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Agrupaciones de Antenas
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Aperturas, bocinas y Reflectores
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Graficas del tema de antenas lineales
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Dipolo Eléctrico Vertical frente a Plano a Tierra
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Dipolo Eléctrico Horizontal frente a un plano a tierra
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Impedancia mutua entre dipolos
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Graficas del tema de arrays de antenas lineales
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Directividad normalizada de una Bocina en Plano-E
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Directividad normalizada de una Bocina en Plano H
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Pérdidas por desplazamiento lateral
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Sistemas de Coordenadas y Vectores

C.1 THE COORDINATE SYSTEMS AND UNIT VECTORS
C.1.1 The Coordinate Systems
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Spherical Coordinates



C.1.2 Unit Vector Representations

i{:f'sianoscp—’récochosqb—(f)Sincb
§I:f'sinGsin¢+écos€cos¢+&)cos¢

Z=1cosf—0sinf

I =X sinfcos¢+y sinfsin¢p+ 2z cosf

0 =% cosfcos¢+§ cosfsing—2sinb
b =—%sing+§ cos

C.2 VECTOR IDENTITIES
AX(BXC)=(A-C)B—(A-B)C
(AXB)XC = (C+A)B—(C-B)A
V- (VXG)=0
VXVg=0
V.Vg=Vg
V(f+g) = Vf+Vg |
V:F+G)=V-F+V -G
V(fg) =gVf+fVg
V:(fG) =G+ (V) +f(V-G)
V X (fG) = (Vf) X G + f(V X G)
VX (VXG)=V(V:G)- VG
V2G = V26, + §V*Gy + 2V*G,

V. (FXG)=G+(VXF)—F:(VXG)



F-(GXH)=G:(HXF)=H-(FXG)
VX(FXG)=F(V:G)—G(V+F)+ (G- V)F—(F- V)G

V(F:G)=(F-V)G+ (G- V)F+FX(VXG)+G X (VXF)

/ / V.Gdv= ﬂ G -ds divergence theorem
v

N

// (VXG)eds= %G «dl  Stokes’ theorem
!

C.3 VECTOR DIFFERENTIAL OPERATORS
C.3.1 Rectangular Coordinates
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Polinomios de Chebyshev

To(x)=1

Ta(x)=x

T(x)=2x*-1

Ts(x) = 4x% - 3x

Ta(x) =8x*-8x* +1

Ts(x) = 16x° - 20x° + 5x

Te(x) =32x°-48x" + 18x° — 1

Los polinomios de Chebyshev se obtienen mediante la siguiente relacion de recurrencia:

To(X):l
T1(X)=x
Tn(X)=2X-Th-1(X)-Th-2(X)



Tablas

Funcién Sinc(x)

A sin(x)
x) =

X
X sin(x)/x X sin(x)/x X sin(x)/x
0.0 1.00000 2.8 011964 5.6 —0.11273
0.1 0.99833 29 0.08250 5.7 —0.09661
0.2 0.99335 3.0 0.04704 5.8 —0.08010
0.3 (0.98507 3.1 0.01341 5.9 —0.06337
0.4 ().97355 32 —0.01824 6.0 —0.04657
0.5 0.95885 3.3 —(.04780 6.1 —0.02986
0.6 0.94107 34 —0.07516 6.2 —0.,01340
0.7 0.92031 3.5 —0,10022 6.3 0.00267
0.8 (.89670 3.6 —0.12292 6.4 0.01821
0.9 0.87036 3.7 —0.14320 6.5 0.03309
1.0 0.84147 3.8 —0.16101 6.6 0.04720
1.1 0.81019 3.9 —0.17635 6.7 0.06042
1.2 0.77670 4.0 —().18920) 6.8 ).07266
1.3 0.74120 4.1 —().19958 6.9 0.08383
1.4 0.70389 4.2 —0.20752 7.0 0.09385
1.5 0.66500 4.3 —0.21306 7.1 0.10267
1.6 0.62473 4.4 -0.21627 T2 0.11023
1.7 ().58333 4.5 —0:21723 7.3 0.116350
1.8 0.54103 4.6 —-0.21602 7.4 0.12145
1.9 0.49805 4.7 -0.21275 7.5 0.12507
2.0 0.45465 48 —.20753 7.6 0.12736
2.1 0.41105 4.9 —(.20050 T 0.12833
2.2 0.36750 5.0 —0.19179 7.8 0.12802
2.3 0.32422 51 —0.18153 7.9 0.12645
24 0.28144 52 —(.16990 8.0 0.12367
2.5 (0.23939 5.3 —0.15703 8.1 0.11974
2.6 0.19827 54 —0.14310 8.2 0.11472
2.7 0.15829 5.5 —0.12828 8.3 0.10870




X sin(x)/x ¥ sin(x)/x X sm(x)lx
8.4 0.10174 10.7 ~0,08941 13.0 0.0323;
8.5 0.09394 10.8 —0.09083 13.1 0.03883
8.6 0.08540 10.9 —~0.09132 13.2 0.0448:
8.7 0.07620 1.0 ~0.09091 13.3 0.05034
8.8 (0.06647 1.1 —0.08960 134 {1.0552:
8.9 0.05629 11.2 ~0.08743 13.5 0 05954_
9.0 0.04579 1.3 ~0.08443 13.6 0.06317
9.1 0.03507 11.4 ~0.08064 13.7 0. 065133
9.2 0.02423 1.5 -0.07613 13.8 0. 0683%3
9.3 0.01338 11.6 ~0.07093 13.9 0.06993
9.4 0.00264 11.7 —0.06513 14.0 0.07076
9.5 —0.00791 11.8 —0.05877 14.1 0.07087
9.6 ~0.01816 11.9 —0.05194 14.2 0.07028
9.7 —0.02802 12.0 —0.04471 14.3 0. 069(31i
9.8 —0.03740 12.1 —0.03716 14.4 0.06706
9.9 —0.04622 12.2 —0.02936 14.5 0.06448
10.0 —0.05440 12.3 —0.02140 14.6 006129
10.1 —0.06189 12.4 —0.01336 14.7 0.05753
10.2 —0.06861 12.5 —(.00531 14.8 0.05326
10.3 —0.07453 12.6 0.00267 14.9 0.04852
10.4 —0.07960 12.7 0.01049 15.0 0.04335
10.5 —0.08378 12.8 0.01809
10.6 —0.08705 12.9 0.02539 |
1.0
0.5
_‘U.D -
—-1.0 1 1 L L L L | 1 | J
0 5 10 15 20 25 30 35 40 45 50

Figure 1.1

Plot of sin (x)/x function.



Funciones de Bessel

beta JO  J1
0.0
0.1
0.2 | 0.990] 0.100 0.000] 0.000] 0.000] 0.000] 9.950
0.3 |0.978] 0.148 0.000] 0.000] 0.000]0.000] 6.591
04 | 0.960] 0.196 0.000] 0.000] 0.000] 0.000] 4.899
0.5 | 0.938] 0.242 0.000] 0.000] 0.000]0.000] 3.874
06 | 0912]0.087 0.000] 0.000] 0.000]0.000] 3.181
7 | 0.881] 0.329 0.000] 0.000] 0.000]0.000] 2.678
08 | 0.846] 0.369 0.000] 0.000] 0.000] 0.000] 2.294
09 | 0.808| 0.406 0.000] 0.000] 0.000] 0.000| 1.989
1.0 | 0.765] 0.440 0.000] 0.000] 0.000] 0.000] 1.739
1.1 | 0.720] 0.471 0.000] 0.000] 0.000]0.000] 1.528
12 | 0.671] 0.498 0.000] 0.000] 0.000]0.000] 1.347
1.3 | 0.620] 0.522 0.000] 0.000] 0.000]0.000] 1.188
1.4 | 0.567] 0.542 0.000] 0.000] 0.000] 0.000] 1.046
15 | 0.512] 0.558 0.000] 0.000] 0.000] 0.000] 0.917
16 | 0.455] 0.570 0.000] 0.000] 0.000] 0.000] 0.799
1.7 | 0.398] 0.578 0.000] 0.000] 0.000] 0.000] 0.689
1.8 | 0.340] 0.582 0.000] 0.000] 0.000] 0.000] 0.585
19 | 0.282] 0.581 0.000] 0.000] 0.000] 0.000] 0.485
20 |0.224]0.577 0.000] 0.000] 0.000] 0.000] 0.388
21 |0.167]0.568 0.000] 0.000] 0.000] 0.000][ 0.293
22 |o0.110]0.556 0.000] 0.000] 0.000] 0.000[ 0.199
23 | 0.056] 0.540 0.000] 0.000] 0.000] 0.000] 0.103
24 | 0.003]0.520 0.001]0.000] 0.000] 0.000] 0.005
2.5 |-0.048] 0.497 0.001]0.000] 0.000] 0.000[ -0.097
26 |-0.097] 0.471 0.001]0.000] 0.000] 0.000[-0.206
2.7 |-0.142] 0.442 0.001]0.000] 0.000{0.000] -0.323
28 |-0.185] 0.410 0.002] 0.000] 0.000|0.000] -0.452
29 |-0.224[0.375 0.002]0.000] 0.000|0.000[-0.597
3.0 |-0.260] 0.339 0.003]0.000] 0.000] 0.000] -0.767
31 |-0.292] 0.301 0.003]0.001] 0.000]0.000]-0.971
3.0 |-0.320] 0.261 0.004]0.001] 0.000]0.000]-1.225
33 |-0.344] 0.221 0.003] 0.001] 0.000] 0.000] -1.560
34 |-0.364] 0.179 0.006] 0.001] 0.000] 0.000] -2.033
35 |-0.380] 0.137 0.007] 0.002] 0.000]0.000] -2.767
36 |-0.392] 0.095 0.008] 0.002] 0.000]0.000] -4.104
3.7 |-0.399] 0.054 0.009] 0.002] 0.000]0.000] -7 416
3.8 |-0.403] 0.013 0.011]0.003] 0.001]0.000]-31.40]
3.9 |-0.402|-0.027 0.013|0.003] 0.001]0.000| 12.75
4.0 |-0.397]-0.066 0.015]0.002] 0.001}0.000] 6.013
4.1 |-0.389]-0.103 0.018]0.005] 0.001]0.000] 3.764
42 |-0.377]-0.139 0.020] 0.006] 0.001]0.000] 2.716
4.3 |-0.361]-0.172 0.023]0.007] 0.002]0.000] 2.100
44 |-0.342]-0.203 0.026] 0.008] 0.002]0.000] 1.688
4.5 |-0.321]-0.231 0.030] 0.009] 0.002]0.001] 1.387
16 |-0.296]-0.257 0.034]0.011] 0.003]0.001] 1.154
47 |-0.269]-0.279 0.038]0.012] 0.003]0.001] 0.965
48 |-0.240]-0.298 0.043]0.014] 0.004]0.001] 0.805
49 |-0.010]-0.315 0.048]0.016] 0.005]0.001] 0.666




Jo

; -0.328
51 |-0.144]-0337] 0.012] 0.347| 0.396] 0.274
52 |-0.110]-0.3343]-0.022] 0.327] 0.398] 0.287
53 |-0.076]-0.346|-0.055] 0.305] 0.400] 0.299
5.4 |-0.041]-0.345]-0.087] 0.281] 0.399] 0.310
5.5 |-0.007]-0.341]-0.117] 0.256| 0.397] 0.321
56 | 0.027]|-0.334]-0.146] 0.230] 0.393] 0.331
5.7 | 0.060]-0.324]-0.174] 0.202] 0.387] 0.340
58 |0.092]-0311]-0.199] 0.174] 0.379] 0.349
59 [0.122]-0.295|-0.222] 0.145| 0.369 | 0.356
6.0 |0.151]-0277]-0.243] 0.115] 0.358] 0.362
61 |0.177]-0256|-0.261] 0.085] 0.344] 0.367
62 |0.202]-0.233]-0.277] 0.054] 0.329] 0.371
6.3 | 0.224]-0.208]-0.290] 0.024]| 0.313] 0.373
6.4 | 0.043]-0.182|-0.300]-0.006] 0.295] 0.374
6.5 | 0.260]-0.154]-0.307]-0.035] 0.275] 0.374
6.6 | 0.274]-0.125]-0.312]-0.064] 0.254] 0.372
6.7 | 0.285]-0.095|-0.314]-0.092| 0.231] 0.368
68 |0.293|-0.065|-0.312]-0.118| 0.208 | 0.363
69 |0.298|-0.035|-0.308|-0.144] 0.183 | 0.356
7.0 | 0.300]-0.005]-0.301]-0.168] 0.158] 0.348
7.1 | 0.299] 0.025]-0.292]-0.190] 0.132] 0.338
72 |0.295] 0.054]-0.280]-0.210] 0.105] 0.327
73 | 0.288] 0.083]-0.266|-0.228] 0.078] 0.314
74 | 0.279] 0.110]-0.249]-0.244] 0.051 | 0.299
75 | 0.266] 0.135]-0.230]-0.258] 0.024] 0.083
76 | 0.252] 0.159]-0.210]-0.270]-0.003] 0.266
77 | 0.235] 0.181]-0.187]-0.279] -0.030] 0.248
78 | 0.215] 0.201 |-0.164]-0.285]-0.056] 0.228
70 |0.194] 0.219]-0.139|-0.289] -0.081] 0.207
80 |0.172]0235]-0113]-0.291]-0.105| 0.186
81 | 0.148] 0.248 |-0.086]-0.290|-0.129] 0.163
82 |0.122] 0.258-0.059]|-0.287]-0.151] 0.140
83 | 0.096] 0.266]|-0.032]-0.281]-0.171] 0.116
8.4 | 0.069] 0.271]-0.005]-0.273|-0.190] 0.092
85 | 0.042] 0.273] 0.022]-0.263|-0.208] 0.067
8.6 | 0.015]0.273] 0.049]-0.250|-0.223] 0.042
7 |-0.013] 0.270] 0.075]-0.235]-0.237] 0.018
8.8 |-0.039] 0.264] 0.099]-0.219]-0.249]-0.007
89 |-0.065| 0.256] 0.123|-0.201|-0.258]-0.031
9.0 [-0.090] 0.245] 0.145]-0.181]-0.265]-0.055
91 [-0.114] 0.232]0.165]-0.160]-0.271]-0.078
92 [-0.137] 0.217] 0.184]-0.137]-0.274]-0.101
93 |-0.158] 0.200] 0.201]-0.114]-0.274]-0.122
94 [-0.177] 0.182] 0.215]-0.090]-0.273]-0.142
9.5 |-0.194] 0.161] 0.228]-0.065]-0.269]-0.161
96 |-0.209] 0.140] 0.238]-0.040]-0.263|-0.179
7 [-0.222] 0.117] 0.246]-0.015]-0.255-0.195
98 |-0.232] 0.093] 0.251] 0.010]-0.245]-0.210
99 |-0240| 0.068] 0.254] 0.034|-0.233]|-0.223
10.0 | -0.246] 0.043 | 0.255 | 0.058 | -0.220|-0.234




Ceros de la Funcion de Bessel

Tabia C.2: Ceros de las funciones de Bessel: valores de 8 cuando J,(5)=0

Orden de la funcion de Bessel. n

0 1 2 3 + 5 6
B para el primer cero 240 383 514 638 759 877 993
Bparael segundocero 552 7.02 842 976 11.06 1234 13.59
B para el tercer cero 8.65 1017 1162 1302 1437 1570 17.00
B para el cuarto cero 11.79 1332 1480 1622 1762 1898 2032
B para el quinto cero 1493 1647 1796 1941 2083 2221 2559
B para el sexto cero 18.07 1961 21.12 2258 2402 2543 26.82
B parael séptimocero 21.21 2276 2427 2575 2720 28.63 30.03
Bparael octavocero 2435 2590 2742 2891 3037 3181 3323




Appendix A: Fresnel Integrals

T C(z) S(z) T C(z) S(z)

0 0 0 1.0500 0.7759 0.4880
0.0500 0.0500 0.0001 1.1000 0.7638 0.5365
0.1000 0.1000 0.0005 1.1500 0.7436 0.5821
0.1500 0.1500 0.0018 1.2000 0.7154 0.6234
0.2000 0.1999 0.0042 1.2500 0.6801 0.6587
0.2500 0.2498 0.0082 1.3000 0.6386 0.6863
0.3000 0.2994 0.0141 1.3500 0.5923 0.7050
0.3500 0.3487 0.0224 1.4000 0.5431 0.7135
0.4000 0.3975 0.0334 1.4500 0.4933 0.7111
0.4500 0.4455 0.0474 1.5000 0.4453 0.6975
0.5000 0.4923 0.0647 1.5500 0.4018 0.6731
0.5500 0.5377 0.0857 1.6000 0.3655 0.6389
0.6000 0.5811 0.1105 1.6500 0.3388 0.5968
0.6500 0.6219 0.1393 1.7000 0.3238 0.5492
0.7000 0.6597 0.1721 1.7500 0.3219 0.4994
0.7500 0.6935 0.2089 1.8000 0.3336 0.4509
0.8000 0.7228 0.2493 1.8500 0.3584 0.4077
0.8500 0.7469 0.2932 1.9000 0.3945 0.3733
0.9000 0.7648 0.3398 1.9500 0.4391 0.3511
0.9500 0.7760 0.3885 2.0000 0.4883 0.3434
1.0000 0.7799 0.4383 2.0500 0.5374 0.3513



Graficas del tema de propagacion en entorno natural
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Difraccion por filo de cuchillo
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Propagacion por onda de superficie
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FIGURA 1

Curvas de propagacién de la onda de superficie; agua del mar, salinidad baja, 6 =1S/m, =80
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FIGURA 3

Curvas de propagacion de la onda de superficie; agua dulce, 6 = 3 x 10-3 S/m, € = 80
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FIGURA 4
Curvas de propagacion de la onda de superficie; tierra, 6 =3 x 10-2 S/m, € = 40 5
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FIGURA 5
Curvas de propagacion de la onda de superficie; tierra himeda, o = 10-2 S/m, € =30
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FIGURA 6
Curvas de propagacion de la onda de superficie; tierra, ¢ =3 x 10-3S/m, £ = 22
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FIGURA 7
Curvas de propagacion de la onda de superficie; tierra moderadamente seca, ¢ = 103 S/m, ¢ = 15
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FIGURA 8
Curvas de propagacion de la onda de superficie; tierra seca, 6 =3 x 104 S/m, e = 7
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FIGURA 9
Curvas de propagacion de la onda de superficie; tierra muy seca, ¢ = 104 S/m, ¢ = 3
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FIGURA 10
Curvas de propagacion de la onda de superficie; hielo de agua dulce, -1°C, 6 =3 x 10-5 S/m, £ = 3
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FIGURA 11
Curvas de propagacion de la onda de superficie; hielo de agua dulce, ~10°C, 6 = -10-5 S/m, £ = 3
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Nomogramas
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FIGURA 2

Difraccion en una tierra esférica — Efecto de la distancia
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FIGURA 3

Difraccion en una tierra esférica — Ganancia de altura
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FIGURA 4

Difraccion en una tierra esférica — Efecto de la distancia
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FIGURA 5

Difraccion en una tierra esférica — Ganancia de altura
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