W1DBM spent his summer designing and testing
two-band vertical antennas via his computer. This

summer we can enjoy the fruits of that labor plus get
some time in on our computers.

Designing A Two-Band

Loaded Vertical Antenna

I have used a two-band vertical phased
array quite successfully for the past few
years. This antenna consists of four 20
meter verticals with a 40 meter mobile
resonator mounted on the top of each el-
ement. The idea occurred to me that it
should be possible to redesign this anten-
na for use on other frequencies and for
other purposes such as mobile whips,
travel-trailer antennas, or low-frequency
DX verticals.

After considerable researching of en-
gineering handbooks and back issues of
amateur magazines, in the September
1974 issue of QST | found an article enti-
tled "'Off-Center-Loaded Dipole Anten-
nas'’ by Jerry Hall, K1PLP. A Va-wave ver-
tical, of course, is one half of a dipole.
Therefore, all that would be necessary is
to cut the overall length in half and wind
only one loading coil. |t was worth a try.
However, the gigantic mathematical
equation in this article (fig. 1) almost
frightened me away. Since | had a com-
puter, though, | figured if | could get the
formula into a workable program | would
be home free.

Another article was found in CQ maga-
zine, December 1981 by Dick Sander,
K5QY, entitled "“A Computer-Designed
Loaded Dipole Antenna.” This article
lists a program for an Apple |l computer
that puts Jerry Hall's formula into a work-
able form, and some useful ideas were
obtained from it.

Jerry's article describes the design of
a dipole that is considerably shorter than
normal (you seiect the length that you
have available). It then calculates the
necessary inductance for a pair of load-
ing coils to make it resonate at the de-
sired frequency. You must select the dis-
tance, ''B,"” from the center insulator to
each loading coil. Considering one half of
the dipole, if you choose "B’ as ¥4 wave
ata higher frequency, you will have a two-
band, Y -wave vertical antenna,

Fig. 2 shows a diagram of the loaded
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Fig. 1- The program formula from Jerry Hall's article '‘Off-Center-Loaded Dipole An-
tennas,'' which appeared in QST, September 1974.

vertical. Note that the overall height,
“"H,"" resonates at a low frequency, while
the length below the loading coil reso-
nates at a higher frequency. This design
requires that the overall height be less
than % wavelength at the lower frequen-
cy, and that the part below the loading
coil be ' wavelength at the higher fre-
quency. The overall length, of course,
must be longer than a % wave at the
higher frequency. The loading coil must
have enough inductance so that it will act
like an RFC on the higher frequency and
isolate the lower part of the antenna,
while acting like a loading coil to resonate
the entire antenna at the lower frequen-
cy. A good radial ground system will be
necessary under the antenna for best re-
sults.

The Equation

The equation in QST is rather cumber-
some to handle in its present form (see
fig. 1). It is much easier to enter into the
computer if you first divide it algebraically
into several logical sections, calculating
each separately and then recombining
them later. Also, two parts of the equation
are each used twice, so they are also cal-
culated separately. Their values have

been assigned to the variables "'DD'" and
"GG." ""F" is the lower frequency. ''F2"
has been added as the higher frequency.
"'F2'" is used to determine the length ““B"’'
in fig. 2 automatically (B = 246 * K1/ F2
where K1 = K + .04). "K" is calculated
from the ratio of the length to the diame-
ter of the total antenna, while the "'.04"
was derived experimentally to compen-
sate for the inductance of the loading coil
that replaces the capacity of an end insu-
lator. **D"" is the diameter of the radiating
element in inches. The computer pro-
gram has a wire table built in so that the
uH of the loading coil will be correct for
any diameter of radiating element. You
may enter either the diameter of the an-
tenna or the wire gauge. You can there-
fore use this program to design a two-
band ground-plane antenna with a large-
diameter radiator as well as a wire verti-
cal hung from a tree or a wooden pole.
The QST article only calculated the in-
ductance in uH of the loading coils. Of
course, you must wind these coils (see
fig. 3). It is necessary, therefore, to find
out the number of turns, wire size, length,
etc. To determine the physical size of a
single-layer air-wound coil where “'EQ"
equals inductance, the following formula
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Is entered into the computer program:
“Inductance equals the number of turns,
squared, times the coll radius, squared,
divided by 9 times the radius plus 10

ANTENNAS & TOWERS

times the coil length,' where N = num-
Der of turns, A = coil radius in inches, B /
= coil length in inches, and EQ = induc- . U R h
tance in uH. s narCO' 0 n
Rearranging the forraula to solve for A3 3-element 10-15-20m Triband 21585 w.A e s
1 - T -50 oW :
the number of turns and putting it into | SR e e > oy s I o
rf he formul = | 214B SSB/214FB FM 2m Boon 77.95 HBX48 4B-feet with Base .. 276.20
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“N=SOR(EQ*(9*A+10*B))/A" | A3213 2m Boomer 9095 | HDBX40 40-feet/higher load .....253.85
= 410B 10-element 432-435 MHz 54.95 Pe HDBX48 48-feet/higher load 344.30
424B 24-element 435437 MHz 76.95 Guyed fold t .
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er, and then "iterate’ the equation 12 = g:gg-i ieetjgg . ﬁ?i'?ﬁ
- = 4 Bd-feet, : : 53
times, each time entering a new value for TELEX hy.gﬂ'" Foldovers shiped freight paid
| “B"" by recaiculating “B"" = number of ";:—- ’ hm:: higher west of the Rockies
Al o IS THTDX 7-ele 10-15-20m Triband .. 412.95 traight Sections:
turns divided by turns-per-inch (for the 393S THSDX 5-ele 10-15-20m Triband _ .. 355,95 20G Straight Section 33.85
size wire thal you have selected). The | 395S Explorer 14 10-15-20m Triband .. .. 269.95 = | (e b ey 37.45
number of turns-per-inch = “WW™ and | | 233slement2 meter Bear 2 IPH Emeeee. .
| therefore, "B = N/WW."" Usually, by the g#ﬂ%#ﬂ—iiemgz 2-meter Beam 34 ig ‘ :?Eéfémf:r‘:r&;:nn . téﬂ iw
: i . 16.5 ’ S5 .4To ction : 120.15
seventh or eighth iteration we have an ac- UEEE-m:f:r‘h’eﬁtal 37 50 25G Foldover Double Guy Kit 306 00
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can proceed to wind the coils. T ’ T PP " -
Practical Designs K l I,]‘4 y TELE i
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- ' 52-feettall _. 903.95
Toprove out this method of designing | | TSt tsienc Olsimmtuied 38108 Bl HOSAD Seimetrhopias ik -2 . i408 18
- - HGTOHD 70-feet/higher load . . . 2323 .85
two-band shortened verticals, | have con | 2M-13LBA 13-element 2-meter 78 85 ’ ot ol A pent e T,
| structed several such verticals and have | |J #2I5LB I6-element 430 MHz 50,95 |g Hy-Gain antenna. and Hy-Gain rotor
| measured both the inductance of the fo receive free shipping on all.
|\ computer designed coils and the s.w.r. of _—
ek g dnkiboly /M-E-I/ 3
the finished antennas. In general, the -
ooy Elcbonise, Tro. 3
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“FOLD-OVER”
TOWERS

B  EASE OF INSTALLATION

ROHN " Foid-Over’” Towers are quickly and
easily instalied. The “Fold-Over” is safe
and easy lo service.

B ADAPTABILITY

ROHN has several sizes to fit your applica-
tions or you can purchase the “'Fold-Over”
components to convert your ROHN tower
into @ “"Fold-Over"".

B HOT DIP GALVANIZED
All ROHN towers are hot dip galvanized
after fabrication,

B REPUTATION
ROHN is one of the leading tower manufac-
turers, with over 25 years of experience.

Write loday for complete details.

QUALITY STEEL PRODULCTS BY

ROHN

Box 2000 Peoria. lllinois 61656
U.S.A.
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coils measured very close to the design
inductance. Any difference was attribut-
able to the unknown dielectric of the cail
form (plastic water pipe). The lowest
s.w.r. was not quite on the design fre-
quency. This was attributable to ground
conditions and to the proximity of nearby
objects. With a small amount of pruning,
it was possible to get all antennas down
toans.w.r. of less than 1.3/1 at the design
frequency. The bandwidth for the higher
frequency verticals was normal. As ex-
pected, the bandwidth of the lower fre-
qguency verticals decreased in proportion
to the amount of shortening.

Antenna No. 1

This is a two-band travel-trailer anten-
na designed for use on the 20 and 40 me-
ter Recreational Vehicle Service Nets on
7234 and 14308 kHz. A height of 20 feet
was chosen for the vertical, which was
mounted on my Airstream’s rear bumper.
The following data was entered into the
computer:

F=1712E2 =143 /H =201 = 625
(average dia. of mast, 10 ft. each of 2 in.
and 3% in. electrical conduit).

The computer said we needed a coil of
35.3 uH and that it should be placed
17.72 ft. above the bottom. Next we en-
tered the coil diameter in inches and the
size of the wire we planned to use.

D = 1.0 in.; WW = 14-gauge ena-
meled magnet wire.

The computer calculated the following
data for the loading coil:

Coil length = 6.69 in.

No. of turns = 100.4 using No. 14 ena-
meled wire close-wound. (An 8 in. length
of 1 in. dia. plastic water pipe was used
for the form).

Antenna No. 1 performed well. The
bandwidth on 40 meters was quite a bit
narrower than a full-size vertical due toits
shorter length. The 20 meter bottom sec-
tion resonated close to the design fre-
quency and worked like any other 20 me-
ter ground-plane.

Antenna No. 2

This two-bander was for 3.9 and 21.3
MHz with an overall height of 15 ft. and a
diam. of 1.25 in. (TV masting). The com-
puter calculated the bottom-to-coil dis-
tance as 11.9 ft. and the coil inductance
as 92.9 uH. It was decided touse a 12 in.
length of 1.5 in. dia. plastic pipe for the
coil form. The coil length is 9.05 in, wound
with 126.8 turns of No. 20 insulated hook-
up wire.

Antenna No. 2 had a much narrower
bandwidth than a normal-size dipole on
75 meters due to its much shorter overall
length. It did, however, have a better
bandwidth than a mobile whip with only a
5 ft. bottom section, and it also got out
much better. On 15 meters it appeared to
function normally. Slight pruning was re-
quired to get the s.w.r. down to a low
value, especially on 75. For solid-state
rigs a '‘'match-box’’ solves the s.w.r.

i
I

70"
Tower 8" to
a side

Fig. 4— A two-band, low-frequency DX an-
tenna. See “"Antenna No. 3" section for
details.

problem when QSYing too far from the
design frequency.

Antenna No. 3

This is a two-band, low-frequency DX
antenna. A wire version of this antenna
has been tested in a horizontal position
as a dipole and should work much better
in the vertical position if a suitable
ground-plane is provided.

Frequencies: 1.82 and 3.8 MHz

H = 70 ft. (total height)

D = 8 in. (tower, 8 in. to a side)

Coil dia. = 4 in. plastic drain pipe

Coil wire = No. 14 insulated house wire

The computer says: mount the loading
coil 66.03 ft. from the bottom (see fig. 4).
The coil should be 144 uH, 59 turns with a
winding length of 7.9 in. The top section
should be long enough to make the total
height 70 ft. Adjust bottom length for low-
est s.w.r. on 3.8 and then the top section
for lowest s.w.r. on 1.82.

Computer Program

The program is made up of a bunch of
numbered lines telling the computer in
numerical sequence what you want it to
do. Lines 10 through 200 ask you to input
data such as frequencies, overall length,
“want to use wire table?" etc. The actual
computation starts at line 200. A
“"GOSUB 1280’ statement sends the
computer to line 1280, a sub-routine, to
calculate the value of “K" from the
length-to-diameter ratio. It then returns to
line 210 to calculate the value of "'B,"" the
length of the higher frequency vertical.
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18 CLS

28 FRINT" A PROGRAM FOR:"

38 FRINT" DESIGHING A 2-BAND SHORTENED"
48 PRINT" AND LORDED VERTICAL ANTENNA."
5@ FRINT® WRITTEN BY PHIL RAND-HW1DEM. "
&8 PRINT" LY 15, 1983

78 PRINT™ ENTER A FREQ. IM LOWER BAND:"
B INPUT F

98 PRINMT" ENTER A FREQ,
108 INPUT FZ

118 PRINT" ENTER OVERALL VERT, ANT.HEIGHT®

120 INPUT H
138 RA=Z2XH

148 PRINT" WANT TO USE ANT. WIRE TABLET ANSWER "Y' OR

150 IMFUT Y$

168 IF Y$="%" THEN 1098
178 IF Y#$="NH" THEN 1240
188 IF Y$<{>"Y" THEN 158
199 IF Y$<{>"N"THEN 158
200 GOSUB 1280

2180 B=2463%K1-F2

228 SL=B

238 PI=3.141¢

248 RAR=18"6/(EBXF1"2XF 2 )
258 Dl=234-F-B

268 GL=A-2-B

Z70 BB=L0G( 242DD-D -1

288 CC=({1-F¥B-234)0"2-1
298 EE=L0G( 24xG5L-D )-1

300 FF={ FAGL 234 )"2-1

310 ECG=ARL({BBLLC-DD >~ EELFF/GG))
328 EQ=INT{EG2iEE+.5 7188
338 PRINT

348 CLS

3580 PRINT" INDUCTANCE OF THE LOADING COIL IS"EG@“LH."
360 PRINT"xx CALCULATING SIZE OF COIL xx"

37@ PRINT" ENTER DIA. OF LORDING COIL: "
380 INPUT DL

390 A=DL- 2

408 B=35

418 CLS

420 PRINT" ENTER THE WIRE GRUGE OF THE COIL. 12 TO 1s."

438 REM-

448 PRINT"

438 FRINT" ENTER ‘1’
468 PRINT" EMTER '2’

- OrR -"

488 PRINT" ENTER ‘&'
499 INPUT W
S8 1F W=l THEN WW=10

=1@ IF W=2 THEN HW=£.5

=289 IF W=4 THEN WW=7.5

530 IF W=6 THEN Wl=14

540 IF K=1Z2 THEN HWW=12

558 IF W=13 THEN WW=13.95

S50 IF W=14 THEN HK=15

S78 IF W=15 THEN WW=16.8

8@ IF W=1& THEN WW=18.9

598 CLS

608 PRINT" < ITERATING FORMULHA >"
618 PRINT TABC 7 2"TURNS"; TRABC 15 »"LENGTH"
G2d xX=1

6380 FOR I=1 TO 12

648 N=SORTEQX( 9%A+10%B) )R

&650 H=INT(N:100+,.5)7108

660 B=INT(Bx188+.5)/10&

670 PRINTYNOD."X; TAB(S N TRBC 15 B
S8 B=N-uWl

698 B=INT(BX186+.5 )/ 100

TR X=x+1

71e NEXT 1

720 PRINT™ PRESS ENTER/RETURN"
738 INPUT C

748 CLS

758 PRINT™ X% ANTENNA RAND COIL DATA ¥z

IN HIGHER BAHD ' "

FOR B&lW 19 TURNS PER INCH COIL STOCK."
FOR NB.12 GR. INSULATED HOUSE WIRE."
4728 PRINT" ENTER “4° FOR NO.14 GR. INSULATED HOUSE WIRE."
FOR NO.20 INSULATED HOOK-UP MWIRE."

Program Listing

768 PRINT" DIAR.OF ANT.ELEMENT IS"D"IN."

TL=H-5L

2328858883

PRINT" FREQ.S RARE:"F"RAND"F2"MHZ."
FRINT" HT.OF VERT.ANT.IS"H"FEET"
SL=INT(SLx108+.5) 188

PRINT® LENGTH FROM BOTTOM OF ANT."
PRINT® TO COIL IS"SL"FEET."

PRINT® LENGTH-TOFP SECTIOM:"TL"FT."
PRINT" INDUCT, OF COIL IS"ER"UH."
PRINT" DIA. OF COIL IS"DL"INCHES."
PRINT" LENGTH OF COIL IS"B"IN."

870 PRINT" NO. OF TURNS-PER-IN. IS" ;MW
880 PRINT" TOTAL NO. OF TURNS IS"iN

|H.i 1]

8

IF W=1 THEN 568

900 IF W=2 THEN 598
910 IF W=4 THEN 1828
920 IF W=6 THEN 18358
930 PRINT " USE"W" GRUGE ENAMMELED MAGNET"

§8384%

PRINT" WIRE FOR WINDIND COIL.™

GOTO 1888

PRINT® USE B&W 1@ TURNS-PER-INCH COIL"
PRINT" STOCK FOR THE COIL."

GOTO loeee

PRINT" USE MNO.12 INSULATED HOUSE WIRE"

1890@ PRINT" FOR THE COIL."

1818 GOTOD 1686

1820 PRINT® USE NO.14 [NSILATED HOUSE WIRES
{830 PRINT" FOR THE COIL."

1840 GOTOloS2

1958 PRINT"® USE NO.28 INSULATED HODK-L$
1858 PRINT" WIFE FOR THE COIL."

1478 GOTD 1980

1688 END

1898 PRINT" ENTER ANT. WIRE GR.., 12 TD 16&,°
1188 FRINT® IN EVEN NUMBERS."
1118 INPUT GA

1120 IF GA=1@ THEN D=,1019
1130 IF GR<»18 THEN 1158
1148 IF D=,181% THEN 2@@
1158 IF GR=12 THEW D=,B8@8

1166 IF GR<>12 THEM 1188
1176 IF D=.B888 THEN 200

1188 [F GA=14 THEN D=,064

1198 IF GAR<>14 THEM 1218
1280 IF D=,864 THEN 2080
1218 IF GR=16 THEN D=.0858%
1228 IF GR<>16 THEN 1248
1238 IF D=.8588 THEN Z90

1249 PRINT" ENTER ANT. ELEMENT DIA. IN IN. "

1258 INPUT D

1268 GOTO 298

1270 REM L=ANT. LENGTH IN FT.

1280 L=R
1258 DF=D-12
1360 R=L/DF

131@ 1IF R<{5.P THEN K=,9@
1328 IF K=.98 THEN 1480
1330 IF R<B THEN K=.31
1342 IF K=.91 THEN 1480
1358 IF R<13 THEN K=.92
1368 IF K=.92 THEN 1488
1370 IF R<17 THEN Kk=,93
1380 IF K=.93 THEN 1480
1399 IF R<25 THEH K=.94
1408 IF K=.34 THEN 1488@
1410 IF R<S@ THEN K=.99
1420 IF K=.95 THEN 14880
1430 IF R<{258 THEN K=.96
1440 IF K=.96 THEN 1488
145@ IF R<S5@8@ THEN K=,57
1468 1IF K=,97 THEN 1488
1478 IF R=>588@ THEN K=,38

1488 Kl=K+.B4

1490 RETURN:REM (TO 39@)

Next it starts the calculation of the load-
Ing-coil inductance by defining the values
of the numeric variables: B = 246 * K1/
F2;:SL = B; Pl = 3.1416: DD = 234 /F
- B, GG = A/2 — B. The actual equa-
tion for the inductance starts at line 240
and has been broken down into:

EQ=AA*((BB*CC/DD)- (EE*FF/GG))

where EQ is in uH and AA, BB, CC, DD,
EE, FF, and GG are parts of the original
equation (fig. 1).

Designing The Coil. Lines 420 to 560 give
you your choice of a number of different
kinds of wire for winding the coil. Lines
580 to 710 give the computer instructions

for “ITERATING' the no.-of-turns equa-
tion:

N=SOR(EQ*(9*A+10*B))/A

Computer Printout. Lines 730 through
1060 tell the computer to display the re-
sults on the TV screen. Lines 1100 to
1260 contain the antenna wire table.

Program Listing. In the accompanying
program listing, whenever you see a line
containing ‘‘CLS", (command to *'CLEAR
THE SCREEN"), you must change it to
one of the following, depending upon
your brand of computer. For example, if
you own an:

Apple ll—change “'CLS" to ""HOME"

Vic-20—change “CLS'" to "PRINT
"CLR/HOME" "

TI-99/4A—change ''CLS'' to "'CALL
CLEAR"

For the Timex-Sinclair,
TRS-80—"'CLS" is okay.

This complete program requires only
about 3.5K of usable RAM and the use of
LOGs. (Extended BASIC required for the
TRS-80 Color Computer and the TI99/4A.)
It may be run on a Vic-20 with 3583
BYTES FREE. You will need extra memo-
ry for the Timex/Sinclair, which also re-
quires the addition of the word "LET"
when assigning values to numeric vari-
ables. (For example: 210 B = 246*K1/F2,
becomes 210 LET B =246*K1/F2, etc.)

IBM, and
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