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An ILLUMINATING INTRODUCTION To ANTENNAS. T
Db W%Mﬁzfg’f 49 Corbin Road, 1Henniker, N.#. 03242-3%¥.

s DemonsTatlion (s a result of m atfempts fo leack non-techy;,,/
fo/ks who wert Studyin ﬁl‘ Therr Technieian Class Amateur Radio
Licenses. The initial success led o an expansjon which covered topics
ﬁr‘ the Ceneral Class and Extra C/ass exams. p fuye that some o

You will use similar fechngues to encourage others fo share /n our
won der

t Radio pursuits] and alss to educate the general public
sbout Some of the technolig, hey may 12ke for Sranted. The
Demonslratiok can be féf'/orej e Swit varions andiences. 1
pave presented it to Amatewr Radio Clubs (inctuding HE and VHF
groulps) , enginee ride: conﬂr\elrcef,

' e Science museams, physics and elec-
Tronics classes, and a Boy Scout Radio Meri# Badge

. group

Various fro,ocr'_ﬁes a,f Radso meunc (RF) energ and antennas
are shown by ilMluminating small [aﬂ,p'zwfﬁ&m a S'Zmewhaf*
darkened AL I ‘_-'/f"“ F32-MHz berause a whole arsenal of VHF
,n{—gnngs'wr/f .;7‘& hte 2 sultfease or on 2 fyﬁfg-f? (3_ ha/f-wmc,—
frn g{,ﬁ dzpafa‘ 15 only Rbout 13-rn. or F3-cm, [awgr), Besides T
had the eﬁurpmemﬁ i T ierowave Modules MMT.432/28
generates several RF walls, when drivem b

; 2 few milliwatts at
28- MHz. fr'a»‘z a home-built- cw/DsB traxsmifter. The 28-MHz. wuni7-

is small (J-f’n.XS"-in) and can -r/m"y carrier ayd awdio (evels o
permit transmission gf cw (Morse code), AM, and DsB (suppressed -
carrier). The 432-mHz. RF emergly can be fed to 2 small Source
anfenna, which (s zimed aw? Jrom the audience (heed The RF
5%9 rules/). A simple ea ]-r‘a-make candidate ;s the WASV.TB
s c,’”f ﬁg-;' "Mi'.‘f*« 3’“.’"!}”{)’(-&0:’!‘9 g/em[n'fy on a waaa/w bl‘.’-’aﬂ‘f.
NMine rs 2 lwo-prece §-element yersion (airline Transportable),
which may be rofated of'or- horizontal o vertical polarization,
Remember to idents our cafl-sigh et/ery ren m‘:'lmfzs w.//em
ﬁanSm:"/?’:'»g’ in the _m-?*ﬂ"" band — the energy 8 Z‘fa?vefrngr
wetl 563:01:{ the room !/

+32- MHZ mocels of many an tenna types can be reaa’:}'_/j

construeted ﬁ"’m’ No. 1@ or Nez. 12 hrouse wire and woodén s}ap-
port structures. Some of These anteanas 2re more cﬁmm;n ;
associated with HF than UHF, suach as the Moxon vectarigle
and be/f-Sfuar'e arrzy., Orhers, such 23 The rhombic, are ';‘;-_-
large at HE 1hat most amateunrs a:,_(/z o/f?am Rbout 'ﬁ?cm,:’/
efﬁf-ons can f;‘f [n R’ Yoowt. C‘a'ns'f ctrion fﬂ"&ei“wc,es
. Y h,‘gﬁﬁ» than 432-MHZ. becomes complica by lead-
r;u;ﬁrs ond tight telerances. Some of my models hatke BNC
Jé;yiks and ave optim (zed for SB-AL [o2ds. Others have no con-

octors and, ave adjusted for maRXimum brilliavce 1 soldered -
’gn < ve- lead [am}?s'



S A

priz,

2003,

Q?
AN LLLUMINATIN & INTRODY '

presence and roperies af
old- fimers alike, F'e/a_‘/-,S"z’?'e th ny 17

/ eters may be More Sens i
and aCcura*e, buy 'ﬂreyL/'u: ”grz no? as e.X(:r'?‘r'ug’/ ST ) n7s‘o /E"ez:;o
far‘ H‘wkg/r awa rom.  the Source /w':gz,e» a lam
ﬁam eﬁt‘#‘g" b 17 é"‘r'g""f'é”?ﬂ/ é’“r"””g ut. & 7

i aoo/ [5‘»4,97'“,0\-.3
1Mclude the Ne. 49 2.dv(@ 6 mA nd so-called v ; 5 "
wWre - Jead /a?nﬁd‘ wr(?% 7 3 4 o -Criled Erain-of-wheat

Sv or 2v Lilaments. Move 4
Z‘ype:j Such 2s 4he Ne. 47 S St

L 6.3 15¢ a + ¥
over great distauces wr'ﬁfﬂrz’(— i Sl S, 9T Sens iz pe envugh

rnCrezs;, 7he source power 7% an
unsafe level. USing < 424. g A

M1l f gyt lamps 15 practical /n 2
16 - fff fo 3&- f}'— space with a < I Watét Jair‘ce r‘re:m'm:‘#fr.

. One /omé'/m with meandescznr /“””/5 1’5 therr viemn-constont-
;m/bed'aorce -w:ﬁ? 'f?mp‘srn ture &h?hgg;. For ex;m‘p/e) 2 MNe. 49
fzm/O merSures ~ 5.1.0 when cotd (~4.6.02 ﬁr’ & Chinese version)
and ~ 33.0 —w:'ﬁ? z2voc applied. 4y -« will of Conrse a&ﬂ%ﬂ a7

432-MHz., primarily oye to fead ductance.” I sotder s Mo.49

lamps Lo short R6--584) cables 2tt2ched to BNC comneSors. 75,

Some anteanz models, T uese J,‘m,y,s’/dgrm/ "GrRin-of: whent
/zmjp: with Short [feads.

I have also erperimented with bright 7, 1§HT-Emitt i ng Diodes

(LEDS). They are mdeed more Sens/rive awd"f uire less enerdy
than (neadescant [amps, but exhilt a vaviable impedance |

7he _0,0/&5‘/'7‘6 divection. A red LED needs 2V Ut to Purn on,

and 21 fowr currestt- Gt 186 v A) e May have Thoige gucts of churs,
whereas at futl britliance (mot much more han 2v ,and

2EMA or 3o mA curfeﬂz‘—) tmpedance w1l be 143 oer 100 - (). .
This means That the change /n Orighiness wwetl be fess fporo -
nounced when MoVing: an anteanz +then 20ith 1ncadescaon?—
Zﬁmys' Muy z‘y/r'ca/ LED detector (s mounted on 2 smatl Crirce -

bogrd Caﬂfas'n/'ug' a hot-carrier diode (HP ~28688) small
by/?a 55 Copacrfor (<SEDp F),and carrmz‘-f:‘mx%/'ngf res/stor

(~330). MY mos? sens ts/ve LED , which can ligh? over
4@'6-feef rom The source, USES 2 vollRrge-doup /ey (two disdes)

; JEliverte 2v De. A n zddrtionzl jorodlem ﬁy\ andience

fyfew;'ngf results ff‘m he direct ional beame d f,'g}ﬁt afé?ﬂ
LED.
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Sthonld yon ~wish .ﬁ recreate a Stmilar demonslration, be sure tv
Suzge Yow- andience. The Topic possibilities are extensive,
but fw" most peap/c 2 ﬁ'w 5:)54)0/4 301’“('1/&'7&(":5/ such as
rota ,{.;”3, an Z&?L&)? na. fo Show ;bo/a‘b"r'aaﬁ'cm, anr ;70/&:"}?87{4_

& mﬁec/fw Jdirector (with audience participants /) fo make
& Simp e Yag'r'; will af,bf' ice . Your atotted trme witl be limited,
If You’ have an engineering fﬂﬁcﬁ'g’ramﬂﬂ/; kheep ing it 5imple
ma be J%f'r’oal?"/ Avord oz/..srw/u:lm;'ng' gur andience

with tmg fee huical disussions aboul com plex-impedances,

mutual-conpling, " grating. lobes. Share your enthus/asm
withoul” scaring +hem @WE‘J,/ _

rve

3.

A |
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Ay 7o (0 Aot TN T = 5
ok envonstaivtion) Topics,

Polarizatior.
Frefzcm%y & Wawve Length .
Phasing & Mafchr'ng.
: ’Tefm{naz@gy.
falf - Wave Dipoles.
Shortened Dipoles.
Grownd FE ffects.
Fretl - Wave Dowdler
Extended Dowble - Zepp (EDZ).
Stacked Dipoles.
Lo;@g Wrires — FHarmoriie Cpera Crosz.
V- Bearmms & Rrombics.
Full- Wave Length Loops — Qu:ecV?De/z‘a/C'zk‘cu Zar.
Smatl Loops & Halos.
Near -Vertical Incidence Shywave (NVLS) Antenrnas.
Vertical (Dt'foﬁm.
Ground Plane Antennis.
Colinerr Amntennlis.
Prased Verticals — Bidtrectional 8 Unidirectronal.
Half - Syuare Aré‘?ﬁm?:’b/zrecz';'mat & Unidirectioreal.
FParasitic Eflements — Re«ftecz‘oﬂs & Drrectoris.
Yagz' Antennas.
Stacked Yagis .
Moxon Rect&ngie.
Driven Arrgys — “ZL Special "’/Log Pertodic.
V- Beams & Rhuombics — Tepminated.
Farabolic Reflectors,
Effects o MastT X Tower Mowntind
Ti’z;s h—fﬂu!tr' band Antenrnas. =
HDV & DDD Asrdehirias,

Circeclar Folarization.
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Example of RADIATIO « e

(Uh}_d;fccﬁonai Y Beaw

WTACE = TR < curaent (1)
. ﬁ‘ ~
- Sag M - hy MNVYLE
1283} ~._ Vourace (E)
=

z HALF- WAVE DIPOLE —2—
This is 2 most pasic aud easily
comstructed Autennzr/A BaLun

- (Balamced-1o -Unbhalanced) Travns former

wmay be needed for coaxial-cable Teed.

¥ Length is slightly under Y A in practice.

ToRbi0g  MA% Signal END VIEW.
VIEW < o
1 ac
MIN- 1].- MIN- /9‘» P e.
BWT79° Eouz! Signal
MAX Signal iuf?"“a\\ ngred{ons

EFFECT 0F GRUUND gN
HoR\EONTAL DIPOLE.

fné'i -]. [z
MAX I€ Growad is %A gc"‘f—?{ ‘]
ﬁ below Dipole, most e
A L) enLv &\,EJ'.\‘;T_%:UJ [
! MIN & MIN  YUPware (o
S/ﬂ:_ 77771,__;# FE.« DX!). >l
eﬁo U’No distance gives

good signal at
Nori2on.

For Xin Feef,wml-hfl); Meters K 3,25

COil L o] ATIEE TS

‘-EZ /VI/ 2 Copbin Rozd, Henniker, N-77 a3242-

3367
4 cYcLE OF WAVE.
| Frequency <
/o No. of Cycles per see.
'. or Hirkg (H2).

WAVES IN-PHASE.
oo (Re inforcement)

360°

[

0" [

00 3‘09 18 ] 3'710. X \‘
I ! WAVES 0UT-0F - PHASE,
1 A or | (CRV'CC”?‘.{*.'N)
l¢— WAVE LENGTH _.,,*l S
%(Md-erj)r \?0_0, , wheve ‘l:ya«ou;ag{-{,, " 1‘{0
£ (mrz) f = Frequency -

(P&ffn’a‘i Can ccz‘laf‘:‘ah>

- TERMINOLOGY

H* BEAMWIDTH (B.W- H{k() = Ansuiaw D\'S‘I‘RV-'.::‘E. between
Pa(nf‘s where power dr;ys‘ to 1y ?368} maxi rum
Measuved ia Degrees . B. - may dTfer in £ and H planes.

% FRONT-To-8ACK RATIO (F/B Hevre ): D.')qfcfence. betiween
M aXTmum signzl (forwar c".‘rgf,f{:m) and signa
1 orfusth (180%divection. Measuréd indg. A high
vzlue indicates goad Y‘cjtc+fon of stna\.ﬁ"FnM rear:

# 156TRUPIC RADIATOR: A +heoretical “Point
Source "with egual radiation in =zl
Directigns (3-"Dimensiona)). 0ften used as
2 Retercnce Anfeana.

* GAIN: \ncyease of Signal compared to that of
2 Standand Refereirce Anfenna, usually stated
2% dBi(Gain over ISofropye) ord pd (gacn over 2 'D-I}w}e)_
gdBC! Z2.14 43, i (—-&B values " di‘(o‘{ z ch(8338).

Rawge over which +he Anknfiz 2.0 --
15 considered “wsefu) “which 1.5 -
wust be dE‘Fi_hC(l.. For c_;um\?]t;

we may SPecu{'y VSWR £ 2.0(2te1).

£

% RESONANCE : Condition where Autenna is purel

Resistive, Capacitive znd InductiveReacta
exzctly cawcel (XuL=¥e), . :

% BROAD 51D . Maximum signgl +s perpendicalar to

_ e plane of +the elements. L

X ENDFIRE ' Maximum Sicnal is in +he F]&wc O‘F"H"G

dtw‘*"‘fg; and perpey §l'c ular fo Hhewd.

% NVIS ; Y“Near Vertecal [neidence Skjwav’e," Divectin
Hhe 3ighal nearly overhead for 10czi" (not Dx/
1onosphevic CommuAricztions, primav ly o e g -
or 4¢ - meter bands. (see WARNL anticle i T /Feh. 2007 QEX )

nces

SHORTENED DIPOLES.

] \ J,'a.m:c Z’
&<h A= %f: down 2
ewna s
Zz Sv}\\oH‘tmeA,.
£ End 7

»Hats"
wtes wmost fo F:‘BHS'{V&%‘H" i

¢ Vo h Tota\ Wive oy

Coil Col

L

L capacitanc “Ha&s"—}_ ;
The Pﬂec%io:t between Coils contrib
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ASomes HORIZoNTAL WIRE ANTENNAS —2

IR VTR Hi-2 EMAX. T jmAx: E IAAX . .
ey L R FAN R S TR f v A vl
: MIM. - -1 Tuner gv 7 i vV oy i W

7 &(\/ lm?td wnee |

} 14_;1'.‘ TransStorme Je—oo I,é,_;\ _——-)‘} Ié—-—- A% N —>|

oy So4 W Il

Z Radio “ZEPP Hi-2 Gaima1.648d

END-FED DIPOLE— = Antenng . 67 Ladder Line B.W. a5 °

MAx sighal 5 ljer]smé:'cu!av‘

to Balun o Tuner
FuLL- wAVE DPOUBLET:

to Wire, justiike ceater- fed Dipole (2 WALF-wAVES IN PHASE)
MAX. M . AX. EMAX: EMAK: I MAX, )
VRN SlG:l):tr,. HI-2 1E§?£. gf’”- ‘“4:';’.;&*}_;,3'”‘ EMmin: EF%
% Tune or " S
! Impedance  V&— 1 n —> Ay fekpad <— 1, X —71 BW.v33°
e~ lagt ——>|4-—l/¢;{_.———} P_rr”s{“ﬂ" 2A 4 "”— E—xlcﬁ_a-ﬂﬂ'“'_“'m 3
( K) | o4 557@ENDED DovsLe- zepp (EDz). Gain=3 { JBd.
END-FED F Ve L = o This hzs wmore Gain than the Full -wave Daul’h{;
r ULL =WAVE WIRE. = becat«sc the lf’l;L Scdfl'oﬂs are 'Fur‘”:tr‘ a\’)av‘*‘.
'S Ou‘i‘-o‘{,‘Phi’fe/ which

VY 4-Leaf Clover” Pattern.

However Yhe w, d Vi A

Her extea d -.'ng Hie middle

(Broadside ouf- of- Fhafc). ey Produres side-lobes. Far
Je— ."/?_R —| increases these lobes awd vobs powerfrom Hae main )obe.
T Rt oo 1< L4 Al <=l A —| 1?;
Iy W e )
| _j_} L FEED Bw % g0'H i ﬁ zpax. [} ¢ L.
&}\ - : EMIN- E MIN:
(o ™o AN
Jg {‘}t?‘ ot Yyd Suctions Hj?:,”e" ZAten ?L%L Y )
! vacs‘/ ( (
< "/7_?\ “——""'?I QU*D LooP :UELTA Loop CIR OGULAR Loo¥
BROADSIDE DIPULEY IN-PHASE . MAY Signal Some othen Y‘H;oes w it
Good NVIS An-'l‘ewhﬂmf/g;t Tto Z‘_?L Blr_oaés)} e to Similav Performance,
UQP 2

Above gud ?2“"‘4”8’ to Ground -

LopE

\
2"'8001; e —

g
S uAL
SIGNAL

Zx 1000 ‘ MAC
s An a
<= 7 )b é“?”?& SienaL
g TN g e AlUE Lobes: B i?

(7 L"E’fym S P <7 gt Sz Ancle
LoNG WIRE (2 2A) h2s many V- BEAMI 3N chosén to
Lohes of Enengy. IR WV Combnes Z'f'o a 2ligu Lobes
; Wives
Was & Lobes, 37 yas 12, ef¢ zié,:wéc .I;Frm et Air)s Long Wires Yo 2dd Enevgy of Lebes.
: SideLobes cancell partially.

- Side Lopes cauce| pariially.
IDIRECTIONAL ANTENNAS, — o

jomw VERTICAL OMN

b R axizl Cal
T CoPcmpem diculfar T "GRoUNY |
to Element. L PLANE.
4% YERTICAL.
A=t
MA?‘ r :VV\-X
S\GNAL
VERTICAL
% DIPOLE.
Wi 3or4d Qaélt'alc;
| (S'n'o e Av\g e
? g &« A A b fects Z—)
2 = 36> MoNOPuLE, Tu(i Avtennz
s elevated

MAX
,‘NR ’%)k / ﬂS‘GN*L above Ground.

SIGNMN- —
J £ T “Thfimte”
Gvound Plaue.

=\ e & —

i

r

For Increased
Gain &t Horizon,
additional Elemeats Ao?
may be added in >
Phase ({/{c Hori 2owta
We Exam?}ec). N

; o 4
4':-"4};1 /1\
A& 180°Phase I4a &t

eversa) Stub
aRr Inductor OC,‘,_ _@:
L

N

L Xi=he
Radixls 3’;".' £ /"

oV l’e’a“ésﬂ

vallel-
PP‘&:\csoM aut
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B1- DIRECTIONAL{BROADSIOE).

PHASED <1 Ly .

VERTICALS /z%“l‘o/é’/\—?. — Yr— PHASED

" @ VERTI(CALS.
:D:'(c(;h‘qh of

Mud)

@ﬂﬂ@%ﬂWﬁ AFIT 2~

me2 D _
UNIDIRECTIONAL (END FIRE).

/D

B

Te J.oF 2

MAX.Signa\
may be Revevsed

by ‘swapping ¥ee

Egual Len ths
1 ¢ Ef{_ual Lcusﬂns Dgl&j Live To
2-Way 500 Cable e ® side.
?u\gmr" _
: son PR 2wy || 4P Deldg
? \i\gffr_} S RS
MM @ ﬁ . & ? S0+
sienaE Y (B) e MIN- MV o MAX.
ToP VIEW: {}’ : S\GNAL -+ SIGRAL @. ®- T/ S1GRAL -
— T MASIGNAL TLOR WECT:
f"\-%?ﬂe/v _
MAK T UNIDIRECTIONAL ANTENNAS —
SIeNAL w /_,\ AYn = spacings oxih
3 5~ 0.4 te925A 6.1 to 4.25%
255 T H55 & 2 GAWN & 2e S|
” 1 o3+ ~3d8d
4} A 3 >Z’ LN '
Bwx76° T J‘ 3% M e e
GAINYGS S N g ﬁ
[0 | 0T T i | M P )
‘ ; MAE -
F/py26d8 4N '/ﬁ}ss;fl::b HALF-SGQUARE D€ 2-ELEMENT SIGNAL
WrTH REFLECTY REE: ne DR
Works Dereati T LECTO R SAGAY - R E.
close Direction 5 Reversible G do 625 3-ELEMENT YAGL.
to (Sfc W4RNL ar+-l|n he Stub and Feed Cable. “«7
Ground / ) icle’in Nov./Dec. 2606 REX ) : "c’;;—'ﬁdgd AJJHEOMa\ Divectors
&REF >4 Lo-2 o ' may be added fer
TERMWATED cireumference 1} move Garn (a“a
V- et A B - | oo WEEEE
_ " _ [reumTORACE M TB "lé Ch
g A MAY pig 2-ELEMENT R eap
\é‘/ f\.\SiGNAL D-E- NG NHE/URE \{.;\gls, see
£ A | <'wzb'vjb@ (:q:\/]n .com)
NEbon PR/
\ —_— 63Y
TERF)\H\JBA-TED e T o /
nORBIC. VT2 Tias 15 &
52T 2’;! T 250 : :
v ? 3 < Lo-2 ol - %”“‘”ief")
x ﬁ? 0.3 ne :
o W T W Elemant
Lmes Lo | N SlSaatil
PARABOL| c REFLECTO R ‘ SIGNAL. S\GN a bfo'&é
'\(3-91men$1ma.lhpara.bo'lm&)_ — 'Fgfw‘%“é Ldbe
- S Ve 1327 awnd irn‘)ro\fa
: / (a' . a0
4 > '\é\fgpm— e ‘\ MOXO N e
MrowL POINT_»,. ?L*S PECIAL, RECTP\N(:LE'. Pur De.‘f?.a\i. S
> Not Good Gain and F/B Swww.cebik -com
= i’fﬁ;ﬁ‘ bot difficutt v Tune. woxon fomox page ML



