SECTION I

EXPERIMENTS AND} DESICNS



CHAPTER 1

INTRODUCTICON

1~} Introdaction

Tn commnication betveen pelnt~to-point by HF redic wave in intar-
mediate distance as in domestiec c¢lreuit, the antennag that are useful for
this purpose ere log-periodic and half wave dipola antonnas.

The log-perlodie amtanma 1a very well suited for thls purpose, be-
.na.u.aa of 1te properties of high direotivity and gain ant the most 1mportant
of ell is the property of frequency i1ndopendence, 1f 1its eoat doag not ecin-
n.:arn. The log=perlodic antennas as produced by many ecmpenies wmually have
wilds frequansy band { 3 to 30 Ma }, but the freguency band that 1s well
suited to our demsstic cirouit 4s 3 to 10 Me. So if we can design s log-
pexriodia antonne that has the frsquency range as speclifisd, then the capltal
eost will be much less beocause the unnaccasary higher frequency elements
could be neglected in the design. The ramaining is the slements which are
actually used in radiating. .

This theails presented a step by step procedure which emahlas one to
design g 1c|g-peric:;d1:: dipele entonna over a wilde range of input ilmpedsnce,
bandwldth, directivity and amtenna size. 4 typleal LPD antaonna with fro=-
quency rarnge 3 to 10 Mc for use 1n domeatic alrcuwdt 1s also designsd as en
example, The agreement between the measured and design value 1s about what
can be expected. This antenna 13 balieved to bo uasful.

Now copslder the half-wave dipole antenna, It msy be less in the

os3e of directivily galn and bandwidth than that of the log~periodic antenna,



but ita coat 18 very mch lower, Besldea, 1ts much dasisr to ast up,

1tz the simplest and shortast typé of ungrounded resonant antemna that
can be deaigned. It will work well for such intermediste distance, be-
cause of 1ts high weve angle and et the sams time the f102d atrength
from the tranamitﬁars are powerful enough. Ws may think of the dipols _
antenna 4s the gradual compramise of technical psrfection in the i1ntereets
of lower capltal QGE@H;I Beceuse of these reasons, the half-wave dlpole
antenna 1s by far the most widely used typs of antenna for elmost all
radlo frequency applications, But the blggest drawbsek of the dipele
antenns 1 that ome set of antenna cen be used faf one frequency only.
Also, it has bidirectional pattern which should be equipped with para-
sltlc alements when polnt-to-point service is requilred. So 1n wsing

the dipole amtenma for 24 hours application, ous ghowld have tuo sets

of them, ona cut for dey froquensy and the other for night fremuency,
both frequenciss have the ratio of almest 2 + 1 . This tends to be
waste of land and can make a gsemingly inexpensive strueture be infact

& ¢ostly cne. So if there 13 some way of utl1lizing the dipcle eptermas
for 24 hour service with minimum cogt and takes ms little land aATea Aas
posgihle, thon the ecoucmy way of commurdestion will be achieved.

The experiment in this thesis demonstraies a pramising new app-
roach to the use of dipole antennas with reflectors ef Fectlvely as a HF
Peint-to«polnt antenna with smnll lend area as possible., The experi-
mental result shows that with two dipole antennas cornected in parallel
¢n the same support and fed with oneg faed 1line ( dcuhie doublet ), and
alsc provided ﬁith raflectors for batter dirschivity, ths whalc set

can be used effecetively at both day and night frequencies without switch-



irg circuit vhen changing bands, The antenna zet possesses ecnstant
input impedence at 42 chms, galn over dipole at about 4.5 dt, front-
to-back ratio at about 2.3 at both frequencies vhich is quite high
for this kind of antenna, The taks-off angles at both Trequencies
ars also sultable for propagations. The gulde diagram of the antenna
set is also provided with all dimensiona as a Punction of wavelengths,
Hence this antenna sat is applieable to any set of day and night freg~
usneies selected and esnmecially very guitsble for use in domestic edreult,
and expected to be widely uged.
1
1-2 B=finition Terms

For further clear understanding, fellowing definition of torms
should be ingluded.,
Antenns { Aerlal ). & mean for radiating or receiving radic waves.
Isotropic Antennn, A hypcthetical antenna radiating or receiving =qually

well in all Hrecticna.

Elsctrie Dipcle,{ Doublet ). A pair of squal and cpposite charges

an infinitesimal distance apart.
Antenna Arrav. A system of antennas coupled together feor the purpose
of obtaining directicnal effects.

Oonddirectione) Antenna, An antenns producing essentially constank

field strength in azimuth and a Qirective radistion pattern in elevation.

Urddireotional Aptenna. An antenns which has e gingle well-dofined

irectivn of maximum radiation.

Raglating ( Driven ) Flemept. A besic subdivision of an antenna array

which in itgelf is capable of radiating or rocelving r=-f energy.



Paragitic Eiement, A radiating element, nct coupled directly to the

Tezd line of tho antenns array, which materially affacts the pattern
of the antenna.
IHpole Antenna, A straight radiator, usially fed in the centar amd
pécducing a maximum of rediation in the plane normal to the axis., &
nalf-wave { A/2 )} linsar radiator is usually called s half-wave dipole.
Aptenna Registanes, The powar supplied. to.the entife’ antemna oirerit
divided by -the square of the offective { rms ) antenna curremt referred
to a gpecified point. Antenna reaiatance iz made up of such ccmponcnts
as radinaticn reaistance, ground resistencs, r-f raglstarnce of conductors
in the antenna circuit, and the equivalent rssistance due to coronm,
eddy currents, insulator leskags, and diclectric power loss.
Radistion Repistance. Ths power rediatsd by the antenna diude.d":py the
squars of the ef;ective { rms ) antenna current referred to = Epééifidﬁ
point, usually where power 15 introduced.
S2elf Impedancg., The ratic of the impressed voltsge and the current
at the f{eed polnt of a single radiating slement in the abaence of arny
influencss from other radiators or ground.
Mutual Impedance. The mutual impadsnce ZEIDf two coupled antennas
ladefined as the negative of the emf vlzinduced in entenna 2 by the
current I, flowing in antemns 1 divided by I1 with the terminals of
antenna 2 open-circutted, -Ey reciprocity 2,5 257 .

gtion of Pola ou. In a linearly polarized electromsgnetic
uﬁirej the direction of the electric-Tield !.naa-::t-r:.'.r'T
fnusz_ngngajg.[ Poynting HacﬁorIJQ' ln a given direction, the time rate

of energy { l,e., pover ) flow por unit area in that direetion.



Ragiation Intensity. In a given direction, the power radieted from
an antenna per umlt solid angle in that direction,

Radjation Pajtern. 4 graphical representation of the radistion from

an antemna 83 & function of direction. Cress section in whiech radia-
tion patierns are frequently given are the vertical end horizontal
planes, or the principal elcetric and magnetic planea.

Ragiotion Lobe, A portion of the redietion pattern bounded by one or
two cones of mulls,

Cone of Null, A conleal surface formed by directions of negligible
radlation,

Major Lobe.{ Main Beam ), The radiastion lobe containing the dlrection
of maxinum radiation.

Miner Lobe { Side Lobe ). Amy lobe except the major lobe.

Directive Gain, In a given direction and relative to an isotropie
antenma, it iz 4% timea the redietion intensity in that direction
divided by the total power radiated by the antenna. Alsc the radlation
intenaity io that direction divided Wy the average radiation intensity
radiated by the antenna ( somctimss called gain; see power gain ).
Mrectivity, The walue of dirasctivse éﬂin in the directicn of its maxi-
mum value,

Power Gain, In o given direction emd relative to an isottopic antenna,
it is 47 times the radiation intensity in that direction divided by
the total power delivored to the antenna [ sometimes called gain: see
directive gain J.

Hpde. Point of zero or minimam voltage or current.

antigoda, Polnt of maximum veltags or current.



Balun, 1A device which tranaforms an usbalanced input to a balanced
output.,

Lritical Angle. The smallest angle nway {rom the verticel at which
a radiated wave of a given Freguaney will be reflected by the icneos-
miera,

Critical frequoney. The highest freguasney which will be refiected
back from the lcnosphere vher tranamltied in a verticel direction.
Wave Anglsz, The angle betwson the horizontal and the directicn in

which the wave leaves the transmitting antenna,

1-23 HAtdlband SAntornna

One antonna used for a nmumber of Qifferent opsrating frequenciea
meung first of all that the radiatien patterm for cmch frequency will
be different, olfter vastly differcont. AL some frequencics tha radia-
tion:-patterns may he very unfaverable for communination in the desired
direction, Some users msks up for this radiation deficicncy by amnlony-
Ing relatively high pover. As spactrum spacae becomcs more valuable,
thiz inefficlont oxpodient will becomes less telerable, because it
cansas more interfiruncs thah properly enginesred system,

A singls antemna nsed for a nurbor of frasgqusncics also hoe the
characteristic of widsly diffsront input inmpedarcces zo that therc cannot
be 2 universal impsdancce match, This neccesitatas tho switehing of in-
dividual impoedance-matching networks for cach fraguency or the readjust-
ment of the coupling circuits for cech freguency.

There are several well-knoun ways of nehieving mmaitiband opera-

tion with one entennz, It is most ofiecn accomplished by the uze of



tuned feeder, or a long wire fead at the urd without feeder. This
Tequires un antsnna tuner. Tc change bands, it is necessory to change
eoils in the tuner, rearrenge taps, and robune. On the other hand,

if the single entenna 13 fed with 4 nonresonant 1ine, its opsration
mist be limited to the one band for which 4t 13 cut.

4 dipole antenna that is center-fed by & solid-dielectrie linc
is useless for even harmonie operation, on all oven harmonics thers 1is
B voltage maximim ocecuring right at the feed'point, and the resonant
impedance mismatch causes a large standing-wavo ratic and consequently
high losses ariss in the solid dielectrie. It is wise not to attaempt
te use on its even harmenics & half-wave antenna conter-fod with coaxial
cable. On odd harmonics, es between 7 ard 21 Me, a current loop will
appear in the center of the antenna and a fair match con ba obtained,
But when the same entenna is wsed for werk in several bands, the dirse-
tional charseteristices wvill vory with thoe band in use.

When service to a fixed point or nlong o fixed dlrection is wantad,
the double doublet is used because at least the maxdimum field strangth
is alﬁqys radinted in the seBe directiom as tho frequeney 1z changod
over & raoge of more than 2:1. However, the vertical beam angle willl
change with frequency if the physieal height rsmairs fixsd, but for-
tunately, thia behavior hes an adventoge on propegotion. Whsre one
set of antenns must be nsed for day and night frequencles over a glven

fixedlpath, this antonna is uzeful,



1-4 Doublg Doublat Antonna

The double doublet antenna is a simple multiband system that

could be fed efficiently with coaxial cable.

e

i

Fig. 1-1 Double doublet antenna.

The principls of the system is shown in Fig. 1-1. The arrange-
ment consists of seperate dipoles for each band, both are connected
in parallel to a single coaxial transmission line. With the shorter
one operating at its resonant frequency, its feed point impedance will,
of course, be suitable for matching a low-impedance line ( approximate-
1y 70 ohms ). The remaining lower-froquency dipole will be at or close
te harmonic resonance at the operating frequency. However, since their
halves will be in phass, the impedance presented to the line will be
high and oesentially resistive. This high impedance will be in parallel

with the 70 chms of the active dipole and therefore will have negligible



effgct on the line tcrminotion, and 1dttle curremt wlll flow to the
longer dipole. In the samp manner, when the longer dipole is operat-
ing at its resopant frequeney, its feed point impedance will, of course,
a2lao be about 70 chms, The remaindng higher-Crequency dipole will
present an impodnanec consisting of roslstance aml capacitive reactanco
However, the resuliing impedance wlll alse be high compared to the 70
chms of the astlve dipole. Therefors, 1t wlll have nagligible cffect
on the line termination., and little eurrent will flow te the shorter
dipela.

Since the active dipole represents a fairly-close mateh to the
line, conslderabls powaer will be fad to it. So we nay repgard ﬁhe deubla
doublst antenna as a simple helf-wave dipcle for a frequeney band in

which it is cpernted.
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