Looking Over V-H-F Antennas

C. B. LESTER*

As the frequency of operation gets higher so does the number of different types of antenna.
Here is a general discussion of the many types of v-h-f antennas being employed in and out of
amateur circles. The first part of this article covers vertical non-directional antennas.

THE COMING OF AGE of the v-h-f spectrum has made
it economically possible for the average ham to
seriously consider experimenting with antennas, a
luxury previously denied all but the commercial
point-to-point operators with heavy financial back-
ing.

Of course, hams have been experimenting with
antennas since the davs of the flat-top and fan
counterpoise, but the cost of such an antenna, or
even more complex antennas such as the popular
rotary beams, is insignificant compared with the
complex multi-element arrays used by the long haul
commercial stations.

At v.hf., where antenna elements are so small
that they can be constructed quite inexpensively
from self-supporting tubing, arrays to accomplish
almost any purpose can be erected for a very reason-
able cost. This is especially true in the range near
the microwave spectrum.  «

Design of v-h-f arrays on paper is usually quite
simple; physical realization of the design is some-
times quite difficult. For instance, theoretically,
parasitic elements can be added to a driven element
indefinitely with an increase in gain accruing to
each additional element. Actually, when dealing
with elements of finite conductivity, a condition is
rapidly reached where the ohmic resistances com-
bine with a reduction in driving point impedance
in such a manner that increasing the number of
elements actually decreases the gain.

The purpose of this article, which will be pre-
sented in two parts, is to review data on proven
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v-h-f antennas, giving the advantages and disad-
vantages of each where these factors are not self-
evident. Because of the necessity of drawing from
commercial experience and designs, most of the
data given here of necessity relates to the com-
mercial 30-44 mc, 72-76 mc, and 152-162 mc bands;
all data can be readily converted to ham band de-
sign figures, however, by formulas given.

The first part of this article will be concerned with
vertical non-directional antennas, and the second
with simple horizontal antennas and both vertical
and horizontal arrays.

At v.h.f., polarization of the transmitted signal is
of primary importance. A station transmitting
vertically polarized waves cannot normally satis-
factorily work into a station using a horizontally
polarized receiving antenna, and vice versa. A
signal transmitted with one particular polarization
will retain that polarization unless badly refracted,
or reflected.

Happily, at v.h.f., an antenna with main radiating
elements vertical produces vertically polarized waves,
and similarly horizontally oriented antennas produce
horizontally polarized waves.

Use of either polarization is dependent upon the
whim of the operator more than anything, though,
of course, if it is desired to work into other nearby
stations, their receiving polarity must be deter-
mined. While there is some evidence that horizon-
tally polarized waves suffer less attenuation while
traveling over average earth than vertically polar-
1ized waves, this evidence is far from being conclu-
sive. There is no evidence whatsoever that either

Fig. 1. Six center-fed ver-
tical half-wave dipoles.
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polarization is superior to the other on long distance
communications dependent upon superrefraction or
tropospheric reflections. Actually v-h-f transmis-
sions may be reflected in such a manner that a
portion of the energy of an originally horizontally
polarized wave may arrive vertically polarized, so
that polarization is not too important for extremely
long range communications.,

Commercial operations involving transmitting
into or out of mobile units use vertically polarized
antennas of necessity since the ‘“‘whips’” used as
antennas on mdbile units are vertically polarized.
Some commercial point-to-point systems use ver-
tical polarization simply because such equipment is
easily available commercially; most lower [requency
(6-25 mc) point-to-point systems use horizontal
polarization if mobile unit communications are not
required because of the ease with which directional
arrays can be set up for horizontally polarized sys-
tems.,!

Most vertically polarized systems use non-direc-
tional antennas at the fixed stations because of the
desire to talk-out to mobile units equally well in all
directions. All gain in the antenna must, therefore,
be produced by lowering the angle of radiation,
and many designs have been worked out to accom-
plish this. Most designs are based on elimination of
undesired radiation from antenna mounting masts
and feeders and wvertical stacking of radiators. If
present, radiation from masts and feeders usually
ccmbines with the main signal in such a manner as
to effectively increase the angle of radiation, which,
of course, is tantamount to a loss in antenna gain.

The Simplest V-H-F Antenna

The simplest antenna at v.h.f. is, as at the lower
frequencies, the center-fed shortened half-wave di-
pole. Theoretically, it has a free space driving point
impedance of about 73 ohms, but this may be con-
siderably lower at v.h.f. where the element L/D
ratio, resistance, proximity to earth, and many
other factors, effectively alter the theoretical value.
Though center-fed half-waves are generally fed with
73-ohm coaxial or twisted-pair cable at low fre-
quencies, at v.h.f. a better match is generally ob-
tained with 52-ohm cable. Though this is theo-
retically only a fair impedance match, reasonable
SWRs are obtainable and the system yields excellent
results.

Six examples of center-fed (current-fed) half-wave
vertical dipoles are illustrated in Fig. I. Alternate
a is tuned two-wire open line fed, and is impractical
above 30 mc or so; radiation from the tuned line
may be considerable, and greatly lower the effi-
ciency of the antenna system. Alternate b is a delta-
section matched two-wire open line feeder arrange-
ment with the feeders untuned (non-resonant). The
alternate shown in ¢ approximates b except that a
T-section matching unit is used. In general, the
delta-section is the preferable design to use, but the
T-section can be more easily constructed at the low
frequency end of the v-h-f region.

Alternates d, e, and f illustrate three variations of
the coaxial line fed antenna. Alternate d is simplest,

1Ed. Note: Generally speaking, high directivitity can be ob-
tained most economically by horizontal arrays at the lower fre-
quencies, chiefly because of decreased array height requirement.
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Fig. 2. Three basic broadbanded antennas.
application is not limited to v.h.f.

of course, but will have a high SWR when required
to operate over a wide frequency range. This an-
tenna can be coupled to a receiver or transmitter
by a loop (or hairpin at the top end of the v-h-f
region) and a suitable condenser in series with the
loop to tune out the reactance, reflected into the
tank circuit.

The four alternates discussed thus far have been
high-Q antennas, not adaptable to working over a
wide range of frequencies. A fair impedance match
can be obtained with an arrangement such as shown
in alternate ¢ which uses a modified Q-section to
provide a fair impedance match over a frequency
range as high as 1.3-1.5/1. The series Q-section
should be about 0.1 wavelengths long at the lowest
frequency desired, and will substantially compensate
for variations in antenna reactance as the frequency
increases.

For operations at the extreme high end of the
v-h-f region, unbalanced coaxial line feeders un-
balance the radiator substantially and antenna cur-
rent induced on the outside conductor of the feeder
is re-radiated, thus distorting both wvertical and
horizontal patterns. This can be almost eliminated
by using a Bazooka-section to balance the line into
the antenna as shown in Fig. If. Other balancing
sections have been developed for this work, but the
Bazooka-section is as simple as any, and as effective.

The Q of the average v-h-f radiator made of rela-
tively small tubular elements is quite high, though,
of course, not nearly so high as antennas for, say,
40 meters. This means that unless some sort of
“broadening”’ arrangement is used, the tuning will

" be very sharp and the frequency band over which

the antenna will operate satisfactorily will be quite
narrow.

The half-wave center-fed dipole can be broad-
banded quite simply by methods illustrated in Fig. 2;
these methods have the added advantage of raising
the driving impedance of the antenna to a point
where 300-ohm Twin-Lead or 600-ohm open wire
line can be used to advantage.

In Fig. 2a two vertical half-wave dipoles have
been electrically paralleled by tieing them together
at both ends. Feeding one of the elements results
in a splitting of the antenna element currents in
such a manner that the impedance seen looking into
the terminals of the driven element is about four
times that of a single vertical half-wave dipole, or
approximately 300 ohms, effectively matching
300-ohm Twin-Lead. If it is desired to match a
600-ohm line, three elements can be used which re-
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Fig. 3 (left). Bicnnicul- antenna. (Courtesy Bendix
Company). Fig. 6 (right). lIsoplane antenna. (Cour-
tesy Motorola, Inc.)

sult in an increase in impedance of nine times, or
slightly more than 600 ohms. In both of these
antennas, the elements should not be separated by
more than 49; of a wavelength, and preferably
should be spaced even closer.

A broad-band antenna matching a 600-ohm line
can also be produced as shown in Fig. 2¢ wherein
one element is made twice the diameter of the other,
resulting in an unequal split in element current. {

Due to the use of conductors having appreciable
cross section thickness with respect to length, these
“broad banded” dipoles have a very broad tuning
characteristic and can be used over an entire a ma-
teur band without retuning.

One point should be noted concerning center-fed
dipoles. A moderate amount of horizontal pattern
distortion can usually be tolerated, and distortion
due to bringing in the feeders will not be appreciable
if the horizontal section of line between the antenna
and the beginning of the down-run is kept at least

a half-wave long or greater; if less than a half-wave -

length is used, severe pattern distortion will usually
result.

One other point should be considered—Ilightning
protection. Since it does not affect the antenna's

tEd. Note: The impedance at the feed point is a function of
the spacing between and diameter of the conductors. Roberts,
RCA Review, 1947.
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*J* ANTENNA TWO"FLAGPOLE" ANTENNAS

Fig. 4. Three end-fed half-wave dipoles. The “'J" is
one of the most popular in use.
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transmitting or receiving characteristics, the ele-
ment tied to the coaxial line shield should be upper-
most, thus providing a direct path to ground for
the highest point in the antenna system.

Conical Antennas

There is one group of center-fed broad-band an-
tennas which eliminated feeder pattern distortion
by bringing the feeder to the antenna inside the an-
tenna itself, thus keeping it out of the radiation
field. These antennas, known generally as conical
antennas, are used commercially in somz2 fixed sta-
tion-to-mobile unit systems with excellent results.

A commercial model of an antenna of this type
known as the biconical antenna is illustrated in
Fig. 3. This particular antenna, designed to be fed
by a 52-ohm cable, will operate over the entire
152-162 mc band with a SWR of less than 1.5/1, and
over the range 135-180 mc with a SWR less than
2.0/1. A good power gain is claimed over a half-

wave vertical dipole because of lowered angle of
radiation.

A good design figure for ham biconicals would be
about 0.70-0.75 wavelengths over-all, with an angle
Actually, the dimensions

of revolution of 20°-30°,

I
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GROUND PLANE

(a) BASIC (b) SIMPLE TURNSTILE

_-BASE OF STUB IS AT O

-~ POTENTIAL FOR MOUNTING
WITHOUT INSULATORS

(c) SHUNT FED TURNSTILE
Three ground plane antennas.

Fig. 'S5, Because of

their dimensions application is largely confined to

the v.h.f.

are not too critical because of the broad-band char-
acteristics of the antenna itself,

If the lower element is removed and replaced with
a ground plane in the form of a metal sheet, or sev-
eral radial rods slightly over a quarter wave long,
the driving impedance will be approximately 37
ohms, and can be fed with two 75-ohm cables in
parallel. Such an arrangement will operate with fair
characteristics over a frequency range of 3/1. At
least 10 splines should be used for the cone, or it
can be made of sheet metal if desired.

Hams have favored the two-wire open line be-
cause it is considerably less expensive than most
coaxial cables. One of the most popular v-h-f an-
tennas ever designed is shown in Fig. 4a. This
antenna is known as the ‘] because of its con-
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Fig. 7. Folded unipnle. fnr_30—44 ‘me.  (Courtesy
Andrew Corporation):

figuration. The bottom end of the J-section is at
ground potential and can be mounted directly to the
support without insulators.

This same antenna can be coaxial fed as shown in
Fig. 4b and ¢ which are identical except ¢, with the
highest point grounded for lightning, is slightly
unbalanced near the microwave region.

This class of antenna has been largely replaced
commercially by the ground plane and coaxial an-
tennas to be discussed.

The Ground Plane Antenna

The ground plane group of antennas is one of the
most popular now in use in non-directicnal vertically
polarized systems. It has many variaticns, all of
which claim some improvement over the simple
ground plane design. The basic ground plane in
Fig. 5a has a driving impedance half that of its
equivalent dipole, or about 37 ohms. When four
quarter-wave long radials are used for the “plane,”
the impedance drops to about 20-25 ohms, and the
coaxial line feed should be matched with a ‘‘Q-sec-
tion'"" a quarter-wave long with a characteristic im-
pedance equal to the geometrical mean of the an-
tenna and line impedance.

It can also be shunt fed as in Fig. 5¢, the length of
the stub and the radiator being varied to produce a
match.

For low power installations, it is sometimes pos-
sible to allow rather high SWRs on the feed line if
the transmitter can be loaded properly. It is
common practice in mobile installations to ignore
the line match to the antenna proper and produce
the power transfer match at the transmitter by
tuning the loop.

An exact match to any standard transmission
line can be accomplished in two ways, however. In
one method, the ground plane radials are pointed
downward so that the entire assembly begins to
approach a semi-conical antenna, with a consequent
rise in driving impedance. One particular example
of this antenna is the “‘isoplane,” illustrated in
Fig. 6. Here the radials are bent downward to match
the transmission line, and another set of ground
plane elements is mounted one quarter wave below

November, 1948

= — —— I

Fig. 8. Folded uncirnle for 152-162 mec. (Courtesy
Andrew Corporation).

the base of the first set to eliminate vertical pattern
distortion due to mounting staff radiation. This
antenna, shown for the 152-162 mc band, may be
obtained for other frequency ranges also. It is
usually shipped pre-cut for the desired frequency.
All elements are one-quarter waveleagth long elec-
trically, or 2805 inches/F(mc).

Another method to increase the driving im-
pedance of the ground plane antenna is to fold or
“trombone” the vertical element. A commercial
design for the 30-44 mc band known as the “‘folded
unipole” is shown in Fig. 7; another antenna for
the 152-162 mc band made by the same company,
is shown in Fig. 8.

With the vertical element cut to an electrical
quarter wave, variation in ground plane radial
length from 0.25 to 0.31 wavelengths has little or no
effect on the driving impedance. Also, increasing
the number of ground plane radials beyond four has
practically no effect on performance.

(Continued on page 98)
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Fig. 9 (left). 30-40 mc coaxial antenna. Fig. 10 (cen-
ter). Twin-skirted colinear coaxial antenna for 72-76
mc. Fig. 11 (right). Triple-skirted colinear coaxial
antenna for 152-162 mc. (All courtesy Motorola, Inc.)
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BC732 Control Head... e e e Y
214N R /Angle Drive... s T
274N 2-transmitter rack ... ... .89
MOUNTING TOF BDOVE.............cociiivie i ciimicsssnsinnssss 00
6-contact plug for Loran. .. RECI T K L
BC375 Cable w/PL61 plug .. S s L
ZHAN Tuning Coble 87 i ciiiiininni oD
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BC348 Plug ....... SR
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I-82A Indicator (exp. pkd.).... e Dt DD
Set of 4 plugs for ARN7... S T
10w 4700hm “Koolohm"' per c. . . 2.95

|Equipment new — FDE Flushmg, H ‘r

LONG ISLAND RADIO CO.
164-21 Northern Blvd. Flushing, N. Y.

BUY ROYAL BEAMS FOR
TELEVISION, FM and AMATEURS

(Designed by WORBI First Wis. DXCC Winner)
Roval TV FM Beams All-Aluminum $8.95 to $28.95
Royal DeLuxe All-Aluminum Beam 3 EL WS 12’ Boom

Junior... . $17.95 Benior........ccccoovcenoenans $22.95
Roval Paul Bunvon (wood boom 8') Beam 3 EL. Junior
...... e R F A e I e - [ U
Aluminum Beam Connectors (ean be elamped or bolted to
boom, supports elements). ................. 3 for $2.75

New Tubes Bargains | Price
O, J025. 1020, J1DRY. - a5l esisniosi 3 for $1.00
6V6GT /g, 6J6, 5UG4, 836A, 6AGS, 24G............ .68
GLBG, B3Y, BOT, SO .. . i civanrsevanssnnssnsenesast 98
3FP7, 5BP1....%1.39. 813, V70D, 304TH.......... 6.95
Complete 4 tube kit for Command Xmters, ......... 1.29
RGS/U Cable 52 ohmsper 100 4t...........c0vvv... 2.95
BC 454 Receiver 70 fone 80 CW. ............c.0uns. 5.95
Webster-Chicago Wire Recorder Model 78........ 99.96

Cash or 259, with order, balance C.0.D. Add postage.

Write for flyer.

ROYAL RADIO SUPPLY
1802 Frazier St. R4 Madison 5, Wiscnnsm

BEAM DIRECTION INDICATO R

A ‘must' for DX contaets! Uses
position indicator motors 1156 V
60 ¢ 15 watts. Beautiful 5 mari-
ners compass on etched aluminum,
Illuminated. Black leatherette case.
Accurate. Complete with50’ of cable
and assembly to attach to beam.
Instructions included.

S & S Electronic Devices 39*FI}B
Keith Bldg. Cleveland 15, Ohio Angola, Ind.

Simple, fast, easy. Stripa insulation from wire

hardware astore con't swoply wow., send order direct to wus,
JACO PRODUCTS CO., Dept. F-10 6408 Euclid Avenue, Clevecland, Ohia

YLy

Amazing New Wire Stripper

slzes hfn: 12 to 22. Hardened, ground blade contalns
38 ealibrated stripping slots, 1 wire cleaning slot.
Also wlill remove bralded metal shielding, Small,
sturdy, compact, useéful in close guarters. Blade may be
sharpened or easily replaced. Colorful plastic handle. In-
valuable for radlo and televislon men, auto mechanics, elec-

tricinans, home handy men and hobbyists, If wour rrldt-n or i

ATTENTIONFEROTHER HAM

Novelty ash tray for your Ham Shack. Your
Call, Name and imprint of State in Gold. $1.50

Postpaid.

CAL-HART NOVELTIES
WSAZP, Ed Hart . Salineville, Ohio

SPECIAL

211 TUBES $4.95 per dozen
ESEGE SALES CO.. LTD.

13062']]{:11(1 St. Los Angeles, California
Cash with order

V-H-F ANTENNAS
(from page 45)

The antenna shown in Fig. 7 has vertical mem-
bers made of 61ST seamless aluminum tubes and
horizontal members made of tapered steel tubes
34" diameter at the large end tapering to 34’ at the
small end. The support tube is 214" aluminum.

This antenna can operate over a 1.1-1.2 frequency
range with a SWR of less than 2.0.

The Coaxial 'Sleeve’’

One of the most popular types of vertically
polarized antennas in use is the coaxial or “‘sleeve’
antenna, and 1ts colinear coaxial modifications. A
simple coaxial antenna for the commercial 30-44 mc
band is shown in Fig. 9.

This class of antennas is very sensitive to fre-
quency and requires very careful construction. The
whip should be a quarter-wave long, or 28035 inches
/F(mce). If fed with a 52-ohm cable, the skirt should
be 2775/F(mc) inches long, or 2920/F(mc) inches
long 1if fed with 72-ohm cable.

The dimensions of the whip are not too critical,
plus or minus 19, being sufficiently accurate; the
dimensions of the skirt are extremely critical, and
should be set using a slotted line in the feeder be-
tween the antenna and the transmitter so that the
skirt length can be cut for a minimum standing wave
ratio.

This type of antenna is entirely symmetrical, and
there are essentially no support mast radiation
effects to raise the naturally low angle of radiation,
However, in an effort to further lower the angle of
radiation, the antennas illustrated in Fig. 10 and 11
have been developed. Figure 10 shows a twin-
skirted colinear coaxial antenna for the 72-76 mc
band and Fig. 1/ a triple-skirted colinear coaxial
antenna for the 152-162 mc band. The additional
skirts are parasitically driven, and it is claimed that
a lower angle of radiation i1s obtained; surely better
isolation from the mast is obtained.

Both the twin-skirte:d and triple-skirted colinear
coaxial designs are extremely difficult to adjust, and
their construction should not be undertaken unless
good instruments are available. A slotted line is
almost a necessity.

These antennas should also be adjusted in con-
junction with a field strength meter some distance
away because the minimum SWR does not always
coincide with the lowest angle of radiation.

A controversy has been going on for some time as
to the merits of a properly constructed coaxial (or
colinear coaxial) antenna as compared to a properly
adjusted ground plane type, such as the isoplane of
folded unipole. In all probability, these antennas
are approximately equal when properly adjusted.
Theoretically, the multi-skirted coaxial antenna
should have a lower angle of radiation, but, since
the parasitic elements are out of the main radiation
field of the driven element, it is doubtful that full use
is made of the additional elements. All in all, either
type will be entirely satisfactory for general purpose
omni-directional coverage.
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A word 1s in order as to the merits of the other
types of antennas discussed. Purposely, this article
has presented antennas in order of their physical
complexity. The half-wave dipoles, whether center-
frlf. 1"[I1.I*f.t‘t1. folded or l'HI'H'{I, dllC Ii" i'ili}ilhlﬁ‘ of gmni
results. The center-fed folded and coned antennas
will be less expensive generally than any of the
ground plane or coaxial antennas, but are more
difficult to mount and usually have a higher angle of
radiation than the more complicated antennas.

[f the maximum non-directional coverage is re-
quired, one ol the coaxial or ground plane antennas
should be used. These antennas have the economic
disadvantage that theyv must be fed with coaxial
cable which is relatively expensive in long runs.
Further, in long runs the power losses in coaxial
cable on the v.h.f.s becomes considerable.

1Lhe second part of this article will cover simple
horizontally polarized antennas, and both vertically and
horizontally polarized arrays.

INSURANCE FOR AMATEURS

| from page 34)

protection offered to equipment in an automabile
may be more limited than in other policies with
“away from home' coverage.

I heft Insurance: Theft Insurance protects against
Theft, Larceny, Burglary, “Mysterious Disappear-
ance,  Vandalism, Malicious Mischief, Robbery,
and Damage incurred during attempted robbery.
As with all “residence’ policies, it covers the prop-
erty of all members of the household up to the
policy limit. For an additional premium the cover-
age can be extended to anywhere in the Western
Hemisphere. A typical “All Protection” Theft
policy costs about $18.00 per $1,000,.

The easiest way to buy Theft Insurance i1s in an
All Protection policy. However the premium can
be reduced by itemizing the property to be insured.
A typical list would include your most valuable
jewelry, watches and rings, with a value assigned to
each piece. Next a lump sum value would be as-
signed to the less valuable jewelry and table silver,
etc., and another lump sum value would be placed
on your furniture and radio equipment. These
amounts would then be totalled, and 209 or so
added to cover damages suffered in an attempted
robbery, plus $§100.00 for cash on hand, and $§500.00
for securities, plus the desired amount of away-from-
home protection.

1 helt Insurance can be written to cover only yvour
radio equipment. However the premium on an
itemized policy covering most of your valuables may
cost little more than an all protection policy on only
your radio equipment.

Jeing an amateur does not affect the advisability
of carrving Health and Accident, or Life Insurance.
The same is true of most automobile insurance; al-
though mobile equipment mounted permanently 1n
an automobile would be considered part of it. And
the value of such equipment should be computed in
buyving applicable insurance.

Certain Inland Marine Companies sell an All
Protection Policy on commercial radio towers. It is

November, 1948

SPARE PARTS CASES T

Radio parts and assemblies packed in foil in
wooden cases, clean and dry, ""N-1."

The government paid from $189.76 to $400.00
per case—YOUR PRICE, $10.00 PER CASE,

remittance in full with order.

No selection permitted, other than to guar-
antee up to 5 cases different, to quantity
buyers.

Less than 500 cases available: we must move
them without delaying for processing. Ship-
ment by Express Collect only. (Weight, ap-
prox. 50 lbs, per case).

Laboratories, Hospitals, Universities, Public
Utilities, Dealers, Hams and Experimenters—
Our Surplus Stocks of instruments, equipment
and parts can save you money and mﬁl your
requirements where commercial sources can-
not. State your needs—get on our mailing list!

ENGINEERING ASSOCIATES

Far Hills Branch Box 26C, Dayton 9, Ohie

FREE ! send for our

RADIO BUYING GuIDE

a complete and diversified line-up of:

@ electronic equipment

@ sound systems

@ recording equipment

@ amateur gear

@ television components and kits
@ replacement parts

@ laboratory and service
test equipment

Save time and money—buy direct from
distributor! Consult the NEWARK radio
buying guide. featuring all standard makes
...a value-packed listing of 20,000 essen-
lials for expert servicemen, engineers,
soundmen, experimenters, teachers,
nobbyists, amateurs!

24 HOUR SERVICEONALL ORDERS
Free technical advisory service!

JUST MAIL THIS COUPON TO GET YOUR CATALOGUE
Newark Electric Co., Inc., Dept. 17 (
242 West 55th St., New York 19

Ple~se send me the FREE Newark Buying
Guide of fine radio equipment.

Name

Address
City State

J CREAT STORES
TISW 450 St £ 217 Felten 51 NEW TORK
ond 173 West Madsse Street m CHICAGD

DIDIO L TELEVISION [Pt
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