Divisor_13.nb

H Constantes L

Date@D
a=0.0371703894074700;

H frec=3 10M9; L

w=2 Pi frec;
alpha = N@Pi é2D;
p=1.25663706144 107°;
d=0.002;

Oi = N@Pi é12D;

0J =N@3 Pié12D;

Ok =N@5 Pié12D;

Oij=0j -0i;
Oik=0k-01;
0jk=0k-0j;

wi =0.00433677096491318;
wj =0.00433677096491318;
wk = 0.00433677096491318;
Al =wiéa;

Aj =wjéa;

Ak =wk éa;

er=4.2;

Co = 299792458;

i, el
k=2 Pi frec €r éco;
wr =wi é4;

Xr=wré?2;
WS = Wr;
Xs=3 Xr;
wp=wié4;
Xp=wré2;
wq = Wr;
Xq=3 Xp;
nmax = 50
mmax = 50
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Needs@''NumericalMath BesselZeros™'D

Date@D
nmaxx =2 nmax+1
mmaxx =1 mmax

matrizbesel@nnn_, mmm_D := Module@8kl<,
1f@nnn m 0, BesselJPrimeZeros@nnn, 82, mmm+ 1<D,
BesselJPrimeZeros@nnn, 81, mmm<DD

D

autoderiv@nnn_D := matrizbesel@nnn, mmaxxD
autovalbesel = Array@autoderiv, 8nmaxx<, 80<D ;

kmn@ns_, mt_D :=Part@autovalbesel, ns+ 1, mtD
Date@D

82005, 4, 25, 0, 19, 55<
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82005, 4, 25, 0, 22, 29<
H Formulas L
Needs@''NumericalMath BesselZeros™'D

Jns@ns_, eval_D = Module@8sal ida<,
salida = BesselJ@ns, evalD
D

lijlns_, m_, 0i_,0J ,0ij_, k ,Ai_,Aj D:=
ModuleA8numO1l, num02, den01, salida<,
num0l1 = Sigma@nsD HCos@ns ©ijD+ Cos@ns HOI +0OjLDL;
ns ns
num02 = CosAccczm HAT - AJLE - CosAcc%m: HAR + AJLE;
den01 =
mn@ns, mDéalL

salida=num0l1 numO2éden01
E

i HnsL"2
HnsL"™2 iHaL N2 - clc_?cccccccccccccccccccccccomgmccccgg%n % HHkmn@ns, mDéalL”"2 —HkL™2L;

Limlij@ns_, m_, k_, Ai_, Aj_, a_D :=Module@8num01, den0l1, salida<,
numOl =Aj Ai;
den01 = HHaL”~2L HHkmn@ns, mDéalL”2 —HKL"2L;
salida = numO01éden0O1
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Sigma@n_D :=1f@n==0, 1, 2D
grl@wr_, xr_, ns_, m_, a_D :=Hkmn@ns, mDéaL Hxr -Hwré2LL
gr2@wr_, xr_, ns_, m_, a_D :=Hkmn@ns, mDéaL Hxr +Hwré2LL

Ins@wr_, xr_, ns_, m_, a_D :=Module@8tempinl, tempin2, salida<,
tempinl = NIntegrate@BesselJ@O, tD,
8t, gril@wr, xr, ns, m, abD, gr2@wr, xr, ns, m, ab<D;
tempin2 = N@Sum@HBesselJ@2 k+1, gr2@wr, xXr, ns, m, abD —
BesselJ@2 k+1, gri@wr, xr, ns, m, abDL, 8k, 0, nsé2 - 1<DD;
salida=tempinl-2 tempin2
D

Tl@ns_, alpha_D :=HCos@ns alphabDL”"2
T2@ns_, alpha_D :=Cos@ns alphaD

Irs@ns_, m_, wr_, Xr_, ws_, Xxs_, alpha_, k_, a_D :=
Module@8numO1, den0O1, salida<,
numOl1 = Sigma@nsD T1@ns, alphaD
Ins@wr, xr, ns, m, aD Ins@ws, Xs, ns, m, aD;
den01 = HHkmn@ns, mDL~2 —HnsL”~2L HHkmn@ns, mDéaL”2 - HkL"~2L
HHIns@ns, kmn@ns, mDDL”"2L;
salida = numO01édenOl1
D

Irp@ns_, m_, wr_, Xxr_, wp_, xp_, alpha_, k_, a D :=
Module@8numO1, den0O1, salida<,
num0l1 = Sigma@nsD T2@ns, alphaD
Ins@wr, xr, ns, m, ab Ins@wp, Xp, hs, m, aD;
den01 = HHkmn@ns, mDL”~2 —HnsL~2L HHkmn@ns, mDéaL”~2 — HkL~2L
HHIns@ns, kmn@ns, mDDLN2L ;
salida = num0l1éden0l1
D

lir@ns_, m_, ©i_, Ai_, wr_, xr_, alpha_, k_, a_D :=
ModuleA8numO1, den01, salida<,
numOl1 = Sigma@nsD Cos@ns alphaD Cos@ns ©0iD
Sin@ns A1 é2D Ins@wr, xr, ns, m, aD;
den01 =ns Hkmn@ns, mDéaL iHaL’\Z = COGECCCCCOCECCCCCOecOeeeereonpueneoeccae
H mnéns, mDéalL"2
HHkmn@ns, mDéalL”~2 - HkL~2L HJIns@ns, kmn@ns, mDDL ;
salida = numO01éden0O1
E

HnsL™2
¥
{
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Limlir@ns_, m_, @i_, Ai_, wr_, xr_, alpha_, k_, a D:=
Module@8numO1, den01, salida<,
numOl1 = Sigma@nsD HAiIé2L Ins@wr, Xr, ns, m, aD;
den01 = Hkmn@ns, mDéaL HHaL~2L
HHkmn@ns, mDéalL”~2 - HkL~2L HJIns@ns, kmn@ns, mDDL ;
salida = num01éden0O1
D

H Impedancias Extendidas L
ClearAll@"frec'D
frec=2.4 1079

2 (% w H d a? S )
Zx56 = ccccccciccccccccccc cogoccoeceecoee HSum@Laimlij@o, m, k, Aj, Ak, aD, 8m, 1, mmax<D +
alpha wj w

Sum@lij@2 n, m, 0, 0k, 0jk, k, Ay, AkD, 8n, 1, nmax<, 8m, 1, mmax<DL

2

2 W d a
ZX57 = ccccccccgc:ccccccccccc ceocecoonercce - HSum@Lamlij@o, m, k, Ai, Ak, aD, 8m, 1, mmax<D +
alpha wr wk

Sum@lij@2 n, m, 01, 0k, 0ik, k, Ai, AkD, 8n, 1, nmax<, 8m, 1, mmax<DL

2 (% w !J d a? o
Zx55 = ceeeecegeeeceecceececeeeecooeceecr  HSum@Limlij@0, m, k, Ak, Ak, aD, 8m, 1, mmax<D +
alpha wk wk

Sum@lij@2 n, m, 0k, 0k, 0, k, Ak, AkD, 8n, 1, nmax<, 8m, 1, mmax<DL

2

2 W d a
ZX66 = ccccccccgc:ccccccccccc ceocecoonergee - HSum@Lamlij@o, m, k, Ay, Aj, aD, 8m, 1, mmax<D +
alpha wj wj

Sum@lij@2 n, m, 03, 03, 0, k, Ay, AjD, 8n, 1, nmax<, 8m, 1, mmax<DL

2 (% w %1 d a? o L
ZX67 = coeeecegeeeceeeceececcoeeecooeoncgecs  HSum@Limlij@o0, m, k, Ai, Aj, aD, 8m, 1, mmax<D +
alpha wr wj

Sum@lij@2 n, m, 01, 0j, 0ij, k, Ai, AjD, 8n, 1, nmax<, 8m, 1, mmax<DL

2 % W
ZX12 = (CCgeeecteeceeeeeeeeteeceeonne
alpha wr ws

HSum@lrs@0, m, wr, Xr, ws, xs, alpha, k, aD, 8m, 1, mmax<D + Sum@Irs@
2 n, m, wr, Xr, ws, xs, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

2 % w d
ZX11 = CC00geoeceoeooeneoetoeieeoee
alpha wr wr

HSum@lrs@0, m, wr, xXr, wr, xr, alpha, k, aD, 8m, 1, mmax<D + Sum@Irs@
2 n, m, wr, Xr, wr, xr, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

2 (% w
ZX22 = (O00GOCORLCCOCOeEOcieieeeoeta
alpha ws ws

HSum@lrs@0, m, ws, Xs, ws, xs, alpha, k, aD, 8m, 1, mmax<D + Sum@Irs@
2 n,m,ws, Xs, ws, xs, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL
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2 W
ZX13 = (CCeeeecteeceeeeeeeteeeeeonne
alpha wr wp

HSum@I rp@0, m, wr, xr, wp, xp, alpha, k, aD, 8m, 1, mmax<D + Sum@Irp@
2 n, m, wr, Xr, wp, xXp, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

2 Cw d
ZX14 = (CCgeoocbeeceeeecoeeteeeoonne
alpha wr wq
HSum@1 rp@0, m, wr, Xr, wg, xXq, alpha, k, aD, 8m, 1, mmax<D + Sum@I rp@
2 n, m, wr, Xr, wq, xq, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

2 Cwopd
ZX23 = (CCL0ecbeeceeeeeeteeceeonne
alpha ws wp

HSum@1 rp@0, m, ws, Xs, wp, xp, alpha, k, aD, 8m, 1, mmax<D + Sum@1rp@
2 n, m,ws, Xs, wp, xp, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

2 % w y d
ZX24 = ({00gCoeceoCooeieeocteeoccoene
alpha ws wq

HSum@1rp@0, m, ws, Xs, wg, Xq, alpha, k, aD, 8m, 1, mmax<D + Sum@Irp@
2 n, m,ws, Xs, wq, Xq, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

4 (; a
ZX15 = ceeeccecteoceeeeeeeeteoooocooceece
alpha wr wk
HSum@Limlir@0, m, Ok, Ak, wr, xr, alpha, k, aD, 8m, 1, mmax<D + Sum@lir@

2 n, m, 0k, Ak, wr, xr, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

ws w
HSum@Limlir@o, m, 0k, Ak, ws, xs, alpha, k, aD, 8m, 1, mmax<D + Sum@lir@
2 n, m, 0k, Ak, ws, xs, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

4 w d a
ZX25 = (00cCgeeeceeoeceeeeoeccecoteopeo
alpha

4 (E‘ w 8.1 d a
ZX16 = (CCCecgeteaeeeeeeeecieneeccoreegsc
alpha wr wj

HSum@Limlir@0, m, 0, Aj, wr, xr, alpha, k, aD, 8m, 1, mmax<D + Sum@lir@
2 n,m, 0, Aj, wr, xr, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

4 C w d a
ZX26 = (LCeeCeCeaeeeeeeecciereeccoreogsc
alpha ws wj
HSum@Limlir@0, m, O, Aj, ws, xs, alpha, k, aD, 8m, 1, mmax<D + Sum@lir@

2 n,m, 0, Aj, ws, xs, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

4 % w y d a
ZX17 = (CC0CCgeiceeoceoeicueeiceooneore
alpha wr wi

HSum@Limlir@0, m, Oi, Ai, wr, xr, alpha, k, aD, 8m, 1, mmax<D + Sum@lir@
2 n, m, 01, Ai, wr, xr, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

ZX27 = cccccccgccccccccccc%clcccccmccm
alpha ws wi

HSum@Limlir@0, m, Oi, Ai, ws, xs, alpha, k, aD, 8m, 1, mmax<D + Sum@lir@
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2 n, m, 01, Ai, ws, xs, alpha, k, aD, 8n, 1, nmax<, 8m, 1, mmax<DL

2.4x10°
5.75014x10° C
5.75014x10° C
5.75014x10° C
5.75014x107 ¢
5.75014x10° C
3.51532x108 C
3.53739x108 ¢
3.4934x 108 C
3.53739x108 ¢
3.51532x108 C
3.51532x108 ¢
3.4934x 108 C
-1.4262x 108 C
-1.4173%x10%C
-1.4262x108% C
-1.4173x108 C
-1.4262x 108 C

-1.4173x108 C

Zx =887Zx11, Zx12, Zx13, Zx14, 7Zx15, Zx16, Zx17 <,
8Zx12, Zx22, Zx23, Zx24, Zx25, Zx26, Zx27<,
8Zx13, Zx23, Zx11, Zx12, Zx17, Zx16, Zx15<,
8Zx14, Zx24, Zx12, Zx22, Zx27, Zx26, Zx25<,
87Zx15, Zx25, Zx17, Zx27, Zx55, Zx56, Zx57<,
8Zx16, Zx26, Zx16, Zx26, Zx56, Zx66, Zx67<,
8Zx17, Zx27, Zx15, Zx25, Zx57, Zx67, Zx55<<

Yx = N@Inverse@ZxDD ;

88



Divisor_13.nb

4 4
Y11= _ _ HPart@vYx, k, IDL;

k=11=1
4

Y12 = _ Part@Yx, k, 5D;
k=1
4

Y13 = _ Part@Yx, k, 6D;
k=1
4

Y14 = _ Part@Yx, k, 7D;
k=1
4

Y21 = _ HPart@Yx, 5, IDL;
=1

Y22 = Part@Yx, 5, 5D;

Y23 = Part@Yx, 5, 6D;

Y24 = Part@Yx, 5, 7D;
4

Y31 = _ HPart@Yx, 6, IDL;
=1

Y32 = Part@Yx, 6, 5D;

Y33 = Part@Yx, 6, 6D;

Y34 = Part@Yx, 6, 7D;
4

Y41 = _ HPart@Yx, 7, IDL;
=1

Y42 = Part@Yx, 7, 5D;

Y43 = Part@Yx, 7, 6D;

Y44 = Part@Yx, 7, 7D;

Y =88Y11, Y12, Y13, Y14<, 8Y21, Y22, Y23, Y24<,
8Y31, Y32, Y33, Y34<, 8Y41, Y42, Y43, Y44<<

Z = Inverse@YD
1d =881, 0, O, O<, 80, 1, O, O<, 80, O, 1, O<, 80, 0, 0, 1<<;
Zref=1d 50;

S =HZ-ZrefL.Inverse@HZ + ZrefLD;
4
Prueba = _ Abs@Part@S, k, 1DD
k=1
4
Prueba = _ Abs@Part@S, 1, kDD
k=1
20 Log@10, Abs@Part@®S, 1, 1DDD
20 Log@10, Abs@Part@S, 1, 2DDD
20 Log@10, Abs@Part@s, 1, 3DDD
20 Log@10, Abs@Part@S, 1, 4DDD
20 Log@10, Abs@Part@S, 2, 1DDD
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20 Log@10,
20 Log@10,
20 Log@10,
20 Log@1o0,
20 Log@10,
20 Log@10,
20 Log@1o0,
20 Log@10,
20 Log@10,
20 Log@1o0,
20 Log@1o0,

Date@D

H Fin L

Abs@Part@s, 2, 2DDD
Abs@Part@S, 2, 3DDD
Abs@Part@s, 2, 4DDD
Abs@Part@s, 3, 1DDD
Abs@Part@Ss, 3, 2DDD
Abs@Part@S, 3, 3DDD
Abs@Part@s, 3, 4DDD
Abs@Part@Ss, 4, 1DDD
Abs@Part@s, 4, 2DDD
Abs@Part@s, 4, 3DDD
Abs@Part@s, 4, 4DDD

883.53739x10% ¢, 3.51532x108 ¢, 3.53739x 108 C,
3.51532x108C, -1.4262%x108C, —-1.4262x108C, -1.4262x 108 C<,
83.51532x10% ¢, 3.4934x108 C, 3.51532x108 C, 3.4934x 108 C,

-1.4173%x108C, -1.4173x108C, -1.4173x 108 C<,

83.53739x 108 ¢, 3.51532x10% ¢, 3.53739x10% ¢, 3.51532x 108 C,

-1.4262x108C, -1.4262%x 108 C, —1.4262 % 108 C<,

83.51532x10% C, 3.4934x108 ¢, 3.51532x108 ¢, 3.4934x 108 C,

-1.4173x108C, -1.4173x108C, -1.4173%x 108 C<,

8-1.4262x108C, -1.4173x108C, -1.4262x108C, -1.4173x108C,

5.75014x107 ¢, 5.75014%x 107 ¢, 5.75014 x 107 C<,

8-1.4262x108C, -1.4173x108C, -1.4262x108C, -1.4173x108C,

5.75014x107 ¢, 5.75014x 107 ¢, 5.75014x 107 C<,

8-1.4262x108C, -1.4173x108C, -1.4262x108C, -1.4173x108¢C,

5.75014x107 ¢, 5.75014x 107 ¢, 5.75014 x 107 C<<

880. -0.00925951C, O

0.-0.00760642¢C, O
80.-0.00760577C, O
80.-0.00760642C, O

.—0.00760577C,

. —0.00760577 C<,
.+0.013044¢C, 0. +0.000851093C, 0. -0.0326417 C<,
- +0.000851093¢C,

0.-0.0204503 ¢, 0. +0.000851093 C<,
80. -0.00760577C, 0. —0.0326417C, 0. +0.000851093C, 0. +0.013044 C<<

880. + 522652
80. - 212047
80. - 212049
80. - 212047

1.96939

1.96939

-3.83189

-7.09103

.C, 0.
.C, 0.
.C, 0.
.C, 0.

-212047.C, 0.
+86045.4C, 0.
+86033.4C, 0.
+86067.3C, 0.

90

—212049. C, O.
+86033.4C, 0.
+86080.8C, O.
+86033.4C, O.

—212047. C<,
+86067.3 C<,
+86033.4 C<,
+86045.4 C<<



Divisor_13.nb

—7.09065
-7.09103
-7.09103
-10.1164
-17.3896
-1.6177

—7.09065
-17.3896
-1.14574
-17.3896
-7.09103
-1.6177

-17.3896
-10.1164

82005, 4, 17, 17, 12, 12<
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