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Research Title: The Antenna.UHE range for Digital Video Broadcasting...._.

ABSTRACT

This research presents the design and fabrication of a J pole antenna to
employ for digital television broadcasting system standard of DVB-T. Due to, features and
advantages of the J pole antenna; easy to design, lightweight, low-cost, omni-directional
pattern and VSWR nearby 1. Therefore, this antenna is very popular and has been used
for various communication systems, such as radio broadcasting system, amateur radio
system, etc. In this research, the theory and the principles of antenna is used to anatyze
and design the J-pole antennas in the UHF range (470-478 MHz), and the bandwidth is -
8 MHz. Then, the J-pole antenna is calculated and simulation by using MMANA-GAL.

From the simulation results, the gain is 3.18 dBi with good impedance
matching and VSWR is 1:1.1. Finally, after performing antenna simulation was completed.
The J- pole antenna will be fabricated with copper materials, by using the basic structure

of the dipole antenna.

Keyword : Digital television, DVB-T, antenna, J-Pole antenna
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Tunilesdyaa Fufenlddnadnair Multicasting nmsdedyarandunuuidadahlildnmunm
YgInmIasdeaniniinae wu Insiirdsyuu HDTV (High Definition Television) msanwmua
uzdenildiudyulnsvimiveusden wm&lﬂszmﬁé%ﬂﬁﬂunws%’uﬁmmwmIVIiﬁﬁﬁﬁ]1n’i“UULLa
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svuvasiuseslatimsianedunfiwnndu Sdldinsthssuuasuinnefihunianunldlunis
talnsiiad wiseulalgidaiuinmnid welulafvesreuiimesunausaudiumeluladves
T,mwmu avulluusslemisdrmmaneufuaesiulddidyya uazSudyauluszuuiina
o JalavsudgsnsimdlnldszuuRivadae [1]

DntunedtinuaaznssunisAantsnsanANLd () Saeunldiinag
Wasuwasndudiinenuasznssumsianisnszaades Avnsinssiad wasianisinsauunny
i@ (nave.) lavihmsfnydanasgiunisdsdganulnsimissuuadva lnglddaasudn
Useinalneaisunnasgulnsieiaivassuu DVB-T (Digital Video Broadcasting - Terrestrial)
%@L‘TJu:umigwuﬁlﬁ%’umiaau%mLaxﬁmsH'\ﬂuLLw%wa'lamnﬁqmiuiaﬂ (2]

2.2 MINUNIUITTIUNTIN (Literature review)

awomauuualna (-Pole) lumeanmeanieldnudwiuszuunmundnszaeaduing
dwduiiningaidasiau (Amateur radio) Tutasguaruiiszaring 144.000 MHz 1 146.000 MHz
uardninaiaiteldnulunisdduingnszaedes wisndulasinsiauinasgninunldiy
szuulvaialAdviadiuag1suniviaty [3-10] mnﬁw’mmwNﬂms;ﬁ%’alﬁwﬁmmammﬂ%vurﬁ'a
paniming mammﬂﬁmmmzéﬁ%’alﬁai”wﬁ?uﬁumammﬂu:uuLaﬂwa (-Pole) TdrupLd
VHF (Very High Frequency) lnald¥anfiuvienasunsuasoenuuulsiinisasiounduvesnduiil
ﬁnﬁaaﬁaﬂua“é’aﬁé’mﬁmwmaﬁaq
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sRafuLuuiInATing1e q"iuﬁulﬂmummmuisuu DVB TImaa%’wmni’amﬁmlﬁéwmuﬁammﬂ
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awe e gunsaldmiuiusasdinduniuiing it Asundsanulainu
aduuimdnlyiih warlumenduiu fwdsunduudvdniwidundsnulviduiuaigeiniad
waneyuIaLayULUY Juegiunisldan wu awa'1mﬂmwsumsmiuimwm“lumu dilngy
Wuargonavie ai-gne fndndalfuundin videesgiidon wsgmdniuuazuse
amwmmﬁlmmmﬂawmlﬂ mammﬂwmlmaau LUumem&JIWau 9 UIDAHOINAVBY
Insiwiiledie Wuitssanidouseldn 9 whdy  Ardnaneanne Wudwiiawgduliiuay
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AneanALUARNNIULUUNTSU- dpauleail

- @EeMIALUUTBU aunsou-derauldilunnfiemaedeful lnesau

- gweniduuuisaud mmimu-aaﬂaulmmnausaumumuamwmaqqm’w

WUUTBUA?
- mgomALUuisviaien aunsadu-dsnduldilufiensidinuauas sl
ans1vee (Gain) Q\‘iﬂ’j’IUiELﬂVlSu

3.1 AIUAHALANUENIAGL
muammmammaaamﬂumummamq q lagfindaeduidsnd (Hertz) 1u
UssiRmaninising mLLmﬂamwamummmaﬂau (Wavelength) pudusiussewinanud
uazAmenduRaadunwd 3.1 Wil [13)



Wave

I4—— Wavelength

Distance ——»
H § A 1 1 Qs t 1 §
it 3.1 adugdlend anuemedulahiuszeziasenineenniu [14]

o 1 o 4
A9 3.1 guANNaLAYAINEIIAAL

EJ"]Uﬂ']']&la m’mﬁ' ﬂ'l']ilﬂ'nﬂgu
Very Low Frequency (VLF) N 30 kHz #7903 10 km
Low Frequency(LF) 130-300 kHz 10-1 km
Medium Frequency(MF) 300-3000 kHz 1000-100 m
High Frequency (HF 3-30 MHz 100-10 m
Very High Frequency (VHF) 30-300 MHz 10-1 m
Uttra High Frequency (UHF) 300-3000 MHz 100-10 cm
Super High Frequency (SHF) 3-30 GHz 10-1 ecm
Extremely High Frequency (EHF) 30-300 GHz 10-1 mm

3.1.1 AnismeaduaIiing (Radio Frequency)
YULAABUTINIUDINA pzTIANS YN UAIIS0INEY Azt uALLSveq

Waa (V) vesrwiing Wiy 300,000,000 ws/Aunit vsa 186,000 ud (892,000,000 W) /

a <f
Juil
3.1.2 ANUYTIARY, AMUEIIATUTBIMAINUANLDIVY & ATdla 9

AasezlugInIARIngaEusuYes CYCLE wilsludgaSusuras CYCLE dald

ydnualvasauenaduduniwindn Sendt LAMBDA (1), anwgmeaumlaainngidoiu

&
Ao A= v/f
1) MImAugeauluwLag

arwenaauuams - 300,000,000/f luvuae HERTZ (Hz) %o

= 300,000/f Tunie Kilo Hertz (KHz) »38
= 300/f Tuniiag Mega Hertz (MHz)

WU f18e13 f = 60 MHz 34l@ 300/60 = 5 Lns



2) msmanugneduduna
anuenadudiue = 982,000,000/f (Hz) %38
= 982,000/f (KHz) #3e
= 982/f (MHz)
\iu f98 f = 60 MHz 9zld 982/60 = 16.4 W@

3.1.3 aFwiliwesnnue1andu (HALF-WAVELENGTH) (1/2)
Jutadeddglunisduia waznisinaeenid aSwmiwesnnueinay
(Half-Wavelength) vieangeniALuUASAMuEIAaY (HalkWave) T4y
wasgrulunieudiey
1) MFINAMNEITBANEDINIA

n) N1 Half-Wavelength 1Jutans
A/72 Buwms = 150,000,000/f (Hz) 38
= 150,000 (KHz) w3
= 150/f (MHz)
1 §19874 F = 60 MHz azadu 4/2 = 150/60 = 2.5 wns
) N13W Half Wavelength 1Huvn
A2 @un = 492,000,000/f (Hz) 58
= 492,000/f (KHz) 38
= 492/f (MHz)
4 i $19813 f = 60 MHz agtiu 4/2 = 492/60 = 8.2 in
3,14 \AunisdauianueInaL (Quarter-Wavelength) (1 /4)
\utladudfydnduniilunisiuaeoinie
n) n1am Quarter-Wavelength Wuisng
A/aFuums = 75,000,000/ (Hz) vive
= 75,000/f (KHz) n0
= 75/f (MHz)
i a0 f = 60 MHz agthy 4/4 = 75/60 = 1.25 wns

9) N9 Quarter-Wavelength Lflu%‘lm
A/4 Yuvlm = 246,000,000/f (Hz) %o
= 246,000/f (KHz) w38
= 246/f (MHz)
U #0814 f = 60 MHz aztiu 1/4 = 246/60 = 4.1 W

3.2 Uszianuasaduiug [15]
nuAngiinsEaneesnanasenAssAumelunniiang Tuynszuunsnszieaduil
fidnvadunsveedvsmdnueendunsinay drsfarsanludiuvesiuiunminduas
wWidlddnfursesnluFes 4 9ingaduda uasausaluuniianafuresiniuldfeidunss
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o & 4 a1 & v 1 o vd w o
AduuIn (Juwe) wisuAnduay (yuneas) Ale u‘maqmsu,wﬂauuawumw"l‘umummwum
Usstnnvesnauingla
{ a { [} 4 9 J 1 % 1 1 al a 74
aduIngliaufeglugie 10 - 107 Hz aduddldlunisdnasuavasstuisluds
i3U Inensdenduingszuuieduegldnauiiiannuduuia 530 - 1600 KHz uavddinauiiagludag
d' 1; = = 1 4/' d' d‘ 1 4 é’ o 1 dt' e‘/’ v ] ]
anudsasiunend sduen uazabuiiegludisanudgduliSenit pduay sy diunisds
§ ) I t H = 1 § I3 [
ﬂﬁu’l,uizwwmﬁmsaglumqmmﬁ 88 - 108 MHz FeszuumsdsrduLUULaLEuiueNALRY
sefuiisnskauadu daluiviliiasesduingudasuuuliannsafuriuivgvesBnuuumilale
d a P waa i a & oA @ ") Vo 1 o 4
AawIngdautifnnauladnusznmanids As awnseRnuuazazvisulanusseniaduleleluailes
ustsmaluguilusznaudlgeyniafiiivszgliiegidudiviunn  dierduingndouiiuiies
1Y) v la a way N o9 v v & a 4 @ & v 1y g
dznaunauginlanan audfveilvinlneanusaldaduinglunsdeanslusseznialaaliwiduiu
AaWIngNilaudgty nsagvioudinanazilatogasnudiunisdinszatedesiisniuing
sruueLuamsawraauiilule 2 msda TusyduanamiSenin aduay Ground Wave) kagnis
azviounduasnunussermeduleleluaies Senit mauih (Sky Wave) sunndl 3.2 du
d a e & o o t - 1Y) ) P! v
AUy sEUUeaNTiAMuURganIEinsazvisulutuleleluaiestadey
wisnuaauIngaulnganiunieglng q AlanvSedeninduiiu Teduiandulua
dlAwadlan Adudnalufioenainaigennia moyuusaauduran uLRuaniulanysly
faussendufstunwauazazagviounduasudalantiSeni eaua

Yo T Tuedlos

- o paana ] <1 A% .
2+ AnGAC H

Y

FrezNEN Y

AN 3.2 AAuRLazAAuRUY

AqdudidesnisdenssatedesiigszuuievBulinsauaquitudlng q Jssesdiaant
s ) vo v O a4 d o 4 d1 {
denenilusiezuazdiuiosisargoniage ¢  luvasfirduingindeuithusinrndifaun
IndlAgsduanuemaiuasiinmsdenuuiliniuingdeud il widdsfinuindiouala



10 9 WU Qi Aduingiidaueandudusrbiannsodeus Wl il usssiuvesgn
Lflua‘ﬂéwaqﬂ?{uiamﬁauﬁ’a'lunﬁaxﬁauuasqﬂnﬁuﬂ?{uunjmﬁnlw'ﬂﬂﬁﬁﬁaﬂv'uﬂﬁu%mqﬂzwzq
iudludaiwmisnelulassaisiivszneusislangldonn wu deilvinglusnsusivuziausii
dltluaswiuiiillassaiadumdn @evivgazunandoioumely

srUsznavvatRdy uiseanidu 4 asdusnausiody Ae AAuRIAY (Surface Wave)
pdudgieuRy (Ground Reflected Wave) uaspduinininsluailes (Reflected Troposphere
Wave) fauandluniwi 3.3

1o Ta Tuervlei

Yawe*?®

aauv PELTER

.
>

A\ 4

A v
AaHTENOY L evie,

&, <
Aalinid

188 1NN RALLADRGERT!

o ¢ &
AN 3.3 3AUTENOUYDIAAU

3.2.1 \pauiIny
g 4 oda v a aa 4 o % Ve o
ey aduniiualugiilanoaliuianu visAnhfldndeveininsyany
& - & tw o ad a4 Ha ' ' ° & v
AaurtinlFuegiuamahmldihvesinfirduiiunisdiuly. - waigAiauiandud
AMUANIIYNAANAUNGNINIBIRALEILAN N1 IQNARNAUTBIATURIUTURLTUA LA ND G

AawWIngAdEIINIg

AV INIAAL AHDINIATY

o : i & a o
AN 3.4 NISUNSNTEAUAFUNUERD (Surface Wave) v83nau



3.2.2 AAUATY
nnede pauiidunseenlududuasiinaisainia dwiuusseinanssly

Sanwemasulaedilatinsasvioula 9

r ﬂéﬂﬁl‘i’\‘l

- e

& ¥
NAUTAZNOY —e-

D INAD A MATY
=1 a <« od o v a
AWH3.5 FAVNUBIRALASY warAAuNdYyouvInEalan

3.2.3 Aaunnwlnsiaies

= a0 v s o - ' o ¢ ™) E-1
wiwie - aaunnluusseniatuswadaninseni nsldades  a1swnuid
Aladunsinmuuuynamiatuainns iU dsuidasanumuisyuvesduusseaniAveslaniu
1 LY A - dl . 0‘.‘ 1 L o o 1
AE ualdunmsinmiiAenswasuwlasrrmuanduresduussoniradrviuiiiula wazlal
5 1 J v 1 fd 1 a
aviiauavasm vy iiuwarlurmutvaesusseanad loua  Usangnisalisenin gl

wusnau

3.3 A7UY1E891NA
ANLETITRIANHEIN IS IERBARRISANEY 2 Usyans A AMIe1aMM Physical uag
AWEIVNA Electrical mansigts 2 vliafanaiudresliiiuedh et mmenvng Physical
994 Half-Wave vosans@imeanlli Load vzuUsidsuain 92% §1.97% ¥esANE71INNa
Electrical v81 Half-Wave Tusnia AILS B IR AUTIanaaIdIE BN ARY Capacitive Effective
(Gonifuii End Effect) vilianoennimfiaaseianunatfitiuass Contributing Factors e
é’mwa'uwauﬁumquéﬂmwmawmmﬂh”ummmwmmammﬂﬁ?u 9 AMUYIENINUATY
aupIMA uavKaYesALYasgUnsaiaBaBa A (@uauniesadndu q) hliaseiniales
gnayla
1) M3AIUILAIIENIMG Physical vasangen1Alildsa 0.95 dmuaudszning
3.0 waz 50.0 MHz savitlilyduaradsluiflédmivarsarnauu Half-Wave
AL (Feet) - 492 x 0.95 / ATy MHz
468 / audidu MHz
150 x 0.95 / Ay MHz
142.5 / prudidu MHz

Aue1 (Meters)



2)

4)
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e?m%’umm?iqaﬂ:i'u 50 MHz n15ATUIAINE1INE Physical vasangainiadiniu
AuAigandn 50 MHz TAlddauA 0.94 faaeitlilifasiidmivmeemauuy
Half-Wave
Awen] (Feet) = 492 x 0.94 / a1y MHz

= 862 / Ay MHz
ANuEMIesdnga 1Al Long Wire (il Wavelength w3aen3nin)
dm3u Harmonic Operation ﬁmﬁimmﬁuamﬂ%’qmiﬁwialﬂﬁ
A48 (Feet) = 492 x (N-0.05) / arwiidiu MHz
o N = $uau Half-Wavelength Tup eI IAYeEnENA
Tudwwestrauuil dwSudwarud VHF uas UHF asfiunisasainiidisaszdn
A Half-Wavelength vasensarnieduiia suteluil

A/2 In Inches = 5540 / f (MHz)
Quarter-Wavelength wasageinieduil g
) — = 2272/ f (MHz)

3.4 AUANYULUAZWIIIEBTAN o YaeaeaInd [16]
awemAriiane 9 nilnsldnuegnaludandnuasiasnisidine s q Adududes

#asandszneunsssdulssiviamvesneainiaivedieslumsdndulanasussyndldln

wisngauiunuee q nuie Taefidiuddn fed

3.4.1 gn91ELIRUAAUT (Voltage Standing Wave Ratio)
dnTdIuTEnILSIRUAIgegaLaz At anlurdulaSendn Saedunseiu

AAuTl (Voltage Standing Wave Ratio: VSWR) daaunisdi (3.1)

vowr =1Ll (3.1)
[T

rele 2% (3.2)
V. Z,+Z,

Ao duszAninisazvioundurausssiu (Voltage Reflection Coefficients)
UUIZENTANTASNDUNAUTDILT AU Feanusamlaanndmnsidiunanialay

s [ Y °

Da

q

s £ v

1 U o L s :J
HaTINTENINIVanfuBLTL udAnAn vz TasA Bty faunnsT (3.2)
)

r uUszdvsnsazvisunauvawssiu (Voltage Reflection Coefficients)
V. A9 usesudzvisundu

V., A9 useiumnnsynu

Z, #8 Wnanduiuaud

fe Bufiuaudnadnvuzvesatetdyga
g

S 1 1

lunsdlitsolidheuundavantiudl VSWR Wu 1 Juluaiiadian
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3.4.2 mIgaydedeundu (Return Loss)
{ k%4 as ¢ o L2 d A d
n1sggdsiflasdeundurataisannianansAindengyideilvan e
a o & [l 1 ¢ as a v v A [V VA V) & &
duiupuduasaivdwazasainialiwundiu nsgadsdeunduianuduiusiu VSWR - gy

Mswansnskuadduiuaudszninagdiuaanianiuaunts lngnsgydedaunduauie
milaanaunsy (3.3)

S, =—201log,, |T'|(dB) B (3.3)

° g sa o ¢ '3 ! ] P
ﬁ’mi‘Uﬂ'ﬁLLﬁJGl‘ZI?JQJWLLﬂu‘(IVlﬁNU“iCU'ixﬂ’JWﬁﬂqﬂﬁx‘iuaﬂa'ﬁlaqﬂqﬂ tle I'=s 0

L= 4 l

1 < v & t Il 06w ¥ s o = s =] J
mmmqmaaaauﬂamﬂuauum wansIlddiduuasveunau lurusafeaiudle T= 161

<
<l v e/

augadetiounduasiu 0 dB Saansrihfdsnuasieundumin
' 3.4.3 Uszavisnmuesaigeinid (Antenna Efficiency)
Uszdnsamaesasainimiuminiinesiismlssansannisgayidei
awenmawaglulasiaivesageinia magadedie 9 milden '
- mIasvounduliesannsliuundfusswinvengdsiuaeaine
- Magadgaindiiuazaniu _

UsgAvSnmsiuvasansainiaauisadisuluaunisi (3.4)
e =eee, (3.4)

e, UI¥ANEMMNIIMNAYBIE8aIN A

e, =(l—|F2|) UszAndnmnisdzvisunaulilosannslduundiu

a a o o

e. Uszdnsninasniy
e, Ussdndnmuasainu (dielectric)

lnevialu e uaz e, azynilufnfortumuaunisi (3.5)

R
€q=¢¢, :”k‘—_:—R?— (35)
L

:

R emuiumuainansuindinuaduseniy

R, arwsuniudiivan

3.4.4 AnWERiANIe (Directivity)

Tasadifduntsvenanuansaldafirmevesageinia Wudnsiduseuing
aruduvasnisuindulufienrafiaulafuanuduvesnsuindunulasiade Wednisud
wﬁwuaanlﬂsauﬁﬂmaazimvhl,ﬁauﬁu‘[ﬂahjﬁmﬁné’wmehuﬁqmLﬁalﬂﬁaamnWiﬁ (3.6) uaz
aunsi (3.7)



4z U (3.6)

D:—g-=
U,

Ao ANTNL1EIIANIVBIEIBRINA
A9 AMUYLUDINTITUENIRNTY

i 24 i 0 L7 A
A9 AUELVBINSEEAAURAY
< o d' ]
A Mdwunange1ndwHaanly

ISR G

d
Tawnludlalsmuaiiamddanmanzasiamaluiieiaigenimuswdsnuladngn

U, 4rU,.
&\\\| /B

rad

(3.7)

3.4.5 dn31venevesEneaInifl (Gain)
“Sareneresseamaduaudiiuiildanlaseddi Taysudsednsam
vespamAdnde  luasilasaiituansnuandilunisifiamaueseemaniiduns
AndmswengunsaueInd Jadlsuduaigeiniadeds laednsivanevasaiseinieds A
dowesdanauszivenuduaunumiiafifnsuninszaeaduinnigadiafisuiuanud
auniilgaifinfurosasenaineds wisuanslugUressnsidiuresrmdsnundeddlunisds
vesdenIAades ilelhinanuduauinruiamiaity (u 9adediu) lufienefidans
uwninsEagRduuniian viednivensresatgeinAty Ae Snsidrusemintdinduntsus

wisnurBsaE M AvisdRUA UM NAEBY 1 IndeBe ARty
Ansldareemasredatndunuulalnasuin 472 videuvulelelnsia

(1sotropic) Tefldnumziay A nsvvisaduldsousmnfidlulSiuiivindy
Sasgnards (Power Gain) esangainie lufirieismualiduiianviafu

o

4z gaudasidmussnadueinisuninsywaauluiianiaiu de (m13) Mdsnugnsn
il

v 5 1 d [ § [ -3 =Y v U.II =Y Y3 0 a a
a1go1n1asuaninevaanissddlalisnuaiievily leevnluandnsveenddduiianiei

)}

MSUNINTYINATULTINGANNANNSY (3.8)

(3.8)

Pin

Tngihlusasmeneduing [usasiduvesdasaeneidduiianadiiuuald
RedmsvgneidmeameemanliTeufeUlufiemsiulnefdinuiiteudaesenniaiiaes
fugdeaviiiy angennefildiuTouiisudiuansennielelna ansenniAuinuas wisaigennAdy
9 Fduusnsveldievieiiaguda wrogslsimulnedlngjasermailfivisuioy
dhilelelnsTemosvivesaiilsifnmagade Fuiudeldiduaunsit 3.9)
4z U(6,9)

P

in

G, = (3.9)
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die p, Ae MavwndeuldiulelelnsUanesivesadlifinnsgayde

]
LY <

Masuiunsnssneioin  (p,,) duiusduidundeulageinia

(B,) Faaumsi (3.10)
Po=eP (310

o e AoUss@vinasinvesansoina (Liflvihe) vilaunisdt (3.9)
ey (3.10) dauduiusiunuannisi (3.11)

_[47U(0,9)]

G,(6,9) b (3.11)
rad
wazdmudiiusiudnswenelawsain mudunsi (2.12)
G, (0.4)=eD,(6,4) _ (3.12)
Tuvhusadiiniu magnuesdnsveasduiusiulasaiia feunsi (3.13)
G :Gg (97¢) max
=€,y (0,6)] max
=e¢D, (3.13)
Tuneujua Lﬁ'aﬂénﬁﬁmwmwmaﬁaé’mwmaﬁné’aﬁﬁﬁhajaqm uansfsELIgT (3.10)
G, (dB) =10log,,[e, Dy ] (3.14)

3.4.6 uiLaugvIg (Input Impedance)
a P 2 & | = ) o I o a
WﬂqimqaqEla']ﬂ']ﬂ[.allauLUU%UH?UV‘UQITYNQ?IW‘VI\I'] Liamaltuadnilua

e <

duyraunataunasnulinuaigeinie wisaglvaidangamafiavdoailissanniinidy

L A7)

mslavamdinuiideniduiiuauduiomusunudedouinly sufueudiinanastnngd

Le

o '

1IV0IE8BINA SENIBUARLAUTINLD () faunish (3.15)
Zin = Rin +inn (315)

X,, Asanusumudduanwitvih liiinnisazaureandseuluuinuauny
Indansenialaglivinszateoanty uas R, Uszneudeassdindie R wunedmanudumiu
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winueduiideanlulaaeennid  wag R, wunedsnuduniuiivan desasfiernadiiuniu
Memsgaydeiiisturinanuiou a1sladilngin uazdath
3.4.7 wuusiav (Bandwidth)
fa ¢ t od o [ vl a1 o
wuusiaivasansannadudismesnnuifaunsoildldnulaa geanud

° A a 1Y d o o o
Qnmwusﬂﬂa VSWR = 2 wsawm'im"mnms@cyl,ﬁaaauﬂau (Sy) wnszau -10 dB saedunn
(3.16) wazaun1si (3.17)

bt

BWmn'owband ( ) f f— f X 100 (316)

(4

BI/Vbroadband (%) = % x100 (3 17)

R

dla  BW #p wuuainvivesdnsannie

£, fe vaumudawos AR
- oo I =
£ Ao vauANEfaIetE I uAINR
4 ' -
£ #s anudnaneuedEiualud

3.5 i‘lJLLuun'riLstns“a"laﬂau (Radiation Pattern) [17]

i‘ULLUUﬂ']iLLWiﬂiuﬁ]'lEJﬂaufmﬂﬂ’]ﬂa’lmﬂuﬂ’ﬂua’lﬂmu’m Tnstamizludunaunis
aammmuuaaaﬁlimmwa‘lmumvamumfﬂﬁdmu lpagUwuumsunsnss maﬂauﬁwfﬁuaanu
yuaazgUwuuTasaee A dundn

NaﬂsvwwawummammﬂnUiUqumiLLWini”maﬂaummaaN Ao 011
o elalnatuianiiaie e aulazange mAlalnarunAS I WETIARY uﬂmﬂUﬂamwa
AR 52 EJ“’Vl'N‘Vl‘lJi”iﬂWﬁ’l THlun1siiunisutanseIn AT LAY denaliguuuy
71aaaumlw%ﬁaswuuwmNUS gldun-auwanmaiu Fnumzresauylniihfiairaduie

EULLUU’luﬂ15LLw§nixmaﬂ§uﬁuLaa
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T o T T RS

¢ R
wrorwe thattalernmie

Ci L 1 1 dl c*l'd 1 s
NN 3.6 mamagﬂu:uummwsnszmaﬂauwaqmammﬂlﬂiwawmmﬂm\mu

1NN 3.6 LLaﬂ\‘l5\‘1{37\]‘5&1‘118\‘1ﬂ’J”liJEJ’]’Jﬁ’]Ela'm’lﬂﬁ’UEULLUUﬂﬁiLLWfﬂi%ﬂﬁUﬂguIﬂU
ANEEINALIUATIAILETIAGUMUNH 3.6(n) a]sﬁagmms'nssmaﬂ?ﬁlu‘i,uuu'sé]"’amnnfhawmmﬂ
wuuuilmweAiuamIn 3.6() Junaldain Aresrizesminuniiedindueiarings (Half
Power Beam Width) usansamauuunilsainsemaiu annsodsdyanldluiaialnandy
ﬂsaUﬂquﬁuﬁléfmnﬂiw dwlunsdifiuanusnasendlalnadudndvanlugeseminy
g1IAdY gULLUUmiLLWi'ﬂimeﬂéuasmﬁauwﬁamw 3.6(R)

zhumanizwumaagmmumammﬂﬁ’ugﬂLLuumiLLw%nimﬂaﬂguﬁ'sadwﬁamammﬁ
Talnassiizuuuunsuwsnszneaiusenluseu 9

fanee1na (Omni-directional Pattern) uanadunmaudflemanmd 3.7
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Lz
sewew: Sadtelecoutn org S 1L

o ' < @ a
ATWN 3.7 LLHGNEULL‘UU ﬂ']iLLWiﬂit’i]’lEJﬂa'uLLU‘U'SG'UWJ‘ZJENa'lﬁlaflﬂ']ﬂlﬂiwaIULLUua’lllum

wandin1susuusgieenialalna leeAydudiasviay (Reflector) wavsiaul

. ' o v H ' a < .

(Director) g'du.uumsu:wsnizi)wﬂauﬁ‘lmﬂzLUﬁaulULfJummmnismauwﬁwﬁmq (Directional
<t 1 d o v Y]

Pattern) mgﬂuvummwsniza1uuaeﬂaumsﬁanwmmmﬂnuqnuaaqu aannUargaye1ne

N9anfaRmudl asnansluniwi 3.8

VRN

. e 5 ="

AN

: -
MSHUWINISAUARU

L

J

A91n

Argand
& L
ARSI U

wow thastelecomkm otg TTE/

A 1 A aa
AN 3.8 ULAMINITUWINTZINYAAULUULNANIG

@ J < v et' [ o c'; vV o @
argemadnwardaziiuleniueinns wasiwnardenily Taeldiduaiseiniadmsu

wwIBsFulnavim (91i-gay) lunisiadesituaiveiniasuii lWdiaiawesanddsdyniu
Insvimd welviudygalddauian
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3.6 a8 1AUTANAIN 9 [18]
lullagtuangermangmirnldauiidsdunatguszian iawuuniglu wagniguen
91A15 F9veEniiet1enin 9 Weuaasliiudsanuuandtsazanilvldausesaigeinia
Uszelanang 9 fall
3.6.1 @weMALUU Omni
<) o @ a va oWy
WuaweniAeniannsyedygyiusousianig 360 asmlaguinldaamall
‘ { v 9 v & 4 g
UBNBIAINTINANTBMIBNY e linszatedyaalinsounguiuiniisuliy

4

i
¥

mwﬁ 3.9 g@rga1nALuY Omni [19]

3.6.2 d@rgpinAluy Direction
2 v U oa a o v ) sJ
- Ly Flat- WuangaInAtuussduiAmanAvualnnszaedyey 1 180
83 lagunnlgdRageliveuiivemuisau iadwulvinssanedygyiodng
mhsnuliindygrusenliuenuinumnuiisy

mwﬁ 3.10 d@wainAluu flat Panel [20]

131037
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- gi-ga (Yaki-Uda) adstuieudludaunniasuasansemauuulalna 3
Ao mdeulsiieidemndygraiiazioundumaindiunds awnsawd
fulalnalsmeniuduaafuniwnunti Seaudaiadiu Reflector aly
\ieandygraiasiousnansumddiisias
Teilduuszneundnetail
1. Reflector agaumnasvailvaianlalna viwthitasioudoyaie
2. Director yhutilidusiau 1ady
3. Folded Dipole vhutiiisudana

.%",_.

..4.._..

A a
2N 3.11 a@nganimenn-gng [21]

a L. @ d o v o v
. vaanludn uageinaluutiufievinsmivun linssnedygulawau
Tug19'8 s 15 asan vielvdwdygraldszoznialnadu dulnglideune
dyaulaIoniysrnitee1ns nientasnuludAyivauuu Rectangle

=

(Awndsuiun) Mivthdudadtyanuuuu Parabolic

AW 3.12 @genAwsluan [22]



19

- @weIMALUU Wave Guide {WuaigeiniAgunssnszuannay viodmany
Auti v‘hmn‘[amazﬁaué’zymnzu'luﬁu?iﬂmﬁa’lﬁmmmdﬁwﬂﬁumuﬁ
fvun Sdnvarnsdadygrauuuiiiians lnsundnazdeduiianial
szl 30 991

mwﬁ 3.13 awe N aLuy Wave Guide (23]
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4.1 a@nganietalna [24]

aganArlnanIsagaINALUULE wiasendnadg19nd@aan A Zepp’ (au131067
11 Zeppelin fiwad SeunenIausagl) gnﬁmﬁuﬂ%v'mjﬂimsnmLaaiﬁuﬁm%’ﬂ%’muuuuaaqu
[25] pruanliAdlansudedan VSWR 1ilnd 1 dumneainuiniilissavinimnisunsnszane
wdaundudeudy 100%  deanthildnaaliuitendmiudussneunsigadasiaumes
fewnnaeiiuszsaninmudadiauiseadsldhesnde

awenmalnaduaseiniaiidlasaiedaiuwuuniendu (1/2) Taediinisteu
Fyaagniielans LLﬁagmmmﬁﬁuﬁtmuﬂﬁmmzamﬁ’uszw‘uadméaq%’w?aLﬂéaadﬁwq
Fwmewmaiidaiy domhawilassaiuresmeeiniamiiousui ) Sgnddodanseinia
wuy J

argarniaalnalduateainiafidnisunsnszatsadunuuseuianng Jedofves
awonawuuiiae hidedd Ground plan wzanandan1slwihduasasleuuudliegud
wagnsusindugeanlununsiu lusasiiasemeuuduildnsdmauty nsudaduinasdes
Juylh

112 1/2 44

14 14 1/4 22

(a) (b)

o @ ‘
A7 4.1 Arag1edneINEwuU J (a) @gainidlalna
(b) anganiAaaudy (Sim Jim Antenna)

4.2 puandalduvatagsInIAlalng [26]
- @wanmArinaauisaaseladne
- @AW L UUAIANNAY
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39)
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Super 2 Meter J Pole
Antenna
(a.k.a. Collinear Antenna)
with helpful modifications
by Aaron Schmitz, KBOYKI

Construction Details:

1. Cut copper to proper lengths.

2. Flux and solder bottom J Pole

section.

Cut a 38~ piece of 12 gauge

wire.

Solder a 1/2 coupler on the top

J pole section and bottom of the

top A/2 length of pipe.

5. Drill a 1/8" hole into each
coupler through the pipe.

6. Strip back 3/8" of insulation

on wire.

. Insert wire ends into holes

and solder.

8. Bend wire into a 3/4 circle
around pipe with a 67 radius.

9. Insert 1/2° X 4" dowel rod into
coupler.

10. Completely seal all areas
from moisture. Paint it if you
would like.

11 Attach coax and have funli

“

s
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Installation
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MMANA-GAL v. 1.0.0.60

J-antenna 470MHz

P

1

]

i

H

\
e
K]

H

I

Ga 3.18 dBI 0dB (\/er'sxca! polanzatlon)
Gh: 1.03 dBd

F/B: -0.67 dB; Rear: AZim. 120 dg, Elev. 60 dg
Freq: 474.000 MHz

Z:48.276 + j3.158 Ohm

SWR: 1.1 (50.0 Ohm), 12.4 (600 Ohm)

Elev: 0.0 dg (Free space )

AW 4.10  JURUUNITININIYIERGUYRIaIED ALl naTIETuA LD UHF
Tnen1s31aen78lUswnT MMANA-GAL [32]
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MMANA-GAL v.1.0.0.60

60.0 J-antenna 470MHz 100.0
55.0 ] 60,0
R
50.0
45.0
40.0 -100.0
434.0 454.0 4740 4940 514.0
2.0 g >
BW22370.5 KHz(SWR <1 5) ; SWR 20: 50.0
BW44480.3 KHz(SWR<2.0) /
1.75 =
SWR
1 ‘5 PN Y - - }./.’. - S ..
//’
.//(
1.25 |
10
4340 454.0 4740 494.0 514.0
4.0 0.0
35 T = 025
GA [ o E F8
3.0~ ., ,- el O i 5
2.5 g 075
2.0 10
434.0 454.0 4740 4940 5140
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AguAUd UHF Tnanisdnassmalusinsy MMANA-GAL
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AAKUIN N
Aflan1sldaulusunsy MMANA-GAL

MANA-GAL basic

MMANA-GAL L is an antenna-analyzing tool based on the moment method, which was introduced in

MININEC version 3. The BASIC source code of the c ion engine is published as a PDS in
MININEC. The program use the MININEC-3 engine modified by Alexandre Schewelew, DL1PBD, and are written in C
++.

Index

. The parameters

. Copyright

. Introduction & inq Started
Antenna definition

. Antenna v'ﬂA

. Calculate

. Plots -7, SWR, Gain F/B
. Wire editor

Element Editor

. Tips on Editing

. Optimization

. Results C rison

. F Ids

« 3 er

- Tools HF components

. MMANA-GAL files

. Add-on Utilities

- Setup

- Cust ng User langua

The parameters MMANA-GAL employs are limited as foll

Parameters PRO version basic version
'" Segments (max.) i unto 32000 o EYCE

" Wires (max.) H 3000 T

 Sources (max.) . 208 AN ) .
" Loads (max.) 1’1 TTHOGL b .

Merged antenna files TRIGIEY & &

" Undo/Redo i - T nlimited—
~ " Auto check wires - yes = §
" Speed of calculation 150% T
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Copyright

The antenna modelir‘\mgu;ro'gram MMANA-GAL basic is freeware and co-written by Alexandr Schewelev DL1PBD,
Igor Gontcharenko DL2KQ and Makoto Mori JE3HHT who also owns the copyright, Thére are no restrictions

on copying or distributing this software as long as the software remains unmodified and copyright ownership

is acknowledged. -

MMANA-GAL basic is released without any support or warranty for any consequential damage caused by the use
of the program.

Bulgarian language file released on 2005.12.01 by Stilian Stankov LZ3BY

Japanese language file released on 2006.05.20 by JA7UDE Nob Oba

Spanish language file released on 2006.05.20 by Valentin Alonso Gracia, EA4GG & Dimitri Aguero, F4DYT
Serbian language file for MMANA-GAL released on 2006.05.20 by Slobodan Ilic’ YUIGV

Dutch language file for MMANA-GAL released on 2006.11.01 by Frans Peeters, ON4AZD

Czech language file for MMANA-GAL released on 2006,05.20 by Martin Kratoska, OKIRR

Last version MMANA-GAL 2.5 (basic) released on 2010.07.20 by Schewelew Alexander DL1PBD and
Igor Gontcharenko DL2KQ

DL1PBD and Igor Gontcharenko DL2ZKQ

Revised English Language file for MMANA-GAL released 2010.07.20 by Mario Chomicz GBODE
Major English Help File revised & updated using Russian, German & English Files Released April 2010 by
Mario Chomicz GBODE, Alastair Couper NH7Q and Barry Short G3YEU

Please, do NOT send mail direct to JESHHT, DLIPBD, DL2KQ.
All comments and questions or concerns related to the MMANA-GAL basic program should be directed to the

MMANA-GAL YAHOO GROUP - http://groups.yahoo.com/qroup/MMANA-GAL . To subscribe to MMANA-GAL

Users Group - http://groups.yahoo.com/group/MMANA-GAL/join.

A return toindex
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Introduction

I would like to thank Alex, RZ1ZK, for providing me information about Japanese MMANA and his help in the first
steps of translations Japanese mmana.exe file. I also thank Serge UA6LGO for his big help in translations of

Japanese words and expressions.

Acknowledgments from Oba, JA7UDE:
I would like to thank Mr. Makoto Mori for ANOTHER great HAM software - MMANA. I hope many HAMs in the

world enjoy this great software.

MDMANA-GALT, has the following functions:

Table-based editor for antenna design and definition

Graphical antenna viewer

Viewer for horizontal and vertical beam radiation patterns

3D radiation pattern

Comparator for two or more "calculation” results

Antenna element editor

Antenna wire editor

Tools for defining the combination of elements with different diameters
Automatic antenna optimizer with respect to jX, SWR, Gain, F/B, Elevation, and Current
Ability to browse optimized results with manual tuning capability
Frequency characteristics chart maker

Data file generator

User language {any)

Please note that this document provides only a basic guide and overview for MMANA-GAL. It is not a texthook
of antenna modeling or analysis techniques. If you are familfar with the moment method, then you can make
fulf use of MMANA-GAL capabilities.

—

Getting Started

Start MMANA-GAL. By default the program starts in the Geometry tab.This is used to input the antenna
wire definitions,

Select File > Open (*.maa) and in the MMANA-GAL\ANT\HF simple\Dipole\ folder select DP20.maa. This file
was originally saved with a default frequency of 14,05MHz.

Press OK.

Select the Calculate tab and press the Start button at the bottom left of the window. The

antenna impedance and SWR will be calculated, based on the default frequency.

The results will be displayed an impedance of 71.5R - j1.913andaSWRref 50 R = 1.43:1.

To see the far field pattern, select the Far Fiald Plots tab, where the Azimuth and Elevation radiation plots will
be displayed.

Select the Calculate tab to return to the Calculate window , and change the default frequency to 14.15MHz,
press the Start button again.

. The window will display the new values eg. an impedance of 73.1.5R + j8.601 and a SWR ref SOR = 1.5:1

Z return (o s
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Antenna definition

| Geometr [view |

Name Jele Hentenna Loop 6m Freg 50 2 - MHz

Wires 24 Auto segmentation. OM1600 ~ OMZ40 « SC2 « EC2 v Keep connect
No | Xm) | Y¥e) | Zimy | xamy | Yam} [ Z2im) | Riem} | Seg
0.0 05 E) [ 05 0678 60
0.0 0.5 2312 0o 05 2312 5.0
090 o5 0678 6a 95 00 10
00 05 90 00 05 2312 10
09 05 678 0.0 05 3.0 10
90 0% 00 90 05 2312 10
0.0 05 3.0 0.0 05 2.0 1.0
~1867 08 0 692 -157 05 0 632 50
457 05 2368 a57 05 2388 50
Loads 0 (L -uH; C- pF RiX - Ohenij ¥ Use foads
PULSE | Vol V | Phasedg | No. | PULSE| Type | Lrag | Ciwme] aat [
wic 10 00 next

g’«:m\:mmsuwg

o
=
=]

-

Equation
In MMANA-GAL an equation can be used instead of a number. The numerical operators supported by MMANA-
GAL are: +, =, ¥, /. You can also use () to specify the calculation order. Fxarmpie:

5*¢2+1 =11

The special constants shown below can be use:
. R = )(lambda) = wavelength (meter)

. I = 1linch (meter) 1 inch = 2,54 cm

F = foot (meter) 1 ft = 12 inches

Although the constants are immediately calculated by MMANA-GAL, they are not stored in memory .

Antenna Element definition - using the Geometry Table
In MMANA-GAL there are two ways to define the antenna that is to be modeled. The easiest way is to input
the antenna coordinates in the form of a table. Click on the Geometry Tab, this has a an antenna definition tool
in a table format like a spreadsheet. With the table, you can define the antenna parameters including
wire dimension, sources, and loads (LCR load/termination).
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EXAMPLE - creating a simple 2 element beam half wave antenna for 20m. { the wire length will be approx
102m overali length).

Plaﬂe t‘re rsor to the parameter box and input a numeric. valse in the "X* Column e. g 5 -using the keyboard.
Press thn retumn key to vaiidate the selected value,

Notlce b‘!at MMANA-GAL auto-compietes the rest of ihe line and even allocarns 3 wire ia

of 0.8mm.  You can
use a- sarn ple. eguation instead of a numeric value (see Equation).

Now Right click the mouse te open up the EDITING pop-up menu, with which you can ADD 6 or DELETE the
fine entry,

Wire definition
Define the wires that compose the antenna:

. X1 X-axis starting position of the wire (unit is meter or &)
Y1 Y-axis starting position of the wire (unit is meter or 1)
Z1 Z-axis starting position of the wire (unit is meter or &)
X2 X-axis ending position of the wire (unit is meter or A )
Y2 Y-axis ending position of the wire (unit is meter or 1)
z2 Z-axis ending position of the wire (unit is meter or A )

R Radius of the wire (unit is millimeter or A )
SEG Segmentation method

Please note that R is not the diameter, but the radius, Put 3 minus value to R when modeling a tapered element
that is composed of two or more elements having different radii.

If R= 0 then the element behaves as an insulated element. Using this trick, you can define a complex
combination of elements {the MMANA-GAL program will automaticaily determine if any wires in 3 group
are electrically connactad. However, there are oocasions whern the wires need to be combined inte one

element wire, but with no elecirical con
be connected via an additicnal

. 11 these situations, the grouped wil

25 fonming ooe alement m

yire-insulator (With R = 9} .,

Changing the element radius
Antenna characteristics can change when the eiement’s radi

s. This is particularly trug in the case of 3 Yagi or
Quad antenna as this affects not only the impedance but also the gain and /B ratio.

Howover, there sre times when i wiil

235y e change Be element’s wire radius withoul changing the
original deslgn characteristics,

The recomrended procadure whe:

hanging \ire size.

-~ 1. Change the radius and ca anze. T
2. Push the

3. Use the fo as the design freguency in the anteang definition window.,

inaince button in the Frequency characteristics window, and obtain the resonance frequenty "o

4. Recalcutate, If the antenns characterist

v are glose io the originzls, continue,

S. in the antenna size vencow of the £dit menu, check Y-axis and Z-axis (uncheck X-axis to k22p e boom

lengihi). Resize the hes the erig

4
¢

. ©. Recalculate..

o 7. Repezt 1o 8 ifreqinred..

= N3, A Droad dand Yagi dAtEnI PAS (WD ¢ MO FESCNant rrequende:

The resonant frequency derived fron

mare irequencies. Therglora te d

Yhen an elernent radius is

shortened, the mascnant fi

7eas2, Howevei is GitLstion is reversad in jocp antennas,

Faifowing the procedure above, the criginal ragteristics shouid remsin unchanged, otherw:‘se it may

be necassary o aptimizé the anteiina imodel again. This procedure, however, 3ssumes that

is rescnant at the dasign frequency. if your element is capacitiva reactive, as with & hairpin maleh,ad;

500

the efement length so that it Is i and foliow the above procedus

2. Repeat the efement tunlng with the
hairpin match .
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For a Yagi antenna, it is usual to place the boom in parallel with the X-axis, the wire elements parallel with the Y-
axis, and the height in parallel with the Z-axis. It is a good idea to place the source at Z = 0 or to place the center
of the antenna at. Z=0. The.height of the antenna above the ground can be changed using other:

parameters described later.

For a vertical antenna place the source at Z=0 and the center of the antenna at X=0 and ¥Y=0.

In order to connect two or more wires at one point, you must give them exactly same start or end position, i.e..
the wires must have the same X, Y, and Z values at the connecting point; otherwise they will be treated as
separated wires,

Example - inter-connecting To model & "T-shape " antenna with 2 vertical wire connecied to the center of

a horizonial wire, Thirse wires (nol two wires) bave Lo be defined, as shown beiow:

Wire 1 Cennecting poini Wire 2

Wire 3

Height
The full height of the end of the wire above the ground is the sum of its coordinate Z (as set in the table of wires
in the Geometry window) and add height, as set out in the Calculate window the field Add height. If you
need connect an end of the wire to the ground {e.g.. GP) this sum (the full height) must = 0.
For a vertical dipole, in the GEOMETRY window definition table the source's Z-axis value must not be set to zero,
but make sure that the Ground ADD HEIGHT in the Calculation window is set to zero, else you will modei an end-
fed antenna with errors in the calculated impedance,

Segmentation
SEG value specifies the segmentation method :
Seg - Method of segmentation
Positive value Manual regular segmentation.
use not recommended.
Automatic regular segmentation.
0
use not recommended.
b ) Tapering segmentation. The lengths of segments vary
from { A /(SCeDM1)) to ( L/DM2). This is recommended
(default) setting
-2 Tapering is applied only to the starting point.
-3 Tapering is applied only to the ending point.

Imgortant: Tapering should always be employed even when modeling a simple dipole models, using

equal segmentation is not considered a good idea.

The moment method divides an element into pieces, called segments, and calculates the current flow in

each segment. The actual number of segments and the method of segmentation strongly influences the
calculation's accuracy. This is particularly true when an element is bent {(e.g., loop antenna). In this case

the element has to be segmented into smaller pieces, but only around the bending point of the element. This

is achieved by using fine tapering.

Tapering is one of the methods that improves the calculation accuracy. It divides the element section near

the bending point into small segments, but divides the other sections (straight sections) into large segments. If
all the elements were divided into small segments, the computation time increases considerably. Tapering using
a small number of segments on a a straight element will produce accurate results.

Be careful when setting the SEG parameter with values of -2 or -3 for partial tapering , as the pulse may not
be generated at the center of the element. This can occur when an antenna element is modeled as two or
more elements each with different radii. Avoiding the use of these two values will prevent fatal errors,
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How MMANA-GAL Segmentation Process Operates
Initially a segment is selected in any element { the selected element ), then the smallest distance of this
segment to any other element's segments or ground is determined (D). Next, the smallest distance of the
selected element's segment to its adjacent segments Is also determined (d). However, these have to comply with
.the rule D >d for any segments in any of the antenna's elements.
DM1: the start interval for taperiﬁg (= lambda / DM1+EC)
DM2: the final interval for tapering end (= lambda / (SCsDM2))
SC: the easing parameter (multiplier), 1 < SC < 3. SC specifies the rate at which tapering changes.

- . EC: the number of DM1 segments at tapering-end i.e the muitiplier of the DM1,

Examples

i DMI = 200, then tapering starts irom bda / {SC*20G)) ko ( lambda f OM2).
If DM 800, and DM2= 80 then tapering wifl start with (lambda / 600) and fnish with { famada / 60,
i EC=2, MMANA-GAL puts 2 segments with a ( lambda /DM1) interval at the tapering end paint.

in most cases, EC s set to £, but it can set to different values for special cases .
The Segmentation parameters are stored in the Antenna Definition file in CSV format {Maim menu - Edit
- Antenna definition Edit).

Example can be sean in the "145/435 MHz GP for mobile” antenna

145 /435 MHz GP for mobil
° .
435.3
tJ'AV:/"fes#'-'d'
1
0.0, 9.0, 00 9.0, 0.0, 2.492, 9.0015, -1
rt&sou‘,(:e«Lk
1L, i
wib, 0.6, L0
bvelpadi T
1, i
wic, €, G482 0.0, 9.9
+iigegmentationt«*
200, 20, 2.0, 2 <=~, Cxpiana
EONGIH/MRIAZEN X
2, 9.0, 4 5.0, 120, 66, 0.0
#x #Conunents §3#

hemicz, GBODE 16/11/2099 14:17:50

ne G1e paramstor ordor is DML, D42, 5C, EC

Mad by Mario T

Calculation limitations

Although calculation accuracy is improved by the use of small segments, there is a limit. If the segment <

0.001 /ambda the calculations will not be accurate. Similarly if the radius of the element is too large; segment >
4:1 the accuracy will be poor.

The calculation speed can be improved by using smaller values of DM1 & DM2 than those shown above. With
small values the calculation error tends to be small in the Gain and F/B ratio , but is relatively large in

the Impedance (jX). So its generally recommended that the trade-off between speed and accuracy is

first considered before any changes are made.

Guide to calculation aceuracy
There is no exact criterion to judge the calculation accuracy. A good guide is to check how the impedance is
affected by increasing or decreasing the number of segments. If the impedance change is small the model
is correct.
Alternatively, check the current distribution in the antenna view window . Smooth current distribution indicates
that the model is correct.

The lambda check-box
When this box is ticked, MMANA-GAL recalculates all the dimensions in the definition with respect to wavelength,
A 20m half wave dipole with two 5.13m long elements will be re-calculated as having two elements that
are 0.242296m long. This is called the wavelength mode. When the box is not checked, MMANA-GAL uses 'metre’
as the unit for dimension and ‘millimeter* as the unit for the radius.
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Internally the MMANA-GAL program uses metric measurements for all its functions, To re-scale an antenna that
has been defined in wavelengths for another frequency it is necessary to use Geometry Tab tool bar EDIT drop-
down menu Wire Scale function.

In the above 20m dipole example the elements are 0.242296m long, if the 7.05 MHz option frequency is
selected, MMANA-GAL re-calculates the elements to be 10.30333m long. This will be seen when the lambda
check box is not checked.

The Keep connected check-box
When checked, the Keep connected box, ensures that the &Imensions of all elements connected to the
target element can be re-scaled, without losing the connection to the target element. Otherwise, it would be
very difficult to design a Yagi or loop antennas if all of the element X-Y-Z coordinates have to be changed
every time.

Sources (Feeding point)

Pulse position. Use the following convention for
defining pulse positions.

W #C(#) Offset from the center of the wire.

. Puls W #B(#) Offset from the beginning position of the pulse
assignment on the wire.

W#E(#) Offset from the ending position of the pulse
assignment on the wire.

Phase deg. Phase of feeding, deg.

Volt, v Voltage of feeding, V.

Example :

- WI1C Centerof wire 1

- W3CI One point ahead of

- W2C-2 Two points behind of
s o W2B The beginning position of wire 2

senter of wire 3

s centar of wire 2

w o WSES3 Thrae points behind of the anding positinn of wire 5

Usually, the Phase is set to zero (0} for an antenna with one source. For antennas that use phase driven elements
(e.g.,135 degree phased driven HBICV), put 135 as the Phase value at the second source.

The absolute value of the Voltage is not important, but it affects the relative amplitude of the current

distribution shown in View in the Geometry Tab.

Loads (lumped-constant)
To define the pulse position, use the same convention as the source. Defining loads: move the mouse pointer Type
cell , and hit the return key or left click the mouse. A pop-up menu will appear with €, R+jX,or S.
Using the mouse again left click on the load that is required, this will then appear in the TYPE cell that was selected.
When defining an LC [oad’s parameters , L is specified in (UH), C(pF), and Q as number.,
To define a coil specify L, and put C to zero (0)

To define a capacitor specify C, and put L. to zero (0)

Put 0 to Q if L or C has no loss, or real value of the Qif Lor C has loss.

Where L and C create a parallel tuned trap. MMANA-GAL automatically calculates and displays the
resonant frequency for the given values of L and C. Once you have defined the tuned trap , MMANA-GAL
will automatically change either the L or C value, while keeping the same resonant frequency

constant ( Resonance Keeping function ), whenever C or Lis changed.

STOPPING THE AUTOMATIC RESONANCE FUNCTION: Set the value of L or € to zero ( 0) to stop the
automatic resonance keeping function. To restore the function reinsert the vales for Lor C.

LC Load Calculations
For LC Loads the program automatically calculates the missing value of Frequency, L or C value from any
two parameters.
MANNA-GAL assumes the value of Q to be Zero, but this can be changed after the Frequency, L or C values

have been calculated.

N.B. A very high Q is usually indicative of a low loss situation.
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R+{X Load ] )
This is specified under the TYPE collimn with a left click of the mous;‘. When selecting R+jX, the td\;J-A T
definitions change to show o ’
PULSE, TYPE =R+jX, R(OHM), jX(OHM).
To indicate capacitive reactance ‘remember to put a minus sign (-) in front of the value. This can be used to specify
a termination or some other upusual reactance that needs to be modeled.

Complicated Load

This is specified under the TYPE column with a left click of the mouse. When selecting S the row definitions change
to show A0, BO, A1,B1 etc in the series ( AG - An andBO - ) for the load. The Nth parameter is
automatically defined as the input point.

The S paramieters can be obtained by applying the Laplace transformation to the lumped-constant circuit (S =
j w).

N.B " ©"is omega or 2pi*f,. The coefficients of the numerators are A0 - An and those of the denominator
are BO - Bn.

Z = R+LS+(1/CS) 1 + RCeS + CLeS2
The Laplace form of the equation above is:

Z = R+j © L+(1/j @ C) --> R+SL+(1/SC) v

Therefore, you can simulate this with A0=1, A1=RC, A2=CL, B0=0, B1=C, B2=0 (or AO=1/C, A1=R, A2=t,
B0=0, B1=1, B2=0). The units for R, C and L are in chms, ¥, and H, respectively. The absolute values with
these units tend to be very small, therefore the exponential notation is recommended e.g. a capacitor with a
value of 20pF is expressed as 20 « 10-12 = 2x10-11,
The same resuits will be obtained for all the calculations using either the S parameter or R+jX , because
they represent the same lumped-constant load. However, since R+jX is frequency dependent, using this method
to analyze a multi-band antenna can be difficuit.

Samples load are given in the following models:
Loading coil VDP408.MAA in directory ...\ANT\SHORT\L
Loading capacitor MAGLOOP.MAA, MAGLOOPC.MA in directory ...\ANT\\SHORT\Magnetic loops\
Trap MULTDPH.MAA, MULTDPHW.MAA in directory ...\ANT\HF muitibands\Trap\
>Resistor termination T2FD.MAA, RHOMBIC.MAA, ABW 1.MAA in directory ...\ANT\HF aperiodic\
S parameter MCQM.MAA in directory ...\ANTAHF multibands\LC in antenna

Pulse assignment
Pulses are assigned to the wires in the order of the wire definition. A pulse is not assigned to the unconnected end
of an independent wire. If this wire, on the other hand, is connected to another wire, a pulse is assigned to the
end point, However, in the special case where a wire has its Z-axis value defined as zero (0), a pulse is assigned
to that point (a vertical antenna is a typical example).
Be careful when modeling current direction at the source. Look at the example below with four wires, This is
similar to the method for feeding a double doublet or twin delta loop. In such cases, the source is placed centrally
on a short wire between two sets of wires, as shown in the diagram,

In such cases, the source is placed centrally on a short wire between two sets of wires, as shown in the diagram.

wio e

Incorrect

%
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Antenna view

Zoom cusrents

is calculated

Opens a new window displaying the image of the antenna file. The current distribution
and superimposed on the image. Vertical current components are shown in Red and horizontal in Blue .

Select a wire
A specific wire can be selected by either using the up/down arrows of the spin box, or by left clicking on the wire,
The selected wire will be redrawn in bold.
Each new wire selection is highlighted in the GEOMETRY window by a dotted rectangle in the X1 column of the
WIRE DEFINITION table. For complicated antenna models, this method is very useful for identifying individual
wires prior to changing any definitions,

Zoom Currents
The slide control is used to magnify the size of the currents shown superimposed on the antenna image. N.B. it
is necessary to perform at least one calculation in order to display the currents.

Zoom
This slide control proportionally magnifies the whole antenna image and superimposed currents.

Pop-up Menus
left click anywhere on the screen to activate the pop-up menu of the Wire Definition Editor , which can be used

to amend selected wire details.
Right clicking displays another pop-up menu, in which you can change the antenna's position, add/delete a

source, move the wire etc.

Rotate
Select one of the radio buttons at the top of the screen ( Selected Wire, Middle Point of the antenna, or X=0
Y=0 Z=H). Press and hold the left mouse button to rotate the antenna image around the selected axis.

CTRL+Left Click

To reposition the antenna image anywhere on the View screen

Currents Check box
Check this box to superimpose the current distribution on the antenna wires. N.B. it is necessary to perform at
least one calculation in order to display the currents. Vertical current components are shown in Red and

horizontal currents in Blue .

fock gt the modeied current distribution as any unexpected deviations or

7

ed fo re-check the wire definition, wire connection or segmentation
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Segments Check box
Check this box to display the segmentation points. This can be of help when verifying tapering.

A retum to index
Calculate

Jele Hentenna Loop 6m N :
—— WAVE LENGTH = 5 972 {m)
TOTAL PULSE = 333
~Ground: i THE LOWEST POINT OF ANTENNA= 19 308 M

e | PUSE UM I {mA) 2¢06m)

' Frae space wic 1.000‘)0 08 21.184{0 57 4719128

© Perfoct CURRENT DATA

; & - FARFIELD

®Real 0 / Ground setup-). NOFATAL ERRORIS)

10%sec

Add heigit 20 00 wm
Matenial Al pipe =

No_ | Fiurz) | R (Ohm) | X @hm) [ SWR'50 [ Ghdd [ Gadsi [ FB8 [ Elev | Giound [ AdaH | Polar |
1 LR IVETANE 1539 . 1977 40 Reai 200  hon

The MININEC3 algorithm relies on real ground parameters to calculate the far field and the subsequent beam
pattern. The impedance (Z) calculation also assumes a perfect conductive ground. Consequently, for antennas
that are < 0.2A above ground, the calculated results tend to give lower impedance values than may be realized
in practice,

If a horizontal antenna includes one (or more) wires <0.2\ above ground, or where ground plane radials are
<0.05A above ground, NEC2 can be used to obtain more accurate impedance results. If this level of accuracy
is needed, GAL-ANA is available and uses the same *.maa file.

An error message is displayed in the upper log window if MMANA-GAL is not able produce calculated result. This
is more likely to occur with antenna definition errors.

Service MMANA-GAL calculates a worst-case front-to-back ratio. The default value for the angle of the rear
sectors is 120 degrees, but this can be amended in -> Options and Setup. Click on the Setup tab, the angle
can be changed in Rear Range of F/B.

Ga represents the absolute gain.

Gh is derived simply by substituting 2.15dB from Ga. Gh is net displayed if the ground option is included.

In order to simulate two or more types of ground, additional X-distance or R-radius and height parameters will
be required for each type. The option in MININEC to apply a virtual ground, is also available in MMANA-GAL.
The ground condition parameters are only used for calculating the far electric field (beam pattern).

To change the ground option, select the REAL radio button in the Ground panel. Left click on the Ground

setup button to bring up the Real ground setup window Set the dielectric constant and conductivity (mS/m) to
reflect the actual ground. The height of the first ground type should be 0. To add another ground type use

the Next button. The SETUP window is closed by a Left Click on the top right hand corner.
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Dielectric and cond ity of the ground
- Ground Eieiectric constant Conductivity (mS/m)
Sea water 1 4000
Fresh water E) 1-10
‘Wet ground -15 1-10
Dry field, forest 13 15
Sandy field 12 2
Suburb, industrial 5 1
Arid fieid 2-6 0.1 )

4 _retum to :ndax

Bw 3276 kHz (SWR < 1.5]
Bl 574.4 kHz (SWR < 20}

The Plots window is accessed from the bottom of the Calculate screen by clicking on the Plot button.
At the top of the Plots window there are six special buttons that are used to produce the plots.

- Bandwidth Selection Box : This has a drop down menu that is used to specify the bandwidth,centered on
the modeled frequency, which is used to create the various plots.
Speculation button : The program uses a small offset in frequency to estimate the frequency characteristics

either side of the modeled center frequency for any of the required parameters ( e.g Z, SWR etc). The program
uses a linear approximation for R, Ga, and F/B and assumes that the antenna is a serial resonant circuit to
estimate the jX and SWR. The program cannot estimate the far field pattern.

All points button: This button is used to produce the specified plot for the selected bandwidth using 5

equally spaced frequencies i.e. +/- 2 frequencies either side of the modeled center frequency.

Detail button: 21 equally spaced frequencies spanning the selected bandwidth to produce the specified

plot. Because there are more points to calculate the graph will take longer to produce. This option is useful

for obtaining the antenna characteristics over a relatively wide frequency range. However if the selected bandwidth
is too big, the plot will become less accurate.

Resonance button: MMANA-GAL calculates the resonance frequency of the antenna and shows the Fo in the

Z graph. on the top left hand side. Please note that it can take a substantial time for the calculations to be
completed and all the various graphs populated with the data.

Print button: MMANA_GAL Automatically detects the PC's Printer, Clicking on the PRINT button will open up the
pop-up panel for the PC's Printer dialog box. the printer will produce a single page with the Z, SWR, and Ga/FB
plots. The Far Field plot is not printed.
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Tabs:

« Z(Impedance) : The graph's Y axes are labeled R and jX and the X axis is scaled according to the
selected bandwidth.
SWR : The graph's Y axes are labeled SWR and scaled according to the limit set for SWR in SETUP. The X axis
is scaled according to the bandwidth that has been selected.
GAIN F/B : The graph's Y axes are labeled GA and FB and the X axis is scaled according to the selected bandwidth.
FAR FIELD : The beam pattern plot superimposes all the calculated results for all the speculated
frequencies. Specified by the Speculation, Detailed, All-Points buttons. Using the ON column the
different frequencies can be toggled ON or OFF. Using this method it is possible to deselect plots for
specific frequencies so that only one or a selected few are displayed on the graph. The three check boxes V, H and
V+H specify the polarization to be plotted. The fourth check box, Total, is the summation of the two fields.
Setup: is used to:
1. specify the middle frequency (centre) on the plots,
2. set the y axis of the graph to a specified SWR i.e SWR values greater than this are not plotted.
3. set the number of dots or points plotted from 9,13,17,21.
4, Match Options:

.

> Check box SWR -On : On the setup page, the frequency value selected in the "Match frequency" control will
be assumed to have a 1:1 SWR, and the SWR plot will be interpolated from that point.

> Check box Z, SWR -On : As above, but now the Z plot will also be assumed to have a value equal to the
reference value, and the Z plot will be interpolated from this point.

Wire editor

{Wae No #
XY 1570 m
: Y1 0500 m
21,0000 m
X2 570 m
£ Y2 0.500 m
§222368m
R 1,600 mm
SEG -1
Len 23630 m

H

il (2
Si(e PTG .- |
i [y, ~ Projection

% 3 wjujv|

start the wire editor. You can add, modify, and delete the wire
using mouse operations. The editor has four perspective views.

Select Wire edit from the tool bar Edit menu to

. 3D : Three dimension view.
« X=Y : Top view.
. X-Z : Side view.
. Y-Z : Front view.
The sliders and buttons at the right of the window are:
. Zoom slide : Zoom-in/Zoom-out.
- Edit wire : Select mode.

New wire : Add a new wire.
New loop : Add a new loop.
Plus tool button : Centered on X=0, Y=0, Z=0.

CEm

St + mous
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- Whole view tool button : Zoom the view to show full antenna.
. Display pull down list :
' o AlL: allthe wires.
s Pl_a‘né:jlhe. wires on the same plane.
o Element how -g‘nly wires that are connected with the selected wire. ..~ - -
ide/-Unhide the grid. . !
- scaling (step size)

Right click on the window for the pop-up menu that has the following options':

Full view.: Centre the window at the cursor position.

Centered in X=0, Y=0, Z=0 : Centre the window at the reference point (X, Y, Z = 0).

Centered on lthq antenna: Move the centre of the antenna to the centre of the window.

Connect to the closest wire : Connect the selected wire to the nearest other wire. =

Disjoint wire at the d point : Disconnect the wire from other wires at the connection point/

Set center wire on center axis : Move the selected wire to the axis.
Divide wire into : Divide the wire into the specified number of elements.

Del wire : Delete the wire,
Grid start point : Align the grid to the specified point.

Selecting a wire
Right click on the target wire. This wire will be displayed in red and the others in biack. The connected wire's

end points are marked with an X, if not connected they are marked with O (square). A complicated antenna, such
as an Log Periodic Dipole Array (LPD) , can be defined by making full use of these functions, i.e Divide wire, Dis-
Jjoint wire, Connect wire to the closest wire, etc.

Mause operation in the wire selection mode 3
Right click on the "Edit Wire" button in the menu panel to initialize the wire selection made. Right click to select
the target wire. Please note that most of the functions to be described are unavailable in the “3-D view
window®, where it is only possible to alter the wire end points or connect the selected wire to other wires.

Move the mouse near to the end of the wire; the cursor will change shape to a cross. Right click and hold on the
end point and it is possible to move the wire to any position. Hold the shift key while holding the right click button
to pull the wire vertically or horizontally. 8y holding the control key and the right click button it is possible to alter
the angle without changing the length of the wire.

Move the cursor to the middle of a wire, the cursor shape will change to an arrowhead with a square box, hold
the right click button to move the wire to any required position. Holding the shift button at the same time will
move the wire in a vertical or horizontal direction.

To add a new wire, right click the New Wire button in the menu panel ., Click on the position where the new

line starts and drag the new wire to the required end point. The actual fength of the wire will be displayed in

the Parameters window ( top right hand side of the screen). It may be necessary to change the STEP or ZOOM

so that the exact Length (Len) can be defined. The length can then be adjusted by selecting Edit Wire.
Alternatively the wire size can be directly input by clicking the right hand side Parameters menu window. Note that
in the 3-D view window, you only can add a new wire that is connected to anather existing wire.

Edit Wire
To Edit a wire, click the Edit Wire button in the menu panel, and click on the wire to be edited.
Press DELETE key to remove the wire, or click on an end of the wire and drag the wire to adjust the length to
the required size. It may be necessary to change the STEP or ZOOM so that the exact Length {Len) can be
defined. Altematively right click to open the Editing pop-up window where the special functions can be accessed.

Loop definition mode
Click the g (square) button in the menu panel to start the LOOP definition mode. Click and drag to place a
new square loop. Note that this mode is not available in the 3-D view window.

A_retum to sndax
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The ELEMENT EDITOR can be found in the EDIT drop down menu, or selected by the shortcut, CTRL-E, from

any window. The editor is designed to simplify the input of data for complex antennas such as the 6 element Yagi
or octagonal loop. Use of the Geometry window to input such data can be very tedious and may result in

simple errors when specifying the elements using the X-Y-Z coordinates. The Element Editor simplifies this
operation by providing a format that is intuitive. Values for width, length, perimeter, and element spacing are
entered in the Element Editor table (shown above).

GETTING STARTED

It's a good idea to become familiar with some of the ELEMENT EDITOR's main features, These features are
described in the following sections using a yagi antenna as an example.

CREATING THE BASE ELEMENT
Initially, define one element length of a Yagi antenna. Enter 1.00m in the width column of the blank table and
press ENTER. The rest of the first line is populated automatically. The first cell in the form column displays
"H Line" (Horizontal Line) and the first cell in the "Int" (Interval) column displays "Base Element".

ADD ANOTHER ELEMENT
Place the cursor in the second line below "H-Line" and press ENTER. A new pop-up window is displayed, select ADD
to fill the second line. Note that MMANA-GAL copies the parameters of the front or back element. This is useful
for defining a complicated element (e.g., an element with a capacity hat).

DELETE AN ELEMENT
To delete a line, place the cursor anywhere on the line, right click and select Del from the pop-up window.
NB. The Base Element cannot be deleted, the option being "greyed-out”.
NOTE: If you delete any wires in the process of making the model, MMANA-GAL will renumber the wires starting
from 1. But, it will not re-number the source wire. Make sure that the source is placed on the correct wire - it

may often be necessary to zoom in to accurately place or replace the source, especially if an antenna image has
a large number of elements.

CHANGE OF ELEMENT FORM
Move the cursor to the first cell of the Form column (it should be displaying H Line) and right or left click. In the
pop-up window select Change of Element Form and from the pull down list select V Quad. The first line in
the table will chanage. V Quad (Vertical Quad).
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Vertical Quad appears in the Form column and the width changes to 0.5m . Select View, the simple single
line element is now a square. It may be necessary to zoom in as the these options are quite small. For practice
try changing the first element to some of the other options e.qg triangle.

EDITING VALUES IN THE ELEMENT TABLE
Place the cursor on the value that needs to be changed, and then hit backspace to clear the data area. Now type
in the value required and hit return, the value will have changed. There are two radio buttons on the Element
Table. When Change only the end points is selected, only the position of the end points of a selected
element, which can consist of two or more wires, will be changed. Select Change all coordinates proportionally
all of the associated wires will be changed proportionally on the X, Y and Z axes.
SPACING is defined as the distance between adjacent elements. The element having a branch toward X-axis (e.qg.,
a capacity hat) is defined with respect to the center of the element. For this reason, it is a good idea to extend
the capacity hat symmetrically with respect to the element.

ELEMENT MEASUREMENTS
When the Check box at the bottom left is ticked the table will show the the spacing between the wire elements.
When the check box is empty the table will show the distances from first wire element in the table,
When lambda is checked, the wire elements are measured in wavelengths, otherwise, the wire length is displayed
in meters (radius is in millimeters).

PRINTING THE ELEMENT TABLE
From the PARAMETER View, right click to activate the pop-up window, and select Print this table.

SAVING THE TABLE DATA
From the PARAMETER View, nght click and select Save this table as file from the pop-up window. The data
is saved as a CSV file and can be imported into MS-Excel.

HINT. Initialiy MMANA-GAL scans the antenna definition 0 discover how the wires are ConneLted ogather Wibs

that have the same XYZ coordinates pre assumed to be cannected ta each-agther, The program thén an, L3

ea

element’s dimensions by iooking at ihe vectors. MMANA-GAL wifl use different procedures dunng this-analysis,
e.g. if one of

Mas. R3S Lo o more lcops, sich as the Heintennayor Twinvoop aiatennas. The resuits of

7S analysis affects the OPTIMIZATION Process (Cescribed later) However, if; after optimizing an
the results are quite.different frem tha expected values, it may be necessary to change the ordes of
eiement definitions By using the "Edit by text function” ip the tool bar Edit menu.

ary to

N.B. The order of the elements may change if elements are deléted or added, therefare it may be nac

alter the position (wirg numper) of a source and /o ioad:

11e ndex
Tips on Editing

Search and Replace

‘Value to search -0678
Value to replace 08

Coordinales to search
o All only Y

only X only Z

¥ Also replace mirrored coordinates

tool is provided to simplify making changes to complex antennas, e.g. to change the height of a multiple
loop antenna. The search tool is very easy to use and is self explanatory.

The tool will also replace mirror coordinates if the check box is checked. Positive and negative values are
compared to their absolute values, e.g. replacing 3 with 4 also replaces -3 with -4.

The S&R tool can be used to exchange the X- and Y-axis values, the Y- and Z-axis values, or the Y- and Z-
axis values, and is useful for changing the antenna's polarization from vertical to horizontal.
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Wire scale

The Wire Scale tool can be selected from the EDIT menu
NB. there is no short cut for this tool.

The tool can be used to enlarge or reduce the size of the antenna. This is very useful when re-scaling an
existing antenna design to a different frequency. The re-scaled antenna may require additional fine tuning.
Note that the Search & Replace tool (see above) does not rescale any loads. This must be done separately.

The load design tool can be selected from the SERVICE menu > Options and Setup or by right clicking on
the toolbox icon on the Toolbar.

TUNING AN ANT:

Ta optin

Ze an anienna quickly and accurately when the cajcwiated results indicate that the modeiis-not as
required, use the following method.

This example is for s centre fed 12m dipoie {9m sbove ground forla desigo frequency of 14.15MEz. | In MMANA-

GAL Y1is set to 6m and Y2 1s set to 6, aver a Reai Ground

- 1.in the Calculate window press the start sutton. The pesults shouid show an SWR of 11.5:1

« 2. Left ciick on the PLOTS bullon at the bottum of the windew, In the Plots gop-up window click on ihe Z tab
and ieft cligk on the RESONANCE huticn,

. A new pop-up window wili 8poear i

: "write current frequency to the table F,SWR, gain 2 “ i¢lt
ckon YES. MMANA-GAL! will run several sets of caiculations and draw qraph$ for F,SWR, gain 2

4. On the Impedance plobnate tha off-tune frequanty when the jX value is a minimum. i.e zero {0). This is

at 12.262 MHz

« 5. Return to the Geometlry screen and enter 12:262MMz jn the Frequency bax at the top rght side of the
screen. Click the Calcuiation Tab

- 6. The Caiculetion Scregn should bershowing 12(262: MHz. Run the
show 1.85:1

« 7. 0n the Tool bar click EDIT then wire scai

the window and retumn 10 the

atcu{ation agajn the SWR wiil noy

finthe wire s

G Up windew-enter 14.15MHz and thenitose
showing i4.15ME2,

Calcgtatio

The frequency shou

- 8. Run the calcuiation again, the SWR shoJid now be 1.55:1 The antenna nas now-besn tune

Round value
This function is used to reduce the number of decimal places that are shown for the dimensions and
calculated values. The program caters for 2 to 5 digits. Round works on all the parameters including wire
coordinates, radius, and lumped-constant load.

Stacking two or more antennas
MMANA-GAL has a special function that copies the original antenna, and will stack the antenna(s) either in a
vertical or horizontal array. It is advisable to first save the original antenna *maa with a new file name. This
is because once the stack has been created using the Make new description as new antenna button, there is
no way to undo the result.

To access this special function go to the Tool Bar select EDIT, and then click on Make Stack. The pop up
window shown below will appear.
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T w £ Stack at original place and above

W1 | Stack at original place and below

STACKING OPTIONS
A good example to experiment with is the MMANA-GAL VHF 6m Beam - model 6el Yagi.maa

Copies of the Antenna

In the following explanation Basic-el refers to the original antenna that is being stacked . The Make Stack tool
allows the Basic-el to be stacked in multiples of 1-8 in the horizontal plane and of 1-8 in the vertical pane.

N.B. the total number of antennas must not be greater than 64.

The MMANA-GAL drop down menu offers 1,2,4 or 8 copies but an intermediate number can be entered

by backspacing over the number and entering a new value.

The stacking can ordered harizontally, vertically or by both planes simultaneously. The results can be checked
by clicking on the View Tab.

However, to return back to the “Stacking"tool you have to go to the Tool Bar select EDIT, and click on Make Stack.
You can overwrite the values in the Num of Horizontal or Num of Vertical boxes.

Cancel is used to exit the Make Stack tool.

Antenn. aci

The antennas are spaced in term of wavelength (WL) either as a number ( 1.25) or as measurement 5.936
metres. The spacing of the antennas in the horizontal and vertical planes can be changed if necessary. The Hor
space = Vert space check box is used to maintain spacing symmetry.

Vertical Position ( offset from the origin 0,0,0,)
The resulting stacked antenna model can be seen using the VIEW Tab, and is displayed with the X,Y and Z
axis superimposed. MMANA-Gal offers three choices for the "stacked * array which can be selected by using
the mouse.

- Stack around original place. This choice centralizes the stack about the the origin 0,0,0

- Stack at original place and above. This choice displays the stack above the origin 0,0,0

- Stack at original place and below.This choice displays the stack below the origin 0,0,0
To make your stacked design permanent, push the Make new description as new antenna button in the
Stack window. However once this done it is impossible to revert back to the original design, i.e. a single antenna.
The Make Stack tool is used to implement a phased driven or a unbalanced driven antenna.
Please note that the total number of antennas (N) = [number of horizontal] x {[number of vertical]antennas = 64.
Therefore the original antenna model design parameters are all scaled up by a factor of N:

. Number of pulses: neN

. Number of wires: neN

- Number of sources: neN (voltage = 1/N, identical phase)

- Number of lumped-constant: neN
where n was the original antenna's "number” for any parameter
Note that when making a vertical stack, the vertical position choice affects the calculation with respect to ground.
An error message will be displayed if the antenna height places the antenna "below ground "! It is also important
to note that the vertical position is not considered in the free space calculation. Therefore, the model may work
in Free space but produce an error message when GROUND is set to Real.
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Wire definition

X1 16700  =im. X2 15700 =

Y1 05000 £ m Y2 05000
71 00000 —m 72 23860

Polar coordinates (Length and angies}
Keep point

@ Startpoint 7 Middle pomnt
End point

easier for the designer to use the polar coordinates (i.e., length, azimuth, and zenith) for the wire definition. This
pop-up menu provides a polar coordinates editor.

Taper wire set
This tool can be activated from the Tool Bar EDIT sub-menu by clicking on Taper Wire Set and will display a
new window.
A simple example to look at is the MMANA-GAL 20m 4-Element Beam ..\ANT\HF beams\4EL20.MAA.
The menu facilitates the definition of any wire that is composed of two or more sub-wires having different radii,
also known as a “taper schedule". Typically HF Yagi antennas are made with two or more telescoping sections
of different sized tubes to reduce droop of the antenna and reduce its wind resistance. The tool simplifies the

15.0 18

Eee———————— =
The first step, is to set a minus value for the R (radius) of the element.

The next step, is to define the following parameters,
R (mm) - Pointer to the definition - must be minus
Type - Type of combination (e.g., center point, starting point)
LO-L9 - Length of each element
. RO -R9 - Radius of each element

Whenever MMANA-GAL finds a minus value (-) in the " R field" , it looks for the definition of R in the
combination wire list. If two or more definitions have the same R , it uses the first one. The R used here is just
a pointer and is not the real radius value with X-, Y-, or Z-axis.

[ Type <> or <> *]

M4 L3 L2 L1 Lo L L2 13 4

R4 R3 R2 R1 RO Rl R2 R3 R4
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[Type->or->*]
w U L2 LB

RO R1 R2 R3 R4
You canuse “ <> "or "™ <> * " for Yagi antennas, and " ->" or " -> * " for vertical antennas.

For instance, an antenna element consist of 3 tubes of differing diameters:-
Diameter  Length

30mm 2m
25mm  1.8m

20 mm  Variable (towards the end)

Use the following parameters
L0=2 RO=15
L1=1.8 R1=12.5
12=99999.9 R2=10

An antenna element setting of 99999.9 (eg L2=99999.9) indicates that there are no further antenna elements, If
L3 is set to 0, L2 automatically becomes 99999.9.

[ Type <>or<>* ]

22m 1.8m 2m 1.8m 2.2m

20mm 25mm 30mm 25mm 20mm
[Type -> or => *]

2m  1..8m 6.2m

30mm 25mm  20mm
In the antenna View window, the tapered element is displayed with the connecting points marked with a

blue square . Right click on the element to verify the combination. You should pay careful attention to
the ion for a combi

tion of elements. Even if you specify equal seg the actual seg ion
will not follow this rule because of the element's construction. You have to adjust the DM2 value using the
Antenna View (and increase the value to 50 or 60).

™\ Only selected point
‘T & Al coodinates

T o
You can move the selected wire to any direction parallel with X-,

e

, or Z-axis.

A return Lo
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7 No goal set (simple sweep)

B

V! Step in absolute values V! Resolution 2deq  disolay log

& Paramelers

_2_?«540 1‘57

812
738

Automatically optimizes the antenna giving consideration to various parameters, Select the Optimization in
the view menu or push the Optimization button in the calculation window to open the optimization window.
The goals of the optimization are:
- Minimize the jX (get the antenna resonant)
Minimize the SWR
. Maximize the gain
. Maximize the F/B ration
- Minimize the elevation of the beam
. Matching circuit
Maximize or minimize the current

In most cases, these parameters are in the 'trade-off' condition. You can select the parameters that you focus
on using the slide bars in the top of the window. As you slide the bar to right, the selected target is prioritized. As
you slide the bar to the left end, the target is ignored.

If you check the No goal set box, MMANA-GAL simply sweeps the parameters regardless of the state of the
slide bars. MMANA-GAL increments the parameter from the current value to the Max value. This is useful to
observe the antenna behavior from the viewpoint of the height or frequency.

Push the Advanced button to set the target at length. Assume that you are happy if the antenna has 20 dB F/
B ratio. Put 20 in the F/B ratio box. MMANA-GAL attempts to optimize the other parameters if the antenna
already has 20 or more F/B ratio.

Push the Band setting button to get the dialog box, with which you can specify the band frequency and the
source. This is useful for optimizing a multi-band antenna. In default, MMANA-GAL tries only one band and source
as specified.

Matching circuit is one of the hairpin match, capacitance match, and any Z. The hairpin match has minus
JX (capacitive) and the capacitance match has plus jX (inductive).

Current optimization attempts to maximize or minimize the specified pulse point.
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The antenna parameters that MMANA-GAL changes during the optimization procedure are:

Wire coordinate and radius
Wire lengih, azimuth, and zenith (in polar coordinates)

Element width,’ peritheter, and radius
Pam{néte:(s of ‘Iumpgd-cqnsta'nt'load -
Anifgnriaﬁeigﬁt .

-Frequenﬁy

Voltage- and-phase of the source

Stack space

You.can set the parameters above as up to 128 variables. Hit return key or click on the type field to display
the type selection pop-up menu. Hit return key on the what field to pop the menu up. Input a value manually to
other fields.

Wire coordinate and radius

These are most basic variables. You can change the X1, X2, Y1, Z1, Y2, Z2, and R of the wire. If the specified
wire changes its coordinates, the connected wires also changes together to keep them connected. This
method should be useful for the fine~tuning. Unit is always meter. Pos. is the element number.

Wire length, azimuth, and zenith (in polar coordinates) 4

You can change the M;ire length and angle with respect to the reference point in the polar coordinates, This is
useful for optimizing the length or the angle of the inverted V and V beam. It should be noted that you must not
set the element position or space as the variable if you change the X-axis. MMANA-GAL does not prevent it but
may not update the optimized results.

When the coordinate of the wire is changed, the connected wire moves together with it, Pos. is the wire
number, The step unit is meter or degree.

Element

The parameters that define the element can be set as the variable in the optimization, For a yagi antenna,
for example, they are the element space, position, and width. For a loop antenna, they are space,
position, perimeter, etc. Pos. is the element number. Unit is always meter.

Lumped-constant load

LC or R+jX can be set as the variable, If you want to change two loads in both ends of the element {e.g.,
foading DP or trapped yagi), you can use ‘association function.' . If both L and C are specified in the
definition, MMANA-GAL treats them as a trap and keeps the resonance frequency unchanged. For example, if L
is Increased, MMANA-GAL automatically decreases C, Pos. is the number of lumped-constant loads. Unit of L is
UH, Unit if C s pF. Unit of R is Ohm.

Antenna height

Unit of the variable is meter.
Frequency

Unit is MHz. If your target antenna is a multi-bander, do not use the frequency as the variable.

Source

MMANA-GAL changes the phase and voltage of the sources. Pos. is the number of source. Unit of the phase
is degree, Unit of the voltage is V.
Stack space

Unit is meter. If you set space in the what box, the vertical and horizontal spaces are changed at the same time.
Association

If you put O to the association box, the parameter changes freely as an independent variable. If you put a
plus number, it is assumed to have the same variable that the number points to, If you put a minus number, it
is assumed to have the same variatle negated that the number points to. You can put a simple equation, too,
The operators supported here are +, -, *, and /. It works like a primary spreadsheet,
{Examplas of association)

2 Not associated {independent
1
-5 Assocated with negated variable 5 (- variabig_5)
1*1.85 Associated with variable 11.05 (v

1 Associated with v: ie 1 {the same vaive of variable 1 15 put there)

2-1.5 Associated with variab
-3+1.2 Associaled with 1.2 - v
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If you optimize the positions of the traps of a multi-band dipole, you should want to move two traps
proportionally to the center of the antenna. You define two variables, Y1 and Y2, which specify the trap positions.
The center of the dipole must be Y = 0. Define Y1 as an independent variable (association of Y1 =.0), and Y2 as
Y1's negated value (assoaauon of Y2 = -1) You can make use of the automatic associatlon by right click at.
the variable box; MMANA—GAL ‘miakesa- -guess what should be the target of the assomatmn. ThlS ‘méthod can be
used to move the center wire of hentenna or tri-hat antenna, :

Pitch specnfes the minimum step of variable change in either an absolute value or a percentage. Large pltch
makes the convergence fast but will not reach the best result.

Min and Max defines the range of the variable. The variable does not become smailer'than Min or larger than
Max. You could specify other variable with # followed by the variable number. If you put #1 in t}{e,Max box
for example, the Max value is set the value of variable 1.

If you do not put Max value to the element space of Uda-Yagi antenna, MMANA-GAL might give you much
larger space than you expected. If you do'not put Min to the width or perimeter, MMANA-GAL might shrink one
of five elements of Uda-Yagi antenna and configure a four-element Uda-Yagi antenna as a result, Itis a good idea
to see how the antenna dimension is being changed in the antenna view window during the optimization.

Push the Delete button to delete the variable where the cursor resides.

. Push the All elemeént button to make MMANA-GAL add all the parameters to the optimization variable fist. If
the space check box is checked, the element space is used. If not, the absolute position of the element is used.

Push the Element edit button to start an element selection view. Move the cursor to the variable that you want
to vary in the optimization procedure, and push the OK button. MMANA-GAL registers the variable for
the optimization. The variable marked with * is already registered. If you want to do this with the 3-D view,
select the wire selection tab. Click the wire you want to add as a vanable Push the OK button. The wire
already registered as a variable is shown in red,

Step in absolute values: if checked, put an absolute value to the pitch. If not checked, put a percentage value,

Resolution 2 degrees: MMANA-GAL calculates the beam pattern every 2 degrees. It shortens the
calculation time, but degrades the accuracy particularly for the high-frequency antenna with a ground.

Display log: the intermediate states of the optimization procedure are displayed in the log window,

_ Push the Start buttan to start the optimization. Even during the optimization, you can see the wire definition,
the antenna view, or the far field pattern in real time. Note that the MMANA-GAL is dedicated to the optimization;
the response of the mouse should be very slow.

Needless to say, MMANA-GAL works on the Windows operating system, so you can do another job even during
the optimization. You could execute two MMANA~GAL at the same time. You can run the optimization in one
window and design an antenna in the other window. 2

Optimization log
The optimization routine would not always judge the result, which one thinks the best, is the best. This might be
due to the fact that the rate of evaluation is different from that the designer expects. You can read the
optimization log by pushing the Optimization log button at the bottom of the Optimization window. It shows up
to 128 latest steps of the optimization. You can select one of the steps and get it back to the optimization window
so that you can manually pick out the optimization result you think best

Tips vn the optiniizetion

Changing one parametar at a ime to maximize the target value and repeating it for other parameters as well,

gives ! fast conv

e and goad res

thod gives,

edure, hewever, would a0k atwavs give the real oplimized sclution that the cne-by-one m
: £l satishie:

@ optimization jus.'afv'e’r finding a local minimum. IF vou

ge the parameter manually and retry the optimization.

cowid depend on the parametar order. MMANA-GAL atternpts the optimization by changing No.

1 paramater first and then ¢oas Mo.2 params ft is a good idea b put the most effecilve parameter in the
first place of the variable parameter jjst.
Pursuing the gain often resuits in the low impedance. The very low impedance makes the sustainable

sire loss cannot be ignered. It is difficuit to implement the very low impedance

r2af world. Consider SWR in the ogtimization ror obtaining reasonable resufts.
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To k2ep the performance aven in the Band edge, put ths band edge frequency as well. However, it increases

e

the calcivation time for &

. I am nok sure if you could achieve good resulls.

In case of tida-Yagi antenna, the morment method Is weak in the calculation speed, so I recommend you
use another analyzing foo! thar uses the electromotive force method.

.Opﬁ'miza_(iun gaals

Push Options menu, select Optlons and setup click . on the. Setup tab, and input R and X in the Standard
SWR pane. Set the target to the SWR minimization and start the optimization.

Another way to this is: push Options menu, select Optimization , push Advance button, select Goa! tab,

check Optional 2, and put your R and jX. Set the target to the matching circuit and star the optimization. Do not

" setthe target to SWR orijX.

- If your goal is R

Push Service menu, select Optimization , push Ad button, select Goal tab, check Optienal Z , and
put your R. Put * to jX, Set the target to the matching circuit and star the optimization. Do not set the target to
SWR or jX.

- If your goal is jX
Push Service menu, select Optil fon , push Ad button, select Goal tab, check Optional Z , and
put your jX. Put * to R, Set the target to the matchmg clrcwt and star the optimization. Do not set the target to

" SWRorjX.’

- If your goal is to get the voltage fed antenna resonant

Push Options menu, select Optimization, push Advance button, select Goal tab, check Optional Z, and
put 10000 to R. Put O to jX. Set the target to the matching circuit and star the optimization. You may put a
little value to jX. In case of the end-fed antenna, put * to jX.
Note: If you put * in R or jX, the marked valie are not taken into consideration in the evaluation.

- If your goal is beam pattern

Push Service menu, select Optimization , push Advance button, select Environment tab, put 180 to
Azimuth, and put 90 to Vertical . Set the slider bars of the Gain and F/B rates around the center, input your
SWR, and start the optimization.

- If your goal is a broad band antenna
Set two or three frequency spots as the bands in the Band setting window. It is recommended to minimize
SWR rather than jX because R will not vary much {set SWR ta the target beforehand).

- If you want to keep the boom length

Use the element position as a variable. Bear in mind that you have to keep the front-end and back-end
elements fixed. In other words, you use the positions of the elements except for these two elements.
To automatically register the element position as a variable, you should uncheck the Distance from the
active element box in the Edit element window.

All elements button in the optimization e Y

When you push the Alf elements button in the optimization window, MMANA-GAL automatically uses the
following parameters as variables: Loop length, space (or position}, Width, length, X-width, space (or position).
MMANA-GAL analyzes the relative positions of the elements and assigns the variables in the order of the
radiator, reflector, and directors (d1-dn).

If two or more elements have the identical X-axis value, they are assumed to be connected. MMANA-GAL
makes them associated. If an element has two or more variables in the width, length, and X-width, MMANA-GAL
asks the user how they should be treated (a dialog box appears).

MMANA-GAL does not automatically make association between the elements that have different X values. In such
a case, right click on the optimization window to get the pop-up menu, select the element association. You can
make association the element with the other element that have different X value. This technique would be useful
for the antennas, such as a surface antenna, which has many elements in the same size and space.

When you push the All elements button, MMANA-GAL puts a typical value to the pitch. You may change the value
as you like, The pop-up menu provides a means to give the identical pitch to the all variables.

Resonance frequency of the element
It should be useful for the antenna construction to have the resonance frequency of each element by using
the antenna simulation. Put the source to the target element. Set the frequency as the variable and set jX to
the goad. jX = 0 indicates the resonance, so the obtained frequency is the resonance frequency.
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Oprimizing example
To optimize the positions of the traps of a muiti-band dipoie specified on the Geomeltry page, the two fraps will
need o be repositioned equally about tie center of the anitenna using two variables, Y1 and Y2, to specify the
trap positions, and dipoie center must be at ¥ = 6.
Demonstrating the Optimization Process using the Duai Band 7/10MHz Dipoie with iC Trap from the
MMANA-GAL Library, file ANT\HF multibands\LC in antenna\Dipoie_7-10.maa.
First run the calculations for 7.05MHz & 10.12MHz to show that antenna was already “optimized”.

& 3 from 8.66top 9.0 and -8.66 to -9.0 to

de-tune the antenna on 40m !
On Calculate Screen re-do the caiculations again by Clicking on Start,  the results now show the SWR
an 7.05MHz to be 376:11

Click on the button All elements on the Optimization screen and Click on START optiniization

Results Comparison

- Funis;
¥ R W Yous E ]

e Y G - ol

o B Rney v 5 48T 308 [ B9 Son

Wes | o (el B

This tool enables comparisons to be made of any previously stored calculations.You can compare changes made
to the same antenna or compare the far field plots of different antennas. However, all previous results must be
saved in *.mab files.
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Far fields plots

E.Ie;vamn ar;gig = ‘ﬁdg’ p i
Ga=157 dBi

Gmax -Ga=01dB8

F/8 1949 dB Rear Azim 120 dag Elev &0 deg
Freq 50 200 MHz

7 47 278 - {1 295 Ohm

SWR' 1.1 {50.0 Ohm},

Elev 10 1 deg (Real GND 7 00 m height}

Freidis)
in

The Far field plot screen shows the beam pattern. The left chart shows the horizontal pattern. The right chart
shows the vertical pattern.

The vertical pattern is obtained by slicing the horizontal pattern with the vertical plane that includes the X-axis.
The horizontal pattern is obtained at the horizontal plane that has an elevation peak. However, if the

elevation angle is greater than 87 degrees, MMANA-GAL shows the harizontal pattern at 45 degrees in elevation.
To change the elevation, push the Elevation button. The F/B ratioc and other results are recalculated.

The angle of resolution in both horizontal and vertical patterns is 1 degree. The elevation, on the other hand, has
0.1-degree resolution. Special care should be taken with very high antennas with respect to wavelength. An
antenna of this sort may have a very sharp vertical beam pattern and may not be correctly detected by MMANA-
GAL. This will affect antennas for 1.2 GHz or higher.

The Fields screen allows you to select horizontal or vertical polarization in the electric field. You can select

the following views:

Horizontal Polarity (H)
Vertical Polarity (V)
Total (aggregation, set default)

Superimposed (V+H).

Double left click on the pattern generates a measuring vector at that radial position. Left click and hold to drag
the vector to a new location. Vector off by right click on the pattern.

To print the beam pattern, push the Print button and proceed with the dialog box. Select the required paper
size. MMANA-GAL automatically resizes the printout in accordance with the paper size.

To save the pattern in bitmap format, push the Alt-Print Screen button on the keyboard. The selected window
is graphically copied to the clipboard. You can then use it in an image tool, such as Paint Brush.

3D FF button call window 3D FF.




. Alter the diameter of the the element,
. Superimpose the antenna on the far field plot,
Change the colour of the Far Field Radiation,

Save screen image in *.jpg or *.bmp formats

Reposition the antenna image

A retumn te inday

. Geometry.
Rota

> e R HF components
B Cateutator

Tools > User programs.
MMANA-GAL can run additional utilities, for example:

. GAL-ANA
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Fie Edit Tcols Setup Help
0 = 4 B compare

« NEC2 for MMANA this can be down loaded from MMHAMSOFT.

. etc.

3D pattern

Add-on Utilities

{
¢

tew plots
ire

i

!

Edit user programs

NEC2 for MMANA exe
3. Not defined

SRS |
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Tools HF components ) S
The HF components pop-up window for the antenna matching cab be found under the Tools option on the
Tool Bar . The pop-up offers several options which are detailed below. MMANA-GAL automatically populates the
fields in the options making it easier to match the antenna being modeled.

Resonance
MMANA-GAL calculates the values for L in uH or C in pF value according to the frequency used on the Calculate
Tab, and also provides the reactance value for both.

e = e

L 85576
c 60 F

iFixed frequency

Matching is achieved by providing the complementary values to those shown on the Galculate Tab.

Coil
Designing a Single Layer Coil Inductor.

wo

bumber of tums

Diameter of cod 42 51' » em @ Diameter of coil
Diameter of ware 10 mm
Betweantums 10 TR

Length of col 20 em

Coil enables you to design an air-cored coil based:
- Coil diameter

Coil length

. Wire tums

Wire diameter & spacing of turns

Inductance required
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MMANA-GAL populates the template with some default dimensions, and the inductance it has calculated

for resonance. If the default dimensions are not appropriate e.g wire size is too small, the new value can be
entered and MMANA-GAL will automatically re-calculate with the new values.

Please note that the template can used on its own to design any single layer coil by entering the required values
in the various fields.The required calculation is selected by the Computation Box.

Note, however, that this calculation is not completely accurate and some level of error can be expected.

LC match
The LC matching circuit, is a design that is often used with short ( with respect to a 1/4wave) wire antenna.

e

1) C sexes

: S ST

It is worth noting that a small value of the reactance (a few ohms) behaves more like a short circuit., and that a
large value of the reactance ( >1000 ohms ) behaves more like a open circuit ( insulator ). This matching circuit
is often used in automatic tuner (ATU designs, where combinations of L & C are switched into circuit

using microprocessor controlled relays until the SWR is minimized.

MMANA-GAL ignores any loss in R, also generally speaking the larger the value of L (uH) or C (pF) the larger the
loss. L should NOT have a much larger loss (dB) than C, consequently the value L (uH) should be kept as small
as possible to maximize efficiency.

Line match (SERIES-SECTION TRANSFORMERS)
The series section transformer has advantages over the stub-tuning or 1/4 wave transformer and is similar to the
1/4 wave transformer, which is a special case series section transformer.
The main differences being:
the matching section does not need to be a located at the load
the matching section can be < 1/4 wave length long

there is a free choice of the characteristic impedance of the matching section. Using this technique it is possible

to use a 300 ohm line to match any resistance from 5-1200 ohms.
MMANA-GAL provides a design template to simplify the procedure. The program pre-loads the R=JX values from
the Calculate TAB and allows the user to select the Characteristic impedances.
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20750  Ohm

L1 021858 Wi

on using a

This tool is used for the calculation of impedance, Q-match section and a series-matching secti
distributed-constant circuit (e.g., a ladder feeder and a coaxial cable). The impedance is calculated by obtaining
the impedance of the output end of the feeder with respect to the impedance of the input end. To make use of
this process, the antenna impedance can be measured by using a coaxial cable of arbitrary length and a noise
bridge. The SWR is reduced if there is a loss in the transmission line, the theory will be explained in most
antenna handbooks.

The Q-match section calculates the lengths of the two series-section transmission lines, when the TUNE button
is clicked with the mouse. The lengths are those that will result in @ minimum SWR with respect to the input
end (Ri).

MMANA-GAL assumes a no loss transmission line. The impedances at the center and input end of the line

are displayed in the impedance boxes at the top of the window, The line length (L) is measured in wavelengths,
and may require correction based on the velocity factor of the feeder to calculate the physical length.

Line match 2
This is a combination of a shorted stub and an open-stub connected in parallel at the feed point to match the
Input impedance Zi. It is useful to think of this arrangement as two section of transmission line, a capacitance
(open-section) and an inductance (shorted section) of lines connected in parallel.

VN 1 v, 2

L= 00017Iw{8 3 e L1=001470w (594 omy
7S = 20.04-24 31 Chen 28 = 20 04+i24 57 Ohen

X3 = 40 33 Ohm (0 32 uH) é X8 = -40.35 Ohm (0 2 pF;
25 =00108 wl (437 e} 28 =0.4392 Wi {1875 1em)
120 2 0.2608 wi {1053 7 cmj 120202392 W (386 2 cm)
Zi = 49 54,0 00 Ohm 21 = 52 40+j0 00 Ohm

SWR 101 SWR 101

Cancel

LRGeS

The combination Stub match is calculated using the following parameters; ZL for the load (antenna) impedance,
Zo for the feeder impedance of sections L1 and L2, and Zi for input impedance to the radio or transceiver.

The SWR is calculated on a basis of the feeder impedance Zi. Please note that MMANA-GAL assumes no

loss transmission lines. In practice the final values of L1 and L2 will be affected by transmission line's velocity
factor (Vf) and additional losses specified at various frequencies by cable manufacturers.

Push TUNE button to calculate the L1 and L2 that give the minimum SWR. The MMANA-GAL software offers

a maximum of two solutions, but occasionally may not find a solution.
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L1 - Distance from the load to the stub.

ZS - Impedance at the stub (in case of no stub).
XS - Stub reactance.

L2s - Stub length (short stub.)

L20 - Stub length (open stub).

Zi Impedance at the source (SWR impedance).

Stub Match
The shorted stub is frequently used to provide a match, and behave like a inductor.

The open-end stub can also be used when the match will behave like a capacitor.
Click on the required type of stub in the STUB selection box.

Matching can also be done by using a lumped-constant load in the stub. Insert XS as an inductance (coil) or
a capacitance (capacitor).

Frequency Vi o8

Type of hne 26

5937 Fo=84 587 Mhz (1/4wl)
59.451 o

Reactance  -37973

The Stub tool caters for the most commonly used twin-feed transmission lines and coaxial cables in a special look-
up table within MMANA-GAL. The line that is required can be selected using the mouse on the Type of Line drop

" down window. The example above shows the line as RG213 and has automatically inserted the stored value for Vf
as 0.67, and the Characteristic impedance Z0 as 50 Ohms.
Stub Tool also calculates the frequency that the calculated matching length is a 1/4wavelength, in the
example shown 59.37cm is a quarter wave at 84.587MHz.,

MMANMMANA-GAL files
Directory ...MMANA-GAL\ANT\ is the antenna library. This directory has apﬁrox. 460 ‘.haa files sorted into
thematic directories. In fact, the library is a good antennae reference book, and is also a good place to start
getting to know the MMANA-GAL modeling program. New.users should try exploring the library and trying out a
few of the models to see how the various functions of the program work. But remember not to save any files with
the same name just in case the file gets modified ~"corrupted" and is no longer correctly optimized etc.

*.maa — Antenna definition file
123 is a simple text file recording the wire definition, sources, lumped-constant loads, etc. This file can be
viewed and edited with an external editor such as Windows' Notepad . The parameter formats are self-explanatory.

*.mab — result file
MMANA-GAL allows users to save the results of Calculations in a special file ( antenna name.mab).
By default the *.mab file is stored in the same directory as the antenna file. Note that if this is a new antenna
project it is advisable to first save the file in a suitable directory in the MMANA-GAL Library e.g C:\...MMANA-GAL-
GAL\ANT\my antennas/.
Old and new antenna models can be compare graphically by using the *.mab file in conjunction with the
latest calculation results. The compare tool will initially display the antenna's far field plots for the latest
calculation and, by uploading previously saved results in the "antenna'.mab file , the Compare tool
will superimpose the old results onto the plots and provide a visual comparison of the before and after of
any changes.
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1. The *.mab is a binary file recording the calculation results. The file cannot be edited.

2. However it can be overwritten and deleted if Wind|

pl is used.

*.mao — Optimization sheet

This is a binary file recording the optimization results, and cannot be edited. It records the optimization history,
with which you can retrieve the previous optimization results.

*.csv — current file

This is a text file recording the currents and their phases relating to the pulse number and coordinates. The file is

in CSV (Comma Separated Value) format, and can be imported and read using a spreadsheet program, such

as Microsoft Excel.

Each row consists of the following parameters. Wire number, Pulse number, X, Y, X, Current (real),

Current (imaginary), Current (absolute), phase. Units are:

& X ¥, Z metre
Current Ampere
Phase degree

*.csv — Near field data file

This is a text file (CSV format) recording the electromagnetic force in the near field. Each row has the
following parameters: X, Y, Z, Vector, Electric force (real), Electric force (imaginary), Electric force (absolute),

phase. Units are:

. Y2 metre

Electric force V/m

Magnetic force AT/m
Phase degree

*.esv— Far field data file

A text file (CSV format) recording the absolute gain with respect to the azimuth and zenith. Each row consists
of the following parameters: Zenith, Azimuth, Vertical polarization, Horizontal polarization, V+H. Units of them are:

- Azimuth, Zenith

degree

Gain

dBi

*.csv = Frequency characteristics data file

A text file (CSV format) recording the R, jX, SWR, Ga, and F/B.

4 retum to mdex

Azimeth 120 deg

Vertical 86 deg
Standard 2{SWR=1}

R R ~ Ohm

Elavation angie on far fiski by frea Space- p

aule ~ maamal radiation
fixed = 0 deg

Cureent display Fant setup
Specdy direction

Last fies {meny)}
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Rear range of the F/B ratig
This specifies the range of rear angle used for the F/B ratio calculation,

To enable the rear lobe in the range +/- 60 degrees insert 120 for the Azimuth, Any value between 0 and 359 can
_ be used. For instance the side fobes could be taken into consideration by-setting the value to 270.

-From a vertical perspective, MMANA-GAL searches the lobes to identify the peak point of the front beam. If
Vertical value is not set to zero, MMANA-GAL searches the lobes from zero degrees to the specified angle towards
the back of the antenna. Any value between 0-and 179, can be used, allowing the high-angle front fobes as the F/
B ratio to be dispfayed

Standard 2 for SWR calcufation
The impedance for the SWR calculation. The default is 50 Ohm.

Using this, you can see the SWR with a matching circuit. In this case, however, the matching circuit has a very
broad characteristic in terms of frequency, and therefore the SWR is different from the actual value.

Push the Hairpin match button and input the target Z value to calculate jX of the hairpin match. If you want to
use a capacitive match, input a plus jX. In eii:her case, the target Z must be greater than the reference R.
Current display - Specify direction

Displays the current direction in the antenna view window.

MMANA-GAL will not always give the correct direction, as this depends on the antenna conﬁgur'ation.

Last files (menu)

The number of file names shown in the File drop down menu. The MMANA-GAL only check-box controls what

is displayed in the MMANA antenna file directories. When the box is not checked the “.mab and *.mao files are
also displayed.

Maximum pulses

Maximum pulse number that MMANA-GAL can use. The so&ware auto detects the amount of free RAM in the PC.

The amount of memory required to store the impedance matrix. For calcufation 8192 pulses required 512MB
free RAM.

Customizing User language

MMANA-GAL can display Iéﬁéls and program messég“es in your native language. Follow these instructions :.

1. With a text editor open the "mmnlanguage.txt” file in the /MMANA_GAL/Language/ directory. This file contains
a list of available languages. At the end of the file add your intended language file, you can use any name but
the extension must be .mmn for example “belorusskij.mmn".

2. Open the file russian.mmn or english.mmn (or whichever of the other *.mmn language files you understand)
and use the "save as" option to save it with the file name that you added to the “mmnianguage.txt" file as in 1.
The recommendation is to use Russian or English "mmn" files as these should be more up to date.

3. Online 1, change the existing Windows character set to the character set of your fanguage.

4, Starting from line 7,you will see a list consisting of a single keyword plus a space, followed by a word/phrase.
DO NOT amend the keyword as it is used internally by MMANA-GAL. Substitute the English or Russian word/
phrase with the corresponding word/phrase in the language of your choice. This is a big file, save regularly!

5. Start MMANA-GAL and chose your language from the Toolbar menu Service —> Language

That's it; MMANA-GAL should be available in your language. If your language is not displayed in the
Language option, check for errors in the "mmnlanguage.txt” file.

A similar procedure can also be performed if you find a typing error or an expression which looks not perfect for

you. In this case simply amend the unsatisfactory expression in the .mmn file.

Take a nole, you oo

v translate the MMANA-GAL language into the desired coe if vou run a respective

languaye Windows system,

A _return to sndayx

& 2013 DL2KQ & DLIPBD
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Serving HAM Radio since 1359, On the Web Since 1395
Order Toll Free Monday through Friday, 9 amto 5 pm. 1 800 726 2919 or 1 866 300 1869, All Times, Eastern

NO MINIMUM ORDERS. Same Day_Shipping. _except Sunday and Holidays BUXCOMM Corporation 115
LUENBURG DRIVE EVINGTON, VIRGINIA 24550
BUXCOMM Tech Support is by expert ARO's, Technicians and Engineers. *Teci Suppaort: Email; support@buxcom.com
A _touch of Class, The Windom and the J-POLE
By Glynn E. "Buck" Rogers Sr (68 years as K4ABT)
The J-POLE has been around since the early days of HAM Radio, and is a direct descendant of the "Windom"
Like the Windom or ZEPP, the J-POLE is a spin-off, or a modified WINDOM for VHF and UHF. One of the
first articles I wrote about the J-Pole was in HRC magazine in 1958. Since 1958, I've written several j-pole
articles in other HAM Radio publications.

Here, my references are to the early, 1923 (version) Windom (Article by Loren G. Windom September 1929,
QST magazine) . If you look at the feed of the early Windom that was fed with a single wire, you may soon
see the similarity between the Windom, ZEPP, and the J-Pole.

Look close at the configuration of the Jpole and the Windom, and you will understand why in many of my
articles in CQ Magazine and other publications, that I often refer to the Jpole as a Windom, with the short
section folded back on itself to form the parasitic element. It is for this reason that I feel these are two of the
best antennas ever designed. Having said this, you will also note that the Windom (and the Jpole) are powerful
antennas that provide outstanding performance on all bands above the band for which they are cut or designed
for.

The reason these two antennas perform so well (as Multi-Band antennas; Windom for HF & lo VHF, Jpole
VHF & UHF), is because they operate at harmonics of the fundamental or lowest frequency for which they are
cut/designed. To add additional feeders (ladder-line), other than 50 ohm coax or UNUNSs is a waste of RF
energy. Only 50 ohm coaxial cable and a BALUN at the feed-point is all that is necessary. Anything more,
adds losses into the equation that cannot be overcome after-the-fact.

Remember the axiom:

"When you have reached perfection, anything more becomes a point of diminishing returns." Enough said!

Trust me on the above paragraph, as I have experimented with every Windom and Jpole concept or design that
can be imagined. Having built and sold thousands of these two antennas, I've found that /¢'s difficult to improve

on perfection.
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For now, let's look at some of the features of our J-Pole, whether for; 140-150 mHz, or 430-450 mHz
the J-Pole is easy to erect
the J-Pole needs no radials

the J-Pole has low angle radiation
the J-POLE has greater bandwidth.

the J-Pole has greater immunity to terrestrial noise

the J-Pole is great for local nets or distant repeaters

the J-Pole has more gain than most Ground Planes

the J-Pole is more durable than most Ground Planes

the J-Pole meets most "stealth" antenna restriction agreements
the J-Pole has less static-charge noise, and static-charge build-up.

In the mid-fifties, and early sixties, ridged copper was difficult to find, and even if we were fortunate
enough to locate ridged copper, the cost was prohibitive. Most of our VHF (don't even think about UHF)
operating was AM (for the late model HAM, "Amplitude Modulation"), and on two meters, operating was
centered around 144 MHz. We either opt'd for a bamboo spreader cubical quad, or folded "zepp," as we
called it in those days (now-a-days, called a "J-Pole.")

Another variation to this antenna construction was to use electrical thin-wall conduit or "EMT." EMT actually
means "electrical metallic thin-wall" but somehow early acronyms had a way of getting turned around, or inverted,
...or perverted.. hi.

Using metal EMT instead of copper, we learned to use the brazing rods and torch to fabricate our "folded (zepp) Jay."
[n any case, we were able to make the J-Pole happen. For VHF, the J-Pole became the antenna of choice,

Just as the Windom took its place as the antenna of choice for the lower (HF) bands. As a matter of interest,

look close at both the J-pole and the Windom, and you might find a close resemblance and maybe even some
relationships in the off-center method used to feed each of them.

I've heard of J-poles stacked, collinearized, and some with weird fitted, 1955 Ford fender-skirts. Depending on
who's telling the story, they might have more gain than a yagi on a helicopter at 1200 feet, or they won't reach a hand-held

ross the backyard. [ try to make it a personal point to stay out of these CB
.Univcrsity fences. You can put a "mini-skirt" on it, you can even place a "tutu" on
¢ J-Pole, but the truth is, it remains a Jpole.

As a personal observation throughout my 64 years as a HAM; Mistakes,
Experience, and Knowledge has given this ole HAM the Wisdom (o know the
 difference. Don't try to build a Windom for two meters, and for

heavens sake, DO NOT attempt building a J-Pole for seventy-five (75) meters.
_As they say, "do the math;" Just the long, vertical section of a 75 meter J-pole

- would near 200 feet.

. TO THE POINT OF OUR SUBJECT:

I've had many requests for a ready-made J-pole design that will enable the Amateur
Radio user to print the image from a web page and go directly to the construction
table and build a J-Pole antenna for their HAM Radio station.

* On this page you will find many illustrations I've drawn to help you understand the
manner in which a I Pole is built.

Fabrication can sometimes be a problem for the apartment dweller, or the HAM
with limited facilities for this kind of project.

For these reasons. you may wish to purchase the "direct fed Jpole”
ready to install. We offer this BUXCOMM J POL

1N two versions;

UV resistant |

Tye-Wrap to
< Secure coax
cable INCLUD
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A VARIATION ON A THEME:

Let's look first at F/GURE la; This is the overview and profile of the J-Pole we will be working with. There are two different bands
we will be building the J-Pole antennas for. NO, we will not build a two band antenna on one mast. I've been there, done that.. and it
is an exercise in futility.

For openers, I would like to show you that all J-poles are not created equal. By that statement; I mean, we will modify our
construction techniques a bit and apply a variation to the theme. Notice in the exploded view at FIGURE 1b. I've deviated from the
usual RF feed technique that we normally use to attach our coaxial cable to the J-pole.

Where we usually attach the shield and center conductor to the tuning stub and the driven element with acro-seal (hose) clamps, here
we've made a slight change in the design by exchanging the elbow for a tee. Below the short (1/4 wave tuning stub) section, we
(carefully) soldered an SO-239 (Chassi-mount) coax (female) connector.

But notice that we must first attach a piece of number 12 or 14 insulated, copper wire to the SO-239. The length of this wire
depends on the spacing between the stub and (Fig /4 "D") long section of our antenna.

If the antenna is for six meters, the wire length will need to be about, 10 to 12 inches long. If our antenna is for two meters, the wire
length will be less than 8 inches overall.

I'am careful when I (Benz-O-Matic torch) solder the SO-239 to the copper tee, since I'don't want to heat the SO-239 to the point the
solder on the wire melts and I have to begin the process again,

Shown below & above are our direct feed J-Poles.

For 2 meters (145.000 to 146.000 MHz) the EXACT dimensions are:

A = 58 inches overall (Long, driven element).
B = 19.5 Inches

2 Inches

1.8 Inches (space)

c
D

Il

For 6 meters (50.500 to 51.500 MHz) the EXACT dimensions are:
.- A = 166-3/4 inches overall (long, driven element).
B = 58-3/4 inches (short, tuning stub).
5.5 Inches
= 5 inches

USE BUX "VBALUN" with3-Poles 1 kw VHF & UHF

BALUN, BUX VBALUN

> CLICK HERE for on-line CATALOG

Hi-Q, toroid design, wound with teflon covered, silver wire.
For VHF beams, J-Pole matching applications, and construction.

Il

(ONQ]

S UV resistant
“ - Tye-Wrap to
) © ' Lsecure coa
cable, INCLUDE]
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<3~ ——-For 2 mater Jpale, use 172" rigid copper
pipe. Cover ends with 1/2* copper caps.
For 6 meter version, use 34" hardware
and cover ends with ¥4° caps,

Use exireme coeution shen
soldering using open-flame torches.
CESERVE ALL SAFETY PRECAUTIONS
ASSOCIATEDN WITH GAS TORCHES.
Mways coldar out deors and eway

”ﬂ’ from flamable or conbu:ﬁbles,wm

I!A ”

-’——_._IIBI_I R

IICII

{Cy 1955-2051
BucKasBT

g 2" Stainless Steel Hose Clamps
4< Support mast MUST BE METAL,
and must be grounded for proper operation.

Py VI w2k F OB s5an

FIGURE 1a

AL

s < o\

“DI'L""

Soldered|
.l_ﬁ—-'—’Hol e sealed around insulated wire
‘ \ with RTV or slicone compound.
llcll

1
1

dli % Insulated # 12 sclid wire
1

~m >~ RO

inside coppertee and pipe.

Tee Tee WWireis routed through hole
1 1, and soldered to driven (ong)
142 element of the J-pole.
tee se BUX COMM
§0-2 39CHB ATLUN here.
Soldered to bottom of
copper Tee.

< MMetal support pole or mast.

Exploded view of the © 19502011
RF feedpoint method. & 'Buck" Rogers K4anT

Figure 1b

NOTE: Coax center conductor attaches to the "Long section” feed point.
Shield attaches to the short section feed point.



73

USE BUX "VBALUN" withJ-Poles 1 kw VHF Balun, BUX VBALUN

> CLICK HERE for on-line CATALOG
Hi-Q, toroid design, wound with teflon covered, silver wire.
For VHF beams and J-Pole matching applications, and construction.

A n adjustable_ VSW R ,2 m etex J~-BPole

17X Riggid Conpet Pipe

Cap ardswith Y2 caps

f Flandeoider. -

se axdreme caition when
scldedng using cpenfiame lorthes.
OBSERVE ALL SAFETY PRESAUTIONS AQJUST SCREW
ASSCCIATED WITH GAS TORCHES. FOR LOWEST
Atways saldir 0 dooss and avay 5

from flamwby or corbutibles.

3.0 center to center.

7 e TN 1T X 632
/ == Z 0N “BRASS SCREW

58.0" / ———
[‘{// [ T]=~—6-328RASS
’%' B NUTLOCK®

— 16-22BRASSNUT

¢ SCLOERED INSIDE

I { 112 COPPER CAF
Connect{Coax 19.0" l i ! [
\ YN

R 2-3/4"

ki
i - Coax Center
)

30 INSHES
APFROX

o%o Insert BUX COMM
V BALUN hete.

F 22 inch Stainless Steel
gﬁ Hose Clamps
:‘{%‘—Meial tMast (Grounded)

Two Meter J-POLE WITH VSVV((I:'}’IA TMENT.

2%3-2011 G E "Buck” Rogers E448T

BUX VBALUN should be installed at the antenna feed point, or where the coax or feed-
line attaches to the J-Pole antenna. BUX BALUNs are used to connect balanced
antennas to unbalanced transmission lines, such as coax cable. Their primary purpose is
to prevent antenna (RF) currents from flowing down the outside of the cable
(VSWR). Another function of the BUX BALUN41 is to match the impedance of an
unbalanced coax to the antenna feed point. BUX LISO BALUNS may also be used as
“line isolators” anywhere along the cable to prevent the destructive influence of induced
RF currents (VSWR). BUX 1:1 BALUNs are current BALUNs. They consist of several
large, number 73, ferrite cores.



r—Hole cealed around inaulated wire
with KTV or aticone compound.

Insulated # 12 salid wirc

inside copper tee and pipe.

1| \Wireis routed through hole

11" ard soldered to dnvenclong)
-eleiment of the J-pole.

EYNYEY

Exploded view of the g5y
RF feedpoint method. ce 'Buk® Ragers KasRT

CLOSE UP of the alternative coax feed method.
Use BUX VBALUN to couple coaxial cable to J-Pole.

My Hardware J-Poles from 1959 & BUXCOMM J2JAY (1995)

I ol T 146.5 MHz; TV Twin-Lead J-Pole

Tnis TV twin-dea J-Pole is made from 300 ohm TV tyinsead.

1 ——NOTE; the /811 inch hole in e twin-lead membrane
where 2 *Ty-Wrap™ may te $ueaded 1 susperd the J-Paie.

@IMPORTANT NOTE! ™y

30id RF feadbackicouniing, £ 1558261

SG-12" |79 alcop of the feeding $0ax atthe | gukaaBT

- & 5
§2.0 % feedgoint of tne J.POLE. Use 3 o7 4 tums
¥ of tha feed coax wlled nta a4 irch
Cywsren] 2 \dizmeterioop.. and taped in lace o the feedpaint. /
BKAAST
~——{ —Maasure 16- 172 from tw shield soider pointiant cut cut 147 notch
g .o
&1 Ve " SEAL AL OPEN CONNECTIONS W1 TH "RTVv* ar HOT GUIE!
167 /
i Y /- Feed RG-58 Certer conduetee to this pant (leag sectin),
(I

Measure 1-1/4° trom soiderad wirgs and strip insuiaticn on ban sides.
This Is the solder pelrt for a 003 2202, () 1959-201¢ BUFCOMM
T Step 172" of insulatien & botiom and solder wires together.

In the early days of packetRadio, we used this Jpole as an Indoor antenna to
hit the local Packet Nodes (PacketRepeater). Unbelievable performance when
suspended vertically near a window or off the patio. Gain is 3.7 dbi MOL.

and admifsre ora inctuded,
4769, SMA, end ERC,

BCMC]  _ suspension e (27 iypo connectors
Hana Looer

BUxXCOoM
Raodel
J2JAY

Joete
243 Fdim =4
ey L

Birdur
]
G2inches N

oL @g
Adaptars ~F &
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[NCH COPPER PIPE CAP.

172 INCH RIGGID COPPER PIPE.

ALL FITTINGS ARE 172 INCH COPPER.

57-314 "

2METERJ-POLE
CONFIGURED FOR 146 MHz,
A=Benz-O-Matic propane torch; B=Lead-Free solder; C=Tape measure: D=Tubing cutter; E=Sharpie marking

pen; F=Solder Paste; G=1/2 inch copper caps; H=Hardcopy of the above drawing; I=Wet Towel; J=PreCut,
ready to assemble parts of the 2 meter J-Pole.




3/4 INCH COPPER PIPE

165 INCHES
(13 ft 9itches)

3/4 INCH STAINLESS STEEL
HOSE . ATTACH
CENTER CONDUCTOR OF COAX
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NOTE: The radisting of this antenna must be cleatofmuby
Malob{amhydlomﬁmches If side mounted on

glower, use 6 foot side mount. Top ofmtmmmay
quiTe- ulatedsuppoﬁath:gh(wmd.xcc) elevations.
72 INCH COPPER CAPS.

1/2 INCH COFPER PIPE.

3/4" >1/2" COPPER REDUCER.

5 INCH WOODEN SP ACER/SUPPORT MADE FROM
SECTION OF BROOM HANDLE. COVER TIGHTLY
WITH VINYL TAPE TO WEATHERPROOF.
SECURE IN PLACE WITH "UV* TY-WRAP OR TAPE.

172 INCH STAINLESS STEEL

HOSECLAMP. ATTACH
COAXSHIELD HERE |

1, 10" section 112" riggid copper pipe.
1, 10 section 344" riggid coppex pipe.
1, 112" stainlass steel hose clavap

1 “ stainless steel hose clamap

3, 2" stainless steal hiose claps

2, wppu caps

L

1,

1)
2)
3)
4

3
7

%

M

degrea coppor “ehowr”
51!2":01:« er reduer
l 34" x 34" x ffz copper "tee"”

4 TURNS OF 50 OHM COAX FEEDLINE
ROLLED INTO 5" DIAMETER COIL
ATTACH (TY-WRAP OR TAPE) TO COPPER MAST.
¥4 USE EXTREME CAUTION WHEN USING
PROPANE “BENZ-O-MATIC" TORCH
WHEN SOLDERING COPPER PARTS TOGETHER.

K4ABT

‘x‘ss,

Rrgues
6 METER"J" POLE ANTENNA; DIMENSIONS ARE FOR 51 Mz

BUXCOMM J Pole Calculation by BucK4ABT (C) 1992

Center conductor to "Long Element" and Shield to "Short Element."

One is for 144 to 148 mHz (model JPOL2) and the other is for 430-450 mHz (model JPOL4).

Both models are shown in the following illustration:
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172 Riggid {opper Ppe

Cap endis with 172 caps

Use extrent coution when
soldering usinmg oper-flone torches
DEIERVE ALL SAFETY PRECAUTIONS
ASSOCTATED ViTH GAZ TORCHES
Aways salder out deors and awoy
fron fomebls o comstbies
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For all type of outdoor antenna
connections, BALUNS, Coax
connectors, coax bulkhead
entry panels and more. Use
Coax-Seal® to protect any

outdoor connection or CAT# CS104. For
connector. Coax-Seal is made
of a non-conductive, non-
contaminating waterproof
material that remains flexible at|sAl UNS. Coax
any temperature from -30° to |connectors. coax
180°F. Coax connectors that |rylkhead entry
are not waterproof or have  |hanels and more.
exposed solder joints can
moldable - stays weaken from oxidation ! Coax-|
at extreme temperatures Seal is superior to electrical
« Forms easily to odd shaped connectors tape or vinyl sealants for
« Non-conductive moisture protection. Each box
. e of Coax-Seal contains (60
Nom-conteingting inches x 1/2 inch) five feet and
will protect ten (10) connectors.

Fast easy seal for
wireless, radio and satellite antennas
Serving HAM Radio since 1959, On the Web Since 1992
Order Toll Free Monday through Friday, 9 am to 5 pm, 1 800 726 2919 or 1 866300 1969, Saturday 9 AM to 2 PM
Eastern Time
NO MINIMUM ORDERS. _Same Day_Shipping, except Sunday and Holidays
BUXCOMM Corporation 115 LUENBURG DRIVE EVINGTON, VIRGINIA 24550

BUXCOMM Tech Support is by expert Technicians and Engineers. *Tech Support; Email; support@buxcomm.com
Web Page Design and HTML By

mmCo ™™ ® & @ and is a trademark of: G.E. "B Com ications Consultants
All text and graphics on these pages are ©®™ of G. E. Rogers Sr and BUX COMM Corp I‘)ﬂ? 2011

G. E. 'Buck'Ro
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