
Added Gain
Using Vertical Antennas
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Did you know thot a single vertical antenna has 3 db gain?
Better yet, you can get 6 or 9 db gain by stacking them!

•

wave vertical exh ibits 3 db more gai n than the
dipole. The gain of an antenna is a func tion of
its radi ation pattern and in general the sharper
the pattern (smaller the beamwidth) , the higher
the gain . For the quarter wave vertical it can be
shown mathematically1 that since the lower half
of the radiation pattern (as shown in fig. I ) . does
not exist," the gain must increase over that of a
dipole by 3 db.

Why Vertical?
The 3 li b increase in gain over that of a dipole

is only one of the reasons why properly adj usted
vert icals perform so well. and in some cases
outperform even a three element yagi. There
are two other factors that play an important part
in gaining th is advantage; angle of maximum
radiat ion, and polarizat ion. For horizontal po
larizat ion at h. f., the angle of maximum rad ia
lion is a function of antenna height over ground.
Th is effect is not as severe for vertical polariza
tion except as noted in fig, I R. The choice of
polarizat ion when select ing an antenna is an im
portant point. Experiments have shown" that
around 16 me, the dominant polariza tion of
downcoming waves is vertica l and most of the
waves have an angle of arrival centered about
8° and 15 °.

The preceding paragraphs offer convincing
reasons why a vertical antenna sho uld be used.
Mechanical ease and low cost considerations (o r
o ther considerations. if you are planning to build
a beer can vertical) are further reasons for
choosing a vert ical. The purpose of this article
is not to sell you on verticals however, but to
show how more gain can be had if you are lean 
ing in the vertical direction. (how else?")

t Kra us, "A n h "n n 8s", 19 50 E di t ion . p . 16.

:l Follow e l"Jl o t La rson E . Rap p, ( "A Oomneet All nand
Antenna", QST" April. 1957. ) disaKrt"e on t h i8 poi nt.
bc wevee they ha ve not u nea et hed any t ad ual evidence
to s up por-t t he i r t heories as yeL

' ''A r rival AnKle ot H. F . W a veI" , Wir f!u ", £ 71D., P eb.,
1956.
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Fig. l A-Theoretical fi eld pofl. rn fo r a 1,4 wave
ve rt ica l. Not. that the addition of the image re
sults in a dipole st ructure Dnd pa tt ern. Arrow s
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Fig . 1B-Effect of impe rfect ground on th e radia
tion patte rn.

the extent and composition of the ground plan e,
t sec fi gure I B. )

Less well known is the fac t that the quarter

It is a well known fact that the radia tion pat
tern of a quarter wave vertical operating against
ground can be calculated by assuming the exist
cncc of an image antenna. The resulting struc
ture as shown in fig. 1A is identical to a dipole
antenna . Theoretically the radiation patterns are
identical, but in practise the lower half of the
figure eight pattern does not exist. Likewise, the
field along the ground is not maximum, but
d rops considerably in magnitude depending on
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Added Gain
As we saw in fig. IA. good old mother earth

he lps the vertical form its pattern. ow con
sider the arrangement shown in fig. 2. Here we
have a dipole operating above ground. If the
dipole height above ground is such tha t the ccn-

Impedance Malching
Most of us are familiar with the input resist

ance curve as a function of height over ground
of a horizontal dipole. The resistance increases
from zero to 98 ohms, and then follows an oscil
latory form tending to the 72 ohm value. Figure
4 shows the input resistance variation of a verti-

4.500

1), p. 1), 1), 11), IP tJ), l ),
>ot: ....' ....~I GlIOlI'oO t _ h H I ,..' o<lil

Fig . 4-Radtation resista nce of a vertical d ipole.
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cal dipole as a function of height over ground.!
otc that above a height of -}Is wavelength, the

radiation resistance of a half wave vertical an
tenna remains quite constant. and darn close to
the 72 ohm free space value. This indicates tha t
all the d ipo les shown in figs. 2 and 3 should ex
hibi t a radiation resistance close to 72 ohms. T he
simplest method of feeding th e arrays would be
to lie two 72 ohm reed lines (any len gth ) in par
a llel, and connect the tic point to a 52 ohm line.
It th e resistance of one of th e antennas departs
cons iderably from the other, the two sho uld be
eq ualized before tieing to a common fee d line ,
otherwise the antenna having the lower value
will receive more power and the over all ar ray
gain will be lowered (Since the aperture illumi
na tion of the array becomes tapered). Bea r in
mind that the ground shown in the accompany
ing figures is perfect ground. Imperfect ground
having low conductivity will alter the pattern
and ga in. The radiation resistance should remain

Table I
Ground l\1atcrial Rclath'c Cond uc th.. it,l
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fig . 2-Radiat ion patt. rn for a vert ica l d ipol.
(ha lf sho wn).

ter to center spacing between it and its image is
about .% wavelengths. maximum gain occurs,
and the result is an antenna having 6 db gain
over a reference dipole. Going one step further,
an additional 3 db or gain can be obta ined by
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Fig. 3-Radiation pottern for 2 stocked ve rtica l
d ipole, (ha lf , h own).
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adding an additional d ipole as shown in fig. 3.
Note the resulting low angle of radiation. A
pattern pull-in such as shown in fig. 1B can be
expected due to imperfect ground. Such an ar
rangement would be quite attractive for ten
meter operation.

relatively unaffected. Table I illustrates various
soil conductivi ties. and leads one to suspect that
living on a houseboat can be fun. •

~ "An~n n&ll a nd Radio l' rup lIoit llotion", Dept. 0/ tile A rm.,
Tc:r ll n jral Ma n k4l T." 11 - 666 p , 105.
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