:
® 1 lL,=0 2 lv,=0 G
e ral
val - - . ral
;i: Thus, the inverse hybrid parameters are specifically called ;i:
::: g1 = Open-circuit input admittance :g:
& . . . Al
® g,» = Short-circuit reverse current gain '8!
& o : (5.4) s
;:j g>; = Open-circuit forward voltage gain '8
3 o : 03
::} g,, = Short-circuit output impedance ::}
Pat Pat
. . . »

I:i Fig. 5.1 shows the inverse hybrid model of a two-port network. The g parameters are »:1
::: frequently used to model field-effect transistors. :::
Pat Pat
L I
'8! — 82 - s
(3 O — A\ A0 (3
'8! '8
'8! + + '8
'8! (3
0 & 0
Y

(2 Viogn § g1ol, *> <_> 21V v e
Pal Pat
'8 — - 3
Pat X
::1 Fig. 5.1 The g-parameter model of a two-port network. I:j
) )
I:l Example 5: Find the hybrid parameters for the two-port network of Fig. 1 I:I
& Solution: 3
I:l To find h1: and hz1, we short-circuit the output port and connect a current source 11 to the I:l
& input port as shown in Fig.2(a). &
Pat Pat
'8! VA '8!
'8 =(12)> 3
! SrTaair, 03
- O-O=0-0-0-0-0-OXOO-O-O=O0-0-OXO-O-OXOO-O-OO-O0-OXO-0-OXOO-O-OXO-O-O-O0-ORO-O-O-OXO-O-OXO-O-ORO-O-OROXO-O0-OXO-O0-O-O-O-O0-O0-O-OXOX K
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$ &
A A
s e
< . 28 3Q gt
& -~ FromFig. 2(a), o—AW\ MM—o0 8
A A
:ﬁ: Hence, 60 :ﬁ:
e S
e S
D< 1 <
8 1 8
8! . . ... i '8!
& Also, from Fig. 2(a) we obtain, by current division, Fig.1 &
a as
L=tk
(3 > 6+3" 3! £
& &
A A
% Hence, at
at at
DA <
8 L, 2 8
03 hy =—=—7 S
Yal I, 3 Yt

¢ To obtain hi, and hy, we open-circuit the input port and connect a voltage source V»to the &
® output port as in Fig.2(b). By voltage division,

& 6 2 20 3@ b

< _ _ = 3 2

s Vi=o 3Y=3V2 O— MM MWN—

a! +

=

"‘

3

% Hence, I (D v, § 60

&

03 vV, 2 -

P.{ h12 - — = — O

>.< V2 3

(s ()

P.1

s Also,

* L=0 20 30 _b

% V, =3 + 6)L, = 9L, o MM W———

% Th '

& us,

::: \ §6 Q

o L1

s \E o

P.1

:0: (b)

& . . &
(2 Fig. 2 (a) computing hy;and hy;, e
rat - Pad
(< (b) computing hi, and hy,. e
Pat Pat
::: H.W.5: Determine the h parameters for the circuit in Fig. :::
% Answer: .g
0! 6Q e
s h;;, =24(Q) o A o 8
P.: 11 . ] :.:
)

& _ 8
s hy, =04, s
K2 § 4Q g 0Q %
P h — —O 4 P
¢ ho) 4, (3
rat Pal
::: , h22 = 200 mS O O :::
’:‘ SAg ’:‘
(2 <(13)> ®
)
’2’X’X’X’X’X’X’X’X’X'X'X'X'X'X'X'X'X'X'X'X'X'X'X’X’X’X’X’X’X’X’A'X’i’%"X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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Y,
& &
:3: Example 6: Determine the Thevenin equivalent at the output port of the circuit inFig. :g:
& Solution: 40 %
8 : —\\VW\—0— —o '8
s To find Zm and Vm, we apply the normal F '8
:3: procedure, keeping in mind the formulas relating h“ _ :2:
% the input and output ports of the h model. To 60\/@) S S
% obtain Zm , remove the 60-V voltage source at h; ~ 200 S S
:3: the input port and apply a 1-V voltage source at ) :g:
::: the output port, as shown in Fig. 2(a). From Eg. :g:
s (4.1), Fig. 1 %
'8! o
Yal Vi =hul, + b5V, (1) Pt
s S
* L = hyI; + h,V; 2 &
val Pad
::: But V, = 1, and V; = —40I,Substituting these mnto Egs. (1) and . :::
::: we get (2) _Il,, ‘I_ :::
A —O——— A
val ral
:31 —40I, = hy,I, +h;, = I, = __he 3) i :31
2 - 40 + hy, 4osz§ \4 [h] Ry C_r) &
val ral
::: L = hy I, + hy; 4) - :::
A —{— &, A
%: Substituting Eq. (3) into Eq. (4)gives @ :ﬁ:
'8! '8!
::: L=h hyh;;  hyhy; — hyyhy; + hyy40 L—o *
K2 2T by, + 40 hy, + 40 —
::: Therefore, + :::
(2 . h . 8
:.: Z . "72 . 1 . hll + 40 60V [ ] ‘: :’:
:g ™ L L hy;hy; — hyyhys + hy40 - :?
ra! o rat
>:< Substituting the values of the /# parameters, ®) :&
& 3
ral . L <
5 z. = 1000 + 40 Fig. 2 (a) finding Zmn, %
& 10* X 200 X 107° + 20 + 40 X 200 X 10~° (b) finding Vn &
'8! ’ '8!
& =109 _ 5460 &
o 20.21 62
'8! '8!
ral Pal
::: Toget Vpy, , we find the open-circuit voltage V, in Fig. 2(b). At the :::
::: input port, :::
&3 &5
K —60 +40I, + V, =0 = V=60 — 40I, 5) s
R &
R 62
R &
R 62
R &
R 62
R &
& 62
R &
R 62
R &
D

X
X
M
M
M
M
M
M
Y
M
M
M
B
M
M
M
M
M
M
M
M
i
i
i
i
i
i
i
i
i
i
Dy

X
»d
X
R

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
Iy
X
X
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A
:ﬁ: At the output, :g
D< <
5 L=0 (©) S
Yl o ) ) Al
% Substituting Egs. (5) and (6) into Egs. (1) and (2), we obtain :ﬁ
ol 8
al ral
al YAl
@ 60 == 4011 == hllII + hlz\yz ’;‘
Pal rat
(/ or (7
Pl rat
D< - <
}i{ 60 = (hl 1 + 40)11 + hl:"’ . (7) :i{
D< al
::: and :::
A A
» h,, 8
:;: O e hZIIl + h::"’: => Il = = h-- ‘72 (8) :e:
(2 21 (2
Pl ral
:ﬁ: Now substituting Eq. (8) into Eq. (7) gives :ﬁ:
vat Yal
val ral
el 60 = | —(hy, + 4022 1+ b, |V, e
& ) &
%: Vi =V, = 60 = i %:
K TP —(hyy + 40hy/hyy + by hpohyy — hyjhy, — 40k, &
vat Yal
:;: Substituting the values of the / parameters, :;:
(2 (2
al al
o 60 X 10 a
'8 Vi = ———— = —29.69 V &
% —20.21 Yal
S Yal
K3 &
¥ . . . . . . .
::: H.W.6: Find the impedance at the input port of the circuit in Fig. :::
;:: Answer: ;::
% 1.6667 kQ. o— o 8!
'8 h;, = 2kQ '8
(3 h,,=10" e
::j hy, = 100 § 50 kQ ::j
s hy, = 1078 s
3 N S
'8! o o s
3 S
3 S
'8! Z '8
P.‘ in P.‘
& &
» . . . . .
& | Example 7: Find the g parameters as functions of s for the circuit in Fig. e
Pat - Pal
& Solution: I E e
% In the s domain I H '8!
- : o—/TT ——o
Pat 4
S 1H = sL = s, 1 F = === o
».: sC s 1Q :‘:
D
(2 .. ()
:0: To get g, and g,,, we open-circuit the output port and connect a :0:
::< ,voltage sourceV; to the input port as in Fig. 2(a). From the figure © © :&
( i 4
0> Fig. 1 o
(3 V., o
() Il = ’.‘
8! s+ 1 s
p< ol
(2 ()
'8! '8!
'8! VA '8!
s sl s
R RO O T T O TN T E R RO OO KO EO SO SO R E HO OO O KO T SO SO S T RO OO KO SO SO S S RO HO OO O KO SO SO S S T RO OO RO KO RO ST RO RO o Tz
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¥ Pal
(2 (D
D- Al
e e
& or s
e e
S L _ 1 S
8! 811 = = 3
8 V, s+1 8
(3 '8
:i: By voltage division, :ﬁ:
e e
$ v,- Ly s
G2 s+ ! 2
e e
A A
N
'8! S 3
8! ! 8!
val Pal
% To obtain g;, and g,,, we short-circuit the input port and connect a curren %
E:i ,sourcel, to the output port as in Fig.2(b). By current division Egi
& P I L=0 K
S 1 . s L=0 ¢
al —_— N - al
::: or A1k H o:::
:21 L 1 +:::
:21 8251 = 1 \ §1sz V_,:::
A < A
a! — g
m  Also, O
ral Pa
o 1 Q) K
S Vo= L= 451 3
:.: 5 1/s :%:
(2 (2
o 2 * o
* \Y s s+ s+ 1 6
o g =1 = = §1sz Vi (DL
;:q - L s s+1 sis + 1) - yzq
Pat Pat
(S - 03
::: Thus, o :::
:0: 1 1 (b) :0:
::: (e] s+1 s+ 1 F}lig.%Detgnnining the g parameters in :::
::: g 1 P4l the s domain :::
(2 (2
% s+ 1 ss+1) *
(S (S
S &
(2 (2
Pal Pat
(2 : » p : : (2
I:j H.W.7: For the ladder network in Fig., determine the g parameters in the s domain. I:j
P

& Answer: &
Pat - X
$ g | Sl S © ©
Pat = . X
»:q g 1 s(s + 2) »:1
< el
>:< sS+35+1 sT+3s5+1 1Q 1Q >:<
K K
o o
% o o &
& &
o o
& o
o o
S vAg 9
$ % 3

‘va Qrvv '8!

&'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X'X'X'X'X’X’X’X’X’X’X’X’A'A'A'X’A'A'A'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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$ &
A A
Yal Pat
ad . £
& 5) Transmission Parameters (ABCD parameters) (2

¢ Since there are no restrictions on which terminal voltages and currents should be ;%
s considered independent and which should be dependent variables, we expect to be able to o
' generate many sets of parameters. Another set of parameters relates the variables at the 03

%8 input port to those at the output port. Thus, 8!
a! Yal
::: “?1 = A"Tz - B12 (6 1) :::
(2 I, = CV, — DL, ) &
'8! '8!
'8! '8!
'8! '8!
:ej or :e:
A A
:g I] (‘ D _Ig _Iz ’ :g

& Equations (6.1) and (6.2) relate the input variables ( V1 and I1) to the output variables (V2 &
% and —I2 ). Notice that in computing the transmission parameters —I», is used rather than &
& |2, because the current is considered to be leaving the network, as shown in Fig. 6.1, as &
¢ opposed to entering the network as in Fig. 1.1(b). This is done merely for conventional &
¢ reasons; when you cascade two-ports (output to input), it is most logical to think of 1,as &
¢ leaving the two-port. It is also customary in the power industry to consider 1, as leaving &
®  the two-port. o
®  The transmission parameters are useful in the analysis of transmission lines (such as cable 8
¢ and fiber) because they express sending-end variables (Vi and I ) in terms of the &
% receiving-end variables (V2 and —I2 ). For this reason, they are called transmission &

&  parameters. They are also known as ABCD parameters. They are used in the design of %

I:l telephone systems, microwave networks, and radars. I:i
& The transmission parameters are determined as I r &
s : o——" | | — %
G Vi Vi 0
R A=3 ., B=- * B
0 V2 lL=0 L lv,=0 Linear 02
K I I two-port 28
. ‘7 ’ I _ _ }.
:0: 2 lL,=0 2 lv,=0 >0:
I:l Thus, the transmission parameters are called, specifically, Fig. 6.1 I:I
::: A = Open-circuit voltage ratio E::
Pat 4
5 : . L 03
¢ B = Negative short-circuit transfer impedance 8!
0 6.4) 3
O T ( (3
et C = Open-circuit transfer admittance (s
ral 4
:gj D = Negative short-circuit current ratio :ij
I:l A and D are dimensionless, B is in ohms, and C is in siemens. Since the transmission I:l
Pat - . . . - . Pat
::: parameters provide a direct relationship between input and output variables, they are very :::
% useful in cascaded networks. 3
'8! VA '8!
Pal Pal
o AL 62
'2’1’1’1’1’1’1’1’1’1’1’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X'PX'X'XQ'K'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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D- Al
&  6) Inverse Transmission Parameters (t parameters) (2
! L . i i 8
& Our last set of parameters may be defined by expressing the variables at the output portin &
& terms of the variables at the input port. We obtain o
e rat
'8! 7 e oV '8!
§ V, = aV, — bl, (7.1) §
G2 I, = ¢V, — dI, 0
e rat
e rat
& or *
a! Yal

ral
8! V, a b|[ V, vl} '8!
'8! = = [t 7.2 '8!
03 [12] {C d][_11:| []{_11 -2) (>

# The parameters a, b, ¢, and d are called the inverse transmission, Or t, parameters. They are ¥

¢ determined as follows: o
a Pl
a al
< <
02 v, V, &
:;: a= 7— ? b = 77 :;:
K3 Vi =0 I lv,=o S
6 (7.3) at
% L, L "l
"a\ —_ = d=—-——= "al
Yal ¢ 7 ? Yl
» Vi, 1,=0 I V,=0 8!
>.< Pal
s al
s al
) . . . . - .

::: The inverse transmission parameters are known individually as :::
::: a = Open-circuit voltage gain :::
O . .. .. (2
::} b = Negative short-circuit transfer impedance (7.4) ::1
Yal . . . . . ’a!
::: ¢ = Open-circuit transfer admittance :::
> ) . . 5
::1 d = Negative short-circuit current gain ::}
% \While a and d are dimensionless, b and ¢ are in ohms and siemens, respectively. '8!
(3 A i . ) i i (3
% In terms of the transmission or inverse transmission parameters, a network is reciprocal if ,g
rat Pad
»& AD — BC =1, ad — bc =1 (7.5) »&
(2 ®
(2 - - i i 0
% These relations can be proved in the same way as the transfer impedance relations for the z &
(2 £
% parameters. 62
(2 £
0 (2
! S
3 S
! S
3 S
! S
3 S
Pat rad
(2 - — — £
% | Example 8: Find the transmission parameters for the two-port network in Fig. el
rat Pal
s O
< A <
O NS=7 >0
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Y Pat
(2 (2
a al
Yal Pat
Yal P Pat
¥ Solution: (2
5 a
::: ; I 100 oL :::
::: Todetermine A and C, we leave the output port open as in Fig. 2(a),so o AN, A o :::
% thatl; =0  and place a voltage source V, at the input port. We have (2
8! 2 8!
§  Vi=(10+20L =30, and V,=20I — 3I, = 7], §“° @ 8
A A
Yal Pat
¢« Thus, o O 14
s ) Fig. 1 '8!
% o g6, c=2to b gossss : %
:i: “72 1 711 ’ ‘72 l 711 :i:
5 a
% To obtain B and D, we short-circuit the output port so that V, = 0 as %
::: shown in Fig. 2 (b) and place a voltage source V), at the mput port. :g:
:ﬁ: At node a 1n the circuit d Fig. 2(b), KCL gives :i:
Ya( Pal
& V,-V, V, &
& g g tLk=0 1) 3
a 2
Ya( Pal
& ButV,=3I,and I, = (V, — V,)/10. Combining these gives :ﬁ:
Ya( Pal
& V,=3I, V,=13] (2), &
Ya( Pal
®  Substituting V, = 31, into Eq. (1) and replacing the first term &
:K: with I, :3:
A
s 31, 17 2
62 IL-—+L=0 = —I, = -1 62
Pat 2 Pat
& T 20" E &
& , S
%! Therefore, 3
'8! (3
S I, 20 v 131 &
' —13
¥ D=-1=2==1176, B=-—t=—+"\_=15290 3
'8! L 17 ILL (—17/20)1, o
o 62
s I, 3, I, 3, 1 (3
3 — 10Q N -— — 10Q v A -— 8!
0 AW & o o—AMWW—— >—o0 02
0 N - N 02
».: + a :.:
»
¢« v(O) § 200 v, v(© 200  V,=0 (3
'8! 03
'8 - (3
S (a) (b) K3
ral - . . Pal
(< Fig. 2 (a) finding A and C, (b) finding B and D e
(2 ()
ral . . . R . - . R Pat
::: H.W.8: Find the transmission parameters for the circuit in Fig. shown in H.W.3 :::
% Answer: 9
8 - &
¢ A=15B=220.C=125mS,D =25. S
$ &
(D ()
8 '8!
S Og
Pal Pat
f2-0B00-00000VRVVRVVVRVV VRV VRV VOBV VDV VLV VDV VDDV VDDV
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A

val . . ral
% | Example 9: The ABCD parameters of the two-port network in Fig. 1 are :%
< 2
(2 [ 4 ZO.Q] o
8! 8!
(2 _ - 10.18 2 _ _ M
¢ | The output port is connected to a variable load for maximum power transfer. Find R_and | &
¢ | the maximum power transferred. *
® Solution: '8!
S . e
:g What we need is to find the Thevenin equivalent (Zy, and V) at the :g
¢ load or output port. We find Zy, using the circuitin Fig. 2(a). Our '8
>§< goal is to get Zy, = V,/I,. Substituting the given ABCD parameters %
:ﬁ: into Eq. (2). we obtain :ﬁ:
8! 8!
(3 V, = 4V, — 20, 1) *
< at
::: I, = 0.1V, — 2I, ) :::
A A
E:i At the input port, V; = —10I,Substituting this into Eq. (1) gives . E:i
A A
:g —10I, = 4V, — 201, :g
Yal : 2!
% oI &
2 s
& I, = —0.4V, + 2L, 3) &
A A
:%: 10 Q 11‘_ -Iz— L7o R :ﬁ:
y.q + + - Pag
ral at
:g: Vi [T] V) C) 1V 50V [T] VooV Vo, C) R, :g
< Pal
3 - - - 8
Pat o o Pat
* (@) () © %
::: .Fig.2 (a) finding Zp,. (b) finding Vpy,. (¢) finding R; for maximum power transfer :::
Pat Pat
(2 (2
Pat Pat
(3 .Setting theright-hand sides of Eqs. (2) and (3) equal o
::1 01V, — 2L, = —04V, +2I, = 05V, =4I, ;:1
::: Hence, :::
0 V, 4 02
(2 Iy, =—=—=28( £
& I, 05 &
Pal Pat
::: Tofind V. we use the circuit in Fig. 2 (b). At the outputport I, = 0 :::
% and at the input port V; = 50 — 10I,. (Substituting these into Eqs. (1) .&
;:j .and (2) :::
8 50 — 101, = 4V, 4) 8!
S S
Pal Pal
 L=01V, ) K3
Pal Pat
::: .Substituting Eq. (5) ino Eq. (4) :::
(D (2
® 50 -V, =4V, = V=10 03
2 o
.:q Thus, %
< i > : Pal
s Vm=V2=10} e
S S
Pal Pat
S BAg (3
Pal Pat
K20

X
X
M
M
M
M
M
M
Y
M
M
M
B
M
M
M
M
M
M
M
M
i
i
i
i
i
i
i
i
i
i
Dy

X
»d
X
R

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
Iy
X
X

OO0
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K2 s
4 at
62 A
K3 e
R . - - . . . - . . . O
:ﬁ: .The equivalent circuitis shownin Fig. 2(c). For maximum power transfer :ﬁ:
K3 e
K3 e
® R =Z;,=80Q *
o Rp=Zpy= (3
8! . . ®
%' The maximum power is S
& "al
% T 2 32 0 ’x‘
o p=rR =(2m)p = ¥m_ 10 _ 5y o
o L \2r AR, 4 X8 03
S AL *
K3 e
K3 e
K3 e
3 e
< - - — - — 3
& | H.W.9: Find 11 and 1, if the transmission parameters for the two-port in Fig. 3
K3 e
K3 8
3 8
S [ 5 109] 03
3 8
a 0.4S5 1 03
< ) 3
2 Answer: 20 I, i S
& rat
2 1A -02A s s S S
a i 03
3 8
S , ) 3
'8} 14/0°V (7] vy §1OQ &
3 8
3 n 8
% et ’x‘
% Y O %
K3 8
Pat 3
. A
Pat 3
. A
Pat 3
. A
Pat 3
. A
Pal 3
. A
Pal 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
s 3
s 3
3 3
3 s
3 s
3 s
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
( A %
'8! Ay &
:f'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’AOXO‘ZOX’nX’X’X’X’X’X’X’X’nAuuu"uu"uuuuuuu A%A%A% 2% %A
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A

Pal . . 24
& 7) Relationships Between Parameters &
. . i . i 8
& Since the six sets of parameters relate the same input and output terminal variables of the &
& same two-port network, they should be interrelated. o
Yal Yat
Yal Pat
a , had
e Vil _lzn zp || L] _ I, 8!
Yal Vv, Zy1 Iy I, I, s
A A
< <
63 Ll=Et 8.2) 3
& 2 2 &
A A'
DA <
% .Also, from Eq. (5.2) 3
A A
% [Il} = [y“ y’"] [‘1] = [y] [“} 8.3) %
& I Y21 Y22l LV LV, &
Ya( Pal
& Comparing Eqs. (8.2) and (8.3), we see that &
[v] = [2] (8.4)
0 .. . 03
I:} The adjoint of the [z] matrix is *
S 3
S 3
8! Zy; Iy 8!
'8! '8!
(3 -2y Z '8
S 21 11 o
S &
& and its determinant is e
Pat Pat
S g —2aA
oz Z112x T Z1225;: S
S &
;:: Substituting these intoEq. (8.4). we get ;::
03 3
Pat Pat
}.{ 27’) Zl: }.1
3 Yu Y| _ Z; 1In 8.5) &
3 ; ; A - S
el Y1 Y22 z e
$ &
& Equating terms yields e
Pat X
S Z>> Z1» Z> Z e
% Vi1 = Vi = — 12 Yo1 &= — = Yoo = mtts (8 6) %
Pat o : O ’ J £ : JLL * X
V:‘ A: A: A: AZ ’:‘
'8! 3
0> '8
'8! 3
'8 '8
'8! 3
0> '8
'8! 3
0> '8
'8! 3
0> '8
'8! vAg '8!
'8 <(22)> '8
Pal Pat
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8! 8!
'8! - '8!
s As a second example, let us deermine the # parameters from the = '8
A A
ot - - . 9 <]
® .parameters. From Eq. {2.1) &
’al 7 —
,i‘ AY = lell + 21312 (8.73) ,i‘
Yal N e
’;‘ V h = Z"lIl + Zfr)I) (8.7b) s
Pat - . ke rat
'8! - - '8!
% Making I, the subject of Eq. (8.7b) '8
3 Zy o
’al = - 7 ral
& IL,b =— - I, + . V, (8.8) &
S 22 22 g
’al B % . .
® .Substituting this into Eq. (8.7a) 8!
8! 2!
a! 2!
'8! . ZnZy T Zyrly Zip, 8
:ﬁ: V | Il 4= —¥ 2 (8.9) :ﬁ:
(2 Z3; Zy) "
a! 2!
a! 2!
3 ,Putting Eqs. (8.8) and (8.9) in matrix form &
K - . K
:3: A zp ::1
'i‘ Vi Zy Iy I s
& = , (8.10) %
03 I Z 1 Vs 0
Q3 - 3
03 Z, Z S
S L 22 22 | D<)
Pat L
% Jrom Eq. 4.2) %
Pat Pat
(2 7 ()
::: {“1} _ {hu h12][11] :::
3 I, hy; hy ][V, '8!
Q3 B - - 3
6 . o : '8
% Comparing this with Eq.(8.10). we obtain '#!
o 02
o A , -
¥ by =2 hp=-2  n 21 h,, =1 @1 ¥
11 — . 12 — . 21 = T - 22 = . p
::: Zy Zy; Zy Zy; >::
Pat Pat
Q3 : : : Q3
::j Table 8.1 provides the conversion formulas for the six sets of two- ::j
::} port parameters. Given one set of parameters, Table 8.1 can be used to ::}
% find other parameters. For example, given the T parameters, we find the ::j
::} . corresponding / parameters in the fifth column of the third row ::}
3 &
R 62
R 62
R &
R 62
R &
R 62
R &
R 62
R &
& 62
R &
Pal Pat
Q3 (3
'8! GAg '8!
Pal Pat
o AL 62
R TV R R TV R R RO T B R RO B B R O RV B B RO RO BV B R O B B B RO TV R R TV R B RO TV R R RO TV R R O TR R RO RO R S RO RO TR RO TR RO
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& "al
s - O | 3
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w ¥
vl u e
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8 | %
& . %
: | ~ ‘ - %
: ' 2 Jla Ve S|« ®l< & 2lq A @
"al 1 | &‘
@ X
w ~ ~ a
7 ] | m
8! ) —auld —|a =« @ ;|4 4 8
3 O Al —|lama :
0 < |0 —| | | :
@ Pt
:e: = x| = Q| «a — ‘ a %
& v = % o g odlagla dla 3
: |G sl d —ld ol Elat & sl & R &
S 3 5 4| 5 6ol &b —| & el e :
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& l oo o
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Pat o 9 g hT < I 5 :
0 3 o K | i
3 | <
% “6 = al e ‘ o ool e
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s s
< A
Yal Pat
& Also, given that zy; = z;, for a reciprocal network, we can use the :ﬁ:
& table to express this condition in terms of other parameters. It can also :ﬁ:
¢ be shown that *
'8! -1 '8!
3 [g] = [h] (8.12) 3
¢ but '8!
Pl Pl
s 2y S
3 [t] # [T] (8.13) 03
Yal Pat
Yal Pat
& | Example 10: Find [z] and [g] of a two-port network if 0
'8! 10 1.5Q '8!
S = |, - S
(3 2S5 4 (3
e . g
¢ Solution: o
% IfA=10.B =15 C=2D = 4, the determinant of the matrix is 03
Ya( Pal
02 Ar=AD — BC =40 — 3 = 37 &
Yal Pal
! a
% .From Table 8.1 3
A A
! a
0 A 10 7 S
Pl T ~ Pal
Yal 211=_=_=5 2132_2_2185 Yl
9! C 2 2 8!
(3 '8!
e P
%! 1 | D 4 !
S C 2 C 2 03
S S
03 C 2 Ar 37 0
& == — = O p) = —_=" —_=-—— = - 7 ;.‘
'8} g1 < g12 : '8!
K3 A 10 A 10 K3
ral Pal
::: 1 1 0.1 B 1.5 0.15 :::
62 g1 = =75~ V4L € === U0 2
::: A 10 A 10 :::
'8! (3
% Thus 0
& Thus, e
& &
(2 (2] 5 185 Q [g] 02S -—-3.7 el
ral = = Pal
O y 4 . g O
03 05 2 0.1 0.15Q 0>
(2 ()
Pal Pal
(2 ()
Pat Pal
(2 ()
ral - Pal
x| H.W.10: Determine [y] and [T] of a two-port network whose z parameters are e
ral Pal
(2 ()
. 1= [ ¥ s
(2 4 6 3
Pat Pat
R : &
®  Answer: 0>
* ] 03 —02 s. [T 1 50 o
y] = = .
K : —0.2 0.3 1=1o2ss 15 &
Pat Pat
'8! vAg '8!
K3 <(25)> &
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'8 '8
Y 4
' Example 11: Obtain the y parameters of the op amp circuit in Fig. 1. Show that the circuit (3
% | has no z parameters :i
ol - 8
w Solution: rat
D< <
::: Since no current can enter the input terminals of the op amp. I; = 0. :::
::: which can be expressed in terms of V; and V, as :::
A A
& I, = 0V, + 0V, 1) Eﬁl
' Comparing this with Eq.(3.1) gives '8
§ ¥ii = U= ¥y §
A A
% Also '8!
%! ’ e
Yal Pat
:ﬁ: \7'_) = R312 + Io(Rl + R:) :ﬁ:
'8 : S
®  where I, is the current through R, and R,. But I, = V, /R;. Hence, &
Ya( Pal
8! ViR, + Ry) S
S Vy =Rl + ——2 I L
el R, — b Ry 2. &
:31 which can be written as ‘Io + I:}
A A
K3 R, + R \ : (3
::: 15 = _MVI i -2 Vi ‘I R, v ’g
8 - R1R3 R3 " c o
3 3
3 : " <R 0
%! Comparing this with Eq.(3.1) shows that _ - 8!
3 & =
3 o SIS
3 (R; + Ry) 1 4 3
::: = — : - A= o :::
02 RiR3 R3 .Fig. 1 s
0 0
ral . . . Pal
::: The determinant of the [y] matrix is :::
0 0
ral Pal
(S Ay = ¥u¥22 — ¥12¥21 = 0 3
0 ; 0
ral . . . . . Pal
::: Since A, =0, the [y] matrix has no inverse; therefore, the [z] matrix does not exist :::
::: according to Eq. (8.4). Note that the circuit is not reciprocal because of the active element ;::
0 0
3 3
ral - . — . - - Pal
;:: H.W.11: Find the z parameters of the op amp circuit in Fig. Show that the circuit has noy ;::
% | parameters. S
0 03
s Answer: R, 63
o = | M 1 ) S
8! [Z] - O AN —_ —— e
$ —R, 0 : > %
% o X S S v, %
& Since [z] oes not exist, [y] does not exist. 2%
Pat —_ _ Pat
S o 5 8
3 3
ral —_ Pat
* vAg - (3
Pal Pal
D'
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A A
8! 8!
6 . al
& 8) Interconnection of Networks &
8! - 8!

s A large, complex network may be divided into subnetworks for the purposes of analysis &
s and design. The subnetworks are modeled as twoport networks, interconnected to form the ’s
%8 original network. 8
' The interconnection can be in series, in parallel, or in cascade. Although the '
s interconnected network can be described by any of the six parameter sets, a certain set of s
s parameters may have a definite advantage. For example, when the networks are in series, &
s their individual z parameters add up to give the z parameters of the larger network. When &
¢ they are in parallel, their individual y parameters add up to give the y parameters of the larger '8
¢ network. When they are cascaded, their individual transmission parameters can be multiplied 8

¥ together to get the transmission parameters of the larger network. *
al Pl
%: I, L La I ’:1
& 8.1) series connection S St S
% Consider the two two-port networks (in Fig. 9.1.) + ) ~ v (%
v, . . . . la a 2a )34
Igl The networks are in series because their input ~ - Igi
® currents are the same and their voltages add. In &
# addition, each network has a common reference, v, 1y 1, L, YL V.8
& and when the circuits are placed in series, the — - &
I:l common reference points of each circuit are * v * &
"al V, Vb A\ ral
::: connected together. For network N, , - ) N :31
(3 Fig. 9.1 Series connection of '8
>:< - .two two-port networks ::1
'8! ;o 8
::: “‘ln - lenlla + ZlZnIZ(I :::
ral ; Pal
:g Voo = 221,114 + 225,154 :?
val . ral
::: and for network N,, :::
&3 &
'8! 7 — '8
::j Vip = 21111 + 21231 ::j
::: Voo = 2011 + 2221y :::
'8! . ) '8
% We notice from Fig.9.1 that 0>
62 L=1,=1 L=L,=1L &2
:.: 1 la 1bs 2 2a : :.:
3 03
Pat Pal
& and that 3
Q2 &
:? Vi=Vi,+ V=@, + 2001 + (212, :ij
::: Vo, =V, + Vo = (221, + 1)1 + (222, :::
0 &
3 03
'8! '8
'8! '8
'8! '8
'8! '8
'8! '8
Pal Pal
3 ®
'8! A 3
Pal Pal
G2 AL 62
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'8! - 8
s Thus, the z parameters for the overall network are '8
A A
Yal Pat
63 o
(2 21y Zin| | Zya Yt 2y Zing T 2y (9.5) (2
63 = o o
8 2 I g T Z21p Z22q T Z22p 8!
3 &
& or 8
3 &
A A
[2] = [2,] + [2] 9.6)
A A
Yal Pat
Yal Pat

O parameters for the overall network are the sum of the z parameters for the individual 03
Igl networks. This can be extended to n networks in series. If two two-port networks in the [h] Igl
® model, for example, are connected in series, we use Table 8.1 to convert the h to z and &

0

%1 then apply Eqg. (9.6). We finally convert the result back to h using Table 8.1 &
al hal
'8! . '8!
& 8.2) parallel connection 3

% Two two-port networks are in paraflef when their

62

0
0
0

% port voltages are equal and the port currents of the 8!
I:l larger network are the sums of the individual port v Igi
I:l currents. In addition, each circuit must have a o *
I:l common reference and when the networks are *
I:l connected together, they must all have their I:I
I:l common references tied together. The parallel I:I
I:l connection of two two-port networks is shown in I:I
% Fig. 9.2. For the two networks, o
ral . D<
:.: Iln — }"lln‘ la + }12(1\' 2a (9 7) :.:
¥ L, = ¥21.Via + Y224V ' (3
% 2a }21(‘.' la )22(: 2a Pzﬂ
'8! Fig. 9.2 Parallel connection of '8!
::: .two two-port networks :::
& o 7 . 7 o
3 Ly = Y1sVis + Y12V S
& , : ©-8) &
(< L, = ¥215V1s T Y226 V20 e
'8! '8
8 2 '8
C '8
:.: T T T - > > :.:
}tq Vi =V, =V, V, =V, =V (9.9a) »:q
ral Pal
::: I =1, + Iy, L=05L,t1L (9.9b) :::
'8 '8
'8! '8
'8! '8
'8! '8
'8! '8
'8! '8
'8 '8
3 vA¢ «
p Oy
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R
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'S, '8
e al
Yal Pat
3 Substituting Eqgs. (9.7) and (9.8) into Eq. (9.9b) yields (3
* , . '8
(3 I = (11a + Yus)Vi + (V12a + Y126)V2 (9.10) &
I§1 L = (Y21a T ¥Y215)V1 + (Y224 + ¥220)V2 I§1
Yal Pat
®  Thus, the y parameters for the overall network are 0
Yal Pat
5 e
G2 {."11 }'12] _ [)’11(1 + Yius Yiza t Yi2s ©.11) :ﬁ
5 = ] Y
::j Y21 Y22 Y21a T Y215 Y220 t Y220 :::
A A
Yal Pat
at Or al
Yal Pat
Yal Pat
Yal Palt
& [y] = [¥al + [yl (9.12) &
Ya( Pal
Ya( Pal
ot : e
::: showing that the y parameters of the overall network are the sum of the y parameters of the :3:
:2: individual networks. The result can be extended to n two-port networks in parallel. ;i:
s 8.3) cascaded connection R

¢ Two networks are said to be cascaded when the output of one is the input of the other. The ﬁ
¢ connection of two two-port networks in cascade is shown in Fig. 9.3. For the two &

¢ networks, '8!
&5 8
¥ 4 4

»:1 V la — Aa Bn \! 2a (9 13) ,i
K3 I C, D,JL-I ' &
8! L 1a J L “a al 2a J '0‘
ral Pal
& 62
&5 v 1 T 1Tv 1 &
'8! Vie| _ [As By|| V2 03
! = (9.14) ¢S
® I C, D,| -1 '8!
P.: L 15 4 L~b bJ 2b :.:
¥

&5 : &
% From Fig. 9.3 '#!
" T T T T T .' "
;g I, I, J —I, I, J L I :?
0 9.15) 02
Pal Pal
62 02
S I, Lia L, L Ly L 0
R > - - > - - 02
02 O————O0—— O O O o 0
(2 (2
9! - - + - - - S
& &
S $,
(> Vi Via Na Vaa Vib Ny Vap v, 0>
& 02
R 62
& 5 5 5 o 5 5 02
'8 oO—0— o 0 o o '8}
(> Figure 9.3Cascade connection of two two-port networks '#
* vAg (3
Pal Pal
3 <(29)> K3
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Substituting these intoEqgs.( 9.13) and (9.14),

[\Yl] _ |:A(; B(f] [Ab Bb] [ ‘72]
I, c, n,]lc, p,J|-1L

(9.16)

Thus, the transmission parameters for the overall network are the product
of the transmission parameters for the individual transmission parameters:

{A B]_ {A(, B,,HAb Bb]
CD C, b,/|C, D,

or

[T] = [Tal[Ts]

9.17)

(9.18)

Lecturer : Wisam N. AL-Obaidi

It is this property that makes the transmission parameters so useful. Keep in mind that the
multiplication of the matrices must be in the order in which the networks Na and Nb are

(3

% cascaded. (2
Yal Yl
¢ ¢
3 3
& &
¥ . . . . R

& | Example 12: Evaluate V. / Vsin the circuit in Fig. 8!
ral - at
::: Solution: I, L 3
& This may be regarded astwo \?\/\g/l\, - o s
3 c : - = '8
s two-ports in series. ForVy, z2,=12Q '8
3 + ! + '8
’.‘ - — _ — Z,,~ 3Q P.‘
& i T D T 10 = 24y, = 2y 2, =8Q &
ral — Pal
& Thus, - &
'8! Vi C_D § 20 Q gt
S K v S
Y — .

8 (2] = [z + [2,] 3
'8 '8
3 '8
ral Pal
& § 10Q &
K2 12 8 10 10 22 18 - - K
g F= + = (3
'8! 8 20 10 10 18 30 '8!
(3 '8
s But o
(3 '8
’.‘ v w
s YV, = 2k + 2y = 291, + 18k, (1) '
® :

(s V, = 2,1, + z,,1, = 18I, + 301, ) 3
3 '8
3 3
3 '8
3 3
'8! VA 3
s (0% %
(00000000V VDDV VDRV V VRV VDV TV VVV VDV VDLV VDDV DV VDLV VDRV
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Also. at the input port

vV, = =201, - LL=——7 (4)

Substituting Eqs. (3) and (4) into Eq. (1) gives

18
Y, — ) =221, — %Vz =% V, =27I; — 09V, (5
while substituting Eq. (4) into Eq. (2) yields

30

V=18 -2V, = L=TV: (9

Substituting Eq. (6) nto Eq. (15. we get

2

Lecturer : Wisam N. AL-Obaidi

s ] 2.5 . "
(s V, =27 X —V, — 0.9V, = 2.85V, 3
o 18 8!
P. A
'8! 8!
ra P
% And so. s
7
$ V, 1 *
& = = = 0.3509 s
S V, 285 (S
(3 e
& e
O (2
S T . T - o
(s H.W.12: Find V. / Vsin the circuit in Fig. '8
O ) . (D
;:: Answer: ) 50 fjll?Q jl0Q ;::
¢ 0.6799 /—29.05°. —WW—o—|| VI ——o0— (3
O (2
al 20 Q o
& e
& e
& e
% e s
% vO V;2400 '8
k< o
k3 e
(< e
O (2
® 50 Q s
(3 e
e o— T [l 5 (2
¥ 140 Q h s
o J —j20 Q (3
(< e
k3 e
(< e
0 e
k< e
k3 e
o A o
(2 oY '8!
& <(31)> &
f2-0B00-00000VRVVRVVVRVV VRV VRV VOBV VDV VLV VDV VDDV VDDV
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¢ Pat
3 _ T, %
:: University of Diyala Zﬁljctr[‘_;ia[ Circuits :::
8] Engineering College nd C SW . AL-Obail 8
x| Electronic Department Year (2015-2016) Lecturer : Wisam . 3

4
s __ S
& | Example 13: Find the 7y parameters Of the two-port in Fig. Eii
& : %
¢ Solution:

s Let us refer to the upper network as N, and the
% lower one as Np,. The two networks are

(2
Pat . 1 '8!
% connected in parallel. Comparing N, and Ny 28 38 &

- - - - . i A
:2: with the circuit in Fig. 3.2(a), we obtain '8!
(2 A
& L &
:g Viza = —]4 = Y21a AW :ﬁ:
Pal 48 ral
& &
& . - . : %
’i‘ Yoo — 3 +]4 %
& or %

S 2+j4  —j4 &
:g [ya] |: _»4 3 + -4 S
J J

ral
s and 3
3 _ s
7/ _ _ o _ . 8
%: Yizp = —4 = Youn, Yis = 4 —J2, Yoo = 4 — j6 03
4
& or 3
& i ha!
% [ya] = _|S '8
':‘ —4 4 — j6 %
% (3
% (3
& The overall y parameters are :::
ral (3
& 6+2 —4—j4] s
¥ J J 3
3 (3
’ - - -
;:j H.W.13: Obtain the y parameters for the network in Fig. :?
. -
& Answer: 5 i5S 3
ral . . | (S
e | 27 —jI5 =25+ 10 S 211 | %
ral
(3 _ . %
& L—25+,710 27 —j5 s s
% %
s o
% %
s o
)
ral o
s j10'S 3
8 28 (3
(3 28 63
s *
% (3
s o
(S A 3
?’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X'z'XQ’K'X'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A’A’A’A'A’A’A’A’A’A’A‘
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& &
::: Example 14: Find the transmission parameters for the circuit in Fig. :g:
% Solution: 4Q 8Q 6Q %
A . . .- . X
% We can regard the given circuit in Fig. 1 as a cascade ©—VVWV VWA WW—0 &
:3: connection of two T networks as shown in Fig. 2(a). :2:
:3: We can show that a T network, shown in Fig. 2(b), has § 1Q § 2Q :2:
:3: the following transmission parameters :2:
3 R, R\(R, + Ry) o O %
§ ATty BT Figure 1
3 2 2 g 3
:::Applying this to the cascaded networks N, and N, in Fig. 2(a), we get ;:;
A A'
val Pad
5 A,=1+4=5  B,=8+4X9=44Q 8!
'8! '8!
s C,=1S, D,=1+8=09 '8
8 8
. : '8!
s or in matrix form, 8!
& &
5 T = 5 44Q K3
& “l1s 9 &
& &
&S 8
S and :ﬁ:
% 6 S
:.: Ab:l, Bb=60, CbZO.SS, Db:l+_:4 :e:
o - e
R e
% 1.€., . ,&
'8! 4Q 8Q 6Q !
S T, = { 1 69} O—A\W\ MWN—T—WW—o &
::j 055 4 ! ::j
&Thus for total network in Fig. 1, § 1Q § 20 &
'8! - : o
e 5 440[1 6 . '8!
ral L . N ! N Pal
G - a : b 0
(< 5X1+44x05 5><6+44><4} ' 8!
al = Pal
::: [ IX1+9%X05 1X6+9x4 (a) :::
S [ 27 2060 S
S T lsss a4 Ry s (S
::: - o— MWW MMW—O0 :::
s Notice that e
&3 &S
_A = A= 3k,
% AT(? - ATb = AT == l . %
3 . : : %!
::j showing that the network 1s reciprocal. o o ::j
'8! '8!
®
K Fig. 2 (a) Breaking the circuit in Fig. 1 %
::1 .1nto two two-ports,(b) a general T two-poﬁigi
'8! VA '8!
& G- &
(3 o (3

'A’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X'X'X’X'X'X'X'X’X’X’X’X’X’X’X’A'X’i’X’A'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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& Electrical Circuits 3
&l University of Diyala ond Class | %
Rl Engincern College Lecturer: Wisam N AL-Obaid 3
¢ [P Year (2015-2016) ecturer 3
»: Electronic Department ’g
: '8!
: BCD parameter representation of the circuit in Fig. 3
b ) - $
::: H.W.14: Obtain the A p oo oo o 3
& Answer: :
S 00 Q) W T T
& 29.25 22 %
§ 71 = 20Q 03
S a <
:e: 0425 S 32 200 50 Q %
& o ¥
$ e
$ e
$ e
$ e
$ o
$ o
$ o
$ o
$ e
§ o
§ o
§ o
§ o
§ o
§ o
§ o
§ o
$ o
$ o
$ o
§ o
§ e
$ e
: '8!
; (3
; (3
; (3
; (3
: (3
’.‘ Pat
3 62
3 6
8
’.‘ Pat
3 62
3 62
9
’.‘ Pat
3 62
3 62
8
’.‘ Pat
3 62
3 62
9
’.‘ Pat
3 62
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3 2
3 6
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3 &
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3 62
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3 2
Pal s
Pal o s
R S
s »Dig

[ XX
X
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
b
M
b
b
b
b
b
b
| X
%
X
3
N
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
| X
N
| X

AN



2000 00ROVOVOOOOOOOOOOOOOOOOOOOOOOOOOVOOOOOOOOOOVODOOOOOOOOOOOVOOOON

» (
03 03
:: University of Diyala Electrical Circuits :::
8] Engineering College 2nd Class '8!
x| Electronic Department Year (2015-2016) Lecturer : Wisam N. AL-Obaidi g
'8 '
A A
e @" ral
:gtotectuu () ]] W~% %M :ﬁ:
e rat
e rat
D< <
5 Problems 5
03 . 03
o | HW. _(1): Find the_ g parameters for_the_ 1000 03
¢ | operational amplifier circuit shown in Fig. I ) B 03
:;: . — 5'\,.'\(.-\1, 50 Q2 - :;:
A o ' . O
* [Answer: g11=80 mS, gi2=-0.2, N i K
:g g21=-5, 022 =25 Q,] : ' 250 13 Vo Va :g
e . - . |
e . ¢ ¢ * e
# | HW. (2): Find the transmission parameters for the Lo
A - — - — - A'
%8 | circuit In Fig. | g

s | [Answer: A= —4 x 10™%, B=-20,

'8 C=-0.5uS, D=-0.02]

¢ HW.(3): Find y and Zo, for the
% | terminated two-port shown in Fig.

® | [Answer: 17.6
. [2x107* -1073

: S
% | 1-4x10"* 20.3x107° &)
e | HW.(4): Determine the input impedance Z;, of the o an
s | one-port shown in Fig. if w is equal to (a)50rad/s; (b) \,

’.‘ 0.02F
%! | 1000 rad/s.
S z,— Esu

o | [Answer:]

s | H.W.(5): Determine the z and y parameters for the circuit in Fig.
¢! | [Answer:]

ral
(< (48 -04] [0.21 0027

S M= 0s 42 )0 =] 002 024]° A

P.1 ’
¢ | H.\W.(6): Obtain the z parameters for the network in Fig. j40 s
(D —j2 1 T 50 }.‘

T T o | &
s | [Answer:] o o 3

2 & g
%! _ _ j6Q 3 Ejsa
a! (10+34) —(10+34) 70 D
| [z]= &
03 - sy | 03
e —(10+34)  (15+48) el

[X
X
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
bl
bl
bl
X
b
b
bl
bl
bl
b
X
X
)
N
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
h
p
b
b
b
b
| X
X
| X

OO0



2000 00ROVOVOOOOOOOOOOOOOOOOOOOOOOOOOVOOOOOOOOOOVODOOOOOOOOOOOVOOOON

) 4
03 03
:: University of Diyala Electrical Circuits :::
8] Engineering College 2nd Class '8!
x| Electronic Department Year (2015-2016) Lecturer : Wisam N. AL-Obaidi g
$ &
A A
e ral
D< . . . <
% | HW.(7): Obtain the t parameters for the network in Fig. 10 (2
8! : —3Q at
& | [Answer:] 10 ¢y 7 e
\/ . ’v
& (€] |_2 2+]5—| T 1 &
Pat tl= j2Q 3 Ej1Q 8
}Aq * _ 2 + " .. :. }Aq
al J J ‘ at
e rat
val o ¢ Pt
s | H.W.(8): Determine the z and h parameters for the network 1Q 40 '8!
A - - A A AN - ANKMM A
:;: In Flg. [ W 1_2 W i :;:
O . . . O
. )
::: [Answer:] 2(E >§:
& ) {:n {].5} 2le 0
e = < ras
° -0.5 0 ‘ 2
e r rat
e — ras
Igl H.W.(9): Determine the z and h parameters of the _ 13 ) Ig:
# | two-port in Fig. ’ K
& | [Answer:] _& - 02
3 ] 10 3| & S50 '8!
2 GI . 8 2 . -1- = = :.-'.-: O
"al "al
e | [2]= { . €2 el
8 24 72| 3
a! _— o o |
'8! =" '8!
;g H.W.(10): For the two-port network shown in Fig., z. L L o
;:1 show that at the output terminals, |—|:F_— 0 (3
ra Z12221 Z21 K
::: Th 22 211+ZS a d VTh 211+ZS ‘: I'::-jl ‘-1 I:n?jgcn "-_ ZJ_— :ﬁ:
val Pal
8 { 8
ral - - Pal
;:: [Answer:] C —©° ;::
3 — : 03
::} H.W.(11): For the circuit in Fig., at w = 2rad/s, z;; = 1002, z,, = 7, = j6A2, Z5, = ::}
& | 4£2. Obtain the Thevenin equivalent circuit at 50 a &
® | terminals a-b and calculate v,,. |_ T K
:g [AnSWEI’:] I5c0s 2t V f:: [z] 2H :“ B :g
s - T = |t
s W—— I s
':‘ ’7 - L b ,&
:‘: 6.200°V () Ve % :‘:
>.1 N 2 L. 3 oy g7 >.1
e i _ f v, (t) = 3.18cos(2t + 148%) | 3
ral - Pal
;3: H.W.(12): (a) Find the y parameters of the two-port ;::
" . . | 1 I
;g in Fig. (b) Determine V,(s) for vy = 2u(t) V. | ;ij
val i 1 ! Pal
O 1 i = ! O
ral | B ! Pal
. MMM | | 1 ‘
X ! | 1] ! X
s . e - L%
s [Answer:] W, | 2siv, 2 s
% : . . 0.8(s+1) T - C- ] >:<
(3 s¥2 ~G+D Va="3 o - | ! : (>
:‘: [yl= s +s5+1] T (sT+18s+13) ! : :‘:
'8! ~(s+1) ——| — e 4 '8!
R s - &
R ! 62
R &
& vAg (3
3 (2% 3
'2'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’Z’XQ’K'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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S 3
D- Al
e s
O . <
:31 H.W.(13): Draw the two-port network that has the following y parameters: »31
0 y] = [1 —0.5] S 02
& -0.5 1.5 0
;:j [Answer:] bes ;:j
& &
::: 0.58 15 :::
A A
e S
e S
o E— o
& | H.W.(14): For the two-port in Fig., 8
3 L I (3
| [h] = [ 6 3 ] 40 & -~ (3
&| " L2 oots R T S
A . L O
:ﬁ: Find: 10V : 5 Vv, [h] vV, {, 250 :ﬁ:
& (@) Vy/Vy (b) /1 T y &
'8 - - o
5 (©) I,/Vy (d) V2/L . —© R
® | [Answer:] &
% Y 2 204 L1 assxa0? '8!
I (© 3 mige T I38x107S :i
e - x<
= s
§ L _ 16 vV, 40 ::3
:21 (bj [] =-Lu (dj I—]=T= 4002 :::
(D . O
;:j H.W.(15): The h parameters of the two-port of Fig. Z ®
P.‘ are: AdAN, < - ’;‘
P< Pad
s _ 160002 0.04 A v, v, 4o |
| [h] = Ve w2 Sz
|77 130  2ms _ \~/ _ _ s
::: Giventhe Z, = 2k & Z;, = 4000, Find Z,,, and Z,;. i—" :::
3 &
S (3

Z Z D
& | [Answer: Zin = 333.33 Q, Zout = 650 Q] = &
ral A - Pal
& | H.W.(16): Determine the output voltage V, in L 20 joo e
ol . . . A rrm ral
¢ | the network in Fig. if the Z parameters for the e Y-
(3 5 4 ~ T %
'® | two- = [ ] DT '8
::: two- port are Z . (@ (1) L () | e S0 V, :::
;:j [Answer: ] =l :::
S kK
S . (3
::j H.W.(17): Obtain the 2z parameters of the 80 ::1
::: nEtwork in Flg 16 - Ql 40 1€ :::
) )
::3 . | oA AN AW ::5
::: [Answer:] S0 2100 2100 :::
& [3949 1122 Sea | ] ] “ea | ¥
o | [z] = Q | '8!
S 1.122 3.849 | <20 &
3 .
'8 ._ | L
3 '- SR
ral Pal
'8! '8!
'8! '8!
'8! '8!
ha! A ral
& Y3 &
R A3 &
&'X'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A’X’Z’XQ’K'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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'8 '8!
’al A
s e
& | H.W.(18): Find the h parameters of the network in Fig. Take w = ° /\ K
’X‘ 1F 10 >X<
w | 1rad/s. , al
o | [Answer:] - 8
& . [0.94334 ~161.6° 0.3163/18.42° K
e | [h] = S
'8! 0.3163/2 —161.6° 0.9488./—-161.6° 2!!“"’\/ 1H | g
at - at
& | H.W.(19): Find the transmission parameters for the network in 10 &
% | Fig AW o
8 : K '8!
g | [Answer:] ST R
S s
:g |:A B:| _ |:1.4 U'.S:| 220 ‘—; 2Q :ﬁ:
% |C D 1.4 —-1.8 ‘ \ '8!
at at
ral o o 2
& | H.W.(20): Find the Z parameters for the two-port network a1, 3
& | shown in Fig. §
:ﬁ: Iy 13\5"1 It :g
::: 350 :::
® | [Answer: z11=15Q;212=5Q; 21=5-j8 Q; 222 =5 - j4 Q] &
DX . . . . . <
gt | H.W.(21): Find V;if V,=22020° V rms in the network shown in Fig. 8!
:‘: 10 20 51 I, I :e:
% ey Y . - ’%
'8! . ) i '8!
s . ; Two—port . 10 kVA '8!
::: Vs (i) }”E Vi network vz 0.8 lag %:
(3 ) (3
ral - - Pal
:g Ideal :g
ral Pal
::: vi] _[0333+ 0333 —(1333 + jb) v, :::
(3 1, j0.1667 —(0.333 + j0.333)) || I, e
'8! '8!
;:j [Answer: Vs = 1015.92-137.63° V rms.] ;:j
;:j H.W.(22): Determine the admittance I Cs L ;:j
& | parameters for the network shown in Fig. o I = |8
'8! | [Answer: e
yal . . . . . D
& jw(Ci+ Cy) —jwC Vi 0 PDsvi =G RSV, | &
% [yl P N 3
yal = . . B B D
S Y g —jwC;, <+ joC;+ C3)[ o o |8
3 . - 03
;:j H.W.(23): Determine the z parameters of the gol; ::j
;:j network shown in Fig. and determine the @ ;:j
® | voltage gain of the entire circuit with 4 kQ I; 5000 '8!
% IOad. { VAN YL - o ’:‘
,.‘ 20 ki1 ,“
Pat Pat
&3 &3
Pal + r r Pal
::: [Answer: (_)\ 1 50 (1 4 ku% V., :::
3 03
8 —1.2MQ 20.05kQ! vy s
::: vAg :::
K3 <(4)> &
0 orTesiY, 0

p-O-0-O-O-O-O-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0--0-0-OXOXORORORO-O-O-O-0-000000-0-0-0-0-0-0-0-0-O0-0-O0-O-O-O-O-O-O-O-O-O-OOXR
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Y,
at at
PR - - <
§ H.W.(24): Show that the network in Fig. does o L R I - :gi
% | not have a set of Y parameters unless the source - e E | &
s | h - - S
% | has an internal impedance. _ 2
A A
b . ~ I, ~ b
o | [Answer: yyy = Y12 = Y21 = Y22 = ] L e

& | H.W.(25): Consider the hybrid model

¥ | for a basic transistor. Determine the

¥ | voltage gain of the entire network, V, /Vs.
® | [Answer:

% V2 hz1R| 8
| —= = ] at
:;: Vs hiahz1R;—(1+ hyaR;)(hy1+ Ry) _ :;:
& | H.W.(26): Find the transmission f}.{: | :i
< / -2 40 1, al
% | parameters for the two-port network and W g [y :i
rat . . . . al
| then find I, using the terminal conditions. o o :i
ral o + 3 : fampa al
:21 [Answe r: : 12,—"0 v C_) 12 1 { ff-i ) ﬁ_rf 300V :::
O : . A
o 2—j2 (12—-j5)Q 2
$ )= [2 22 127U 0, 4
Pat —jS 2—j4 Pl

w | HW.(27): A two-port network contains resistors, capacitors, and inductors only. With | g
& | port 2 open [Fig.(a)], a unit step voltage v; = u(t) produces i; = e ‘u(t)(nA) and v, = | g
x| (1 — e Hu(t)(V). With port 2 short- circuited [Fig.(b)], a unit step voltage v; = u(t) | $

ral . ) _ . ) . DX
::: delivers a current i; = 0.5(1 + e~2%)u(t)(uA). Find i, and the T-equivalent network. :3:
3 i . h, b K3
(3 u RLC vy RLC o
3 - 8
S e S
S S
S S
S S
:.: (@) (b) :0:
% | [Answer: i, = 0.5(—1 + e 2H)u(t) [see Fig. (¢)]] e
3 W IMQ M i S
'8! - = S
s ° MW M o s
'8! S
'8! S
s vy o~ 1pF Lz >.1
'8! S
'8! - - S
& | HW. (28): (a) For the circuit i o
»:1 A i 1F >:<
o | shown in Fig., determine the two- _— I o e
Pat . . . - - Pat
& | port Y model using impedances in  + ‘ I ‘ ) =&
® | the s-domain. (b) Determine the 1 K
& i 1F 1 1F 10 Vo | ¥
& | response vo(t) when a current &
& | source ir =1 u(t) A is connected to  — - &
I:l the input terminals. - h I:I
P . »
,:1 [Answer:] ,:1
S S
S S
'8! vAg '8!
Pal Pal
G2 AN 6
’2’X'x‘x‘X’X’x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘X’X’X’X’X’X’X’X'X’X’X’x‘X’x‘x‘A'X'Z’%K'X'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘



2000 00ROVOVOOOOOOOOOOOOOOOOOOOOOOOOOVOOOOOOOOOOVODOOOOOOOOOOOVOOOON

) 4
8 8
:: University of Diyala Electrical Circuits :::
8] Engineering College 2nd Class '8!
x| Electronic Department Year (2015-2016) Lecturer : Wisam N. AL-Obaidi g
S 29): Th k N in Fig. i v 3
S HW( 9): The two-port network N in Fig. is AAAY 8
::: spemfled by Z1=2,Z17=2,=1,and Z» = 4. . tr, :::
A H A
= Find |1, |2, and |3. — N = P
s ' : S
:i: - V=141V v, V2 o0 :ﬁ:
& | [Answer: 11 =24 A, 1=15A,and I3 =6.5 A] 6
'8! . . 8
val . - <
st | H.W.(30): Find the Z parameters for the y ne y 8!
o ) | 40 —jaq, /\ 30 29 02
s | two-port network in Fig. and then A I I s
Yal . e : 20 j3 0 '8!
s determine I, for the specified terminal o |
oy 24/0° G
% | conditions. o %
A A
' | [Answer: ] %!
e | L - S
|12t mina]— —
§ tz1= 240 Zarw T 02 F = lae [#27 A ] §
A A
(- I — - _ - 5
& | H.W.(31): Find the PRETE M !
# | transmission parameters of the oo Jeo | |, °° 530 e e &
S in Ei 24 457V | )3
& | two-port in Fig. and then use It vz &
# | the terminal conditions to o &
3 | compute . S
& | [Answer: | %
& | H.W.(32): The networks A and B in the , 7 : &

® | circuit in Fig. are reciprocal and symmetric.

I
ral I : | | Pal
& For network A, it is known that a =5 and b vi | | | &
% (=24 Q. Lo | %
I:j a) Find the transmission parameters of AL B | I:I
& | network B. b) Find V2 when Vg = 7520°V, &
& Zg=120°Q, and Z. = 1020° Q. &
& | [Answer: (8) A=—1+j1,B=-10+j50Q,C=j0-25,D=-1+j1 (b)V2=-2.95—-| %
ral | - Pal
w | 12.79 V] e
I:l H.W.(33): Find the Z-parameters in the circuit of Fig.(Use =z ANA—— I:i
& | the series connection rule). &
»
Pal . v, v, | Pad
& | [Answer: o
::: Zi1=2Z»=5s+3+(1/s); § :::
& Ziz=Zn=s+1] s : 5 :::
I:l H.W.(34): Find the y-parameters in the circuit of Fig.(Use the i I:l
I:l parallel connection rule). b AAA, ANA—b—o E:j
ral In o {
::: ; — — . — — S 3 0 TAF :::
K [Answer: y11 = y22 = 9(s + 2)/16; y12 = Y21 = - 3(s + 2)/16] 1 :&
ral 4
% i aa A emetiian sk}
}.1 [4] . 3 0 }‘1
(3 0>
'8 '8
3 Ay '8
& <L 6> &
&'X'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A’X’Z’%"X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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8 _ Electrical Circuits '8!
:: University of %ﬂﬁl 2nd Class i :::
Wl Engineering College Lecturer : Wisam N. AL-Obaidi &S
el Eng 15-2016 e
:: Electronic Department Year (20 ) ;:
& 2
’i‘ I for 10 1:4 200 :;:
(/7 H = . O
$[HW.(35): By using the e findp o MA——— AW Mk
& | interconnecting two-ports in cascade, fi + . v, 1§
O - . 3 I rge
® | for the network of Fig. \ 10Q 3 % (3
o <
& | [Answer:] | | o ;3:
3 f th 3
O - i 0 e Pad
% | H.W.(36): What is the y parameter presentation S SR |
\/ . .. - ’J VWY L '“,_ @
:ﬁ: circuit in Fig. ? / <20 s :ﬁ:
< . + < (/
x| [Answer:] : v, |8
e . >y = r_'~ W
=3 3]s 5 ' Zia k-
A -1 2 — < - 8
el |5 3| ~_ | (3
" 3 3 &
'8! - _ =0 s
& H.W.(37): In the two-port of Fig., let y;, = y,; ’ SR o :g:
\/ H A
5 Y11 = 2mS, and y,, = 10mS. Find V, / V. [¥] :g
ral O
::: v (P v, 5_55300 Q :ﬁ:
:ﬁ: vV ;:';;_EIOO Q :;:
:g r" = 0.09375 ] o— :3:
A T — %
a i — . 1F e
% | H.V.(38): The circuit in Fig. may be regarded as e e ol
* two-ports connected in parallel. Obtain the y param —‘ It 3
0 . || = sl
::: functions of s. == ;:j
% | [Answer:] '8
::: I s | 20 :::
| | 26D sz fy2 -y2 ] A S
o | _L s 2 J ¥voI=| /5 (s+2);'"25J i %
:‘: s+2  s+2 = I %
»:1 | s+2 2(s+2) 02
8| D=l e 5s’+4s+4J (S
Pat
::} [2(54—2) 25(s+2) i the tWo 1, »&
-seri ion 0O — |8
::1 H.W.(39): For the parallel-series connect P o :::
02 two-ports in Fig., Find the g parameters. L, / |m=200 &
’.‘ — ;=50 P.{
% | [Answer:] S s\ |m=100 3
& [0_04 -0.8] g1 % '_-” Vi — \ s
Pal o |= . 3 17.5 _ SN _
% =a 02 6 J L 0 o) { i:i =750 :‘:
:.: i 2,,=25Q 3 >:<
::1 [0.06S -1.3 N2 =300 :::
>:1 [g]:[ga]+[gb]:L 0.7 235Q/ S
Yal ’ o
S S
() D<
S O
(3 &
S O
(3 K
S O
Pat
(> Ao S
}31 <d = '.‘
Pal
%
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'8 '8!
’al A
s e
\/ - W
& | H.W.(40): Determine the z parameters for the network &
}" . . “'\-':"v"k'- M ’v‘
¢ | in Fig. 8!
O 0— P
%: [Answer:] /10 %:
3 2 —3.334] o &
e | [z] = Q '8!
kS 2= 5550 202 | &
e s
s s
& | HW.(41): A series-parallel connection of two two-ports is I 0
¢ | shown in Fig. Determine the z parameter representation of the ¢ by =25\ *
# | network. b= |\, &
;;1 [AI’]SWEI’] ) h»,=18 \_.» T @
'8! ' Vi v, |8
(3 “ng=16Q[7 \ - :%:
& [z]= [ 57.67 3.333 19 by =1 e
& 3333 0.6667 | S ba05s| / (3
& | H.W.(42): Determine the ABCD parameters of the 11 1H &
& | circuit in Fig. as functions of s. (Hint: Partition the © | UL 4l | K
® | circuit into sub-circuits and cascade them using) 1 1 0>
2 [Answer-] S1Q =/ 1F =1Q ==1F &
ral . X at
::: [ st 45 +3s24+25+1 s? +2s ] ’ :ej
':‘ (1= sP+2s? +4s +454+2 st +sT+2s5+1 3
I:l H.W.(43): For the individual two-ports shown in Fig. where, I:l
'8! 8 6 8 —4 3
% zd={, ofebel={; 14}$ %
Yal . a . Pal
;:: (a) Determine the y parameters ofthe overall two-port. (b) Find the voltage ratio V, /V; ;3:
o | when Z, = 2. 3
&3 &3
'8! '8!
'8! [ '8!
& N + %
T »
ral Pal
% | [Answer:] 9!
ral Pal
S 0.3015 —-0.1765 e
3 [V] = Vv el
¢l 5 / 0. = _0.0051 g
el 0.0588 10.94 . 02 e
(3 Vi (3
'8! ’ '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
Pal Pal
* vAg (3
Pal Pal
3 <(8 ) K3

X
X
M
M
M
M
M
M
Y
M
M
M
B
M
M
M
M
M
M
M
M
i
i
i
i
i
i
i
i
i
i
Dy

X
»d
X
R

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
Iy
X
X

OO0



