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1- Description

The cross dipole is a very efficient horizontally polarised antenna. The additional circular polarisation uses
a distinctive behaviour of the ionosphere.

The correct sense of rotation of the wave being incident to the ionosphere enables a nearly complete
reflection of the energy. The loss in the ionosphere is little.

During day time one of the masts is utilized as vertical radiator in order to provide ground wave coverage.

The cross dipole in Mainflingen is an ionospheric antenna which consists of five guided supporting masts
and the two horizontal dipoles arranged orthogonally atop of the masts. The cross dipol antenna has a
circular polarisation, which means that the wave of one dipole lags the wave of the other dipole by 90
degrees.

A right or left rotating field occurs depending on which dipole lags.

The correct sense of rotation of the polarization is important. The wave being incident to the ionosphere
splits into an ordinary and extraordinary wave. The extraordinary wave is attenuated nearly completely while
the ordinary wave is reflected. When standing below the antenna and looking towards the ionospere a right
sense of rotation is necessary to incite the ordinary wave.

Every dipole is fed via a power cable (characteristic impedance 50 ohms) which leads vertically from the
base of the centre mast to the feeding point of the dipole on top of the mast.

A design was to be found in order to allow the tuning of the impedance at feeding point of the dipole. This
impedance should correspond as close as possible to characteristic impedance of the cable.

At the same time it was necessary to provide a balun for the symmetrical dipole and the unsymmetrical
cable. Both tuning and baluning were realized by a stub (a short circuited line) connected to the feeding point
at the dipole and consisting of the feeder cable and a rigid tubular line. Feeder cable and a rigid tubular line
are in parallel and fixed to the mast by means of insulators.

By adjusting the length of the stub most of the reactive part of the antenna impedance is compensated.
Length and width of the dipoles are designed to obtain a real part of the antenna impedance which
corresponds to the characteristic impedance of the cable. Since the reactive part of the antenna is nearly
zero the antenna impedance at the feeding point of the dipole is equal to the characteristic impedance of the
cable and the standing wave ratio can be neglected.
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2- Diplexer: electrical design

The drawing below shows the electrical design including values after commissioning and tuning:
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3- Protocolo de medidas/ Messprotokoll 10.7.1992

10.7,92
TELEFTHFEN Sencectschnik GmbH
Waniswsikl / Wittkling

oMM ARGERMTA
Erotoools de pedidas) Helprotoksll
1. Antane horlizaonbtal

1.1 Madidas da la impedancia del dipols harizontal { 0 geadoea )
dagpds la antrada del cable coaxial

Impedancia del dipale horizontal [ 0 grades b, longitud 28.2 m,
padide dasds la sntceds del cable coaxial { EF Okn) an la
casekba de acopleo mimercs unc. La antena wectical sstd coneoctada
a tisrra & trawvés &l sisktems da Ecoplo da la caaake nDumhes 2
con al interruptor 81, / Hessung der Impedanz des 38.2 m langen
horizontalen Dipols | 0 Grad ). am Eabslikopf des kcawialen &0-
Chm-Kabalas im Anbenpanhsus 1. Der Vertikalstralhles ist libsr diws
hbetimmittel des Hausea 2 am Schalter 31 geerdet.

£/ eHe B/ XS Oha £ kM= B0k K/ Che
1538 =6.0 +j 15.8

1349 S58.5 4 22.1 1369 53,8 +§ 18.5
1z 28.5 *3 35.5 135%% 48,6 3 16.7
124% 45.4  +3 47.0 1445 1.1 #j 20.7
119% 27.3  +] as.z 1458 36.6 +3) 7.4

1548 J3.%  #§ 35,6
1598 2. & +] 47.8

1.2 Medidng de la impsdancia del dipole horizontal § %0 grados |
demde ln antrada del cable coaxial

Irpadincin dal digels herizootal [ % gradss ), longited 38,2
m, medids deasdes la antrada del ocable ocoaxial ( 60 Ohml en la
caasta o8 acoplo nimero uns. La antena vertical eatd conectadn
& tierra a travéds el sistess da acoplo dea la casets numhes 2
con @l interrupkoep 51, ) Mesasung des Impedanz: des 28,2 m langen
horizanbalan Dipals | 90 Grad | am Fabelkopd des koaxislen 20-
Ohm=Eabels im Antennenbaus 1. Der Vertikalstrahlers ilst dbse dia
Abgtimmittel Jdeas Havsas I am Schaltar 51 gescdet,

£/ kHz R/Okm XS 0hm fiHe FOhum ¥/ ohm

1 . 7 £h.b

1540 S6.5 +:| Z2T.39 131gY Be.2 +9 Z4.7

1z593 55.8 +9 FE.5 130p 5.3 5 Z). ¥

1Z4m 45.1 +9 47.1 1448 458.0 3 I0.1

11932 28_4 +3 4.1 1485 36.4 +3 7.2
154% I35 +1 38.9

155% Sd.d +j 51.3

1.3 Medida da 1z impedancis dal dipsle heeizontal [ 0 Jgeradss ) a6
el panta da cepRrbicion de la potencia

Impedancia del Jdipole horizostal ( 0 gradoes ) nedldo anm a)
Purto de reparticidn de la potencia an la caseta 1 / Messung
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der Dipolimpedanz { © Grad ) am Versweigungspunkt dez Laistung
in Haus 1

£/elz RMSohm  N/Ohm  XS0hm F/eHz B/ORm N Chm  RSOhE
. £/MEE . L/ Mz
1358 55.0 +3 3.1 +9 26.0 i
135 58.0 +§ 1B.7 +3 28.5 1361 58.0 +3 38.1 +j 28.0
13EE a0 +4 3I2.3 49§ Z8_0 1363 SH.8 +j 3E.2 +] 200
1353 58.0 +3 5.9 +j 29.5 11g8 5.5 +3 37.7 +3 &7.8
1351 58,0 +3 40.3 +3) 25.8 1367 38.3 +3 37.7 4] 27.6
1349 59.5 +3j 40.5 +3j 30.0 1368 SB.0 +3 37.8 +3 27.%

1.4 Medida de la imsedancia del dipole horizootal [ 30 grados |} o@n
al punts de reparticidn &s la potencia

Imcedancia del dipeole hezizental [ 90 gradca b medids aen el
ponta e r&pl.l:t!.-:fﬁn de la petencis ean la caseta 1 £ MemEung
dar Dipolimgedanz [ 90 Grad | am Vesweigungspunkt der Lemigbung

in Haus 1
F/xMz RAORE XN/0hm  XKSOhm f/eHe R/ORE X/ 0bn K/Oha
. LRz el /HEz
1350 E8.0 +7 3B.1 +3 26.0 )

1487 §7.0 494 3B.0 +3 28.0 1381 58.0 ¥} gl o+ ZE.0
1358 5.0 +9 37.3 +9 27.5% 1363 S8.0 +j 35.5 +3 25.%
1353 57.40 +4 2£.% 43 27.3 1185 57.5 +3} 18.0 -r:! ZB.E
1181 57.0 49 36.5 4+ 27.0 1367 57.5 &} 39.6 +j 25.0
1348 57.4 +j 35.7 +3j 26.5 1368 57.5 &3 3I8.0 +4 Z2.%

1.5 Medids de la impadancis de la antena desde la salide @8 la
linea coaxial | 50 Obm } del emiace

Inpedancia da la antena medids desds la =alida oe ia lirea
coaxdal { S50 Ohs |} del emisss | casata 3 l‘.{ Measung O8I
Antennan-Impedans &a Rusgang dec El-ohme<Enaxialleltung am
Sandar [ Eabine 3 ]

f/kHz B/Ohm X/Ohm  K/Che f/kHz R/Ohn X/0ha X/Ohe
- E.I'Iﬂ; § f/HHz
1558 54 +4 1.4 #3 1. )
1357 54 -I-§|| 1.4 =3 1.0 1361 54 #3 2.0 +3 1.5
LSS o4 +5 0.0 +5 4.0 1363 54 I-E .7 1-:_i z.0
1353 54 +7 0.0 3 0.0 1368 54 #3 2.7 +3 2.0
1381 54 =9 1.4 -31.0 1367 54 #3 3.4 +) 2.5
1349 %4 =7 1.3 =-351.0 1368 54 #j 4.1 +3 3.0

1.6 Las valores imdicados por los iastrumentos

En &l adificio del emiscr / in Sendergéblode:

FieM 5

&00 1.03
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En la caseta da acople nimers uno f im Haous 1

Il I2 PHI B 8 FIER 4
F grades 50 gradaos
L4 ay =E3 304 1.34 300 1.386

1.7 Impedancia del dipolc horizental O grados ) ean su punto del
alingnracidtn { iines balun consctads (. Loa valores astin

calculador con las medidas del punto 1.1 considerando un cabla
coaxial de 80 m. / Impedanz des horizeatalen Dipols ( O Grad }
an saipam Speisepunkt | Balun apgeschlossen ) Die Werie wuardan
cechnerisch aus den Mefwecten van 1.1 anber Beriicksichtigung

aimar Kaballinge von BO m ermittelt.
Valores thedricos /S Theoretische Rerble:
f/eHs Bf0he X/00m RSED MSED fAeMz BSObm XSOhm Ryed  XHJED

1359 BE5.5-7 3.8 1.43=3 0.96

1349 B4 8H5-§ 8.8 1.41-3} 0.1& 1368 @84.3+35 1.0 1.41+3 0.0z
1299 &@.6=3 32.5 1.48=-3 0.54 1398 B23.0+3 13.0 1.38+5 0.22
12498 $5.1-3 £1.% 1.84-3 1.01 1448 B5.3+3 31.5 1.42+7 4.32

1198 315 .5=-9000.4 1.5%3=9 1.67 1498 AT _Z+7 48.5 1.45+5 0.81
15489 BE.Z+9 65.4 1.47+7 1.8%

1598 32,5437 86.5 1.34+5 1.44
1.% La liosa balun / Balan
l = 25 . &6 m ; EL = 200 {Ohboe |
X = 5 ZO00 kam { (2 FL 25.6,/300] £/HMz )

Valares theadcicsa / Theoretische Werte!

" 4 XSED s
HHz Ohm

1153 I49.7 2.5 i, 4
1Z4% L58.2 Z.64d .38
1299 LET. 1 Z.7% 038
1145 176 5 Z.ha4 0.34
136G 172.4 z2.a7 b.34
L3693 180,32 z.01 0.3%
1155 1pe. 2 I.10 0,32
l44% 1%6.5 i . &1
1455 207. 1% 3.446 .23
15449 218.7 3. &5 .27
L5an 230. % 3.85 o.28
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1.2 Impedancia del dipoloc horizontal | 0 grades ) en su punts dal
alimantacian | Llinea bDalun desconestada }  SImpedanz des

horizontalen Dipels | O Geed | am Speisspunkt | Balun nioht
lnﬂ‘ﬂﬂhlﬂﬂﬂ.ﬂ ]

Taloras thabricsgy f Thascabliachs Harte:

£/kHz RSORm X/0hm RS60 X760 £z RS/Chem X/0hm RSB0 XSE0

1359 67.2-3 35.2 1. 12-7 0.595

134% #3.0=F 3.0 1.05-5 0.63 1358% 65.8-3 31.8 1.,16-3 0.23

129% 51.%-1 50.2 (.87=3 0.84 1389 7TH.0-3] 23.4 1.30-3 0.3%

1240 42.4-§ €3,2 0,7i-5 1.05 144% 0§5.5-3 11.8 1.595-3 0.20

1188 34.1-3 75.8 0.5%7=3 1,26 1485 114.24j 0.6 1.90e35 0.01
1549 134-9+§ 15.7 2.25#3 0.26
1888 167.745 30.9 Z.E0#j 0.52

Z. Antens vertical
2.1 Madida de la impedancia del punts de pie de la antena wvertical

Impedancia el punto de pie da la antena vertical [ la babina
de balizaje dncluido ) medido sn la cassta nimerc dos. Las
anteados Jda los cables coaxialess § 60 Oh® o an la caseta de
sacople nGmars uns eastdn pusstas a tierra. [/ Hessung der
Imgeecdanz as Fufpunkt dar Vertikal-Amtenne [ sioschlisBliclk dar
Belepchtungedroasal | im Haus I, Belde horizontaledn N_.Pc:rli- gingd
am jeweiligen Eingang des koaxiales 60-Obhm-Habels in Haus 1

geacdat .
f/ekHz R/ohm X/chom XS0bm £/kHz EBfChm X/0hm  KSOhun
B ¥ /HEHz - £/
1334 544 +j 2 +j 16 i
1358 %86 45 23 43 17 1360 586  +3j 16 #3712
1357 SES 43 30 +3 2=Z 1361 S% +5 16 #] 12
1356 SEBO0 43 E@ +§ Z1 1962 A8 #5155 11
1388 S8 45 3T a3 27 L3I63 SEB #7312 #3 @
1384 575 43 3@ #3528 1364 S +310 #3 7
1353 S80 =3 25 #3 259 1365 583 &4 10 +3 7T
1352 ETH #5 42 #5 3l 1385 80 #3 T wg &
1381  SEZ #3742 43 31 E36T 595 +3 ¥ +#j 2
1350 57B +4 48 +3 34 13é@ 585 3 0 3 0
1348 57B +3 50 +3 37 1369 8583 =3 1 =3 1}

1E-8951-220-DO 8/21 Waniewski
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Hadida de la impedancia e la antenz desde la salids de la
Lipma coaxial | 50 Ohm §} del spizar

Impadancia de la antena medido dssads la aalids Jda la lines
coaxial [ S50 Obhm 1 del emizor | caseta 3 1S Heasums das
Antanran-Inpadans: am  Resgang  der SO-Chm-Foaxialleitung am
Sercer | Kakine 3 )

£/kMz RSOMm XSAOhm XS Ohm f/eH: R/Ohe X/Chn  X/Ohm
. L HEz £z
1350 54 +5 7.5 +3j 5.5

15589 34  #j &8 +4 8.4 1361 =3 +§ 8.2 +j &.0
1355 54 3 6.8 +9 5.4 1363 a5 +5 8.9 +3 6.5
L353 54 3 3.4 +3 4.0 1365 B3 +7 9.6 +] Y.
1351 54  +j 5.4 +3 4.0 1367 E +510.% +f B.D
L4898 55 +j 4.0 +9 2.0 l3s% L +ji1.6 +j 8.5

Loa wvalores indicodoa por los instromesntos
En &l sdificic dal amisor / im Sendecjebluda:
F/EwW |

G009 L.03

En la casata d& acoplo nimara dos / in Haus 2:

I f&=35

Impcd-ﬂhullr.p. del dipals horizowdal {D:.rn-du-jj
mediole desde la embrada  del cabie copxial

(60 Ofm) en la caseta A,

ETORY §5ss paolofSREE DIPOLE

1E-8951-220-DO
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55.957] I 'J S S & i 1%
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19,7348 e et it ™3
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A2 TImpedancia del dipele horizgem 42l (30 grados)
medido desde |a enbada fdel cable toaxral
(b0 obm} en fa cogetfa A,

BETLORE Car A DEGREE DIPOLE
2 FER I 355 B0E0.BEaE Hz

Fe -
114 .499n
L

In

el . 371ln

Ls [HI kY e S e
3. 119270 P

Ce [F1

-4, 73682 n T | R

CENTER 1 355 ©88,000 H:
SPAN EE@ @80.008 Hr

REH: 38O Hz 37:13.7 sec RONGE:R= 8,T=- @dEn

U3fi=_15,8 DEH
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TELEFUNKEN

SenderSysteme Berlin

Description and acceptance tests for cross dipole

Arganda MW 1359 kHz
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TELEFUNKEN

SenderSysteme Berlin

Description and acceptance tests for cross dipole

Arganda MW 1359 kHz
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Description and acceptance tests for cross dipole

Arganda MW 1359 kHz
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Description and acceptance tests for cross dipole

Arganda MW 1359 kHz
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TELEFUNKEN

SenderSysteme Berlin

Description and acceptance tests for cross dipole

Arganda MW 1359 kHz

4- Protocolo de medidas/ Messprotokoll 1.7.1998

1.7.88
TELEFUNKEN Senderacknik
Wariewsi

OM | MW ARGANDA

Amtana horzoneal | ionospheics |

Profocalo de medidas 1998 / Meliprotokoll 1908

Oespuds de la averia par un atentado con bomioa los 60-(-cables (HF 36/103 CulY)
ran sido sustiluido pae S0-01-cables (HF 4 178" CuZY)

El costocetyiln respacieg da los dos Scaner lbops® fua fijado an & ullimo cabo da fa
tubaria - approe, 30 m por debaje del punto suparion del "carler ioop” | lseding poim
dil gipole raspactivo) v Gpprce, 4.4 m por debajo oa la posicoon del corocincauilo

cuando al G0-f1-cable &= disponitla.

Mach dem Schaden durch einen Bombenansctlag wurdesn die 60-0-HKabed | HF
IEM03 Cu 2Y ) durch S0-Ohm-Kabal | HF 4 18" Cud Y) arsetet,

D jwailige Kisrzschiull Beidar Canerschiaifon wurde am wibarsten Ende des
Echriadeng angebracht. Das ist ca. 30 m umerhalb des abersten Punkbes der
Cararschleds { Spaisepunkt des jeweailigen CHpals jund ca. 4.4 m wnterkalb dar
Fosilion ges Hurzschlesses bamn Vorhancensain des §0-Ohm-Habels.

1 Medidas de la impedancia ded dioolo honzental | ) grados | desde
la entrada del cable coaxial { S0 Chm )

Impedancis del dipdo honzontal {9 gradosh longitud 382 m, medida dasde
fa srreda dael ceble coaxal | 50 Chm 1 an fa caseia da acopin ramdng umkd.
L& amena warfical egid conectads 8 8ma a traves &l sistema da acoplo de
casata numenn 2 con e inkarmaptor 51,
Messung dar Impedanz des 8.2 mlsngen horzontaban Dipals ( 0 Grad ) am
Habedkopf das koaxialen S0-0hm-Kabals im Anternenhaes 1, Der Verlikal-
strabdar ist kbar csa Absimmitted  des Haweses & am Schalter 51 geardsd

iz RAOHm

1348
1351
1353
1368
1357
1359
1241
1383
1386
1367
1368

530
ST
58.0
AB.0
ae.0
1.0
57.5
&80
FA.1
5a.0
ara

1E-8951-220-DO
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i Z6.0
» | 23.0
* {240
+j2a0
+j 230
+j2a0
+j 2.0
#j22.5
*j23.0
& 220
£ 210

AEJhm

+§35.1
+ jai.d
#jatrs
312
+]31.2
“{1.3
+jd1.3
#j30.7
*131.4
+§130.1
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TELEFUNKEN

SenderSysteme Berlin
Description and acceptance tests for cross dipole

Arganda MW 1359 kHz

Medidas de |a impedancia del dipolo horizantal | 90 grados )

dasde la entrada del cable coaxial { 50 Ohm )

L

1E-8951-220-DO

impedancia del dipose hodzontal | 90 arades), ngitud 36.2 m. medido desde
la entrada dal cable coaxial ( 50 Chm | an la casala de aoopio numéss uno.
La amena verical asta coneciada a mera @ travds of sisterna de acoplo de la
cESeta numénd 2 con el mbarmuptor 31/

hMessung der Figedanz des 382 milangan honsontaien Dipals | 50 Grad jam
Falielopd des kcawmlen S0-Chm-Kabels sm Anfennenhaus 1. Der
Vartikalstrahler ist Ubar die Abstimmitiel des Heusas & am Schaltar 51

pearndal
ikHz R/Obm A0hm  AAhm

iHz
1348 a0.0 +)30.0 JEE
1361 68.8 +j28.0 + 11482
1363 E9.7 +j28.5 +|33.6
1355 £8.2 e F R v
1357 58,7 S FCE- BT E T
1358 38,0 +]27.0  +)367
1361 o7.7 + | 26,5 + | 361
1363 7.0 + | 26.5 * | 361
1365 58.3 +] 26.5 +|36.2
1357 54.0 + 1 M0 +j36.5
1368 58.0 +j28.0 +{35.6

Meddas da la impedancia de la antena desde la salida de la
emisora

Impedancia de & anténa meddo cesoe fa salida oe la emisora./
Massung def Impadanz am Sendarausgang

ffkHz RAChm AL XAOhem
fiiHz

1359 50.0 *| 5.0 *j6.8
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TELEFUNKEN

SenderSysteme Berlin

Description and acceptance tests for cross dipole

Arganda MW 1359 kHz

4. Transformacitn del fass/
Tramsformation durch das Phasanghed

X1E (L1} %2 f (L1}
N e T Y
Zaingang/ | — Zhndannal
Chrm |"'| UElami Ohm
| Libdisssy = x3ac1n | Libdass/v
L g
Phase = -80.00

1. 71388 Prograsmm ANPASS
LUHRZEIT=18:13:21

CREGMHZ= 13%9.000 PRW= J0000 KABEL me= .0Z-HabelOQhm= O
ZEraamyohm = =7d 3.3 ZantanreOhm= 5700 3.3

Elrnenl  Ohm LT lid Phase LUElemf' Phase PEMIVA  UMassd
s

A28 L1y 257 AGud TAE .0 4. 1.7 oo 135.3 4718,
28
AE (L12 &3 903uH TZS 404 Sl Ah0 4647 4ma
T8
230(C11y-57.0 20589F 7026 1350 2 E£348 450 8OO0 GR4E
45

" Stromphase (phlA - pheE) usher T-EHied'Grad = - B0UO0

5. Los valores indicagos por los Instrumentos

an @ adficio de |2 erEsacal im Sendrergebauda;
=h y %

S0 i.1

Lia desaplacion & ( reldcin e andds e51a0ionanas | e ha ajustado da
souendn con b parmatnos optimics os 8 emisora.
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TELEFUNKEN

SenderSysteme Berlin

Description and acceptance tests for cross dipole

Arganda MW 1359 kHz

Die Fehlanpassung & wirde entaprechand den optimalen Senderdaten
empastallt

an la casela de acopko numeno unod Im Haws 1o

1 2 FH FEW 5 Falichs I PIEW s
SITHETTE i o

Bd8 452 -85 530 1.1 250 157 285 1.51

Loz valores ge maskda de las po-ancias FIRW (07 ] v PARW [ B0° ) nd son
compietesments carrelos, Los netrumenios cebestan ser recalibradas.

Dile dlasswarta der Lestungen PHW {0 Y und PIRW { B0 ) sind nich! ganz
fichitig. {ée Mallinstrements mdEien neu geaich werdan

8,  Los ajustes npevos de C12 L12 y ©11 en |a casala uno

€12 8 x 800 pF =1 x 400 pF

T o 800 pF

T x 800 pF

T« 800 pf

Li2: m=1.65 ==

C11: &x 800 pF

7% 300 pF
T % 800 pF

T ¥ 800 pF
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