[ > #The equations are as follows. PAR is a function for the parallel impedance of two

L components.
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;> #The transfer function follows from the above equations.

0 14 2 . .2
> 7=—(6.000000000 10 BC22L® C1 (ZS(J)CI—I.J+22O.J0) CEZSC1

i
+220.0 Cy)) / (1.100000000 10" o’ €3 Z; C, 2, — 6.432666667 10" & C,
+1.100000000 10" j o' €, 222 C, 7, — 7211111109 10'° j B Zyw €, C, Z,
— 7211111109 10" B Zy o C, — 3.605555555 10'° B o C, Z, + 1.320000000 10" &’
C2 Z,C, + 6432666667 10" Z o’ € C, + 1.100000000 10 o’ €, 22 C2
—1.100000000 10'* ® €, — 1.100000000 10'* ® C, + 3.605555555 10" j B
+3.605555555 10"° B Z o €2 C, Z, +1.100000000 10" B Z o’ (2 C, Z,
+2.200000000 10" &’ €, Z,C, C, Z, — 1.072111111 10%j Z;0’ C, C, Z,
+1.320000000 107 j o' €, 22 C2 C, —1.100000000 10 j B’ C, C, Z,
—8.653333331 10 B Z,w” C, C, — 5.360555555 10" 0 C, Z,
—1.072111111 10" Z; @ C, — 1100000000 10" B o C, — 4.326666666 10" B C,
+5.360555555 10" j +5.360555555 10" Z @’ €2 C, 2, + 4326666666 10> B Z o’
C2 C, + 1320000000 10" B Zyw' €2 C, +2.640000000 107 o’ €, Z, C, C,
— 2200000000 10" j &’ C, Z; C, — 1.100000000 10" j &’ C, C, Z,
— 1286533333 10 j Z; 0’ C, C, — 1100000000 10" j 0’ C, C, Z,
—3.605555555 10" B Z2 o €2 — 1.100000000 10" j B o’ €2 Z
— 1320000000 10" j B’ €, C, — 1.100000000 10" j & €2 Z
— 1320000000 10'7 j o’ €, C, — 5360555555 10" j Z @’ C°

i — 1320000000 10" j o’ €, C,)

| > #The denominator of this transfer function is

i 3

> -1.100000000 10" @ C3 Z, C, Z, +6.432666667 10'* ® C, +7.211111109 10"’ B Z o C,
+3.605555555 10"° B C, Z, — 1320000000 107 & €2 Z, C, — 6432666667 10'*
Zw ¢, —1.100000000 10" o €, Z2 €% +1.100000000 10" & C
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+1.100000000 10" & €, — 3.605555555 10"° B 2w (2 C, Z,
— 1.100000000 10" B Zyw’ C2 C, Z, — 2200000000 10" & C, Z,C, C, Z,
+5.360555555 10" © C, Z, +1.072111111 10"* Z; ® C, + 1100000000 10'* Bo C,
+ 4326666666 10" B0 C, — 5.360555555 10'! j — 5360555555 10" 2w’ (2 C, 2,
— 4326666666 10" B 2w’ €2 C, —1.320000000 10'7 B Z;o” 2 C,
—2.640000000 10" & €, Z; C, C, +1.100000000 10" j o €2 Z,
+ 1320000000 10" j &” C, C, + 5360555555 10" j 2o’ C°
+ 1320000000 10" j & C,. C, + 1.100000000 10 j Bo’ C, C, Z,
+1.072111111 10%j Zyw’ €, C, Z, +8.653333331 10 ] B Z,w' C, C,
+2.200000000 10" j ©” €, Z; €, + 1.100000000 10 j o’ C, C, Z,
+ 1286533333 10" Z 0’ C, C, + 1.100000000 10" j o’ C, C, Z,
+3.605555555 10'°j B Z @’ €2 +1.100000000 10™j B’ 2 Z
+ 1320000000 10" j B’ €, C, — 1.320000000 107 j o' €, 2 C2 C,
+7211111109 10§ B Z,w’ C, C, Z, — 3.605555555 10'° j B
i — 1.100000000 10 j o' C, 222 C, 2,
| > #The input impedance is -Zj
> -Z=- (0.1000000000 (— 1.100000000 10" © €, — 1.100000000 10" j Bo’ C, C, Z,
— 1072111111 10" 0 C, Z, —2.640000000 10" j " C, C,
— 1320000000 10'°j " C, C, — 1.100000000 10" j " C, C, Z, + 1.072111111 10" j
— 8653333331 102 B C, +7.211111109 10°j B — 1.320000000 10" j B’ C, C,
—1.100000000 10" B o C, — 2.200000000 10" ® C, — 7.211111109 10’ B C, Z,

— 2200000000 10" j &’ C, C, Z, — 1286533333 10 0 C,
+(-1.442222222 10" B’ ' 3 Z — 1742400000 10° B’ ' 2 C2
13 2 26 4 2 2
—8.800000000 10" &’ C,, B C, Z, —2.420000000 10 o' C> 2 72 B
— 5.808000000 10%° &' > 2 Z, B— 1.210000000 10%° B’ o' C> C2 2
—2.904000000 10% B’ &' 2 C2 Z, — 1.730666666 10'° B° o C2
+ 1210000000 10%° B> o’ €2 — 1.742400000 102 &' C* €2 — 1.029226667 10'° " C

+2.144222222 10" B — 8576888888 10" o €2 Z, — 3.484800000 107 &' C> C2 B




— 1210000000 10%° o' C> G2 Z —2.904000000 10% o' 22 Z,

— 4.840000000 10'° B " C, €, — 9.680000000 10"° By’ C, C,,

—3.172888888 10" B’ 0’ (2 Z, +8.576888888 10'° j o C, + 4.840000000 10%° j B &
C2C, 7, —9.284000000 10" j ' €, (2 Z, B—2.200000000 10 j o’ C, (2 Z B
—9.680000000 10'®j o’ C, €2 Z, B — 4.400000000 10" j o' C,, (22 B

— 4840000000 10" j B’ 0’ €, €2 Z, +2.420000000 10°j B’ 0’ C> C, Z,

— 2200000000 10" B’ o’ €, C2 Z2 —9.284000000 10" By’ C, C,

— 8.800000000 10'7 &’ €, €, — 1760000000 10" o’ C,. C,

— 4400000000 10" B’ C, C, Z, +4.288444444 10" j B C, Z,

+5.808000000 102 ] B’ €2 C, +2.420000000 10% j o’ > C, Z,

+2.904000000 102§ B° @’ €2 C, —8.800000000 107 j o’ ¢, (2 Z,

— 1760000000 10" j o’ €2 Z, €, — 5.280000000 10" j &’ C, C2 B

— 1.082400000 10*' j B’ C2 C, —2.640000000 10 j B> 0’ C2 C,

+2.884444444 10'° § B o C, Z, — 4.400000000 10" B o’ C, C, Z,

—2.144222222 10" o’ C2 22 B— 1048617778 10° o C2 7, B — 9.495733332 107 "
C2 B —2.112000000 10*' j o €, C2 +3.172888888 10 B° 0 C,

+2.200000000 10" § B @ €, +4.400000000 10" j B o €, — 1.056000000 10> j o’ C,
C2 +1.048617778 10" ) B o C, +2.200000000 10" j B & C, +2.904000000 10%° j
€2 C, +1.210000000 10** &’ €3 +2.420000000 10%° B o’ €2 + 1442222222 10'° B°)

1/2

))/((7.21111111 10°j B o C, Z, +2.200000000 10" j o C,.
— 2200000000 102 @’ €, C, Z, + 1.072111111 10" + 1.072111111 10°j 0 C, Z,
+8.653333332 10" j B C, + 721111111 10° B — 2.640000000 10'° &’ C,. C,

+1.286533333 10° jo C, ) C, )

#Find the input impedance when Z; is ®



7= (1.100000000 102§’ €, €, + 1.100000000 10 j B o’ C, C,
+4.472135954 ( -1.100000000 10" j &’ € €, — 1100000000 10" j B’ &’ C2C,
— 2200000000 10" B’ C2Cp— 721111111 10°F° & €2 — 6.050000000 10* o' €3 C
—1.210000000 10% B o' €2 C2 —1.072111111 10" & B — 6.050000000 10> B’ o' C2
12

2) "+ 1072111111 10" © €, +2.200000000 107 j &’ €, C,

9 9. 2
+7.211111109 10 BmCz)/(7.211111110 10°jo C, C,B

2200000000 10" &’ €, €, C, + 1.072111111 10" j o' €, C,)

#Now short C1

~Zg= (1.100000000 102w €, + 1.100000000 102 j o’ B C,

+4.919349549 10" [ -5.0' C (B +1.)° )/(7.21111111 1050 C, B

2200000000 10" &’ €, C, + 1.072111111 10" j o’ C,)
#Now open Cp,

~Zg= (1.100000000 10”2 @’ €, +1.100000000 10 B’ C,

— 4.919349549 10“j/-5.co4c§(ﬁ+1.)2)/(7.21111111 1088w C,

+ 1072111111 10" 0 C,)
#Now short C,
_ZS
1

- . . (1.100000000 10" &
721111111 10° B +1.072111111 10" ©

+1.100000000 102 B oo’ —4.919349549 10" i/ -5 & (B+1.)° )
#Simplify the expression
, _ 2:199999999 10" +2.199999999 10"
> 721111111 10°B + 1.072111111 10"°

#Set B to 100 and evaluate
-Z¢=2682.530952

|:> #which is the same as 3600||20000||220-101
2682.530953
#The output impedance is -Z; from the transfer equation.
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> -7, =-(-6.432666667 10" & C, — 7.211111109 10'° B Z; 0 C, + 1320000000 10'7 o’

C2 Z,C, +6.432666667 10" Z o’ C2 C, +1.100000000 10" o €, 2 C*
—1.100000000 10" ® €, — 1100000000 10'* ® C,. + 3.605555555 10" j B

+ 1320000000 10" j o' €, 22 2 C, —8.653333331 107 j B Z o C, C,
—1.072111111 10" Z; @ C, — 1.100000000 10"* B o C, — 4326666666 10" B o C,

+5.360555555 10" j +4.326666666 10> B Z o’ €2 C, + 1320000000 10'7 B Z, o’

C2 €, +2.640000000 10" & €, Z, C, C, — 2200000000 10" j o° C, Z C,
— 1286533333 10%j Z o’ C, C, —3.605555555 10"°j p Z o’ C>
— 1.100000000 10" j B &’ €2 Zg— 1.320000000 10" j B’ C, C,

Zio C2—1.320000000 10" jo’ C, C,) / (-1.100000000 10" &’ C? Zy C,
— 5360555555 10" Z @’ €2 C, + 1.100000000 10" j o’ C, C,
+1.100000000 10" j &” C,. C, — 1.100000000 10" B Z; o 2 C,
+1.100000000 10" j B’ €, C, —2.200000000 10" &’ C, Z, C, C,
+1.072111111 102 ] Zo’ €, C, —3.605555555 10 B 2w’ (2 C,
+3.605555555 10"° B €, +7.211111109 10" j B Zy o C, €,

— 1.100000000 10" j ' €, 22 C} €, +5.360555555 10" 0 C,)
#Find the output impedance when Zg=0

+1.286533333 10" o C, +2.200000000 10'> ® C, +2.200000000 10'* @ C,
+2.200000000 10'* B o C, + 8.653333332 10" B C, — 1.072111111 10" ]
+2.640000000 10 j B0’ C, G, ) / (ro7211111110° 0 C,

+2.200000000 10" &’ C, B €, +2.200000000 102 j &’ C, C,

+2.200000000 10 j ' €, C, + 721111111 10°Bo C, )

> lim,®

> -7, =(2.640000000 10" j o C; +2.640000000 10" j & C,. + 1.286533333 10"
+2.640000000 10'° j B o C, + 8.653333332 10" B)/(1-072111111 10"
+721111111 10° B)

> lim ??
C -0

— 1.100000000 10" j " €2 Z; — 1320000000 10" j " C, C, — 5360555555 10" |

-7, = (-7.21111111 10%] B +2.640000000 10 j " C; C, +2.640000000 10" j " C;, C,

+2.200000000 10'% j B o C, +2.200000000 10" j ® C, +2.200000000 10'* j & C,,

®



-7, = (2.640000000 10" j o C, + 1286533333 10" +2.640000000 10" j B C, )
+8.653333332 10" B) / (1072111111 10" +2.200000000 10" j B C,
+2.200000000 10'* j  C, + 721111111 10° B)
> Jim,®

-7, =1200. (10)

#Short C,
-7, = (2.640000000 10" j © C;; + 1.286533333 10" 4 2.640000000 10" j o C, 1)
+2.640000000 10" j B o C, +8.653333332 10'' B) / (721111111 10° B
+2.200000000 10" j ® C, +2.200000000 10" j ® C,; +2.200000000 10" j B C,
+1.072111111 10")
#0pen Cy
> -7, =(2.640000000 10" j o C; + 1.286533333 10" +2.640000000 10°° j B> C,

+8.65333333210'' B) / (1.072111111 10" +2.200000000 10" j B C,

+2.200000000 10'% j o €, +7.21111111 10° B)
#Short C|
-7, =1200. (12)



