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G5RV ANTENNA HISTORY

This information from the 1936 Antenna Handbook by the staff of
“Radio Magazine” pre-dates Louis Garvey’s first published works by a
decade.

This information is similar to the G5RV and is valuable information for
those designing Multi-band antennas.
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Figure B
The “Double Zepp.” See Figure 7.

Zepp. Feeder Table

Peeder Voltage Current
Length Fed Fed
N
— Parallel Series
3
3N
= Series Paraliel
£ 8
e Parallel Series
n -
-—;—- Series Parallel
LN
— Parallel Series
8
1A
—8' Series Parallel

The feeders ean be shortened from the
lengths shown up to about 10% of a hali
wave at the operating frequency without
(ham.mg the tuning system. Freder spacing
15 not critical, 6 being about average.
Spacing may be decreased at the higher
frequencics, and vice versa.

3
ANY LENGTH

Figure 8 A

Feeding the Double Zepp. with an Untuned Line
by Means of “Q" Bars, (See page 18.)

The Collins Multiband Antenna System

The Collins Multiband Antenna System
is a special type of center-fed Zepp. using
copper tubing as the resonant feeders in
order to minimize the losses inherent in
this type of fceder. The simplest type of
multiband antenna, knowsn as the Type A,
consists of a half-wave radiator at the low-
est desired frequency, plus two copper tub-
ing feeders which are each exactly a quarter
wave long. See figure 9. As the feeders
arc exactly the right length to make them
resonant at the operating frequency and
all its even harmonics, the station cnd of
the feeders acts like a pure resistance (with-
out any reactive components) and thus no
loading coils or condensers are nceded at

e
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Firure 9
The Type A “Multiband™ Mm Syuen {Center-
fod Zopp, with Special Feeders),

the station end to tune this system. The
nominal input impedance is twelve hundred
ohms on all bands Thus there is high
voltage at the station end which, though
generally undesirable, is satisfactory in the
Collins version of the center-fed Zepp, due
to the special construction of the feeders
The main advantage of the Collins feeder
system over the conventional center-fed
Zepp. lies in the fact that the characteristic
impedance of the feeders instead of being
X ohms, as in the usual Zepp, antenna with
6 inch feeder spacing, is 300 ohms in the
Collins version, This has a very marked
advantage in that the input resistance of
the feeders never goes above approximately
1200} ohms instead of the 5000 ohms it would
become under certain conditions when using
the conventional feeders with six inch spac-
ing, The radiation resistance at the center
of a hall-wave Hertz antenna is 75 ohms on
its fundamental frequency and approximate-
ly 1200 on all of its even harmuonics, The
geometriec mean between 75 and 1200 chms
is 300 ohms, which is the ideal characteristic
imnpedance of the feeders for a minimun of
standing waves, The standing waves are not
eliminated from the line due to the fact that
there is always an impedance mismatch be-
tween the feeders and the antenna, but as
the feeders are particularly designed for
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low losses, the actual measured efhciency of
the feeders runs about 97% for moderate
lengths. The design formulas for the type A
Collins multiband antenna are as follows:

(K—05) 492,000
Antenna length = e
in feet
234,000 M
Feeder length = :
in feet fae

Where
K = number of half wave lengths desired.
== frequency in kilocycles.
M=number quarter wave lengths desired.
Several different models of such an an-
tenna system are possible and Table I shows
representative combinations designed for
use on amateur bands. In cach of the ar-
rangements shown in Table 1 the length of
the multiband transmission line is so chosen
that the reactance at the transmitter end is
negligible and the line can be coupled to
the output tank circuit of the. transmitter
by a simple pickup coil. An impedance
matching network need not be used provid-
ed the number of turns in the pickup coil is
continuously adjustable. The feeders can be
tapped on cach side of a split plate tank
through (002 ppfd. blocking condensers. Fig-
ures B, E. J, K, O, and Q on pages 35 and 36
show different methods of coupling the Col-
lins feeders to various types of plate tanks.
In cases when it is not convenient to usc
a transmission line as long as is shown in
Table 1 it is, of course, entirely practicable
to reduce the length of the line to a con-
venient value and build out the equivalent
electrical length by inserting an impedance
matching network between the transmitter
and the line. When such a network is used
the line can be made any length, and then

Figure 10
Shewing how the “Multiband" line is contected
to the antenna,

the only important dimension is the antenna
itseli. The only precaution which must be
observed is that the transmission line should
not be 34, 34, 34, etc. wave length long at
any of the operating frequencies. If the line
happens to be cut to a length equivalent
to an odd number of ¥ wave lengths, trou
ble may be encountered due to the network
transmitting not only the fundamental fre-

TABLE 1
MULTIBAND ANTENNA SYSTEM DATA
Madel A B C D E 3 G
Antenna 136 138 276.5 250 67 67 mns
Length--Feet
Feeder (13 115 s 122 5 3% 828
Length—Feet
Frequency 1.5- 4.0 37 40 1.7. 2.0 1.7-2.0 7.0. 7.3 7.0. 1.3 3.7- 40
Range 70. 73 1401404 5. 40 8.7-40 14.0.144 14.0-14.4 70- 7.3
Mc 140144 70- 7.3 25.0.29.0 28,0-20.0 140144
14.0-14.4
1200 ohms 75 ohms
Nominal 1200 cdimy | 76 chme 1.7, 35, | 1200 ohms 7 Mc 1200 ohms | 1200 chms
Input All All 14 Me, All 1200 ohms All Al
Impedance Bands Bands Ig o‘l‘::s Bands }: =c. Dands Bands
r3
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Figure 11
Conductor and Spacing Versus Line Impedance.

quency but also harmonic frequencies. This
difficulty can be overcome by proper ad-
justment of the impedance matching net-
work, but in general it is better to avoid
these specific lengths,

Table 1 can be used directly for design-
ing multiband antennas for amateur vsc. It
will be noticed that the antenna lengths
shown are an even number of one-quarter
wave lengths long at the lowest and highest
frequencies. In the case of antennas for
14000 ke. and 4000 ke operation the fre-
quencics are not harmonically related, but
the lengths are chosen for the highest fre-
quency, and they are also approximately
right for the lower frequency where small
variations in length do not represent very
large percentages of a wave length,

In designing similar systems for other
groups of frequencics, the antenna length
should be (k—05) 492000/f fr. where § is
the frequency in kilocycles and k is the

_ number of half-wave lengths. Thus, for two
or more frequencies integral values of k
should be chosen to give approximately the
same length and the exact length should be
that for the highest frequency.

For example, consider a model A antenna.
At 14300 ke and k=4 (a two wave length
antenna) the length is 136 feet, This length
is also correct for f==705 and k=2 or
f==3#0 and k=1, The frequency range of
the amateur bands may be tolerated by this
length even though the transmission line be
terminated in an antenna impedance not
a pure resistance.

The feeder length should be determined
by the relation 234000 m/f feet where f is
the frequency in kilocycles and m is the
number of quarter wave leagths, That is,
the 66 ft. feeder of model A antenna is one
wave length at 14,200 ke, a half-wave length
at 7,100 ke, and one-quarter at 3,550 ke,
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A slight variation from the above proced-
urc is indicated in Model G. In this antenna
the length of 103 feet is 134 wave lengths
at 14,100 kc. and approximately 35 and 3¢
wave lengths on the 40 and 80 mcter bands.
The feeder length of 85 feet s 114 wave
Iengths at 14,20 ke, and approximately $4
and 3/16 wave lengths at the 40 and &)
meter bands. That is, on 40 and 80 meters
the transnnssion line is terminated In an
impedance largely reactive but is of such
length that the impedance at the input to

the transmissdon line is approximately a
pure resistance. The loss in the transmission
Tine is slightly larger under this condition,
but this antenna may be used successiully
where space 15 a factor.

Many amateurs are using so-called “Zep-
pelin®” antennas rather than antennas fed
at the center hiecause their transmitters hap-
pen 10 be located nearer the end than the
center of the antenna and the transmission
line is shorter if it is connected to the end
of the radiator. The Zeppelin antenna is an
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inherently unbalanced system  (Zeppelin

feeders balanced for equal currents are not
balanced for equal phase and vice-versa)
and a considerable portion of the energy
is unavoidably radiated from the feeders,
which radiation may or may not be useful
for transmission, The multiband system just
described should receive preference over
the Zeppelin arrangement even if the transs
mitter is closc to one end of the antenna,
because the additional loss introduced by
running the transmission line horizontally to
a point under the center of the antenna,
then vertically to the antenna itsclf will be

entirely negligible, and probably will be
considerably less than the loss in Zeppelin
feeders. “IThe multiband feeders are readily
supported from suitable stand-off insulators
and can be carried around corners by mak-
ing bends having a minimum radius of about
10 inches. It is entirely feasible to double
back the line in trombone fashion, if de-
sircd, to obtain a length which will obviate
the use of an inpedance matching network.

The type B Colling two-band antenna (see
table on page 12) is particularly interesting
10 the phone man due to the fact that the
nominal input impedance of the feeders is
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Frequency Quarter Half-wave
in wave feeder radiator
kilocycles section
3
3500 665 10" 13 7°
3600 64 11" 129 10*
3700 63 27 126" 47
3800 61" 6" 12¥
3900 - 119 10”
3950 ¥ 2 118" 4
400 N 5" 116" 107
1
7000 33 5 66" 9
7050 33 2 6 4"
7100 zZn” 65" 10"
7150 2 9 6y 4"
7200 3 6" o1
7250 32 3 61 6"
7300 2 6
14,000 16" 9" 33 5"
14,100 16" 7° R 5 48
14,200 16" 5" 2 11°
14,300 16" 4" 29
14,400 16" 3" 3 6
28,000 100" 16" 85"
28,500 984" 16" §*
29,000 96.5" 16" 1.5°
29,500 48" 15°10.5%
30,000 93" 15" .72.5"
56,000 s0* 100"
57,000 492" 984"
2,000 4R_3" 9.5
39,000 474" 948"
60,000 4657 293"

Length Versus Frequency Table for John-
son Q and Collins Multiband
Antenna Systems.

75 ohms on both bands. Thus, if it is not
convenient to bring the lower end of the
feeders directly in the operating room, a
twisted pair transmission line can be at-
tached to the lower end of the feeders and
then run any reasonable distance back to
the operating romn. This particular appli-
cation of the "Multiband” antenna brings
out very strongly its resemblance to the
“Johnson Q" antenna, except for the fact
the “Q" antenna is useful only on one band.

The Linear Transformer

Every quarter wave Zepp. feeder acts as
an impedance matching transformer, and an
understanding of this method of impedance
transformation scrves to explain the theory
of operation of the Colling Multiband an-
tenna and the Johnson Q antenna. It is pos-
sible to construct a wide variety of quarter-

e 2 ——.

waTirwe SE7TAON,

Figure 13
The Johnson Q Antenna,

wave Zepp. feeders all of which may be
resonant te the same frequency but which
differ in the wire size and the wire spacing
used, Upon the wire size and the wire spac-
ing depends what is known as the average,
characteristic surge impedance of the par-
ticular resonant, quarler-wave matching
section  (matching transformer or Zepp.
feeder; call it what you will). Let us take
for example a quarter-wave Zepp. feeder
consisting of no. 12 wire spaced six inches,
which happens to have a surge impedance
of 600 chms. Let the far end be terminated
with a pure resistance and let the near end
be fed with radio frequency energy at the
frequency for which cach feeder is a quar-
ter wavelength long. If an impedance meas.
uring sct is used to measure the impedance
at the near end while the impedance at the
far end is varied, an interesting relationship
between the 600 ohm characteristic surge
mpedance of this particular quarter wave
matehing line and the impedance at the two
cnds will be discovered. When the imped-
ance at the far end of the line is the same
as the characteristic swrge impedance in
the line iself (600 ohms) the impedance
measared at the near end of the quarter
wave Tine will also be found to be 600 ohms,

lneidentally, the line, under these condi-
tions, would not have any standing waves on
i1, e to the fact that it is terminated in its
characteristic impedance. Now let the re-
sistance at the far end of the line be dou-
bled or changed to 1200 ohms, The imped-
ance measured at the near end of the line
will be found o have been cut in half and

.20
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mon transmission linesor matching
transformers. From these curves
can be determined the character-
istic impedance of the particular
type of non-resonant line that is

to be used between the station
and the Johnson Q matching sec-
tion, Then by putting this value
of zurge impedance and the radi-
ation resistance in the formula
shown above the geometric mean
of these two values can be deter-
mined, This geomelric mean is
the required value of character-
istic surge impedance for the

ol
S

9-::« ~ M»!J

Figure

Characturistic Inu‘n 1 ou.wm Lines of Various
Spaci w. " .:r Q Bars see Figura 11, for the

is now J00 ohms, If the resistance at the
far end is made half the original value of
o0 okms, or 300 ohms, the impedance at
the near end doubles the original value of
600 ohms and becomes 1200 ohms. There-
fore as one resistance goes up the other
goes down proportionately. It will always
be found that the characteristic surge im-
pedance of the quarter-wave matching line
is the geometric mean between the imped-
ances at both ends, This relationship is
shown by the following formula:

Zxr= v ZAZI.

where

Zye==Impedance of matching section.

Zy= Antenna resistance,

Zy. = Line impedance,

The Johnson Q Antenna

The above formula is used in determining
the proper spacing for the quarter-wave
tubes used in the Johnson Q antenna. When
the Q i« used as a half-wave Hortz antenna,
the spacing of the aluminum tubes which
comprise the quarter wave matching trans-
former should be such that the characteristic
surge impedance equals the geometric mean
between the radiation resistance of the an-
tenna and the characteristic surge imped.
ance of the non-resonant line which con-
veys rf. encrgy from the transmitter to the
station end of the quarter wave matching
transformer.

The standard form of the
is shown in figure 13.

Figures 11 and 14 show in graphical form
the characteristic impedance of several com-

Johnson Q"

quarter wave matching section
and again, from the graph of

o e

figure 11 the proper spacing
tubing used in the
s ~
/Ml!
200 12 BaRS ns'
RN o

IAMullibnnd‘ ’Mlu-:..ﬂ Fed :.il;
oters. Ses Table T, Page 12,
matching section can be determined. While
it is gencrally assumed that the radiation re-
sistance of a half wave antenna measured at
its center is 72 ohms, this value assumes
the presence of no nearby objects and that
the antenna is either exactly a half wave
high or is remote from the earth, As a
practical matter the radiation resistance of
an antenna can depart quite widely from
its assumed value of 72 ohms for a half-
wave Hertz, and there is no simple and
accurate means of measuring the actual

Collins T,
Twisted
20 n‘
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0 Mass s’
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Figure 16

Spwe'a) Two-Band Q Antenna, 38 o 40
Me. and 14.0 10 144 Mc.
radintion resistance. Thus, from a theoret-
1cal standpoint, the Johnson Q and the Col-
lins Multiband antennas are highly cfficient,
but as a matter of practice considerable cut
and try variations from theory are neces-
wary to obtain maximum performance from
these antennas, However, 159% variation in
spacing of the matching section causes little
loss.

Another useful type of Q antenna is
shown in figure 16, It operates on two
bands, 38 to 40 Mec. and 140 to 144 Me.

Non-Resonant or Untuned
Transmission Lines

The tuned transmission lines used in Zepp
antenna systems do not have an even dis-
tribution of voltage and current on them,
due ta the presence of standing waves, Thus
in order 10 operate properly, the electeical
length of a resonant transmission line s
quite critical.  In the non-resonant trans-
mission line there is a smooth and even
distribution of voltage and current along
the line and the line length ean be anything
up to several thousand feet without materi-
al loss of energy. The only critical char-
acteristic about the untuncd line is its ter.
mination at the antenna e, 11 js the re-
flection from the antenna end which starts
waves moving back toward the transmitier
en. When waves moving in both directions
along a conductor meet, standing wives are
setoup.

All transmission lines have distributed
inductance, capacity and resistance. Neg-
Tecting the resistance, as 1t is of minor im-
portance in shost lines, it is found that
the inductance and capacity per unit leagth
deternune the characteristic, or surge im-
pedance of the line. When any transmis-
sion line is termuinated in an impedance
equal to ite surge impedance, reflection of

energy does not oceur and no standing
waves are present. When the load ter.
mination is exactly the same as the line im-
pedanee it simply means that the load takes
energy from the line just as fast as the
line delivers it, no slower and no faster.
Thus for proper operation (with standing
waves and associated losses  eliminated)
some form of impedance-matching arrange-
ment must be used between the transmis-
sion Tine and the antenna, so that the radi.
ation resistance of the antenna is reflected
back ino the line as an impedance equal
1o the line impedance,

The use of a lnear transformer in the
lohnson € and the Collins Multiband an-
1ennas, and the guarter-wave stub scction
in the J and T types of matched-impedance
antennas act as the means of transform-
mg the antenna resistance into the equive
alent of the line impedance. Remember
that the radiation resistance of a half-wave
antenna varies from 73 to 2400 ohms, meas-
uring out from the center to cach end. As
most commonly-uscd lines have a character-
istic impedance of between 400 and 600
ohms (excepting the twisted pair and the
concentric lines, which will be discussed
later), matching a line to an antenna is not
a simple martter. If the line is to be di-
rectly attached to the antenna, it must be
attached at a point where the antenna im-
pedance is the same as the line impedance,

The Two-Wire Open Line

As the mnpedance of a line depends on
ite distributed  inductance  amd  capacity,

< - -% -
L

WAMD LA

-
BTV
e
One of Many Pos Muthods of Coupling
an Untuned, Open-Wire Line.
which are functions of the wire size and
spacing, the impedance may be obtained
directly frem the following formula.
S
Zo=277 'Wl-

Where: Zn is the characteristic imped.
ance of the line, S is the wire spacing, and
I is the vadius of the wire (one half of the
diameter of the wire). Note that R and Scan
be in any units as long as the same unity

22
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of measurement are used in both cascs.
What is required is the ratio between the
two, not their actual absolute measurements,

The chart shown in figure 14 on page 21
shows line impedance against conductor
spacing for several commenly nsed wire
sizes. Figure 17 shows one way of using
an ontuncd two-wire line o couple the
transmitter to the antenna.

The Coaxial (Concentric) Line

The characteristic impedance of a coaxial
(eoncentric) line may be determined from
the formula

K.
Zy=1385log — —

Where: Zs is the line impedance, R, is the
inside radius of the outer tube, and R, is
the outside radius of the inside tube.

Short lengths of concentric line may be
constructed by stringing glass beads on
no. 12 wire, crimping them into position,
and threading through quarter-inch copper
tubing.

The Twisted Pair Untuned Line

The recent development of low-loss, low-
impedance transmission cable for use at the
high frequencies (such as EO1) allows a
very flexible transmission line system to be
used to convey energy to the antenna from
the transmitter. The low-loss construction
is largely due to the use of low-loss insul.
ation plus a goed grade of weatherproof
covering. The older twisted flex cables used
by amateurs had quite high losses and
should be avoided. Generally avoid strand-
ed cable at the high frequencies, as solid
conductors usually have less r.f, resistance,

A twisted-pair line should always be used
as an untuned line, as standing waves on
the line will produce excessive losses and
can easily break down the hine insulation,
A -

?
Hall-Wave Doublet Fd with 12 Obm Twisted Cable,

The radiation from twisted-pair hines, for
a given slight amount of reflection loss, is
much less than for a two-wire 600 ohm line
with the same amount of refiection. How-
ever, the resistance and diclectric losses in
the twisted-pair line run considerably higher
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than for the 600 ohm line, If the line is to
turn many sharp corners, the twisted pair is
far superior 10 the 600 ohm line.

The twisted pair line is particularly sat-
isfactory in mobile applications where a
transceiver might be mounted on the dash-
hoard of a car and the antenna mounted
on the rear or front humper. See figure 27.
For turning sharp corners and running close
to large badies of mewl the twisted l';lir is
almast as good as the coaxial (concentric)
tubing line, whose eost unfortunately places
it aut of reach of the average amateur al
the present e,

Coupling to the Antenna

Conpling at the antenna deserves careful
attention. In the following discussion the an-
tennas are shown horizontally, though man.
ifestly the half-wave types at least can be
aperated vertically if |our:ly non-direction-
al, low-angle transmission is desired.

The line should leave the antenna for
some distance at right angles to the antenna
wire, or at least at an angle of 45 degrees
ar more, to avoid standing waves along the
fine.

It has been said that a 72 ohm line match-
¢< the average impedance of a half-wave an-
tenna, <till assuming the antenna to be hor-
izontal. However, as figure 19 shows only
too elearly, we cannot simply let it go at 72
ohms, for the various heights of antennas
may present us with the need of matching
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Figure 20
Reference Schematic of the Deublet of Figure 18,

antennas with impedanees all the way from
60 to 100 ohims,  Figuee 19, by the way, re-
fers 1o "elfective™ hetght, but this 15 reason-
ably close to actual height over maost soils,
In scane extreme locations tin roofs, trecs,
ardd houses reduce the effective height 10 a
small fraction of the height above carth,
but in a doubtiul place one may first try
34 of the actual height, applying that to the
curve of the figure 19 1o get the impedance
at the center of the antenna.

The “Y Match”

The “Y match” method of fgure 20 is a
common and simple means of adjyusting the
line impedance to the antenna impedance.
A length “G" of the antenna-wire is ree
moved and the line is “forked" for some
distance back, shown as "F” in figure 20. It
1s convenient to make F oand G the same
length.  These lengths are shown on the
left edge of figure 19, and these hgures are
the important oncs—those at the right be-

ing of academie, rather than practical, in
terest,

Because the impedance of the line
changes at the point C, and at the points
A and B, there are small vohage “bumps”
at these points. Those at A and B are rel-
atively unimportant, and add nothing to the
job of the msulators vsed to tie A and B
together, The story is different 3 C, and it
1s accordingly important that moisture be
kept out of the crotch, especially as it might
work tn along the paperswrap of the wire,
Plenty of rubber tape and the electrieal re-
pairman’s old reliable friend "P & B in-
sulating paint” will do the trick. If “P* & B"
is strange 10 yvou, ordinary automaobile top
dressing will do nicely--not the thin stff
like "Duco”™, but the more “gooey™ kind.

Delta Match

It is mechanically simpler to leave the
antenna wire uncut, and to bridge the sphit
line across a portion of the nneut antenna.
This "delta” method of matching is not as
flexible as to frequency, and for that reason,
perhaps, is in little use among amateurs for
low impedance lines, It is quite practical,
though the triangle dimensions are not
those given by figure 19.

Harmonic Operation

[f a horizontal antenna is made 3/2, 52
or 7/2 wave long instead of ¥ wave, we
increase the horizontal directive effect, The
total radiation % not changed materially,
but more of it goes in particular directions,
This is shown by figure 21. ln the top di-
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Figure 21

Approximate Field Pattern of Mumnkally Operated Antesnas, Sbnwlu Angles of Radiation Lobes
(Looking Down on Antenna from Above).
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agram of that figure we arc suppased to be
looking down on a 34 wave horizontal an-
tenna. The solid “hgure 8" shows the di-
rectional effect,

In the 2d diagram we look down on a 3/2
wave antenna, showing the pattern of trans-
mission: four broad loops at 42 desrees o
the antenna,

The 572 wave antenna gives sharper loops
at 33 degrees, while 7/2 gives some nice
beams at 28 degrecs.

Several things are to be noted, As the an-
tenna is made longer the majpor directional

Table 11
Leagith of 72 ol twisted qair line (Type EO.1,
with no. 12 wire, spaced 0177 on centers)

which produaces 1555 power loss,

Frogueecy W-nl-uul Greatest issible
(approx.) line f::w
730 h_ 172 " 30 leey
350 a5s5 s "
o ™ 43 " 7"
1o " A4 " 100 *
200 " wr " w "
%000 it " n o

lobes become narrower and conscquently
longer—meaning stronger—but also there
are growing up at the samc time smaller
lobes, intentionally shown in somewhat ex-
aggerated size, which do produce signals
in additional directions and may puzzle the
operator of the antenna who docs not ex-
pect transmission in those directions.

The impedance of these longer antennas,
when "Jooked into™ at their centers, is great-
er than that of a half-wave antenna, as

Table 111

Impedance at the center of vardous horizontal
antenmas at great height. Practieal antesmas
will vary 159 bhoth wavs from 1hese figures,

Length of antenna 1
1/2 wave 72 olims
K T m "
N1 ns -
- Ty ) 7’ -
shown by table 1T, With this in mind, a

larger coupling triangle has heen used to
operate successfully odd-half-wave antennas
up to and including 7/2 wavelengths.
The 7/2 Wave Antenna

The 7/2 wave system is very useiul, in
that 2-band operation is most practical,
[f the 7/2 wave antenna is made for 14,000
ke, we find that it is a 74 wave antenna for
00 ke. Similarly a 7/2 wave 107 meter
(22000 ke.) radiator is a 4 wave antenna
for 75 meter (4000 ke.) phone

A 3/2 wave section for 20 meters (99

|3 x-:

feet), operating as shown in the third di-
agram of figure 21, is also a good actor. The
four main lobes (alone) cover much ter-
ritory, the two smaller ones filling in between,
While the losses in a long, twisted-pair
hine are higher than for a high, straight,
(00 ohm two-wire line, they are lower than
those of the average single wire feeder.
Table 1l shows the losses 1o be expected
with 72 ohm linc-wire such as was first re-
ferred to. Such a table would be very com-
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te Ce
plicated if all possible sorts of wire were to
be included. Shorter feeders give a cor-
respondingly lower loss.
Ofi-Center Feeding

Where it is not physically possible to feed
the center of the antenna, an arrangement
such as that of figure 22 may be used. Since
the (radiation) load is no longer the same
for the two line wires their currents will
not be quite equal, but the radiation pattern
remains substantially unchanged, The line
attaches at a current maximum point; that
is, at an odd number of quarter-waves from
the end.

Unequal line currents may also be found
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Figure 23

This N-‘IS Meter “'C
Gives Excellent Results,

tea™ Ant

where one “half” of the antenna is not of
the same length as the other “hali”. They
may also be met where one end of the an-
tenna is materially higher than the other,
but in 1o case does much harm seem to result.
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