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The Double Cross Vertical

Antenna

By Robert Wilson, AL7KK
Box 110955
Anchorage, AK 99511

ntennas have been part of my
A business for years and I have

placed my designs at large sta-
tions in a number of countries. (Money is
no object with the big commercial arrays.)
Even though I design antennas for a living,
1 still like to play with them at home. Part
of the fun of antenna construction is pro-
ducing a high quality, efficient antenna that
is truly low in cost.

One snowy Alaskan aftemoon I was
inspired to design a home-brew antenna
project. Simplicity was the primary consid-
eration. It had to be something I could build
with just a couple of coax connectors, a few
coat hangers and my trusty soldering iron.
It also had to be theoretically feasible and

_efficient. Despite my best intentions, my
antennas have a tendency to grow like rab-
bits. Within a short period of time my living
room was filled with paper and wire!

The Double Cross Design

Where would antenna designers be
without computers? After a bit of work at
my keyboard I soon developed the “X”
antenna. As I examined the design Inoticed
a unique property of the “X: It could be
mounted on a metal pole with atmost no
interaction. (The vertical center line be-
tween elements was also a null line.)
Stacking the antenna seemed natural, and
after looking at the result (see Fig 1) the
‘name “Double Cross” seemed natural too!

This antenna is a variation on a vertical
dipole. Imagine two V-shaped wires, one
opening upward and one downward. Now
imagine that both V wires are connected to
a coax cable at their apexes. The coax
shield is soldered to one V and the coax
center wire to the other V,

By adjusting the angle of the V to 70°,
the antenna can be made to resonate at the
desired frequency and that angle will give
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The 2-meter experimental version of the
Double Cross antenna made with no. 10
wire, coax, silicone glue and a2 x4
board.
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the best bandwidth. The angle does not
have to be extremely precise. Angles from
about 60 to 110 degrees do little to change
the feed impedance. (The impedance re-
mains about 30 to 35 Q over these angles.)
The mid-line between the V wires is a null
line. This permits the support pole and coax
feeder harness to be mounted in the center
line area with no problems. .

The angle of the V apex is set easily by
adjusting the tip-to-tip spacing of the V
elements. On paper and in actual practice
it seems to be reasonably noncritical. For
example, a tip-to-tip error of +5% seems to
make little difference in the operation of
the antenna. '

Italso occurred to me that grounding the
topmost elements on the antenna would
offer lightning protection for the receiver,
Turning the top dipole upside down and
mounting the hot element of the next lower
dipole upward also seemed to be a neat
symmetrical method to balance the antenna
currents. Feeding the dipoles 180° out of
phase is all that is required for both protec-
tion and balance. This can be easily
accomplished by adjusting the length of the
feed harness (see Fig 2).

Old hams told me that using two wires
in a V would not give a circular pattern
because it was not balanced. This “old
ham’s tale” is simply not true; the pattern
of the Double Cross is only 0.5 dB out of
round. For the sake of a little irregularity
there isn’t a compelling reason to increase
the complexity by adding more wires. To
prove that more complex designs were not
necessary, 1 constructed a three-dimen-
sional version of the antenna and found it
was indeed very difficult to handle. After a
thorough examination of the calculations
and construction of the flat “X” antenna, I
proved that a two-dimensional design was
entirely sufficient.



Table 1

“—— Ly ———I Double Cross Antenna Lengths for Amateur Bands
Al dimensions are in feet. “Bandwidth” shows the lower and upper 2:1-SWR
Ly Ly frequencies, MHz.
L1 L2 L3 L4 L5 L6

A Band Freq. Element Tip-ip Spacing Coax1 Coax2 Diam. Bandwidth

g (=g 160 100 11105 127.38 32368 256.36 8545 304 1721

80 370 57.03 6541 16622 13164 4388 156 3.3—4.1

3.90 5410 6206 157.69 124.89 4163 148 3.5—43

Ly L 7.15 29.51 33.85 8601 68.12 22.71 081 6479

75
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30 10.13 2084 2390 60.74 4811 1604 057 9.1—1.1
20 1418 14.89 17.07 4339 3436 1145 041 128156
Ly Ly 17 18.11  11.65 13.36 33.96 2600 897 032 163—199
15 21.23 9.94 1140 28.98 2295 7.65 027 191—233
12 24.93 8.46 971 2467 1954 8651 023 224274

z L 10 28.50 7.40 8.49 21.58 17.09 570 0.20 257—314
6 50.10 421 483 1228 972 324 0.12 451551
2 14600 1.45 1.66 421 334 111 0.04 131.4—160.6
Ly L1
Table 2
Fig 1—Double Cross antenna design. Double Cross Antenna Lengths for Various SWL Bands

All dimensions are in feet. “Bandwidth® shows the lower and upper 2:1-SWR

After 1 bl the first coahanger X7 oo M
antcnn:rl all.;o dzsc:vered t(lzlzztut-h::lgefsured ) = L2 L3 £ B Le
bandwidth was better .than expec tod. The Band Freq. Element Tip-tip Spacing Coax 1 Coax2 Diam. Bandwidih

clement diameter was increased to Vo inch 1 1.00 21100 24202 61500 487.08 16236 577 0.9—1.1
on the 2-meter theoretical model and this 2 120 175.83 20168 51250 40580 135.30 481 1.1—13
allowed the antenna to cover more than the 3 144 14653 168.07 42708 33825 11275 401 1.3—1.6-
full band. ) _ 4 173 12197 139.89 35549 28155 9385 3.34 16—19
Table 1 provides clement lengths, tp- 5 507 10193 11692 207.10 23530 7843 279°. 19-23
to-tip spacings, element- diameters and -
phasing-line information for most ham 6 249 B474 9720 24699 19561 6520 232 2227
" bands. Table 2 offers the same information ¢ 299 7057 8064 20569 16290 5430 193 2733
for 1 to 30 MHz in arbitrarily numbered 8 358 5894 6760 171.79~ 13606 4535 161 3.2—3.9
bands. Incidentally, using wire for theele- 9 430 4907 5628 143.02 11327 3776 134 3947
ments is quite acceptable even though 19 515 4089 4690 119.19 9440 3147 112 4657
;‘f;i‘:geft ‘]‘)‘:‘nf;tl‘?g;th;nh:‘en &Pmnb; 1 619 3409 3910 9935 7869 2623 093 5668
using thin wire clements. 12 743 2840 3257 8277 6556 2185 078 67—82
A single stacked “X” dipole could be 13 892 2365 2713 6895 5461 1820 065 8.0—98
strung between two trees for low-fre- 14 1070 1972 2262 5748 4552 1517 054 9.6—11.8
quency operation. Attempting the Double 15 1284 1643 1885  47.90 3793 1264 045 11.6—14.1
Cross stacking arrangement on 80 or 160 44 4549 4369 1571 3091 3161 1054 037 139170
meters would be unreasonable, but a single ]
unstacked “X” would perform as an excel- 17 1849 1141 1309 3326 2634 878 031 166203
lent wide-band vertical on these bands. 18 2219 951 1091 2772 2195 732 026 20.0—24.4
It may be a good idea to employ a 19  26.62 7.93 909 2310 1830 = 6.10 022 240293
matching transformer between the 50-Q 20  31.95 6.60 757 1925 1525 508 0.18 28.8—35.1

coax and the antenna. Such an RF trans-
former can be made by using a high quality,
high frequency powdered core with a cross
section of at least ¥2 by ¥4 inch for 150 wire with Teflon insulation, wrapping the  aheavy layer of clear silicone glue. Aprop-
watts. For the HF bands the 50-Q primary first winding and then interlacing the sec- erly constructed transformer should last up
should be 10 tums and the 30-Q secondary  ond. I also like to tie down the ends with to 50 years—if it doesn’t take a direct
should be 8 tums. I prefer to use 18 gauge fishing line and coat the transformer with  lightning strike!
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Design Calculations

A simple four-function calculator can
be used to calculate the antenna dimen-
sions.

1) The lengths of each leg of the V
elements (L.1):

64.2 meters 211 feet
Ll = =
fmuz fMHz
2) The tip-to-tip distance (L2) of the
open end of the V element gives a 70° apex
angle:

1.2 = 1.147 x L1 (results in either feet or
meters, according to the original L1
values)

3) The separation of two “X” elements
is3%AorlL3:

187.0 meters _ 615 fest
L3 = =
fmuz TMuz
4) L4 represents the length of the 50-Q
solid polyethylene dielectric coax (veloc-
ity factor 0.66) from the upper dipole to
the summing junction where upper and
lower dipoles are connected:

2244 meters X 0.66 _ 738 feet x 0.66

= fvHz Mz

5) L5 represents the length of 50-Q
solid polyethylene dielectric coax from the
lower dipole to the summing junction men-
tioned above, and the length of the two
parallel 70-Q coaxial cables used for im-
pedance matching: i
75 meters X 0.66 _ 246 feet X 0.66

e - Mz

6) L6 represents the diameter of the V
legs required for the indicated bandwidth.
However, ordinary wire also works well for

15=

practical ham antennas:
1.759 meters 69.2in. 5.77ft
16 = - = =
fvmz fvuz fmH2
Double Cross Construction

Construction of the first “X” antenna
was accomplished with coat-hanger wire
soldered to a coax connector. The coax line
was connected and the free end was pulled
through a Vs-inch support pipe for testing.
The results were excellent. The SWR was
low and the bandwidth was exactly as cal-
culated.

The next step was construction of a
stacked 2-meter Double Cross antenna
with a complete coaxial feed harness. This
was done using no. 10 Copperweld wire
salvaged from an open-wire telephone sys-
tem. It was screwed to a 2 X 4 board and

Ls
(2 preces of 70 11 coax)

to Tranamitter

Fig 2—Double Cross coax hamess.

glued in place with silicone adhesive.
There is no question that this was a mini-
mum cost antenna! Once again, everything
worked fine and the SWR was 1.1:1 over
the entire 2-meter band.

The stacking harness shown in Fig 2 is
designed for a 180° phase reversal. The
shield of the 34-A section of 50-Q coax
goes to the top V. This is length 14. The
shield of the ¥4-A 50-L coax section goes
to the bottom V. This is length LS.

The two 50-Q phasing lines are sol-
dered together at a common point. The
impedance at this point becomes about 36
Q because there are two 50-Q lines in
parallel.

Matching is easy with a “Q” section, a
/4-) series matching section made from
42-Q coax. Two pieces of solid polyethyl-
ene coax are cut to length L5 and soldered
in parallel (shield to shield and center to
center) to make the “Q” section. I nsed two
pieces of 70-Q coax and achieved an excel-
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lent match, but it is possible to substitute
one length of 95-Q coax if you need to
improve the match further. Examples of
95-Q coax are RG-180B or RG-195A. Al-
temnatively, it is possible to build short
pieces of 42-Q coax from brass hobby tub-
ing. The inner conductor needs to be 0.217
inch or about 7/32 inch, and the outer con-
ductor’s inner diameter should be 0.5 inch.
However, I recommend starting with two
parallel 70-Q coax cables first.

All harness connections should be kept
short. I prefer to connect all center conduc-
tors first. Make one last check against Fig
2 to be sure that everything is correctly
connected. Then smooth the joints and
wrap them tightly with Teflon plumber’s
tape. Now connect the shields, taking care
not to ‘melt the polyethylene insulation. A
wet cloth- will quickly cool the joint after
soldering. Let it cool for several minutes
because the polyethylene core cools much
more slowly than copper. The joint can



then be dried and coated with silicone glue
to make it waterproof. If you insist on a
neater appearance, slide some shrink tub-
ing over the joint before the silicone
hardens and shrink it. Wipe off the extra
silicone for a first-class job.

The final stepis touse a VOM and make
a resistance check of the antenna with the
coax in place. The path from the center
conductor of the coax to the shield should

exhibit an infinite resistance (open circuit).
The path from the center conductor to the
two inside V elements should show a short.
The resistance from the coaxial shield to
the outside V elements should also indicate
a short

Route all coax straight down the middle
line of the antenna. Secure itin place so that
wind, ice and time will not change its loca-
tion.

These Double Cross stacked dipoles
have given me the extra low-angle gain
necessary for improved 2-meter coverage.
I keep thinking about how well a long
dipole stack would perform on the UHF
bands and how nicely a 20-meter Double
Cross could work—if I could only get two
tall trees to grow in my muskeg swamp! .



