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Equacionamento daimpedância do SOA

Chip do SOAe encapsulamento

Element@8Rs1, Rs2, R1, Rs, Rp, R, Ls, Lp, L2,

Cd, Cs, Csc, Cp, C2, Ca, L3, w, s, f, L, lambda, l<, RealsD;
Element@8Zsoa, Zin, ZinT, ModuloZ<, ComplexesD;

Clear @Rs1, Rs2, R1, Rs, Rp, R, Ls, Lp, L2, Cd, Cs, Csc,

Cp, C2, Ca, L3, w, s, f, L, lambda, l, Zsoa, Zin, ZinT, ModuloZD;

Z1 = Rs1 + Rs2 + s Ls;

Y2 = 1 � R1 + 1 � Z1 + s Cd + s Csc;
Z3 = Rs + 1 � Y2;
Y4 = s Cs + 1 � Z3; H* chip do SOA *L
Z5 = 1 � Y4 + s Lp + Rp;
Y6 = s Cp + 1 � Z5;
Zsoa = 1 � Y6;H* encapsulamento *L
Zw = Zsoa �. s ® I w;

RZ = FullSimplify@ComplexExpand@Re@ZwD, TargetFunctions -> 8Re, Im<DD;
IZ = FullSimplify@ComplexExpand@Im@ZwD, TargetFunctions -> 8Re, Im<DD;
Zw = IR1 HRs1 + Rs2L H2 Rs + Rs1 + Rs2L + Ls2 R1 w2 + Rs IHRs1 + Rs2L2 + Ls2 w2M +

R12 IRs + Rs1 + Rs2 + HCsc + CdL Rs I-2 Ls + HCsc + CdL HRs1 + Rs2L2M w2 + HCsc + CdL2 Ls2 Rs w4MM �
IIHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M +

2 R1 IRs1 + Rs2 + Cs2 Rs HRs1 + Rs2L HRs + Rs1 + Rs2L w2 + Cs2 Ls2 Rs w4M +
R12 I1 + w2 ICsc2 IHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M + Cd2 IHRs1 + Rs2L2 + Ls2 w2M

I1 + Cs2 Rs2 w2M + Cs ICs HRs + Rs1 + Rs2L2 + Ls I-2 + Cs Ls w2MM +
2 Csc I-Ls I1 + Cs2 Rs2 w2M + HRs1 + Rs2L2 ICd + Cs + Cd Cs2 Rs2 w2M + Ls2 w2

ICd + Cs + Cd Cs2 Rs2 w2MM + 2 Cd ICs HRs1 + Rs2L2 + Ls I-1 + Cs ILs - Cs Rs2M w2MMMMM +
I I-Iw IHCsc + CdL R12 HRs1 + Rs2L2 + Ls R12 I-1 - 2 HCsc + CdL Cs Rs2 w2M +

Ls2 w2 ICsc R12 + Cd R12 + Cs R12 + 2 Cs R1 Rs + Cs Rs2 + HCsc + CdL2 Cs R12 Rs2 w2M +
Cs IHRs HRs1 + Rs2L + R1 HRs + Rs1 + Rs2LL2 + HCsc + CdL2 R12 Rs2 HRs1 + Rs2L2 w2MMM �

IIHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M + 2 R1 IRs1 + Rs2 + Cs2 Rs HRs1 + Rs2L HRs + Rs1 + Rs2L w2 +
Cs2 Ls2 Rs w4M + R12 I1 + w2 ICsc2 IHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M + Cd2

IHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M + Cs ICs HRs + Rs1 + Rs2L2 + Ls I-2 + Cs Ls w2MM +
2 Csc I-Ls I1 + Cs2 Rs2 w2M + HRs1 + Rs2L2 ICd + Cs + Cd Cs2 Rs2 w2M + Ls2 w2 ICd +

Cs + Cd Cs2 Rs2 w2MM + 2 Cd ICs HRs1 + Rs2L2 + Ls I-1 + Cs ILs - Cs Rs2M w2MMMMMM;

Zw = FullSimplify@ZwD;
RZw = Re@ZwD;
IZw = Im@ZwD;
AZw = Abs@ZwD;



Zsoaw = Zsoa �. s ® I w;

RZsoa = FullSimplify@ComplexExpand@Re@ZsoawD, TargetFunctions -> 8Re, Im<DD;
IZsoa = FullSimplify@ComplexExpand@Im@ZsoawD, TargetFunctions -> 8Re, Im<DD;

Zsoa = JIHR1 + Rs1 + Rs2L HHRp + RsL HRs1 + Rs2L + R1 HRp + Rs + Rs1 + Rs2LL + ILs2 HR1 + Rp + RsL +
2 Ls R12 H-HCsc + Cd + CsL Rp - HCsc + CdL RsL + 2 HCsc + CdL Cs R12 Rp HRs1 + Rs2L2 +
HCsc + CdL2 R12 HRp + RsL HRs1 + Rs2L2 + Cs2 Rp HRs HRs1 + Rs2L + R1 HRs + Rs1 + Rs2LL2M w2 +

ICs2 Ls2 Rp HR1 + RsL2 + 2 Cd Cs Ls R12 Rp ILs - Cs Rs2M + Csc2 R12
ILs2 HRp + RsL + Cs2 Rp Rs2 HRs1 + Rs2L2M + Cd2 R12 ILs2 HRp + RsL + Cs2 Rp Rs2 HRs1 + Rs2L2M +

2 Csc R12 ICs Ls Rp ILs - Cs Rs2M + Cd ILs2 HRp + RsL + Cs2 Rp Rs2 HRs1 + Rs2L2MMM w4 +
HCsc + CdL2 Cs2 Ls2 R12 Rp Rs2 w6M � J2 R1 IRs1 + Rs2 + HRs1 + Rs2L ICs2 Rs HRs + Rs1 + Rs2L +

Cp2 HRp + RsL HRp + Rs + Rs1 + Rs2L + 2 Cp H-Lp + Cs Rs HRs + Rs1 + Rs2LLM w2 +
ICs2 Ls2 Rs - 2 Cp Cs Rs I-Ls2 + Cs Lp HRs1 + Rs2L HRs + Rs1 + Rs2LM + Cp2 ILs2 HRp + RsL +

HRs1 + Rs2L ILp2 - 2 Cs Lp Rs HRs + Rs1 + Rs2L + Cs2 Rp2 Rs HRs + Rs1 + Rs2LMMM w4 +
Cp Cs Rs I-2 Cs Lp Ls2 + Cp I-2 Lp Ls2 + Cs Ls2 Rp2 + Cs Lp2 HRs1 + Rs2L HRs + Rs1 + Rs2LMM w6 +
Cp2 Cs2 Lp2 Ls2 Rs w8M +

IHRs1 + Rs2L2 + Ls2 w2M J1 + w2 JCs2 Rs2 - 2 Cp ILp - Cs Rs2 + Cs2 Lp Rs2 w2M +
Cp2 J2 Rp Rs + Lp2 w2 + Rs2 I-1 + Cs Lp w2M2 + Rp2 I1 + Cs2 Rs2 w2MNNN +

R12 J1 + w2 J-2 HCsc + CdL Ls + HCsc + CdL2 IHRs1 + Rs2L2 + Ls2 w2M + Cs2 IHRs + Rs1 + Rs2L2 +
Ls2 w2 + HCsc + CdL Rs2 I-2 Ls + HCsc + CdL HRs1 + Rs2L2M w2 + HCsc + CdL2 Ls2 Rs2 w4M +

2 Cs IHCsc + CdL HRs1 + Rs2L2 + Ls I-1 + HCsc + CdL Ls w2MM + 2 Cp
I-Ls + HCsc + CdL HRs1 + Rs2L2 + Cs HRs + Rs1 + Rs2L2 + w2 ICs Ls2 + Cd Ls ILs - 2 Cs Rs2M +

Csc2 Cs Rs2 IHRs1 + Rs2L2 + Ls2 w2M + Cd2 Cs Rs2 IHRs1 + Rs2L2 + Ls2 w2M +
Csc I-2 Cs Ls Rs2 + 2 Cd Cs Rs2 HRs1 + Rs2L2 + Ls2 I1 + 2 Cd Cs Rs2 w2MMM +

Lp I-1 + w2 I-Csc2 IHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M - Cd2
IHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M + 2 Cd ILs - Cs HRs1 + Rs2L2 +

Cs Ls I-Ls + Cs Rs2M w2M - Cs ICs HRs + Rs1 + Rs2L2 + Ls I-2 + Cs Ls w2MM +
2 Csc ILs + Cs2 Ls Rs2 w2 - HRs1 + Rs2L2 ICd + Cs + Cd Cs2 Rs2 w2M -

Ls2 w2 ICd + Cs + Cd Cs2 Rs2 w2MMMMM +
Cp2 JHRs1 + Rs2L2 + HLp + LsL2 w2 - 2 HCsc + Cd + CsL Lp HRs1 + Rs2L2 w2 +

HCsc + Cd + CsL Lp I-2 Ls2 + Lp I-2 Ls + HCsc + Cd + CsL HRs1 + Rs2L2MM w4 +
HCsc + Cd + CsL2 Lp2 Ls2 w6 + 2 Rs HRs1 + Rs2L I-1 + Cs Lp w2M2 + 2 Rp IRs + Rs1 + Rs2 +

HCsc + CdL Rs I-2 Ls + HCsc + CdL HRs1 + Rs2L2M w2 + HCsc + CdL2 Ls2 Rs w4M +
Rs2 I-1 + Cs Lp w2M2 I1 + HCsc + CdL w2 IHCsc + CdL HRs1 + Rs2L2 +

Ls I-2 + HCsc + CdL Ls w2MMM + Rp2 I1 + w2 ICsc2 IHRs1 + Rs2L2 + Ls2 w2M
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I1 + Cs2 Rs2 w2M + Cd2 IHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M +

Cs ICs HRs + Rs1 + Rs2L2 + Ls I-2 + Cs Ls w2MM + 2 Csc I-Ls I1 + Cs2 Rs2 w2M +
HRs1 + Rs2L2 ICd + Cs + Cd Cs2 Rs2 w2M + Ls2 w2 ICd + Cs + Cd Cs2 Rs2 w2MM +

2 Cd ICs HRs1 + Rs2L2 + Ls I-1 + Cs ILs - Cs Rs2M w2MMMMNNNN +
ä J-Iw ICp R12 Rp2 + 2 Cp R12 Rp Rs + Cp R12 Rs2 + Cs R12 Rs2 + 2 Cp R12 Rp Rs1 + 2 Cp R1 Rp2 Rs1 +

2 Cp R12 Rs Rs1 + 2 Cs R12 Rs Rs1 + 4 Cp R1 Rp Rs Rs1 + 2 Cp R1 Rs2 Rs1 +

2 Cs R1 Rs2 Rs1 + Csc R12 Rs12 + Cd R12 Rs12 + Cp R12 Rs12 + Cs R12 Rs12 +

2 Cp R1 Rp Rs12 + Cp Rp2 Rs12 + 2 Cp R1 Rs Rs12 + 2 Cs R1 Rs Rs12 + 2 Cp Rp Rs Rs12 +

Cp Rs2 Rs12 + Cs Rs2 Rs12 + 2 Cp R12 Rp Rs2 + 2 Cp R1 Rp2 Rs2 + 2 Cp R12 Rs Rs2 +

2 Cs R12 Rs Rs2 + 4 Cp R1 Rp Rs Rs2 + 2 Cp R1 Rs2 Rs2 + 2 Cs R1 Rs2 Rs2 +

2 Csc R12 Rs1 Rs2 + 2 Cd R12 Rs1 Rs2 + 2 Cp R12 Rs1 Rs2 + 2 Cs R12 Rs1 Rs2 +

4 Cp R1 Rp Rs1 Rs2 + 2 Cp Rp2 Rs1 Rs2 + 4 Cp R1 Rs Rs1 Rs2 + 4 Cs R1 Rs Rs1 Rs2 +

4 Cp Rp Rs Rs1 Rs2 + 2 Cp Rs2 Rs1 Rs2 + 2 Cs Rs2 Rs1 Rs2 + Csc R12 Rs22 + Cd R12 Rs22 +

Cp R12 Rs22 + Cs R12 Rs22 + 2 Cp R1 Rp Rs22 + Cp Rp2 Rs22 + 2 Cp R1 Rs Rs22 +

2 Cs R1 Rs Rs22 + 2 Cp Rp Rs Rs22 + Cp Rs2 Rs22 + Cs Rs2 Rs22 - Lp HR1 + Rs1 + Rs2L2 -
ILp Ls2 - 2 Csc Lp Ls R12 - 2 Cd Lp Ls R12 - 2 Cp Lp Ls R12 - 2 Cs Lp Ls R12 + 2 Cp Cs

Lp R12 Rs2 + Cs2 Lp R12 Rs2 + 4 Cp Cs Lp R12 Rs Rs1 + 2 Cs2 Lp R12 Rs Rs1 + 4

Cp Cs Lp R1 Rs2 Rs1 + 2 Cs2 Lp R1 Rs2 Rs1 + Csc2 Lp R12 Rs12 + 2 Csc Cd Lp R12

Rs12 + Cd2 Lp R12 Rs12 + 2 Csc Cp Lp R12 Rs12 + 2 Cd Cp Lp R12 Rs12 + 2 Csc Cs Lp

R12 Rs12 + 2 Cd Cs Lp R12 Rs12 + 2 Cp Cs Lp R12 Rs12 + Cs2 Lp R12 Rs12 + 4 Cp Cs

Lp R1 Rs Rs12 + 2 Cs2 Lp R1 Rs Rs12 + 2 Cp Cs Lp Rs2 Rs12 + Cs2 Lp Rs2 Rs12 + 2

ICs H2 Cp + CsL Lp R1 Rs HR1 + RsL + Lp IHCsc + Cd + CsL HCsc + Cd + 2 Cp + CsL R12 +
2 Cs H2 Cp + CsL R1 Rs + Cs H2 Cp + CsL Rs2M Rs1M Rs2 + Lp IHCsc + Cd + CsL

HCsc + Cd + 2 Cp + CsL R12 + 2 Cs H2 Cp + CsL R1 Rs + Cs H2 Cp + CsL Rs2M Rs22M w2 +
ICp Cs2 R12 Rp2 Rs2 + 2 Cp Cs2 R12 Rp2 Rs Rs1 + 2 Cp Cs2 R1 Rp2 Rs2 Rs1 + Csc2 Cp

R12 Rp2 Rs12 + 2 Csc Cd Cp R12 Rp2 Rs12 + Cd2 Cp R12 Rp2 Rs12 + 2 Csc Cp Cs R12

Rp2 Rs12 + 2 Cd Cp Cs R12 Rp2 Rs12 + Cp Cs2 R12 Rp2 Rs12 + 2 Csc2 Cp R12 Rp Rs

Rs12 + 4 Csc Cd Cp R12 Rp Rs Rs12 + 2 Cd2 Cp R12 Rp Rs Rs12 + 2 Cp Cs2 R1 Rp2 Rs

Rs12 + Csc2 Cp R12 Rs2 Rs12 + 2 Csc Cd Cp R12 Rs2 Rs12 + Cd2 Cp R12 Rs2 Rs12 + Cp

Cs2 Rp2 Rs2 Rs12 + 2 ICp Cs2 R1 Rp2 Rs HR1 + RsL + Cp IHCsc + Cd + CsL2 R12 Rp2 +
2 R1 Rp IHCsc + CdL2 R1 + Cs2 RpM Rs + IHCsc + CdL2 R12 + Cs2 Rp2M Rs2M Rs1M

Rs2 + Cp IHCsc + Cd + CsL2 R12 Rp2 + 2 R1 Rp IHCsc + CdL2 R1 + Cs2 RpM Rs +
IHCsc + CdL2 R12 + Cs2 Rp2M Rs2M Rs22 + HCsc + CdL2 Cs R12 Rs2 HRs1 + Rs2L2M w2 +

HCsc + CdL2 Cp Cs2 R12 Rp2 Rs2 HRs1 + Rs2L2 w4 - Lp ICs H2 Cp + CsL Ls2 HR1 + RsL2 +
2 Cd Ls R12 IHCp + CsL Ls - Cs H2 Cp + CsL Rs2M + Csc2 R12 ILs2 + Cs H2 Cp + CsL Rs2

HRs1 + Rs2L2M + Cd2 R12 ILs2 + Cs H2 Cp + CsL Rs2 HRs1 + Rs2L2M + 2 Csc R12
ILs IHCp + CsL Ls - Cs H2 Cp + CsL Rs2M + Cd ILs2 + Cs H2 Cp + CsL Rs2 HRs1 + Rs2L2MMM

w4 - HCsc + CdL2 Cs H2 Cp + CsL Lp Ls2 R12 Rs2 w6 + Ls R12
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I-1 - 2 ICp HCsc + Cd + CsL Rp2 + 2 HCsc + CdL Cp Rp Rs + HCsc + CdL HCp + CsL Rs2M
w2 - 2 HCsc + CdL Cp Cs2 Rp2 Rs2 w4M +

Ls2 w2 ICsc R12 + Cd R12 + Cp R12 + Cs R12 + 2 Cp R1 Rp + Cp Rp2 + 2 HCs R1 + Cp HR1 + RpLL Rs +
HCp + CsL Rs2 + ICp HCsc + Cd + CsL2 R12 Rp2 + 2 Cp R1 Rp IHCsc + CdL2 R1 + Cs2 RpM Rs +

IHCsc + CdL2 HCp + CsL R12 + Cp Cs2 Rp2M Rs2M w2 + HCsc + CdL2 Cp Cs2 R12 Rp2 Rs2 w4M +
Cp Lp2 w2 IIHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M + 2 R1 IRs1 + Rs2 + Cs2 Rs HRs1 + Rs2L

HRs + Rs1 + Rs2L w2 + Cs2 Ls2 Rs w4M + R12 I1 + w2 ICsc2 IHRs1 + Rs2L2 + Ls2 w2M
I1 + Cs2 Rs2 w2M + Cd2 IHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M +

Cs ICs HRs + Rs1 + Rs2L2 + Ls I-2 + Cs Ls w2MM + 2 Csc I-Ls I1 + Cs2 Rs2 w2M +
HRs1 + Rs2L2 ICd + Cs + Cd Cs2 Rs2 w2M + Ls2 w2 ICd + Cs + Cd Cs2 Rs2 w2MM +

2 Cd ICs HRs1 + Rs2L2 + Ls I-1 + Cs ILs - Cs Rs2M w2MMMMMMM �
J2 R1 IRs1 + Rs2 + HRs1 + Rs2L ICs2 Rs HRs + Rs1 + Rs2L + Cp2 HRp + RsL HRp + Rs +

Rs1 + Rs2L + 2 Cp H-Lp + Cs Rs HRs + Rs1 + Rs2LLM w2 +
ICs2 Ls2 Rs - 2 Cp Cs Rs I-Ls2 + Cs Lp HRs1 + Rs2L HRs + Rs1 + Rs2LM + Cp2 ILs2 HRp + RsL +

HRs1 + Rs2L ILp2 - 2 Cs Lp Rs HRs + Rs1 + Rs2L + Cs2 Rp2 Rs HRs + Rs1 + Rs2LMMM w4 +
Cp Cs Rs I-2 Cs Lp Ls2 + Cp I-2 Lp Ls2 + Cs Ls2 Rp2 + Cs Lp2 HRs1 + Rs2L HRs + Rs1 + Rs2LMM
w6 + Cp2 Cs2 Lp2 Ls2 Rs w8M +

IHRs1 + Rs2L2 + Ls2 w2M J1 + w2 JCs2 Rs2 - 2 Cp ILp - Cs Rs2 + Cs2 Lp Rs2 w2M + Cp2
J2 Rp Rs + Lp2 w2 + Rs2 I-1 + Cs Lp w2M2 + Rp2 I1 + Cs2 Rs2 w2MNNN +

R12 J1 + w2 J-2 HCsc + CdL Ls + HCsc + CdL2 IHRs1 + Rs2L2 + Ls2 w2M + Cs2 IHRs + Rs1 + Rs2L2 + Ls2
w2 + HCsc + CdL Rs2 I-2 Ls + HCsc + CdL HRs1 + Rs2L2M w2 + HCsc + CdL2 Ls2 Rs2 w4M +

2 Cs IHCsc + CdL HRs1 + Rs2L2 + Ls I-1 + HCsc + CdL Ls w2MM + 2 Cp I-Ls +
HCsc + CdL HRs1 + Rs2L2 + Cs HRs + Rs1 + Rs2L2 + w2 ICs Ls2 + Cd Ls ILs - 2 Cs Rs2M +

Csc2 Cs Rs2 IHRs1 + Rs2L2 + Ls2 w2M + Cd2 Cs Rs2 IHRs1 + Rs2L2 + Ls2 w2M +
Csc I-2 Cs Ls Rs2 + 2 Cd Cs Rs2 HRs1 + Rs2L2 + Ls2 I1 + 2 Cd Cs Rs2 w2MMM +

Lp I-1 + w2 I-Csc2 IHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M -
Cd2 IHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M + 2 Cd
ILs - Cs HRs1 + Rs2L2 + Cs Ls I-Ls + Cs Rs2M w2M - Cs ICs HRs + Rs1 + Rs2L2 +

Ls I-2 + Cs Ls w2MM + 2 Csc ILs + Cs2 Ls Rs2 w2 - HRs1 + Rs2L2
ICd + Cs + Cd Cs2 Rs2 w2M - Ls2 w2 ICd + Cs + Cd Cs2 Rs2 w2MMMMM +

Cp2 JHRs1 + Rs2L2 + HLp + LsL2 w2 - 2 HCsc + Cd + CsL Lp HRs1 + Rs2L2 w2 +
HCsc + Cd + CsL Lp I-2 Ls2 + Lp I-2 Ls + HCsc + Cd + CsL HRs1 + Rs2L2MM w4 +
HCsc + Cd + CsL2 Lp2 Ls2 w6 + 2 Rs HRs1 + Rs2L I-1 + Cs Lp w2M2 + 2 Rp IRs + Rs1 + Rs2 +

HCsc + CdL Rs I-2 Ls + HCsc + CdL HRs1 + Rs2L2M w2 + HCsc + CdL2 Ls2 Rs w4M +
Rs2 I-1 + Cs Lp w2M2 I1 + HCsc + CdL w2 IHCsc + CdL HRs1 + Rs2L2 +
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Ls I-2 + HCsc + CdL Ls w2MMM + Rp2 I1 + w2 ICsc2 IHRs1 + Rs2L2 + Ls2 w2M
I1 + Cs2 Rs2 w2M + Cd2 IHRs1 + Rs2L2 + Ls2 w2M I1 + Cs2 Rs2 w2M +

Cs ICs HRs + Rs1 + Rs2L2 + Ls I-2 + Cs Ls w2MM + 2 Csc I-Ls I1 + Cs2 Rs2 w2M +
HRs1 + Rs2L2 ICd + Cs + Cd Cs2 Rs2 w2M + Ls2 w2 ICd + Cs + Cd Cs2 Rs2 w2MM +

2 Cd ICs HRs1 + Rs2L2 + Ls I-1 + Cs ILs - Cs Rs2M w2MMMMNNNNNN;
Zsoa = FullSimplify@ZsoaD;
Zsoa = IHRs1 + Rs2 + ä Ls wL I-ä HRp + RsL + HLp + Cs Rp RsL w + ä Cs Lp Rs w2M +

R1 I-ä HRs1 + Rs2L + HLp + LsL w + ä HCsc + Cd + CsL Lp w2 HRs1 + Rs2 + ä Ls wL - Rs I-1 + Cs Lp w2M
H-ä + HCsc + CdL w HRs1 + Rs2 + ä Ls wLL + Rp I-ä + HCsc + CdL w HRs1 + Rs2 + ä Ls wL +

Cs w IRs + Rs1 + Rs2 + ä HLs + HCsc + CdL Rs HRs1 + Rs2LL w - HCsc + CdL Ls Rs w2MMMM �
I-ä HRs1 + Rs2L + Ls w + w HRs1 + Rs2 + ä Ls wL ICs Rs + Cp IRp + Rs + ä HLp + Cs Rp RsL w - Cs Lp Rs w2MM +

R1 I-ä + w IHCsc + CdL HRs1 + Rs2 + ä Ls wL +
Cs IRs + Rs1 + Rs2 + ä HLs + HCsc + CdL Rs HRs1 + Rs2LL w - HCsc + CdL Ls Rs w2M +
Cp IRs1 + Rs2 + ä HLp + LsL w + HCsc + Cd + CsL Lp w2 H-Rs1 - Rs2 - ä Ls wL +

Rp I1 + ä HCsc + CdL w HRs1 + Rs2 + ä Ls wL + Cs w Iä HRs + Rs1 + Rs2L -
HLs + HCsc + CdL Rs HRs1 + Rs2LL w - ä HCsc + CdL Ls Rs w2MM +

Rs I1 + w I-Cs Lp w + HCsc + CdL H-ä HRs1 + Rs2L + Ls wL I-1 + Cs Lp w2MMMMMMM;

Circuito d e acoplamento

mat1 = 881, R<, 80, 1<<;
mat2 = 881, 0<, 8s Ca, 1<<;
mat3 = 881, s L2<, 80, 1<<;
mat4 = 881, 0<, 8s C2, 1<<;
mat5 = 881, s L3<, 80, 1<<;
Mtotal = mat1.mat2.mat3.mat4.mat5;

a = FullSimplify@1 + Ca R s + C2 s HR + L2 s H1 + Ca R sLLD;
b = FullSimplify@R + L2 s H1 + Ca R sL + L3 s H1 + Ca R s + C2 s HR + L2 s H1 + Ca R sLLLD;
c = FullSimplifyACa s + C2 s I1 + Ca L2 s2ME;
d = FullSimplifyA1 + Ca L2 s2 + L3 s ICa s + C2 s I1 + Ca L2 s2MME;

a = a �. s ® I w;

b = b �. s ® I w;

c = c �. s ® I w;

d = d �. s ® I w;
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a = ComplexExpand@a, TargetFunctions -> 8Re, Im<D;
b = ComplexExpand@b, TargetFunctions -> 8Re, Im<D;
c = ComplexExpand@c, TargetFunctions -> 8Re, Im<D;
d = ComplexExpand@d, TargetFunctions -> 8Re, Im<D;

Zin = Ha Zsoa + bL � Hc Zsoa + dL;
Zin = Simplify@Zin, TimeConstraint -> 100 000D;

Zin = IR - Ca L2 R w2 - C2 L3 R w2 - Ca L3 R w2 + C2 Ca L2 L3 R w4 +

ä w IL2 + L3 - C2 L2 L3 w2M + II1 - C2 L2 w2 + ä R w IC2 + Ca - C2 Ca L2 w2MM
IHRs1 + Rs2 + ä Ls wL I-ä HRp + RsL + HLp + Cs Rp RsL w + ä Cs Lp Rs w2M +

R1 I-ä HRs1 + Rs2L + HLp + LsL w + ä HCsc + Cd + CsL Lp w2 HRs1 + Rs2 + ä Ls wL -
Rs I-1 + Cs Lp w2M H-ä + HCsc + CdL w HRs1 + Rs2 + ä Ls wLL +
Rp I-ä + HCsc + CdL w HRs1 + Rs2 + ä Ls wL + Cs w IRs + Rs1 + Rs2 +

ä HLs + HCsc + CdL Rs HRs1 + Rs2LL w - HCsc + CdL Ls Rs w2MMMMM � I-ä HRs1 + Rs2L +
Ls w + w HRs1 + Rs2 + ä Ls wL ICs Rs + Cp IRp + Rs + ä HLp + Cs Rp RsL w - Cs Lp Rs w2MM +
R1 I-ä + w IHCsc + CdL HRs1 + Rs2 + ä Ls wL +

Cs IRs + Rs1 + Rs2 + ä HLs + HCsc + CdL Rs HRs1 + Rs2LL w - HCsc + CdL Ls Rs w2M +
Cp IRs1 + Rs2 + ä HLp + LsL w + HCsc + Cd + CsL Lp w2 H-Rs1 - Rs2 - ä Ls wL +

Rp I1 + ä HCsc + CdL w HRs1 + Rs2 + ä Ls wL + Cs w Iä HRs + Rs1 + Rs2L -
HLs + HCsc + CdL Rs HRs1 + Rs2LL w - ä HCsc + CdL Ls Rs w2MM +

Rs I1 + w I-Cs Lp w + HCsc + CdL H-ä HRs1 + Rs2L + Ls wL I-1 + Cs Lp w2MMMMMMMM �
I1 - Ca L2 w2 - C2 L3 w2 - Ca L3 w2 + C2 Ca L2 L3 w4 + Iä w IC2 + Ca - C2 Ca L2 w2M

IHRs1 + Rs2 + ä Ls wL I-ä HRp + RsL + HLp + Cs Rp RsL w + ä Cs Lp Rs w2M +
R1 I-ä HRs1 + Rs2L + HLp + LsL w + ä HCsc + Cd + CsL Lp w2 HRs1 + Rs2 + ä Ls wL -

Rs I-1 + Cs Lp w2M H-ä + HCsc + CdL w HRs1 + Rs2 + ä Ls wLL +
Rp I-ä + HCsc + CdL w HRs1 + Rs2 + ä Ls wL + Cs w IRs + Rs1 + Rs2 +

ä HLs + HCsc + CdL Rs HRs1 + Rs2LL w - HCsc + CdL Ls Rs w2MMMMM � I-ä HRs1 + Rs2L +
Ls w + w HRs1 + Rs2 + ä Ls wL ICs Rs + Cp IRp + Rs + ä HLp + Cs Rp RsL w - Cs Lp Rs w2MM +
R1 I-ä + w IHCsc + CdL HRs1 + Rs2 + ä Ls wL +

Cs IRs + Rs1 + Rs2 + ä HLs + HCsc + CdL Rs HRs1 + Rs2LL w - HCsc + CdL Ls Rs w2M +
Cp IRs1 + Rs2 + ä HLp + LsL w + HCsc + Cd + CsL Lp w2 H-Rs1 - Rs2 - ä Ls wL +

Rp I1 + ä HCsc + CdL w HRs1 + Rs2 + ä Ls wL + Cs w Iä HRs + Rs1 + Rs2L -
HLs + HCsc + CdL Rs HRs1 + Rs2LL w - ä HCsc + CdL Ls Rs w2MM +

Rs I1 + w I-Cs Lp w + HCsc + CdL H-ä HRs1 + Rs2L + Ls wL I-1 + Cs Lp w2MMMMMMMM;
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Linha de Transmissão

In[7]:= w = 2 Π f; lambda =
3

10 f
; L =

l

lambda
;

ZinT =
50 HZin + ä 50 Tan@2 Π LDL
50 + ä HZinL Tan@2 Π LD ;

ModuloZ = Abs@ZinTD;

ModuloZ =

50 AbsB I2 ä f Π IL2 + L3 - 4 C2 f2 L2 L3 Π2M + R - 4 Ca f2 L2 Π2 R - 4 C2 f2 L3 Π2 R - 4 Ca f2 L3 Π2 R + 16
C2 Ca f4 L2 L3 Π4 R + II1 - 4 C2 f2 L2 Π2 + 2 ä f Π IC2 + Ca - 4 C2 Ca f2 L2 Π2M RM
II4 ä Cs f2 Lp Π2 Rs - ä HRp + RsL + 2 f Π HLp + Cs Rp RsLM H2 ä f Ls Π + Rs1 + Rs2L + R1

I2 f HLp + LsL Π - ä HRs1 + Rs2L + 4 ä HCsc + Cd + CsL f2 Lp Π2 H2 ä f Ls Π + Rs1 + Rs2L -
I-1 + 4 Cs f2 Lp Π2M Rs H-ä + 2 HCsc + CdL f Π H2 ä f Ls Π + Rs1 + Rs2LL + Rp
I-ä + 2 HCsc + CdL f Π H2 ä f Ls Π + Rs1 + Rs2L + 2 Cs f Π IRs - 4 HCsc + CdL f2 Ls Π2

Rs + Rs1 + Rs2 + 2 ä f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLMMMMM � I2 f Ls Π -
ä HRs1 + Rs2L + 2 f Π ICs Rs + Cp IRp + Rs - 4 Cs f2 Lp Π2 Rs + 2 ä f Π HLp + Cs Rp RsLMM
H2 ä f Ls Π + Rs1 + Rs2L + R1 I-ä + 2 f Π IHCsc + CdL H2 ä f Ls Π + Rs1 + Rs2L + Cs IRs -

4 HCsc + CdL f2 Ls Π2 Rs + Rs1 + Rs2 + 2 ä f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLM +
Cp I2 ä f HLp + LsL Π + Rs1 + 4 HCsc + Cd + CsL f2 Lp Π2 H-2 ä f Ls Π - Rs1 - Rs2L +

Rs2 + Rs I1 + 2 f Π I-2 Cs f Lp Π + HCsc + CdL I-1 + 4 Cs f2 Lp Π2M
H2 f Ls Π - ä HRs1 + Rs2LLMM + Rp I1 + 2 ä HCsc + CdL f Π

H2 ä f Ls Π + Rs1 + Rs2L + 2 Cs f Π I-4 ä HCsc + CdL f2 Ls Π2 Rs +
ä HRs + Rs1 + Rs2L - 2 f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLMMMMMMM �

I1 - 4 Ca f2 L2 Π2 - 4 C2 f2 L3 Π2 - 4 Ca f2 L3 Π2 + 16 C2 Ca f4 L2 L3 Π4 +
I2 ä f Π IC2 + Ca - 4 C2 Ca f2 L2 Π2M

II4 ä Cs f2 Lp Π2 Rs - ä HRp + RsL + 2 f Π HLp + Cs Rp RsLM H2 ä f Ls Π + Rs1 + Rs2L + R1
I2 f HLp + LsL Π - ä HRs1 + Rs2L + 4 ä HCsc + Cd + CsL f2 Lp Π2 H2 ä f Ls Π + Rs1 + Rs2L -
I-1 + 4 Cs f2 Lp Π2M Rs H-ä + 2 HCsc + CdL f Π H2 ä f Ls Π + Rs1 + Rs2LL +
Rp I-ä + 2 HCsc + CdL f Π H2 ä f Ls Π + Rs1 + Rs2L + 2 Cs f Π IRs - 4 HCsc + CdL f2

Ls Π2 Rs + Rs1 + Rs2 + 2 ä f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLMMMMM �

Apê n d ice .n b   7



MMMMM �
I2 f Ls Π - ä HRs1 + Rs2L + 2 f Π ICs Rs + Cp IRp + Rs - 4 Cs f2 Lp Π2 Rs + 2 ä f

Π HLp + Cs Rp RsLMM H2 ä f Ls Π + Rs1 + Rs2L +
R1 I-ä + 2 f Π IHCsc + CdL H2 ä f Ls Π + Rs1 + Rs2L + Cs IRs - 4 HCsc + CdL f2

Ls Π2 Rs + Rs1 + Rs2 + 2 ä f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLM +
Cp I2 ä f HLp + LsL Π + Rs1 + 4 HCsc + Cd + CsL f2 Lp Π2 H-2 ä f Ls Π - Rs1 - Rs2L +

Rs2 + Rs I1 + 2 f Π I-2 Cs f Lp Π + HCsc + CdL I-1 + 4 Cs f2 Lp Π2M
H2 f Ls Π - ä HRs1 + Rs2LLMM + Rp I1 + 2 ä HCsc + CdL f Π H2 ä f Ls Π +

Rs1 + Rs2L + 2 Cs f Π I-4 ä HCsc + CdL f2 Ls Π2 Rs + ä HRs + Rs1 + Rs2L -
2 f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLMMMMMMM + 50 ä TanB 20 f l Π

3
F �

50 + ä I2 ä f Π IL2 + L3 - 4 C2 f2 L2 L3 Π2M + R - 4 Ca f2 L2 Π2 R - 4 C2 f2 L3 Π2 R -
4 Ca f2 L3 Π2 R + 16 C2 Ca f4 L2 L3 Π4 R +

II1 - 4 C2 f2 L2 Π2 + 2 ä f Π IC2 + Ca - 4 C2 Ca f2 L2 Π2M RM
II4 ä Cs f2 Lp Π2 Rs - ä HRp + RsL + 2 f Π HLp + Cs Rp RsLM H2 ä f Ls Π + Rs1 + Rs2L +

R1 I2 f HLp + LsL Π - ä HRs1 + Rs2L + 4 ä HCsc + Cd + CsL f2 Lp Π2 H2 ä f Ls Π + Rs1 +
Rs2L - I-1 + 4 Cs f2 Lp Π2M Rs H-ä + 2 HCsc + CdL f Π H2 ä f Ls Π + Rs1 + Rs2LL +

Rp I-ä + 2 HCsc + CdL f Π H2 ä f Ls Π + Rs1 + Rs2L + 2 Cs f Π IRs - 4 HCsc + CdL
f2 Ls Π2 Rs + Rs1 + Rs2 + 2 ä f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLMMMMM �

I2 f Ls Π - ä HRs1 + Rs2L + 2 f Π ICs Rs + Cp IRp + Rs - 4 Cs f2 Lp Π2 Rs +
2 ä f Π HLp + Cs Rp RsLMM H2 ä f Ls Π + Rs1 + Rs2L + R1

I-ä + 2 f Π IHCsc + CdL H2 ä f Ls Π + Rs1 + Rs2L + Cs IRs - 4 HCsc + CdL f2
Ls Π2 Rs + Rs1 + Rs2 + 2 ä f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLM + Cp

I2 ä f HLp + LsL Π + Rs1 + 4 HCsc + Cd + CsL f2 Lp Π2 H-2 ä f Ls Π - Rs1 - Rs2L +
Rs2 + Rs I1 + 2 f Π I-2 Cs f Lp Π + HCsc + CdL I-1 + 4 Cs f2 Lp Π2M

H2 f Ls Π - ä HRs1 + Rs2LLMM + Rp I1 + 2 ä HCsc + CdL f Π
H2 ä f Ls Π + Rs1 + Rs2L + 2 Cs f Π I-4 ä HCsc + CdL f2 Ls Π2 Rs +
ä HRs + Rs1 + Rs2L - 2 f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLMMMMMMM

TanB 20 f l Π
3

F � I1 - 4 Ca f2 L2 Π2 - 4 C2 f2 L3 Π2 - 4 Ca f2 L3 Π2 + 16 C2 Ca f4

L2 L3 Π4 + I2 ä f Π IC2 + Ca - 4 C2 Ca f2 L2 Π2M
II4 ä Cs f2 Lp Π2 Rs - ä HRp + RsL + 2 f Π HLp + Cs Rp RsLM H2 ä f Ls Π + Rs1 + Rs2L + R1

I2 f HLp + LsL Π - ä HRs1 + Rs2L + 4 ä HCsc + Cd + CsL f2 Lp Π2 H2 ä f Ls Π + Rs1 + Rs2L -
I-1 + 4 Cs f2 Lp Π2M Rs H-ä + 2 HCsc + CdL f Π H2 ä f Ls Π + Rs1 + Rs2LL +
Rp I-ä + 2 HCsc + CdL f Π H2 ä f Ls Π + Rs1 + Rs2L + 2 Cs f Π IRs - 4 HCsc + CdL f2

Ls Π2 Rs + Rs1 + Rs2 + 2 ä f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLMMMMM �
I2 f Ls Π - ä HRs1 + Rs2L + 2 f Π ICs Rs + Cp IRp + Rs - 4 Cs f2 Lp Π2 Rs + 2 ä f

Π HLp + Cs Rp RsLMM H2 ä f Ls Π + Rs1 + Rs2L +
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MM
R1 I-ä + 2 f Π IHCsc + CdL H2 ä f Ls Π + Rs1 + Rs2L + Cs IRs - 4 HCsc + CdL f2

Ls Π2 Rs + Rs1 + Rs2 + 2 ä f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLM +
Cp I2 ä f HLp + LsL Π + Rs1 + 4 HCsc + Cd + CsL f2 Lp Π2 H-2 ä f Ls Π - Rs1 - Rs2L +

Rs2 + Rs I1 + 2 f Π I-2 Cs f Lp Π + HCsc + CdL I-1 + 4 Cs f2 Lp Π2M
H2 f Ls Π - ä HRs1 + Rs2LLMM + Rp I1 + 2 ä HCsc + CdL f Π

H2 ä f Ls Π + Rs1 + Rs2L + 2 Cs f Π I-4 ä HCsc + CdL f2 Ls Π2 Rs +
ä HRs + Rs1 + Rs2L - 2 f Π HLs + HCsc + CdL Rs HRs1 + Rs2LLMMMMMMM F;

Fim;

In[12]:= Export@"Apêndice.pdf", EvaluationNotebook@DD;
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