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Rhombic TV Antennas

Unlike the eonventional type of TV an-
tennas which use aluminum tubing and other
material that can only be made in & modern
factory, this type of antenna wuses ordinary
copper wire, insulators and poles, and is put
up in much the same manner as the ordinary
outside radio antenna which has been built by
millions of people in the past twenty years.
In addition, this type of antenna will have far
more pickup, and, although the performance
will be slightly better on the channel it is de-
signed for, the performance on all other chan-
nels (in either the high or low band de-
pending on which it is built for) will be down
only very slightly. The antenna will also prae-
tically eliminate all pickup from other stations
giving interference from the rear on the same
channel.

The ordinary radio antenna consisted of
a piece of wire of random lengths stuck up
most any place and usually the stations were
strong enough or close enough so that good
performance resulted. In the case of television,
the transmission of pictures demands a much
larger signal with less noise for satisfactory
operation. This is accomplished by using exact
lengths of wire arranged in a specified shape
resulting in an antenna that will have far
more pickup than the conventional dipole type
TV antenna.

-

CHOOSING THE LOCATION:

The ideal location is one which is in the
clear without any objects in line with the an-
tenna to the station. Sinee this is a eondition
impossible to obtain in most cases, a choice
should be made that as closely as possible ap-
proaches this ideal condition. The primary con-
sideration is to attempt to locate it so that as
clear a space as possible is to the front of the
antenna; that is, so that trees, buildings, and
other objects are not in the way. In many
cagses the antenna can be made tall enough so
that it will clear the objects. The second con-
sideration is to locate the sapports so that the
wires will be as far as possible away from pow-
er lines, telephone lines, trees and buildings.
The antenna will work even though surround-
ed by these obstacles; however, the more in
the clear, the better the performance. The an-
tenna should be loecated so that the wire part
of the antenna is level. In the case of small
bumps and small grades this can be done by
making the poles of different lengths to com-
pensate for the uneven ground so that the re-
sulting antenna is level on top. The location
of traveled roads should be taken into con-
sideration because of the ignition type of in-

terference. Roads to the back of the antenna
will have less effect than those to the front
or side because of the high directivity of this
type of antenna. In many cases it might be
better to make the transmission.line fifty feet
longer in order to get the antenna further
away from a road, a high-tension line, or other
objects apt to cause interference.

ANTENNA HEIGHTH:

The taller the antenna the greater the
pickup will be, and the less will be the effect
of interference. In most cases if the antenna
can be made of sufficient heighth so that it is
ten to fifteen feet above surrounding objects,
very good performance will be obtained. In
some cases 30 feet will accomplish this, and
in other cases a heighth of 45 feet may be neces-
sary. Regardless of heighth the antenna will
have pickup, but the taller it is built the bet-
ter the operation will be, and in areas of weak
signals (forty or more miles from the station
in most localities) 30 feet and higher will be
a requisite for satisfactory performance, The
additional heighth will also lessen the effects
of fading,

ANTENNA BUPPORTS:

The ideal support is telephone or power
poles., In practically all communities poles of
all heighths ean be purchased. In many cases
arrangements can be made with whoever the
poles are purchased from to set them in place,
People are so used to seeing telephone poles
and power poles all over the country that they
are taken for granted, and for this reason are
not as conspicuous as other type poles might
be. They have the further advantage that only
a minimum of guying is necessary. In many
cases the antenna can be laid out so that one
end can be supported by a small pole (2 by 2,
or 2 by 3 guyed in place) on top of the house,
another one on the garage, the third on the
barn, and a pole for the fourth support. In
the case of business places it is, in most cases,
possible to lay out the entire antenna on the
tops of stores and office buildings. Various
types of steel and aluminum towers ean also be
purchased from radio supply houses. Sturdy
poles for use up to forty feet can be built using
four lengths of two by three timbers for each
pole. Two of the lengths should be eut to 18
feet and the other two to 22 feet, The pole is
then assembled by placing an 18 foot and a
22 foot length end to end. The other two
lengths are laid end to end in the same man-
ner but reversed so that the joints are stag.



gered. The two 40 foot lengths are then bolt-
ed together, with the flat sides facing each
other, using short pieces of two by threes for
spacers. Pieces about six inches long should
be used at each end and ten feet from each
end. In the center where the joints will oceur
three foot pieces should be used. The entire
pole should be painted two coats using alum-
inum or white house paint. A pole of this type
must be guyed in three places: 3, 15, and 26
feet from the top, There should be three guys
at each point — two to the back and one guy
to the front. The top guys should be broken
up with two strain insulators in each wire.
The first spaced 24 feet from the pole and the
second 74 feet from the pole.

ANTENNA BIZE:

The larger the antenna the greater the
pickup will be, and the wore directional the
antenna becomes, In the case of extreme fringe
area reception, the largest possible size that
can be put in the available space should be
nsed. Adding the second bay to the antenna
will double the power pickup. A two-bay med-
lum size antenna will have about the same
pickup as an extra large size single bay an-
tenna. Although not shown, it is possible to go
further and add a third bay. In this event the
same spacing is used as between the first two
bays, The connections are made between the
gecond and third bay the same as between the
top two. A transposition block should be used
so that the connections are reversed between
the two lower bays the same as between the
top and middle bay. A three-bay antenna of
this type in the extra large size will have a
power gain of more than 100 over a conven-
tional dipole antenna. In many localities there
will be stations operating on more than one
channel. In this case a choice will have to be
made as to the channel for which it is to be
designed. In making this choice the fact should
be considered that a rhombié antenna is in-
herently very broadband, and will work very
satisfactorily over a frequency range as high
as two to one. In other words, a rhombic de-
signed for any one channel in the low band
will work with very little, if any, loss in pick-
up over the entire low band. Where there is
only one channel involved the antenna should
be cut for that channel, and in the case of two
or more stations, it should be eut to the chan-
nel of the weakest station. In some cases it may
be found that where only one channel is re-
ceived a suitable length or size in the four sizes
given will not fit the available space, or on
building or supports available, In this case a
size for either a channel lower or higher could
be used with only negligible loss in pickup.
Where stations are received on both low (chan-
nels 2, 3, 4, 5, 6) and high (7, 8, 9, 10, 11, 12,
13) bands, because of the wide difference in
requency, it will be necessary to build two

antennas, In most cases a high-band antenna
could be strung inside the low-band antenna
using the same supports. It would be far
enough inside so as not to affect the operation
of the low band. Rope or some other non-con-
ductor must be used for supports, and of course
a separate lead-in would have to be run into the
set, and a double pole double throw switch used
to connect the set to whichever antenna is de-
gired.

TRANSMISSION LINE:

The conventional type twin lead
transmission line has about ten times the loss
of an open wire line at the frequencies involved
in TV reception. It is for this reason that in
the case of long runs an open wire transmis-
sion line should be used in order to minimize
this loss. As a general rule for runs over 100
feet an open wire line should be used; unless
the antenna is located close enough to the
station so that considerable loss ean be toler-
ated. There are actual rhombic antenna instal.
lations in use with transmission lines of the
open type over 1000 feet in length. With the
use of a long open line it is possible to locate
the antenna in an open field a long way from
the buildings or on top of & high hill in order
to take advantage of a much better location,
or find available space, or to get on the other
side of hills, trees, or buildings in line with the
stations. The transmission line in all cages
should be kept as much as possible away
from power lines, roads or other sources of
interference,

MATERIALS:

Wire — Each type of antenna wire on the
market has certain advantages and disadvan-
tages. Considering all factors, the following
types are listed in the order of their preference.

1. Copperweld No. 12 or 14. This type of
wire has a steel eenter to prevent stretching,
is copper coated for better eonduetivity, and
usually enamel covered to prevent corrosion,

2. Enameled hard drawn copper prefer-

ably No. 12, but 14 can be used in all but the
extrg large size antenna.

3. Stranded enameled antenns wire. The
heavier gizes preferred.

4. Stranded tinned copper antenna wire,
9. Btranded bare copper wire.

6. Enameled soft drawn copper wire. This
is commonly called magnet wire. This has the
disadvantage of stretching too easily, but can
be used if it will support itself,

7. Aluminum clothes line wire.



Insulators — Four ineh ceramic type are
the best. E. F. Johnson type 104 or similar.
Small receiving glass type can be unsed with
the smaller sizes with number 14 wire, but are
apt to break under severe weather conditions.

Guy Wire — Galvanized No. 9 steel wire,
or preferably stranded steel wire. No. 12 can
be used on short light poles such as two by
twos. ;

Pulleys — Small galvanized type common-
ly called awning pulleys. These should be of
a size suitable for 14 inch manila rope.

Rope — 14 inch pure manila. Soak in raw
linseed oil if maximum weatherproofing is de-
sired.

Feeder SBpreaders — There are numerous
types on the market — both of the plastic and
ceramic type. The plastic type have the ad-
vantage of being lighter in weight, but not
quite as strong as the ceramiec type. In the
case of the line between the two bays they
should be of -the 4 inch size. If used for an
open wire transmission line they can be either
2 or 4 inch type. However in the case of a high
band antenna, or where the line must pass
through a zone of high noise level, the line
should be spaced two inches. The plastie type
spreaders have a definite advantage for trans-
mission lines becaunse of their light weight.

Terminating Resistors — 390 chm—1 or 2
watt carbon type. Most resistors of this value
are wire wound, so if in doubt break one and
make sure, The wire wound type must not be
used, e

LOCATING ANTENNA:

This type of antenna is highly directional.
The directivity increases as the size is made
larger. For this reason it is essential that the
antenna be properly aimed at the station if
best results are to be obtained. This can be
done guite simply with the use of a road map.
From the map, determine exactly how many
miles due east, then how many miles due north
you have to go to reach the station or what-
ever combination of the four directions you
live from the station. The direction in miles is
then changed to feet and used to abtain the
true direction to the station, It is necessary to
obtain true North and South or East and West
whatever the ease may be, This can be dene
with a compass, and in this case, allowance
must be made for magnetic deelination. This
can be gotten from the city engineer, county
engineer, or from a city map. The north star
can also be used, and this is true north. In
many cases roads, fence lines, and buildings
are laid out either true north and south or east
and west, and can be used for a reference line.
Figure 1 illustrates how an antenna is laid
out at Blue Earth, Minn. to receive Minneap-

olis. If we go straight East from Blue Earth
for 40 miles and then straight North for 100
miles we end up in Minneapolis. This informa-
tion is obtained from a road map. Now to ob-
tain the center line for the antenna, we start
from a point at the back pole of the antenna
where the lead-in or transmission line comes
from. From this point we go straight East for
40 feet and then straight North for 100 feet.
A line from where we started and through the
point where we ended will be pointed directly
at the station and is the center line for the an-
tenna. Now assume we are to build the large
antenna for channel 4. The C dimension is
112’ 8", To this we add 6 feet so that we will
have three feet of clearance between the poles
and the antenna at each end. Along this center
line we measure off 118’ 6'’. The two end poles
will be located this distance apart on the cen-
ter line, Now the distance between the two
end poles is divided in half (59" 3"") at the
center line another line is run at right angles.
From the chart the B dimension is 55’ 4. To
this 6 feet is added, making 61" 4", Half of
this is 30’ 8'’. To obtain the points for the side
poles we go 30’ 8°" at a right angle each side
of the exact center of the distance between the
two end poles as shown in figure 1. The lay-
out can be checked by measuring the A dimen-
sion between all four poles. It ahould be with
in a few inches of being the same in all four
places if the layout is correct. This measured B
dimension will be sightly longer than the D
dimension which is given in the chart becanse
of the six feet added to each of the other dim-
ensions to give elearance between the poles and
the antenna,

CONSTRUCTION PROCEDURE:

1. Construet the poles and fasten the pnl-
leys in place. If of the two-bay type, the pul-
leys should be spaced on the pole the distance
S. Put the rope throuzh the pulleys, and make
sure all the gny wires and anchors are in place,

2. Raise the pules and fasten the guy wires
to the anchors. A level can be used to make
sure the poles are vertical.

3. Two picces of antenna wire, each equal
in length, to twice the distance A are needed
for each bay. In the exact eenter of cach piece
fasten the side insulators as shown in the side
pole detail. Fasten the two pieces together
using two insulators at each end. Solder two
390 ohm resistors aecross the end pointing to
the station as shown in terminating pole de-
tail, If a single bay antenna, connect the 300
ohm line (or open wire line if used) aeross the
other end. If eonstrueting the two bay type,
connect the two bays together nsing two wires
— pach cut to the length 5. Place the trans-
position block in the center so that one wire
goes from the inside top to the ountside bottom,
and the other wire goes from the outside top



to the inside bottom, The transmission line is
then connected to the bottom bay at the same
points that the wire conneeting the two bays
together is attached.

4. Raise the antenna into position tighten-
ing each rope in turn until the antenna is pos-
itioned symetrical between the poles and with
very little sag. For maximum performance
the wires must be kept taut. This can be done
by attaching a two gallon oil ean filled with
tamped sand at the terminating end pole. This
will keep the wires at exactly the same tension
regardless of the expansion of the wire due
to temperature changes or streteching of the
rope.

5. Run the transmission line into the
house supporting it at necessary intervals to

u's . 5
*H-:c'-tm.m-. 4.

prevent undue strain or excessive sag.

6. Attach a lightning arrestor of the type
approved for twin lead at the point where it
enters the building. Be sure a good ground is
used.

7. If intereference is experienced from
stations to the rear on the same channel, the
attenuation to the back can be varied by using
different values of terminating resistors. Since
the ordinary carbon resistor has an accuracy
of 10 or 20 percent, different ones of the same
marked value can be tried until the interfer-
ence is at & minimum. The rhombie antenna has
a very high front to back ratio, and it will
be found that this type of interference will be
much less than with the conventional di-pole
type antenna.
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SMALL RHOMBICS

There has appeared on the market a
Rhombie type TV antenna which is factory
made and of a size small enough so that by
using wood cross arms an antenna can be built
with one support, or even turned with a suit-
able rotator. Although it uses two elements it
is not a stacked Rhombie in any sense. The
two wires are hooked in parallel and fanned
out so that they are separated on the sides at
the point of support then, tapering down so
that it meets the other wire at the point of
termination. This second wire does add to the
gain slightly (about 1 db) whereas stacking
adds three db, and the antenna impedance is
lowered resulting in a somewhat better match
to 300 ohm ribbon line. The gain of these anten-
nas because of their small size does not have
any more gain than some type yagi arrays
which can be purchased factory made, but they
do have the advantage of being broad band so
that they will work over all four low channels
with almost equal response, and on the high
channels even though designed for a specific
low channel or wvice versa, Where only one
channel is to be received, it shounld he designed
for that channel, and in the case it is desired
to cover all low channels design figures for
channel four should be used. Desien dimensions
for small sized Rhombie are shown in fig. 1.
These small sized antennas can be stacked ex-
actly the same as shown in the two bay anten-
na detail using the same spacing (s} as shown
in the chart,

OPEN WIRE LINE

When the antenna is located a considerable
distance from the TV set the use of open wire
line will reduce the line loss about 855 . Open
wire line can be constructed to a definite im-
pedance value as shown in fizure 2, or can be
purchased factory made. This factory made
line has an impedance of approximately 450
ohms, and can be connected directly to either
a single or two bay rhombic antenna, The mis-
match in either case will be so slight that the
additional loss cansed by the mismatch will be
negligible. The input impedanee of a single
bay Rhombie is 800 ohms, and a two bay abont
400 ohms. In the event an exact mateh is desir-
ed a ¥4 wave mateching section ean be conneet-
ed between the line and the antenna. A 14 wave
matehing section can be made by building a
section of open wire line of the correct length
and impedance value. This section of line is
then connected between the line and the re-
eeiver, or the line and the antenna depending
on which is to be matched to the line, or both
if necessary. The chart in fig. 2 gives the im-
pedance values of this section for commonly
used lines. The length of these sections is giv-
en in fig. 3, and tlie material and spacings in
fip. 4. As an example suppose it is desired to
connect & 500 ohm open wire line (#14 wire
spaced 2') to a 300 ohm antenna. Referring to
fig. 4 a 390 ohm section is required. Referring

to fig. 2 this can be constructed of #8 wire
spaced 1.6 inches and from fig. 3 is should be
37 inches long for channel 5. This same 1 wave
section can be used to connect the 500 ohm line
to the 300 ohm input of a TV receiver. The loss
caused by a mismateh of open wire line in most
cases ig so little that the cost or effort in inelu-
ding it is not warranted, unless necessary to
eliminate a ghost caused by the standing waves.
As an example the loss of a 500 ohm open wire
line on the low channels 1000 feet in length is
1.5 db. Connecting this same line to a 300 ohm
antenna will increase the loss to 1.7 db. - 2 db.
difference which is negligible even by the most
eritical standards. In the event of long lengths
of ribbon line with considerable mismatch the
situation changes and in some cases may war-
rant an exact match, For example cousider 200
feet of 300 ohm line. When used on the high
channels the loss when perfectly matehed is
6 db. Conneeting this same line to a 72 ohm an-
tenna (mismateh 4 to 1) will inerease the loss
to 7.8 db. - or an increase of 1.8 db. which is a
rotieeable difference.

Dimensions of 8mall Bized Rhombie Antennas

(Figure 1)
Dimensions

CHANNEL A B C
2 g 2T WY
3 16’ 264" 18'8"
4 14'8" 24 166"
o 12°8" 20°11'" 14'5'
6 11110 19%" 313%™
High Band 1072 121" st
High Band Small 31" 85" G A

Open Wire Line Data
{(Figure 2)

Impedance Spacing

Olims Inches Material
150 8 1/2" tubing
180 8 3/8" tubing
180 1.0 3/8" tubing
208 1.25 /8" tubing
240 1.0 1/4"" tubing
370 1.5 ##8 wire
300 1.6 H#8 wire
420 1.7a #10 wire
475 1.75 #14 wire
all) 2.00 #14 wire
810 1.75 316 wire
240 25 F#16 wire
280 4.0 #14 wire
600 1.0 #18 wire
645 4.0 #18 wire
a0 fi.0 F#¥8 wire



(Figure 3)

High
Channel 2 3 4 5] 6 Band
Length of
1/1 Wave 52 47" 43" 37" 34" 15"

14 Wave Impedance Matching Chart
(Figure 4)

Impedance Impedance of
Impedance to be 4 Wave

Ohms Matched Section Regd.
300 150
450 180
72 500 190
580 208
800 240
T2 150
500 390
300 450 370
I 280 420
5 800 200
T2 180
300 390
4 50 500 475
2380 510
800 600
72 190
300 390
500 450 475
as0 a4}
800 634
2 208
300 420

580 310

800 680




RHOMBIC DIMENSIONS FOR UHF CHANNELS

CHANNEL 14 - 20 30 - 54 55 - 83

A B c A B c A B c
S A—— 313" 443" 443" 7y 89" 89" 24 4"
R 63" 68" 1063" 55 69" 83" 48" 52" 81"
. " A 84" 76" 150" 73" 663" 130" 64" 58" 114"
Extra Large .......... 127" 98" 235" 109" 84" 202" 96"’ 73" 178"
Btacking Spacing (8) .. 103" 9" 8"

RHOMBIC DIMENSIONS FOR FM BAND

A B c
O N 100 174" 10
Bmall ..........c...... 20° 265" 30
LaTge ....oovveennnns, 30’ 33" 50
Extra Large .......... B0’  43'6" 90’ Stacking Distance (8) 50"

be used in place of wire making it possible to
design a compact self supporting antenna.
When choosing the size to build it should be

A Rhombie is inherently a broad band an-
tenna and one designed for the middle chan-
nels (30-54) will cover the entire UHF band

with but little loss in pickup on the higher or
lower channels. However if the antenna is to
be built for a definite channel, a size should
be chosen that includes that channel, Because
of the higher frequencies of the UHF band
the size of a Rhombic becomes small enongh
so that rotatable roof size antennas become
practical. Furthermore, aluminum tubing can

H
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SUPPORT TUBINE
ON _ FRAME

UH E

remembered that the larger the size the more
pickup the antenna will have, The smallest
size will bave as much pickup as a well built
cut for channel Yagi and in addition will cover
a frequency range 2 to 1, The extra large size
in a stacked model will have a gain of at least
17 db. over a resonant dipole.
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