CHAFTER II

DOUBLE DOiSLET ANTENNA'S CONSTRUCTION AND MEASUREMENTS

2=1 Imtroduction

The purpoee of this experiment 15 to find the proctical vy of
sctting up the double doublet antenna with roflactors for use in domas-
tic point-to-point commurication eirenit { absut 500 Km ). Ths [ree
quencics which invclved in the experiment are 7.607 Mc for day froquency
and 3.370 Mo for night frequoncy. These frequencioss are taken accord-
1ng to the pressnt in vse frequencice of circuit betweesn Bangkok and

Uecl which is about 500 Xm apart.

2~2 The Ragulred Characturistics for

Point-to-Point Communicstion Antenna

In oporating ns a point=to~point communication antenna, the
double doublet antenna should have the following properties,

1. The antennn should operate ocqually well For both da& a8 ¢'s |
rmight tima.

2. The antenna should be anunidirectional cne, with gain cver
dipocle zround 3 to £ db at both frequoneles, as shown in Sec. 63,

2+ The front-to-back retio should be mere than 2 : ]?

4. The input impedance should be conastant when operating at
beth frequencies,

2« The angle of deperture of the main lcbe should be in thae
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direction which gives the afficient propagabion.

2-3 Theoretical Properties of Double Doublet Antenns

Before construction of the antonna, the theoretical proportics

of dipoloe antenna are detormined as 8 gwdde.

2-30 Antepna's Height, The antenna's height from tho ground effects
the characteristics of itzelf such as the input impedance end the polar
diagrem,

¥Yrom the driving-point resistance chert of a horizontal j—wave
length antenna as a funstion of its height above erourd 1n Fig. 6-5,
if the dipole are 0,22 A, 0,48 «, 0,72+, 1 A,s..... high [rom ground,
thon its driving-peint resistonce will be the same as the resistance
et infinite haight; i.e,, 73 chns. S0 in choosing the entenna’s height,
the above helghis should be considered,

Kew exeminag the vertical polar diegrem [or horizontal dipoles
above greund in Fig, 6-6. 1t is clearly sson that among the dlfferent
heights from h = 0.1 A %tc 2.5 » , the haights from h = 0.6 Xup to 2.5 A
are urdesirable beeause the patterns diverge into mamy lobez., The
accoptable pattorns are af the heights h = 0.1 4 to 0.5 A,

Sincc the roguired angle of departure, as shown in Sce, 8-4,
oblalat Iran Flg. 8-Z, for day [requoncy is 21 degrees and Tor nizht
frequency is 4B8.5 degrees. 3o the dipole with 0.5 A high from ground
seams to take the best advantage of all heights, because 1t posszesscs
2 aqual lobes with masdoam radiction at the angls of 30 degrees. At

this 0.5 A high, it fa eguaily well suited for both day -and night

L]



frequancy prepagaticns basouse at both angle of departures at 21 and
LB.5 depgrees, the Cicld strengthe are still grester than the hnlf=powver
point as shown sepsrniely

in Fig. 2-1. |

But in remlity, both

A

dipolas shawld be susponded

at the same height from ground,

sc the only cheiec is to apply Pl

thiz G.5 ). high to the hiph J
Irequency dipolc, then at this % .. o
height, the lower fronuency Fig., 2-1 The vaertical pattern cf 4
dipole w11l be at sbout 0.225 > dipole, 0.5 ) above ground.
high. Fortunately, at both
0.225 ;. and G.5A high, the driving-point resistence of the dipoles
are noarly the seme at 70 chmes

Lastly, the antenm's height should be limdted by the aovollable
mnsts, the standard masts of about 20 m high can easily be found and
are cheaper in ccst. At the predetermined height of 0,5 A for high

frequency and 0,225 A for low frequeney, the hoight in metsr is 20 m,

2=-3b Antenma’'s Input Imnedanca. Let's represont the lower frequency

( night frequsney ), 3.37C Fe by fl and the écrresponding dipole by
i, Also, represant the higher ffoquancy ( dey froquency ), 7.607 Me,
by fE and the corresponding dlpole by = 2.

When ooth dipoles ere comnectod in parnllel at $he prodetermined
hoipht above groumd and fed with one cosxdal line. With the longoer

dipole, & 1, operating at its rescmant frequency fys its foed point
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ilmpedance willl be aprroximatoly
73 ohma, at ths same time, the
shorter dipele, £2, will find
1ts length to be 0.443 -2-1
(.eﬁlﬁle 0.696 }. Fram the ' : |
antonna impadance chart given b }__ '
by Holldn in Wig, 5-4 end 55, 2 ‘] g
token the curve for é; = 20,000 i

which is the thin antenna case.

The impedunce presented by entcnna :

#2 tc the line is 10 - 31,280 AR
#1

ohme. This high impedance will '
Fig. 2-2, Designatc the longor

be in parallel with tha 70 chme

dipols by =1, nnd the shorter
of antennn #1, and therefore will

one by #2,
M s megligilio offact aaodhe Line

torminaticn, and 1ittle curr;gnt will f]:.m-r to the shorter dipols. This
corﬂitic;n J_ce:ﬁs o show that the presc;pcc of the shorter dipcle, &% 2,
haz ne effect on t.he lm;lgor dipele & l;

MSQ, when the shortﬂr dipole &’ 2 is oeratin% ot its rcesonant
i'rﬁqu:;nc:.r s :ltrE f eui point impedence wiil be a.pproxlmately 70 ohms.
But at ’t.hq.. same time, the longer dlpole ﬁ l will fiﬂd 1ts length to be
2. 26 ;E( 2 2 = 3 55 Ve F1"r{,m the anti_.unrm 1mpedancd chart in Fig. 54
ard 3-5, taken the cL_lnre -;I-J: = 20,000 fv.;{r tha caze of thin antenna, the
impedanc: preser;ted‘- by .a.ntunna <1 to ’éhe line is AB0 - j1,7C0 chms,
This high.imps_adé.nce will b' in para 11;,1 with the 70 ochms of antennn 7= 2,

ant therefore will hava r;:agl:‘_ng:Lble effact on the line termlnation, and



11ttle curreat will flow to the longer dipnle. This conditien ﬁonda
to show that the presence of the longer dipola, ﬁrl, hes no effoct on
the shorter dipole # 2.

Frem the abovo theuoratical conditions, 1t 12 believed that when
vporatsd the antenna at either doy or night fregueney, the input impe-
dance should aluaya be constant at 70 ohmw; i.s., independent of (reg-
uency.

The owtuel impedance betwaen both dipolos as o function of spoce
ing is given in { 5-37 }. But tho ealculatinne are tediousz unless the
computoer is used, However, the value expected should be small as alrendy
shown that the prisence of the other dipoluhas no offeet on the charac-
teristics of the sctive one. Dut however in reality at extremcly clasc
spacing, th: mutual impedance may teke part in the input impodance
measuraments. So 1t 1s left for the 2xperiment to find the proper spac-
ing betwceen both dlpoles thot will give constant input impedance at both

Froequencizs.

2=3c. Parasitic Fiemgnts. In order to mako this doubls doublet antenna
o unidirectionnl ona, tue reflectors mre cyuipped with the antennos at
the sams height with them. T

As already statod in S2e¢ 6-3, there are two kinds of parasitic
eloment; i,c.; sell rezcmant and tuned porositic elements. In order
not te let tho reflector of antemnnz # 1 interfere or sct as the direc-
tor of antenna # 2, the reflector of antonna # 1 is cut as o tuned parn-
sitle alement; i.c., make it as long az posaible. Ind with the sume

reason, the reflector of antenna #2 1s cut as a g2alf-resonant rarasitic

clemont; i.e., make it as short as possible as shown in Fig, 2=3.
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- . . Ant. , 1-
Tunad I #
Parasitlo "
Elament
o Ant, }'?r 2
."‘f |
Salf=
rasonant
. Faraaitic
[} [J 6 Pl 4 3 Rlarment

Fig. 2-3, Top view of double doublat antenna

with parasitic elaments,

When equipped with refleetors, the input resistance of the dri-
ven element as a function of refloetors' spaeing are shown in Fig. 6-9
and £6-22 for the case of se)f-resonant ond tuned peresitic element Tos-
poctively. From the curves, ot the reflectora' spacing of 0.221, bath
kinds of reflector give the irput resistance of 50 chms with the goin
cver dipele hear maximum at 5 db for the self-regonant parasitlc elo-
ment and 4,75 db for the tuned parasitdie olement. The existence of the
rellectars not only lowered the input resistence, but alse produce the
undesiroble recctivo part which could be reduced by adjusting the driven

elament's length,
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2-4. Cepstruetions of Antenng

In the exporiment on the double doublet antenna, the antenna is
scaled down with the seale ratio -% + The mensurements mede on the sealed
antenra are the input impodance and the relative Field intensity in the
direction of its maximum erd mirdimum radiation which do not depend on
powar level. Then, this type of mcdel is eallad a qualitstive or goo-
retrical model, with mechanical seale factor p = 4.

From Table 7-1, Sec. 7-2, the conduetivity of the antenna metal
be scalad according te the relation

ﬁj = nr
Howewer, il ¢ is large enouph, the metal cen bs considered to be a
"parfect comluctor™ | s o ) and the comluctivity noeed not be modaled .
Thus, actusl antznnas of copper ean usually be modzled in coppar. It
is assumed that lerromsgnetic materials ere exeluded from beth actunl
enterna and model and that the model iz measured in air.

The medeled antenns has the following specifiecatinns:

5 X 3,37 = 16,85 Me

The night fregquoney, 1

g2
The wave length, }\1 = .EQ#E_LQ__é_ = 17.8 n
16,85 X 10
The day freguency, rz = 5 ¥ 7.607 = 34,035 Mo
The wave length, jiz = e 23 X100 o 7.9 m
20 38,035 X 10
ﬂﬂtem15 height = owe—— = -"t m= G1225.'I:‘.1 = Dd 50'?- "2
5

Let’s still denote the longer dimole, # 1, and the shorter dipole, & 2.

2-4n, Stgps in Construction.

1, Set up four supporting masts 5 i high from ground, two of

them for dipoles ere 11 n apart, ancthor two mazts for rellectors arc
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Fig. 2-4. A -% scale modal of double doublet antenna, using the

gsame method of construetion 2o the full size acrial,

also 11 m apart and placed jparaliel to the first two with 4.5 m spacing.
The four masts are equipped with pullays and other facilities tc ad-
just both the height and spacing of various slements casily, The arrange-
ment is shown in Fip., 2-4.

2. Cut No. 12 copper wire at the longth of 0.95 -é—l = 8,450 m
and 0.95 é;g = 3.750 m which are corresponded to the practical halfe
1 and f2 respectively tc bs the driven elements., Ancther

it |

twe wires, one at a little longer thnn«?- and the other at 0.95 é;E

long are cut as the reflectors for driven elemente =1 and # 2 respec=-

wavelength of f

tively.
3. In measuring the input impedances of the antenna at both

frequencies by the impedance bridge, RX Moter Type 250-A, Boonton Radic
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Corporation; tws coaxial foed lines ar. cut at the l:ngths vhich are
intogral multiple of /,/2 and \,/2. With these two coaxial lines,
the values measured aru the input impedances at the centor of the
antennas rogardless of the characteristics of the line itself, The
exact length of the coaxial lines are chackad by the RX Meter itseclf,
whero the meter indicates zerc reactance at balance, By taking into
account the velocity constant of RG-8/U coaxial line = 0.66, the coaxinl
line for f, is cut at the length 2'X -%—1 X 0,66 = 11.748 m. Tho other
one for fE is ent at 3 X 5}2 X 0,66 = 7,811 m,

4e At frequency £ (£.644 16,85 Me ), the unbalance in coaxial
line is rather small snd ean Bz neglected in practical use. But at f2
( 38,035 Mc ), the unbalance conld net be ignored, so when dealing with

this frequeney in the oxperiment, the balun is used. The balancing

o ! 2 ! |
Ant. #2 H i
i
f A
4
1 [
\
1 ; Balan-
. ¥ cing
3 section
Shorted
= Together
(a) (b)

Fig. 2-5. Balun for dipole =2,

scction as shown in Fige 2-5b "looks like" an open eircuit to the antenna,
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gince it is a gquarter-wave parallzl-conductor line shorted at the far
end, and thus has no effect con the normal antenma operation. The length
;izﬁa of tho beloneing section is checked by the RX Meter, the meter
indicates zerc reactance at balance,

However, for full-size antenma which operetes et frequencies
3.370 and 7.607 Mc the unbelance is neglislble, so the baolun is unnecess-—

ary for both [requencies.

2=5%, Measurcmonts of Antonnn

2-5a, Ipput Impedonce Mzaguruments. The input impadance of the antenna

is monsured with the impodsne: bridge, RX Meter Typs 250-4, Boonten

Radio Corporation. Wnon meosuring at froquency fl, the RO-8/U cooxial
line 11.748 m lorg is used. When measuring at Froquency f2, the RG-8/U
coaxlal line 7.811 m long with belun is used. The direct reading fron
ngter g the parellel resistance, Hp, end positive or nepgative perallel
cepacitance, Cp. A positive capacitance reading indicates directly

the ¢ffective paraliel capocitance of n capacltive impodance. o negas-
tive capacitance reading indicates the capacitance which reecnatoez with
the effective peralisl induetance of an impedance. In the latter ceze,
the cffeetive parallel induetance muy bhon be determined by the simple

rolaticn

Lp = “J;- -
“p

Extensicn of Results

{ a ) Equivalent parzlliel renctanca ( X, )
1

2 TR

p



Fig. 2-6. Input dmpédanco measurement.

(b) Equivalent parallel inductance ( LF )

_EE

L, = (»for negative sign of Cp )
(e) Q
R
Fumas
(d) Equivalent sories resistance ( Ry )
R
R = P __
8 1+Q2

and, with less than 1% error

R = J{Eﬂ'ip , vhen Q > 10

8 P
R = R s when Q £ 0.1
5 P
(e) Equivalent series reactance ( ic )
X ¢
"{-:- = T—E'—"—
= 1+ Q°

and, with less than 1 £ error

X = IP y when Q > 10

20
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2 .
X = Hp/:(p , when @ ¢ 0.1

=]

The input impedances ns tabulated in the next pagss arg HS + jl'{s

which have already been caleulated in the ficld mossuremunts,

1. Input Impedance of Helf-Wave Dinole dntonnn

Hith each dipcle antenma suspended at the height of 4 m [rom the
the ground one at o time, check the input iompedonee with RX Motor, and
4 glight adjustment of the antenna's length is madc. The finn) value
obtainzd arc:

Antenna #1 { 16,85 e ) T + 33,6  ahns

fntennn # 2 (138.035 Mc ) 72 + 16.2  ohms

2. Input Impedance of Dowble Doublet dnbonna

With different wuays of suspending amd feeding both dipsles in
parallel, the impcdanco of the double deublet antenna at both frequencies
are measurecd.

Tho first sctting is shown in Fig. 2-7, the longsr dipels 1s

suspended at the height

S 1T e '
- Two Parallel of 4 m, tha shorter one

15

ia dirzetly below and

paralle) to the longer

Conainl

dipole. Both dipolcs

=

ara connocted in parailel
Fig., 2-%. TFirezt setting of deouble doublet
by two parallcl copper

antenna,
wires. Tha input 1mpe-

dences are measure? at difforent spocing, d, but the values at both
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frejqusnzica are much different and hard to bring them tc the samc value.
This is because the parallel wires connected acts as o part of entenna,
and made the length of the antenna chonge by ite exdstance,

The second setting is shoun in Fig, 2-8, the e¢lements arc fanned

- s sy - rut either vertically,

& *
o d / ll \‘ld
¥, n oz shown, or horizentolly.
§ z

At the ecenber, bolh di-

Cownini. - prles arc eonnectad to

the same feed point.

The longer dipole & 1
Fig. 2-8, The sacond setiing of double

1z suzpendsed at the

deublet antenna.

height 4 m.  The input
impedanccs are measurcd at differcrt distances d, but the values obtained
at both frequencics arc elso much difference and hard to bring thom te
the some value, This iz Bocause of the mutual impedance at smell d,
and the false characterdstic of the shorter antenna & 2 at large 2,
bocause 1t no lenger acts as a horizental dipole, bubt an inverted vee
dipele iustoad,

The third setting iz zhown in Fig. 2-9, both eloments arc con-
nected o the zame fuéd point at conter and ars seporated from ench
othor oy twc insulater spreader 6 inches long, th: rest of the wires
arc in parallel. The lorger dipels #£1 is at 4 o high, the shorboer
dipole #2 45 directly below. With this setting the condition for
constant Input impedance at both Frequoncies can be ebtained az follows:

At 16,85 He T2 v jh.8 ohms

Lt 38,035 Mo P04 + 3B.2% chms
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The j part is

i L™ Spreadsrs
T g” _iEﬁéf(],“j small compared to the
Foo ! real part and can be
ncglectod in coleula=-
Gcaxial-“;“.h ting the ebsclute
volus. Altheugh st

both froguencics, the
Fig., 2=9. Thc third setting of double doublet

input impedancczs are

antenna.

not exastly the seme,

but the differense of 2 to 3 ohms can be negleeted in practicel use,
The above roesults show that the prosence of other dipole has no

effect on the active vnz; i.e., the input impedénnc is independant of

frequency.

o
3. ILoput Impadenee of Deuble Doublst Antennn with Hellcetors

With the sctting obtained, aguippsd the antennas with raflectors,

ag shown in Fig, 2-10, with the lonper one at the same height as the
longer dipole and tha shorter one at th: same height as the shorter
dipole; i.:., 6 inches lower than the longer one.

Varias both reflectors to dilferent spacings and taks o series
¢f input impedance measurcments., The results shown that when oporating
at frequoncy fl ard varicd the spnoing of the shorter reflector of an-
temnn # 2, with the longer reflector fixed, thoe input impedance romoine
fixed, In the same rAnner, when cperating at Cregquoncy fE’ with the
shortor reflustor of entenns # 2 fixed, and kept on varying the spacing

of the longer refleetor, the dinput impedance alsc remnined unchanged.
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This shows that
cach sct of dipole and
reflector works indeopen-

J dontly.

New concentrate on
antennn # 1 with its reflec-
tor, first of all the reflec-
tor is fixed at the spac-
ing of 0.22 .. and vary the

raflector's length until

the R Meter reads real

part of approximately 50
Fig. 2-10. Double doublet antenna with

ohms accompanied with a

reflectors.

number of j part. The
noxt step is to reduce j part by varying the length of the driven element.
With both elements fixed in longth, thon the input impedance at different

reflector's spacing are taken. The results obtained are as follows:

Night Freguency ( 16.85 Me )

Driven clement # 1 length 8.66 m = 0.924 Alfb

Tuned parasitic element length 8.9 m = -llfﬁ

Raflector's Spacings Input Impedanccs

]I _____ ( meters ) i ( ohms ) i
: e o il o S Lot Ny

| 2.00 T 26.7 - j1.516 :
4 2.50 : 33.0 = J1.05 i
1 3.00 : :

39.65 + J.875
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Reflector's Spacings Input Imnedan;éé.“"
( meters } ( ohms )

- B b
330 L6.E  + §3.26 1
370 9.6+ §3.74
40 00 53.2 + §3.93
4o 50 59.0 + 33.03
»-00 63.2 + jl.6h
S5 66,6 + i0.235 |

Now concontrate on anbenna # 2 and its self-resonant rueflector.
At first, the reflsctor is fixed at the spacing of 0,224, the driven
glement's length is adjustzd until the RX Moter's reading is near rosis-
tive ot 50 ohms., With both elemonts [ixed in longth, then the input

impedances &t different roflocter's spacings arc taken as follows:
Day Froquoney { 32.03% e )

Driwven element # Z,longth 3.65 m = 0.924 lp}?

Self-resonant roflsetor, langth 3.75%0 m = 2.95 hzﬁz

ﬁ;flé;;or's Spacing; Input 1;;;dances o
! { meters ) { ohns )
—
1.30 35.8% - Jj3.35
1.40 T - jl.3
1.50 Modo + 0,354
1.60 46,6 - jl.86
1.70 52.0 = J1.216
[ 1.80 sg.0 + j2.0l
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I Reflector's Sp;;ings i “Ehﬁﬁﬁ iﬁﬁ;ﬁhﬁces
l { meters } | { ohma
| . - L
; 1.90 64,0 + jl.A7
k
2.00 66.0 + j0.16
]

Z5b. Fizsld Strength Mossuremcnts. The antennma's gain is defined as:

mscdimum radiaticn intensity

Power gain, G = —- .7 oo 7= 2-1
Chaelt maximum rsdiation intersity Crema roforenceo { )
anterne with same powar innut
Gain in field intensity, G = ——maxioun clgetric field inteneity .( p.3 )
T moccimuam elestrie fizld intensity from
tha reference antenna with sama powver
input
2
G = G -
; - ( 2-3)
db gain = = 10 log,, G (.2=4 }
db gain = 20 l:gl0 Gf ( 2-5 }

In this experiment, a dipole at the same offcetive helght 1s used
ag the roeference antonna.

Tha Iront-to-back rutie is alss the rotic at maximum [Hield inton-
gity to the eloctrle field intunsity in the opnesite diresticon.

Thoan, in mzasuripg the giin ovoer dipole and the front-tc-back
ratio of the antenna, the electric field intonsity both in the direetien
of maximum radiation and in the oppasite dircetion are meoasured,

Thi trarmsmitter iz the VHF Signal Generator, Modol 608 C, Howlstt-
Fackard Company, with C-W output. The corrivr ficld intcnsity is measured
with the Noise and Field Intensity Meter, Model MF-205, npirvs Dsvices,
Ine, Tho metar is eguippued with dipole roceiving antenmas and the
tuning units for the desired frequency rangs. Tha arrangemesnts arc

shown in Flg. 2-11.



The far field of the
double doublet antonna can
be found as follows:

The far field is usually
regarded as thce region be-
yond the eritieal radius

glven by:

R = -323- (2-6)
where D 1s the aorial aper-
ture ( or maximum linear

dimension of antenna ).

I

Fig. 2-11. Ficld strength measurements.

At frequency £, ( 16.85 Me ), taking the maximum reflector's

spacing d = 4.50 m.

A ffff’ H‘x\\ﬁ From Fig. 2-12,
r ) 2 2
ar'x \ i'I—D-}i-u o Xz + L.45
| —r = —y 23 2 2
| | B = (45 - X)° + 433
D . 4 ] 2
1 ' 19.9 = 20.3 - 9X + 18.8
. | i
L 258 / 9X = 19.2
.\‘- -,__/
! i i X = 2,13
IZI'-‘2
Fig. 2-12, Antenna aperturc at f?;ﬁ = 455 + 19,9 = 24,45

frequency 16.85 Me.,
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I* = 97.8

I = 9.875 m= 0,555 hq

R =0.622a =1103m
1

At frequoeney fE’ 3B.035 Me, taking the mexdmum reflector's spac-

ing 2.00 m, Frem Fig, 2;13 we obtain:

e . ; 2
- " 2
3 - T [gﬁ - 197
i ke
. J \ EID\? . 5
| ; 3.?_; o "'u, \E,‘l = 1: 2 - X } + 1‘825
0 ! i } 3.583 = 4 «~ X + 3,32
" 3.81
'.1,. | {1 F I = = 0.953
: -‘-GF 2 3.6% w / ) 4
ij
i “a = =20, 1 + . = ‘:1."
i . \___ ___,../ LE; e 3.53 F7A
Fig, 2.13. Antenna aporture at _ )
frequancy 38.035 Me, D* 17.76, D= 4.2 m, or
D = 0.532 7,
Thon ' == 0‘5712 = 4.5 m

The [riszld strength of the antonna when operating at froquency
15485 Mo is messured in the direetion of modimn and minioum radiatien
at the distance of 64.7 m = 3.13 A\ from the conter of antenna, At
this distance, the Field obtaincd should certainly be the far ficld.
The roceiving dipole is at the haipght of 2.86 m from ground, so the
field strangth obtnined is the fleld strength at an slovation angle of
ED 32'. The mater reading i3 tak.:n at different rellector spacings,

and the results arc tabuwlated as followa:
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Reflector's Epacingéu Figld Strangtﬂ (1n ©b above 1 eev/m )
i ( moters ) " Front | " Back
:
2.00 70.80 E 63.50
2.50 71,35 63,75
2.80 L5655 b 02
3.00 71.80 . bdalb
3.20 71.75 bt 4D !
3,30 71.65 ! 64414
3,40 V1,85 64,20
3.50 71.90 64465
370 71.80 ’ 64.30
4400 1,40 ; 64490
450 71,26 i 64,95
j 5,00 70-90 _ 65,20

L L

ﬂlsc; the ficld strength of the antenna vhen nperating &t fro-
quency 38.035 Me 13 wmcasured In both dircetions of max. & zin. rdiation
at the distance of 33 @ = 4.1?5-32 from center of antenmo.,  Tho recei-
ving antenna iz nt the height of 2,68 m from ground, so the flsld otrongth
obtained 1s the ficld strength at an clevation angls of Lﬂ 32, The
mibor roeding iz teken nt different rofleectorls spacings, and ths reaults

are babulatcd ms follous:



Ely

Reflector's Spacings Fiold Strength ( in db above Luvw/m y
{ meters ) T Front T Baci T T
1.00 68,25 €1.90
1.10 68.40 62.10
1.20 6B. 60 62.05
| 1.30 68.70 'l 61.95
1.40 E 68.65 L 6195
1.50 68,70 8L
| 1.60 6B, 70 61.40
1.70 68. 50 61, A0
1.80 68,30 81.45 1
5 1.50 68.30 61.2%

The Ffield struongth of the dipolos at tho eame offective height

ars measurcd as followa:

At froquency  16.85 Me £7.05 db ebove 1 ..v/m

&t frequeney 38.035 Me €3.595 ﬂE nbove 1;uvfm

Sincu only rclative values of fiold strength are required in this

2uperiaent, 3¢ no calibration of meter 1s nocdod.

2-5c, The Standing Wave Rotio Measurarmente, The S.W.H. cof antenna at

bcth (requencics are mensured at the point where the input impedances
grs 50 chms rosistivae,
The equipmentz used are arranged as shown in the block diagrem

in Fig, 2-14 end the field measuramznts arc algo shown in Fig, 2-15.
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Fig. 2-14. Bloek diagram of s.w.r. mcasurzments.

The HF Signal Generator, Modol 606 Ay Howlett-Packard Company, is used
at both frequencies, its signal is amplified by the Signal Generator
Power Amplifisr, Type 230-4, Boomten Radic Corporation. Tha s.w.r.
monitoring bridge usced is-thé Mierc lMateh, Model 262, Microwave Dovices
Inc., with R-F Power and VSWR Mater Crupler Unit, Model 261.1, The

Bendix Corporation.

Fig. 2-15. The standing wave ratio measurements.



In meesuring VSWR at both freguencies, the [erward pewer flovs

are adjusted to give full scals nater reading.

At Might Frequency [ 16.85 Mz )

Forward Powor, b = 10

AReflected Pawer, E = 0,035

Fercent Reflected Power, o = Q;%ﬂﬁ_ X 100 = 0.35 %
' 0

VSWR, > , Frem chart in Fig, 2-16 = 1.125

At Day Frequency ( 38.035 Ms )

{ Without Balun )

f = 10
i = 0.425
7 - 0:425 X100 - 4 o557
10
VSWR , /¢ , From chart in Fig. 2-17 = 1,525

( With Balun )

E = 10
ﬂ = 0,13
@ = Q.13 X100 . 4 44
10
V&WR, f» 4 From chart in Fig. 2-17 = 1,27

The VSWR memeurcd at both froquencies are small which shown

thet the antennas present 2 good mateh to the transmission line.
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2-t. Annlvzine the Data

The data for each frequerncy moy be annlyzed sapstrately, amd the

Finnl reselts compared to get the most advantnge sotting.

Night Froquency { 16,45 Mg )

The input resistance as & Lfunction of reflector's spocings are

nlotted in Fig, 2-18. The spacing that gives tha input rssistancc cf
50 ohma is 3.7 n or 0.208 '}‘l'

The clectric field strength in e v/m ean be ecoleulated Crom the

motor reading in db above 1 uv/m as Follows:

m
db above 1 px v/m ZELMQ 2 10%10.‘-_*‘1 { 2-7 )
2
whon Eo = 1 .fxvfm
Thzn, 4b abovs 1 /gw”m = 20 1ug10 ki { 2-8 )
o - ab above 1 Jx,.vfm ( 2-9 3

end, - 2 antilog v

Fizld strungth cf a dipclc at the sams offective hoight with the
double doublet antenna = 67.05 db above 1 /;_,r_‘(_f’m
‘Gein ever dipols in db = ( db above 1« v/m of double dsublet antenna )

- { 67,05 b nbove 1/&11:/[:1 ) { 2=10 )

T o i L aframr !
Front-to=back patic = -FTent electric £1cld streogth in AV ( 2-11 )

Back clactric field strength inffavfm

The ecalculsted velues of clectric fisld strength in ﬂvfm, gain

over dipole, and Front-to~back ratio are tabulated below.

L 1BABGE B
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+ Relflector's Eeetric Ficle Strangth : Gein Over Front-to«Back
Spacings |  Frent Baclk Dipols i Ratio
{ meters ) {Jﬁ;vfh.} (v/m ) ( db }
2.00 3,467 1,510 3.75 2.3
2.50 3,694 J1y540 4,30 2.4
2,80 3,823 1,588 4o 60 2,41
3.00 3,590 1,613 4275 2.41

L 3.20 3, B6% 1,660 4,70 2.33

b 330 3,868 1,610 4.70 2,40
3440 3,890 11,622 475 2,40
3450 3,936 1,708 4,85 i 2.385
3.70 3,868 ;1,758 7O % 2.2
40O 3,715 1,758 435 E' 2.11
4450 3,652 . 1,768 | 4,420 g 2.06 i
s.00 | 3,58 | 1,820 | 3.5 L9z |

1 : . ; r

The gain cver dipole 2z =z function of roflector's spacings arc
plattoed in Fig. 2-19, and the Front—to-back ratis as a funotion of ref-
lactor's spaeclngs are alss plotted 1n Flg., 2-20. The mexdimum gain,
4aB5 db, ocewrs at the roflector's spacing of 3.50 m ( G.l??]xl }, but
the maxdnum front-to-back retia, 2.41, occurs at the speoeing of I m
( O.1685,11 J. Howevar, the fremt-te-baek ratio curve does not chnonge
teo mach in the vieindty of 3 =+ 0.5 m. If selucting the spacing that
givea meximur gaing i.2., 3.5 m G.l??_hl } b the peint of iﬁtwrust,
then this spucing will givo the frant—te—bﬂck ratico of 2,385 which i=

5tiil neer the maxdmun value, but at this spacing will give the input
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reglstance of 46,5 ohms. If th: input resistance is increased onc

more ohm; i.o., at the spacing of 3.56 m { 0.2 -1 ), the gain will bo

8t 4.83 @b and the front-to=buck ratic will be at 2.365. Sc this now
gpacing obtelnad by eompromising gives botter advﬁntﬂgcs than the former

o] 41c 9]

Day Fregqueney { 38,035 Mz )

The input resistances es a functicn of reflector's spacings Bre
plotted in Fig. 2-21. The spacing that gives tho input resistance ar
50 ohms is 1,64 m ( 0,208 i, ).

The electric ield strength in ..v/m ean bo ealculated from { 2=9 ).
The ficld strencth of a dipols at the sams effective helght with the
doubls doublet antenna = §63.95 &b obove 1 v/m.
Gain over dipole in 4b = { db ahove 1 sow/m of double doublat antennz )

- { 63,95 b above 1 /uufh ) ( 2-12 )

The front-ta=back ratic alsc cuan bz ealeulatsd from { 2-11 ).

The caleulated welues of clectric ficld strangth in aav/m, goin

oveT dipole in db, and fronb-to-back ratic are tobulated baleowr,

Rolflector's Eleetric Fiold Strungth Gain Ovar Front=to-Bock
Spacings - Front ! Beck Dipole Ratic
( maters ) ( Aavim ) 1 { 4v/m ) { db }
| i
i 1.00 2,585 o Ll,245 4.30 2.04
i
1.10 2,630 b1, 274 S 2.06
1.20 2,692 1,266 bt 2.13
1.30 . 2,723 ! 1,251 LaT5 i 2.18 _
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Refleetor’s | Mleotric Field Strength | Gein Over | Front—to-Back|
| Spacings Fromt | Back | Dipole Ratio
( maters } (’;¢vfh ) [j;zv?%l) { @b )}
1,40 2,703 1,251 ; 4.70 2,16
1.50 - 2,723 1,216 475 E 2424
1.60 2,723 1,%75 475 2,32
1.70 2,661 1,175 4455 2,26
1.80 2,600 j 1,181 4.35 2.20 i
i 1.5 2,600 | 1,15 | la 35 2.25 ,

The gair ovor dipole as a function af relflscteor's spaclngs are
plottad.in Fig. 2-22, and the front-to-back ratio az a function of
rallzctor's spacings are alse plotted in Fig., 2-23. The maximum gain:
1,204y 4.75 Db, ceeurs at the reflector’s spasing of 1.3 to 1.6 m
{ C.1645 4, to 0.203 A, ), but th: mudmum front-to~beck ratio occurs
gt the spacing of 1.6 m { 0.203 £ ). If sclecting thoe spacing that
gives moxdmum Front-to-back ratioc ms the peint of intersst, the zoin
5t11l remaine at its maxdmam valus but the input reslstance is at 48
shas, Ir the spacing wherc the input resistance iz 50 chme; i.z., 1.54 n

( 0.208 3, }, is considerad, tha gain will drop to 4.60 db and the

2
fromt—to=back ratic A1l be at 2,31, Then, the formar spacing iz better.
If sipply considor the speelng ot D.Eﬁhl { 1.58 ¢ ) ae in thc case of
frequency 16,85 Mc, the gein omd [ronteto-buck ratic are stiil in thoe
vicinity of thelir maximun valuse. The input resistance drops dewn a

little ta about 47,75 ohis,

Than for both Fregueneics the rofloetor's spacad approximately



4=l

S Enass
acing
T

Spac
© MM
A
E
|

- IR A -
[
- =1 J.m .uw-|.||1 —r— 3

4.75

L=
<
ﬁ@ @?@H deg ! EE@

1
I
. *,n - . .-
- R o JTar i o ..|.._...T. P P 1 " ..
B : i ..__.,....h."_ X e d ] ] i




43

0.2 A from ths driven elements will five better operation than cthor
spacings. Th: gain and front-to-back ratio ero 1n the cptimum ranges
and the input resistances arc nearly eonstant; i.c., at 47.5 ohme for
frequeney 16.85 Mc, and 47.75 ohne for frequency 38.035 Mo, At these
values, the antennaz eon be wall matched with the conwial lineca with
characteristic impedance 48 chms such as RG=264/U, RG-27/U, AG-440/1,
RG-254/1, RG-28/U, or the goncral=-purposes, 51 ohms, RG-8/T coaxial

line cun be used in practical operation without appreciable mismsteh,

Z2=ba. The Vertical Palar Diapram, s shown in Sec. 6-3, ths zleetric

fizld intensity ot a large distence from tha array as a function of b

according tc { 6-21 ) ia:

/ PE 3
_ i { ol |--"f"‘
Bl = +iamr oo+ - + 4 : | 2=
P M g T 0~ gy e B | (213)
e !
vhere ¢ is related to the . Roflector & -
Tiven -
= ) b
entenna es ghown in Fig, 2-24. Elonicit: :
312 = mutuzl icpedancc bote . Qﬁ
ween both slements. o a — --——=§5= d
2__ = soelf-impedance of
22 Fig., 2-24. Relation of verticnml angla
paraszitic clament.
; ‘e omonte,
. . 27d @ to anterna's clement
T M
[ X
812 = are tan-ilg— ’ GEE = arc tan RZE
il : 22

The above pattern given in { 2-13 ) is emllad the array factor,
the totnl pattern will be the pattorn of arrny factor matiplicd by

the pattern of the A/2 driven antennz,



For Hight Froeguonoy sntennn

# 1
.* ﬁ
- 212 -
Al og, = A
2. i — O..t:f.'i."',-, ?
-~ Uyt e'kl = _
B L
Boeflector s o+ Driven BElemont

C.225 X 4

i
LT S S i e ke | CA i A A A

L A
Fig. 2-25. HReslation of antznm end ground.

The arroy factor of the entemna opereting at night frequoncy can
bz calonlated us [ollows:
Since the tuned parasitic element is exactly }\1X2 long, than ZEE’ from
Sze. 5-2, is V3 + j42.5 chns. itwen though the length of both vlements
are not sxactly the seme at A 1/"2, but we may assume that they arc,
ard tako the approctlmate wolue of thoe matual lmpedancs betwsen both

@loments at 0,2 2, apucing from Fig. 5-10, to be:

1
%15 = 52 = J22 chms
A, = Ml = QL% = 2%
A
9 = _na®
12 23
£
a = 30,25

<22
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7
120 . _56.5
| 222 B4ads

= 0,67

Then the arrey factor as o function of ¢ can be caleulated from

BO@ ) = k{14067 /126,757 + 72%0s & )
ngsuming unity current in the driven antenna, hence

B )} = k(2 +0.67 /126,75 + 72°cosg )
let @ = {1 + Q.67 flEE:.'FﬁO + ‘?Encosd} }
than B D ) = kg

The cateulatcd values of @ at varicus angles ¢ are tabulated belmr,

 ( aeg. )| q 2 Cdeg. ) Q i
0 O.434 ! 1¢n .96
10 .42 'I 110 1.10
20 0.40 120 1.20
30 0.37 130 1.30
40 { 0.33 140 .37 |
50 | 0.35 | | e
60 EI 0.40 160 E 1.45
T E D.5225 175 ; LA
80 L 0,62 T 1.49
9 i 0,805 ’

The array factor dis plotted in polar eocrdinatc in Fig. 2-26.
The vertical pattorn of half wave dipole above ground ean be caleuleted

frem { 6-1.1'? ); i-ﬁ'n,

F{f’?.(.l } = cos (Efi.h sing % 90" ) { 2=14 )

!
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for h = 0,225}

than

FOH)Y = cosal g1” sing * 90" )

&7

The caleulated walues of F{ @ ) at various angle ¢ arc tabulated below,

[gﬁ (dog, } © ; 10% 20 30 - 40 | S0 : €0 i 70 : 80 . 90

! F{(d ) 0 .zz.a; JLBLE L6494, 788,883 . .qmé 97 .qaaé .588

The vertical polar diagram is shoun in Fig., 2-27.

Lat ET( 2 ) be the tetnl electric fizld as a function of &5 .
Calewlated relative values ol E‘T{ % ) at various angles ¢ ara tecbulated
balow.

P deg. ) B(B) | plaea ) | B USB)

- ]

0 0 100 945
10 102 ‘ 110 ; 1.067
| 20 156 120 | 1.127
] 30 .24 130 1,148
4D .26 140 1,08
50 .309 i 150 .925
60 376 160 673
70 . 507 170 é .357
20 61 180 i 0
90 795 |

The complate vertienl pattorn of elaectric fleld intensity of a

—1

half~wove dipele antenna 0.275 A nigh Trom ground with tuned parasitie

elemant acts ag relfleetor spacod 0,2 A froc driven alement 1s shown in
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Fig. 2-28. This pattern is a thoorctienl cne with wave angls at 50°,

but in reality the pattern may be much more irragulsr. Heowosver, tho
engle of maximum radiaticn ig belicwverd to ba more or less in the viei-
mty of EGQ. The reguired wave angla for night time prupagaticn i= at
48.50, which ia gquite ¢lese to the theorsticel one., Thus, this antonna's

setting ia felt to be uselful Tor the purposae,

For Day Fresgueney ﬁntennal

# 2
ﬁ T — n -
0,95 % 2, S 0u024
: ~ Y SRR i
“‘.".." o o Eo At e )
Heflochor - - Driven Elenent
g =
4205 DAk
7 .
e rar _r,-f__a.;_.rr‘r_.r;_.,,r.-l//'—

Fig. 2-29. Relations of antenna and ground.

The array Factor of the antenna cpesreting at day freguency can
be caleulated from ( 2-13 ) as follows:

Jince tha self-resomnnt paragitie zlemont is 0.95 lzfﬁ long, than ZEE

should be pure resistive, bzeouuse 0,95 is the enrrection foctor that

ghertenad the antunna to meke it 4 rosconant one.  Then,

9
222 = 73 + j0 ohknms, 622 = 0



The approvdmate valuw of mutual impedance botwsen both elements, teken

from Fig. 5-10, Sec. 5-5, to bo

[
212 = 52 = j22 ohna, 912 = =~ 23
[ 2
| 212 s6.5
f - T = QuA
anl w3

Than the erray foctor as & function of 4 can be caleulated frem

e
B¢ ) = xI; (1+0.774 f157° + 72 coadd )
assuming undty current in the driven entoennz, then

B ) = k(1 +0.774 /1577 + 7270089 )

= kQ
where o = valus in parenthesis.

The calenleted valucs of @ at vericus engles ¢ is tabuletod bolow:

| p Caes. ) | @ g Caeg ) | 2
0 762 } 100 .575
10 i ! 110 76
20 70 f; 120 .92
30 61 ; 130 1.02
40 .51 ;} 140 1.10
50 .38 § 150 1.18
60 \28 ] 160 1.23
70 .22 170 1.30
80 il { 180 % 1.316

!____ K T :.__. ’

The erray factur is shown in the pelar plot in Fig., 230.
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Tha vertical patzern of half=wave dipole abovn greund at the
height of 0.5, can be caleulated from:
Fl ) = ecosf 1E-Dhsinq5 * ‘;?'lijc )
The qalculated relative valucs of F{ & ) ut varicus angles $H arce tebu-

lated bolow.

| P (aeg. 3 0 20 20 .30 40 50 60 70 80 : 90 |
.i : . N ’ : ! . . l

F(B) | 0 225 3. 4.0 3.6 2,7 16 40 . .13 0

i : ' i

'
s .
r

The wertical polar dingram is shoun in Pig, 2-31.
Let ET( W ) be the total sleetrde ficld es o function of ¢ .
Caleoulated relative valuess af ET( & 1 at varisus angles ¢ are tabo-

lated bolow,

i & { deg. ) En( @P)szﬁ { deg. ) ET( &)
0 0 L 100 .08
10 1,666 1 .17
20 2.38 C 120 1.472
20 2.4 ;% 130 1 2,75
40 1.836 U 3,96
50 | 1.02 150 472
60 LB . 160 428
70 17 oam 2.925
80 07 180 0

90 0 :
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The complete vertical pattern of alcetrie f1:1d intensity of a
hall~wave dipole antenna 0,5 % hiph abavs pround with =zslf-rescnant
parasgitic clament acts as a refloetor spaced 0.2 4 from driven element
i3 shown in Fig, 2-32, Thia pattern is a theoretlieal cne with wave
angle at 3Gn, but in reality, the pettern may boe moueh mora irregulor,
However, the angle of maximum radiaticon is bolicwved to bz more or lass
in the vicinity of 30°, The required wave ongle [or day time propage-
tion is 21" which is not much deviated from the thaoretieal one, and
when ecnsldersd the thecretical pattern, ot angle 21U tﬁe migni tuda
of the field strength is still muBh prector then fhctnutrthe half pcﬁer
point.” Thus, it is belioved thet thiz setbing of antenna is useful for

the purpoess.

<=7. The Design for Amy Set of Froquerncy

In th: expsriment, & pracselected pair «f day and night frequen-
cies ( 7.607, 3.370 Mec ) is uscd. However, amy zet of day amd nirht
frequencies with the ratic of approximataly 2 ¢ 1 enn be used with

expacted the sape roselts.

2-Yu. Factg about Dumestie Circuits. In domestic print-to-point enm-
murication eircuits which have the rangs of about 500 Em, the KF radlo
wave should be separated into daoy and =might freguency according to the
diurnal changes of the ionospheric layers. The night fregueney showld
have the range between 3 to 5 Mo and thoe day freguency should have the
range betuwcen 5 to 10 Moo The night froqueney propagatoes by rellectlon
at F2 leyer which has the effeective height of 300 Km, the proper wave

angle should be 48.5°, The doy frequency propagotes by reflection at B



layer which hag tihe effsctive height of 100 Em, the proper wave

angle shovld be abaout 21°,

2=-Th. Facts about Double Doubliet Ankennas.

1, Haights ahove pground of ﬁhe double doublet antannag sheould
eluays be &t 0.2 4, 0.50, 0,754 5 1% ... in cmter that the input ime
pedance be the same oz at Infinite heipght.

2. To meks tha double doublet ontennag oz low az pezeible,
applying the 0.5 5 height o the day freguency dipole, whils the night
frequency dipcle will be ot Q.2 to 0,25 high according to the ratio
ol day to night fronuency. At this specilisd height, the iaput impe-
dances at both frequenciss ghould be around 70 ohms,

3. With the day freguency dipole ogguipped with scelf-rescnant
refleetor { 0.95 /2 long ) olaced 0.2 A4 from the driven clement, and
the night frequensy dipoie =quipped with tuned reflector { N/2 long )
placad 0.2 [rom driven eicmont. The driven elements should be shor-
toned to U,?Ed.ﬁf? leng to reduco the reaective component of the irnput

impedance., A% this refleciors’ spacing, the gain F the antennas are

a7

arcund 4,7 a3, the [ront-to-beok ratic are in the weinity of the masd-

mil vaiue: f.g., at 2.2, and thz input impedances nre around 50 ohms,

at both frequensies. Tho lhoorebical wave angles obteinzd at this spae-

r 2
ing are 307 for daoy Trequency and 50 for night frequeney which arc

eogontiaily sultavie [eor propagations:

The akowva rales For doubl:s: doublot antennas are shown in form of

diapgram in Fig. 2-33 nz n pulde for ory night frequioney fl and dwy [ra-

qQuansy fz. Witk the guide Aingrar as shown in Fig. 2-73, cone should

snbstitute the vaiuss of wavelength in nand into x4 and A g

+ and sheculd
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Fig, 2-33. Relaticrns of various dimensicns to wovelongths,

expeet  to have the same charactorisities ez the one in this exporiment
a8 leng as the dimenaions are ng accurste and the site is equally un-

abstructed,
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2=-8, Lo uzlco

The cxperimentnl results cbtainad during thisz investigatinn
demcnstraeto a promising new approach to the design of the point-to-
polnt commundeation antenna by using the doubls doublet antennas with
reflectora. Moy conflguretions of double deoublet antennas with reflece -
tors have bean built and tested. Those whieh give ccnstant input impe-
dance, high gain and high front-to-back ratic~ with propsr wave angle
for beth frequencies have bzen reported here. The configurnticn obtoincd
in setting both dipele antennas in parallel on the same support te hove
constant input lmpedance all the time is wnlque. The Input dimpedance
cbteined ore approximately 48 ohms at both frequencies, thls runs close-
ly with the establishued thaory. The caxporimental rosults reaffirmed
that aven though twuo setz of dipele antenna with its reflector are sua-
pended on the sams support ard fod with common foed line, they hove no
affvets on each other at amll.

Once the two sets of antennn are proved to be independant of
gach other, then the characteristies of wach sct ean be vilowed aspe—
retely ms o gingle dipole and one rFeflzetor nt cach oporating freguen-
2¥s Thus, it 1z falt thet a theoretical lrvestigetlion of thiszs KHiod of
antenna would be most froitful. The gain over dipele of about 4.5 db
and the front-to-beck ratic of akrot 2,3 for both frequencices aro
abotit what should be sxpected for this kird of antennn, Fortunatoly,
the halght restrictions of both mntennas have an advantage on propage-
tiona. With doy frequencsy aontenna- 8¢ .5: high above ground, the tako-

off angle should be approxdmntely 30 » and with night frequency antenna
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at 04225 A high from ground, the take-off angle should be epproximately
56 whlch are casentlally clase to the requirsd angles; l.e,., at Ef
and Lﬂ.ﬁu regpactlvaly. The whole set of antenna can be congtructed
cuzlily with mindmum ecat and with greatest sconomy in land arsea. For
H-F communicaticn betireen polnt-to=-pelnt in demestic eilreult, thie an=-

temna is felt to be of great use and sxpected to be used popunlarly,
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