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First 'l rename ZL =Zo for darity later
KCL: vl —1lc1-111=0 KVL:  -V1+ Vel +VI2=0 -—> lc1-Z¢1 + 112-212 = V1
lc1 —1c2-12=0 “VI2+ Ve2+Vzl =0 —12-Z12 + 1c2-2c2 + lo-Zo=0
M+1c2-1lo=0 V1 —Ve2-Ve1 =0 11-Z11 — 1c2-2c2 — Ic1-Zc1 =0
lo+1l2-1Iv1=0 V1+VI1+VzZ=0 11-ZI1 + lo-Zo = V1
the last line are redundant equations (the ground node and the outer loop).
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0 0 0 -Z2 Zc2 Zo || Ic2 0 2 0 0 0 -z 72 Zo 0
0 Zel 2t 0 -Z2 0J\b) \0 o) \0 zet z1 0 —ze2 0 0

(Zo-Zc2 + Zo-Z11 + Zc2-Z11 + Z11-212)
(Zo-Zc1 + Ze1-2c2 + Zc1-212 + Zc2-712)

V1-
Iv1 (Zo-Ze1 + Zo-Zc2 + Zo-ZN + Zc2-ZI1)
lct ~(ZoZe1 — Z1-Z12)
I (Z61-262 + Zc1-22 + Zc2-212 + Z11-212)

(Zo-Zc1 + Zo-Zc2 + Zo-Z1 + Zc1-Zc2 + Ze1-212 + Zc2-Z1 + Zc2-Z12 + Z11-Z12)

Ic2

12 (Zo-Ze1-Zc2 + Zo-Ze1-Z11 + Zo-Zc1-212 + Zo-2¢2-212 + Zo-Z11-212 + Zc1-Z2¢2-Z11 + Zc1-211-212 + Zc2-211-Z12)



Now add the symmetry conditions:
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or, collecting Zo terms:
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) Lzezize+ 220 + (22 + 42021+ 2~ZI2)~20].

V1

2c* + 42021+ 227 + 2-(Zc + 220
2.71(Z¢ + Z) + (Ze + 2-2)-Zo
Zc-(Zc + 2-2l) + Zc-Zo
2.2621 + 2:(Zc + Z))-Z0

7+ 22020 + 2.2

22=12

7+ 42020 + 2:202¢ + 2.2 + 2-20Z]

2.7 + 2.26.20 + Z6-Z0 + 2-21-Z0
Zc-(Zc + 221 + Zo)
2-7¢-Z1 + 2-Zc-Zo + 2-ZI-Zo

2.2° — 7¢.70
76% + 2.2 + 2.2

2.2 — 7620

when [12=0
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2.2¢-Zl + 2-2¢-Z0+ 2-21-Z20=0
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Now, the easy way:

. (Vi-vi2) W1
Since V=0 => 1I2=0 and cl=l2=——=—
Zc Zc
Zc2 Zc2
Ve2 =c2-2¢2 = V1| — ==> Vo =-V¢c2 =-V1.| —
Zc Zc

Zc2

1 +—

(V1 = Vo) Zc
=V1.

Zc2
1+ —
Zc1 1

1= and lo=l2+MM=Vl|———= + —
ZI Z1 ZI Zc1
Zc2
Vo Zc1 —Zc2-711
Zo=—= =
lo | Zc2 Zc1 + Zc2 + 711
L=
Zc 1
~ =/,
Z1 Zc1
-1 —Z12-Z¢1 j-w-L2
when Zc1 =Z7¢2 and Z7ZI1=2.Z2 then Vo =-V1 and Zo= " ) = = i 5
L (22 zen) (C1~L2~w ~ 1)
1 212 Zct
note that this is also Zo=
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2| — 4+ —
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Find the Z parameters of the network, less source and load:

Define: Cp= _ciez s=ljw
(C1 + C2)
1Y 1
sLt 4 — | —
V1 (Z + Zc2)-Zc s-C2 ) s:C1
Z11=— when  2=lo=0 M=——"" 7p= ©sl2
I (211 + 262 + Z¢1) 1 1
U+ —+—
sC1 sC2
2 2 4 2
Co-L1-s” + 1 Co-L1-s” + 1 C1-C2:L1-L2:s" + [(C1 + C2)-L2 + C2.L1]-8> + 1
711 = > +sl2= 5 +sl2= >
slcrcatis?+ ¢t + c2) s(c1+c2)-(cpLrs? + 1) s(c1+c2)-(cpLrs? + 1)
V2 Vo . .
722 = E = _l_ when [1=0 by symmetry, this is Z11 with C1 and C2 swapped
0
(Z1 + Z¢1)-Zc2 C1-C2-L1.L2:s" + [(C1 + C2)-L2 + C1-L1]-s> + 1
z0=——""T2F L 7p= :
(211 + Ze1 + Zc2) s(c1+c2)-(cpLrs? + 1)
Vi
Z12=—-=-~— when I1=0 Vo=—10z22 and VR2=-lo-Z2  ==>  Vc2=VI2— Vo =lo-(222 - ZI2)
0
V2 (212 - 72)
o1 = Il = =lo-
(ZH + Zc) (21 + Ze)

(212 - 722) 722-7¢1 + Z1-Z12
s T 7| =l =

then V1 =Vel + VI2 = Zet-let — lo-Z12 = lo-| Zc1-
(Z1 + Zc1) Zct + 21

(Z1 + Zc1)-Zc2
S+ Z2|-Z¢1 + Z11-212

_222-7c1 + IN-Z12 [(ZH + Zc1 + Zc2 _ Zc1-Zc2 + (Zet + Zc2)-Z12 + Z11-212

212

Zcl + ZI Zcl + ZI Zcl + Zc2 + 211
4 2
717 = C1.C2-L1-L2s" + (C1 + C2)-L2:s" + 1
s(c1+ 02 (cptts?+ 1)
V2 Vo L . o
221 = W = —1 when [|1=0 by symmetry, this is Z11 with C1 and C2 swapped, which yields 721 =712
Now add the symmetry conditions: C1=C2=C L2=L L1=2.L ==> Cp= 5
2-CZ-L2-S4 + 4-C-L-S2 + 1 2-CZ-L2-S4 + 2-C-L-S2 + 1
Z11=222= 212=2721=

2csloLs?+ 1) 2cslos?+ 1)



Forward voltage gain with load 22 in Z-parameters, the load gives the relation: V2 =-12.22

) V1 Z11 7212\ (11
The Z-parameters give V= =7|= .
V2 721 722 ) \ 12

i
Substituting for I2 gives Vi) _(z11 212 . . v1=z11-|1—(£).v2
v2) \z21 z22)| == Z2

==>

==>

Define

722
V2= 2211 - | — |-V2
(22)

==> Z21-(Z2V1 + Z12:V2) — Z1-(Z2:V2 + Z22:V2) = 0

22\ + 212:V2 = 21111

22N2 + 722.V2 = 721-11

E _ 72-721 by symmetry 711 =722 E _ 72-712
V1 Z11-(Z22 + Z222) — Z212-221 712 = 791 V1

7117 + 22211 - 712

(2-CZ-L2-s4 120l + 1)
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C=110 "2F  L:=1.10"%H 72:= 50-Q
H 3 2~CZ~L2~S4+ 2~C-L-82+ 1 1
(s) = o L H(j-—j = 0385 + 0.487i
2.ct kst 4 4 4CLs s 1 VLC
72
p (fmax]
fmin= 105 fmax= 10'" P:= 5000 p=0.P—1 f= fmin-10°-1 \fmin s i= 2mifHe
Mag := 20-log[ |H|(s Ph = 180 arg(H|s max(Mag) = 6.473 min(Ph) = -179.718
9,= 20%09( (s ) o= T () 9) =6 =17
min(Mag) = —4.543
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