As we head toward the CQ WW 160 Meter Contest season,
W2FMI shows us how to improve our chances through

better matching.

Ununs For Beverage Antennas

The Beverage antenna' is well-known to
160 meter enthusiasts for enhanced sig-
nal-to-noise ratios in high levels of in-
terference and atmospheric noise. If they
are erected properly, Beverages also
have excellent directivity. They are quite
inefticient, however, and therefore gen-
erally are not suitable as transmitting
antennas. Important considerations with
Beverages are the terminating resistor
(for the more common single-wire ver-
sion) and the input matching unun (unbal-
anced-to-unbalanced transtormer). The
terminating resistor and the impedance
ratio of the unun are determined by the
characteristic impedance of the antenna
acting as along transmission line with one
good conductor and one poor conductor
(the earth). It is generally between 400
and 600 ohms and theoretically given by:

Z,= 138 x log(4h/d) (1)

where: Z,, = characteristic impedance of
the Beverage; h = height of the wire above
ground; and d = diameter of the wire.
This article presents low-power and
high-power versionst of multimatch un-
uns designed to match 50 ohm cable to
unbalanced loads from 450 ohms to 800
ohms. The low-power unit, which is capa-
ble of handling continuous power levels
up to 100 watts, is specifically designed
for the Beverage antenna when it is per-
forming as a receiving antenna. The high-
power unit, which is capable of handling
1 KW of continuous power, can be used
with the Beverage or any other traveling-
wave antenna when used as a transmit-
ting antenna. Additionally, this article pre-
sents high-power designs capable of flat
response, including the entire AM broad-
cast band. These multimatch ununs may
be of interest to designers of high-power
amplifiers for the broadcast band.

"32 Granville Way, Basking Ridge, NJ
07920

TKits and finished units are available from
Amidon Associates, Inc., 2216 East Glad-
wick Street, Dominguez Hills, CA 90220.

BY JERRY SEVICK*, W2FMI
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Fig. 1- Schematic diagram of the quadri-

filar design using Ruthroff's approach for

high-impedance, low-frequency ununs

such as the Beverage antenna maltching
fransformer,

A bit of theory on how these devices
are designed is presented next.

A Little Theory

Transmission line transformers? (the unun
being a subset thereof) are known for the
greater bandwidths and efficiencies over
their counterparts—conventional trans-
formers. It is also known that their design
considerations are vastly different. They
involve chokes and transmission lines,
while conventional transformers involve
flux linkages.

High-impedance ununs (and baluns)
which match 50 ohms, unbalanced, to
impedances as high as 800 ohms are at
about the edge of capability of this tech-
nology. The reasons are (1) the windings
require more turns, since higher reac-
tances are needed for isolating the input
from the output, and (2) they require high-
er characteristic mpedances in the trans-
mission lines, since the loads they see are
greater. Therefore, one just runs out of
space on toroidal cores in trying to satis-
fy the low-frequency and high-frequency
objectives. Incidentally, beaded trans
mission lines are not recommended at
these impedance levels because of their
excessive losses.

There are two methods for obtaining
broadband operation at these high-imped-
ance levels. One uses Guanella's 9:1 and
16:1 baluns, which are converted to unun
operation.2 The other uses higher order
windings (quadrifilar in this case) on a sin-
gle core, which is an extension of Ruthroff's
approach.3 The Guanelia approach, which
uses coiled transmission line connected in
series at the high-impedance side and in
parallel at the low-impedance side, results
in very broad bandwidths, but with difficul-
ty in meeting low-frequency objectives.
Low-frequency models2 show that with
ratios above 4:1, some of the coiled wind-
ings are connected in parallel, resulting in
reduced reactances. However, with the
Ruthroff approach all of the inductances (at
the low-frequency end) end up mutually-
aiding. But Ruthroff's approach suffers at
the high-frequency end because a direct
voltage is summed with three voltages
which traverse various lengths of transmis-
sion lines. As aresult, Guanella's approach
of summing voltages of equal delays is pre-
ferred for the higher frequency bands, and
Ruthroff's approach is preferred for the
lower frequency bands. This article pre-
sents designs using Ruthroff's approach,

Fig. 1 shows the schematic diagram of
a quadrifilar-wound unun. If the lengths
of the transmission lines are very short
compared to the wavelength (therefore,
phase-delay and standing waves are
negligible), then:

Vi=Vo=V3=V, (2)
at terminal 6,
VE=V1+VE+V3=3UT (3}

and the impedance ratio becomes
g=(V,/V,)2=9 (4)
At terminal 8, it becomes

g=16 (5)
The voltage at the tap in winding 7-8 is

V, =3V, + Vs
= 3V, + n/NV, = V(3 + n/N) ()
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Photo A- The bottom view of the low-
power Beverage antenna unun.

where: N = total number of turns; n = num-
ber of turns from terminal 7.

The impedance ratio, using the tapped
winding, becomes

g = (Vo/V4)?2 = (3 + n/N)? (7)

When the lengths of the transmission
lines are significant, thenimportant phase
delays can occur and reduce the high-
frequency response. As can be seen in
fig. 1, V; travels one transmission line, Vs
travels two transmission lines, and V, trav-
els three transmission lines. Additionally,
the high-frequency response is further
diminished if the characteristic imped-
ances of the transmission lines are not at
their optimum values (which is hard to do
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Photo B— The low-power Beverage anten-
na unun mounted ina 4'"L x 2'Wx 2.75'"H
miribox.

at these impedances levels). Even with
these maijor flaws, the Ruthroff approach
is better for Beverage antenna use, since
the greatest advantages are on the lower
frequency bands (80 and 160 meters).

A Low-Power Design

Photo A shows the bottom view of an unun
designed to handle 100 watts of continu-
ous power with constant ratios from 9:1
to 16:1 on the 80 and 160 meter bands.
In fact, since its transmission lines are
very short (about 12 inches long), the
ratios only increase by 5 percent on the
40 meter band.

The design uses the Ruthroff approach
shown in fig. 1. It has 6 quadrifilar turns
on a 1.5 inch OD ferrite toroid with a per-

Photo C- Three high-power, low-frequency ununs using a quadrifilar design with
Ruthroff's approach. One on the left is designed to cover the 80 and 160 meter bands
Other two are designed to cover the 160 meter and AM broadcast bands.
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ICOM

IC-728 HF Xcvr./Gen. Cov. Rowr. ......................... 594400
IC-735 HF Xcvr./Gen. Cov. Rowr. ....ccevvvnvcnnen. 1064.00
IC-737 HF Xovr./Gen. Cov. RoWT. ......cooovevvcnnnen. 1469.00
PS-55 AC Power SUpplY ............cooerrrssmsercereeer. 226.00
AT-150 HF Automatic Antenna Tuner .................. 439.00
SM-8 Desk Microphone ...................... 111.00
SP-7 External Speaker ..............coovemrieecsernscenns 58.00

SP-20 Ext. Spkr. With Audio Filters . i 162.00
IC-R1 Communications Receiver ... oin $69.00
IC-R7000 Ca'mmnm-s rercerenrenesnnens 1289.00
IC-R7100 Communications Receiver .................. 1319.00
IC-28H 2-Meter, FM, 45 Watt Xowr. da‘um
|C-228H 2-Meter, FM, 45 Walt Xowr. .....369.00
IC-229H 2-Meter, FM, 50 Watt Xovr. .. ... 389,00
IC-3230H 2-Mtr./440-MHz., FM, 45\'-';35\'9* ..549.00
IC-2GAT 2-Mtr., FM, Handheld With T-T .... ...309.00
|C-4GAT 440-MHz., FM, Ha:ﬂhaﬁd\*ﬁmm e 309.00

|C-2SAT 2-Meter, FM, Mini Handheld With TT. ....304.00
IC-2SRA 2-Mtr./50-905-MHz., FM, Mini H-H/T-T ... 499.00
IC-W2A 2-Mtr./440-MHz., FM, Mini H-H W/T-T ...... 474.00
IC-W21AT 2-Mtr./440-MHz., FM, Mini H-H W/T-T ., 509.00
LR LC e T — 20.00
BP-5 10.8 VDC, 425 mAH,, Ni-Cad Batt. Pack ........ 73.00
BP-7 13.2 VDC, 425 mAH., Ni-Cad Batt Pack ....... 87.00
BP-8 8.4 VDC, 800 mAH,, Ni-Cad Batt. Pack ......... 87.00
CM-96 8.4 VDC, 1200 mAH., Ni-Cad Batt Pack ...... 99.00
BP-83 7.2 VDC, 600 mAH., Nl-ﬂadBaitFal:lt ........ £65.00
BP-84 7.2VDC, 1t'ﬂ]n'mH Ni-Cad Baft Pack....... 87.00
BP-90 Battery Case .... ...20.00
BC—BEDrup-lanidChalgerEF'z,ﬁ?B.m ...... 85.00
BC-72 Drop-in Chg.; BP-81, 82, 83, 84, 85, Int. ..._. 104.00
CP-11 Cigarette Lighter Cable W/Naise Fiter .........29.00
CP-12 Cigarette Lighter Cable W/Noise Filter ......... 21.00

CP-13 Cigarette Lighter Cable WiNoise Fiter .. 22.00
AD-12 External Power Adapter; IC-2GAT/4GAT ......31.00
HM-46 Speaker/Microphone . S~ 40.00
HM-54 Speaker/Microphone ... ...55.00

HM-65 Speaker/Microphone For IC-2SRAMRA ...... 42.00

HM-70 Speaker For IC-2SRA/W2A . 4200
HS-51 Headset, PTT & VOX ... ....57.00
mmrmmmamx.mmsmm .. 76.00
UT-40 Encode/Decode/Beeper Unit .... e 4,00
UT-50 Encode/Decode Unit..............ccocecnmariseninies 54.00
BENCHER
BY-1 lambic Paddles, Black Base........................... $64.95
BY-2 lambic Paddles, ChromeBase ....................... 19.95
ZA-1A 1:1 Balun, 35 To30-MHZ. ..ot 34.95
CUSHCRAFT
RS 14, 18, 21, 24, 28-MHz. Vertical .................... $267.00
R7 7.10, 14, 18, 21, 24 28-MHz, Vertical ............. 357.00
ARX-2B 2-Meter, Ringo Ranger Il Vertical .............. 49.00

ARX-2208 220-MHz,, Ringo Ranger Il Vertical ....... 49.00

ARX-450B 450-MHz., Ringo Ranger Il Vertical ........ 49.00
AR-270 2-Mtr./440-MHz., Ringo Vertical ................. 61.00
A50-55 50 To 54-MHz., 5-Element Beam .............. 119.00
124WB 144 To 148-MHz_, 4-Element Beam ............43.00
A147-11 146 To I#E-HHI..H-EE!TH'lEeEn.... .62.00
1382 144 To 148-MHz., 13-Element Beam ..........95.00
224WB 222 To 225-MHz., 4-Element Beam ............47.00

225WB 222 To 225-MHz., 15-Element Beam ........ ..98.00

A449-65 440 To 450-MHz., 6-Element Beam .......... 40.00

A449-11S 440 To 450-MHz., 11-Blement Beam ...... 57.00
ASTRON

RS-7A 13.8VDC, 7 Amp Int., 5 Amp Cont. ..._...... $49.50

RS-12A 13.8VDC, 12 Amp Int, 9 Amp Cont ... 71.50

RS-20A 13.8 VDC, 20 Amp Int,, 16 Amp Cont. ........ 88.50

RS-35A 13.8 VDC, 35 Amp Int., 25 Amp Cont. ...... 14150
RS-12M Same As RS-12A With Meters ................ 82.50
RS-20M Same As RS-20A, With Meters ................ 108.50
RS-35M Same As RS-35A, With Meters ............... 159.50
VS-35M Same As RS-35M, Adj. Volt/Cur. .......... 171,50
UPS/insurance Charges Are Additional
MC And VISA Orders Are Accepted

Prices Subject To Change Without Notice

LaBue Electronics

1112 GRANDVIEW STREET
SCRANTON, PENNSYLVANIA 18509
PHONE (717) 343-2124
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meability of 250. The bottom winding is
No. 20 hook-up wire, and the other three
are No. 22 hook-up wire. Winding 7-8 is
tapped at 2 turns from terminal 7 vielding
a 11.11:1 ratio and at 3 turns from termi-
nal 7 yielding a 12.25:1 ratio. Therefore,
with outputs also atterminals 6 and 8, this
unun matches 50 ohm cable to loads of
450, 555.6, 612.5, and 800 ohms.

Photo B shows the unit mounted in a
4'L x 2'W x 2.75"H minibox. The output
(the feed-through insulator) is connected
to one of the taps. A grounded binding
post is also shown.

High-Power Designs

Photo C shows three high-power designs.
The one on the left is specifically de-
signed to cover the frequencies general-
ly used with traveling-wave structures
such as the Beverage antenna. It has 10
quadrifilar turns on a 2.4 inch OD ferrite
toroid with a permeability of 250. Winding
1-2 18 No. 14 tinned copper wire and the
other three are No. 16 tinned copper wire.
The wires are also covered with Teflon
sleeving. Winding 7-8 is tapped at 5 turns
fromterminal 7, yielding aratio of 12.25:1,
When matching 50 ohm cable to loads of
450 ohms (terminal 6), 612.5 ohms (the
tap), and 800 ohms (terminal 8), the vari-
ation in response is less than 5 percent
from 1.5 MHz to 4 MHz. At 6.5 MHz the
variation (which is an increase in the im-

Photo D— Bottomn view of the high-power
Beverage antenna unun.

pedance ratio) increases to about 20 per-
cent. Photo D attempts to give a better
view of the connections.

The other two high-power ununs in
photo D are specifically designed to cov-
er the broadcast and 160 meter bands.
The one in the center has 9 guadrifilar
turns (of the same wires as above) on a
stack of two 2.4 inch OD ferrite toroids
with permeabilities of 250. The tap on
winding 7-8 1s now at 4 turns from termi-
nal 7, yielding a ratio of 11.86:1. When
matching 50 ohm cable to 450 ohms (ter-
minal &), 593 ohms (the tap), or 800 ohms
(ferminal 8), the response is literally flat
from 0.5 MHzto 2 MHz. At4 MHz the ratios

increase by about 6 percent. At 7 MHz
they increase by about 20 percent.

The unun on the right in photo C shows
another way of obtaining the same per-
formance as above. In this case the de-
sign has 12 quadrifilar turns (of the same
wires as above) on a 2.68 inch OD ferrite
with a permeability of 290. The tap on
winding 7-8 is at 6 turns from terminal 7,
vieldinga 12.25:1 ratio (instead of 11.86; 1
as above). Although the performance of
this design is practically the same as the
one above (using the two 2.4 inch OD
cores), it is a much more expensive de-
sign, since the 2.68 inch OD core is not
nearly as popular. But if a broadband,
high-power and high-impedance unun
(or balun) is required to cover 1.5 MHz to
30 MHz, then these expensive 2.68 inch
QD ferrite cores are very likely the only
alternative!
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For the best signal,
your choice is
clear.

Receiver Voter
4 channel, signai-to-noise

Improve coverage by adding receivers.
» Expandable to 32 channels by adding

Remote Base
Interface

Attention Repeater owners, add a
Kenwood frequency agile remote

additional cards base, now to 9 different repeater
= Continuous voting controllers.
* Available as a card or in a rack system « Connects and contrals a maximum
* Can be used with RF links or Telco lines of 4 radios or bands

= Select/disable switches available for
manual override

« Dxternal disable inputs

= |LED indicators of COR and voted signals

= Remote voted indicators pinned out

= Thousands in service

« Starting at $370

« Supports 16 Kenwood models

= Connects thru the radio’s mike jack

= Controls frequency, power, RF
power, CTGSS, Shift, etc.

« Expands user function output

= Just plug, program, and play

= §275

For more details or to order, call or write;
Doug Hall Electronics
815 E. Hudson Street
Columbus, Ohio 43211

1-614-261-8871/ Fax 1-614-261-8805
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WE ALL WANT THE BEST

NOW TOP QUALITY IS
EASY TO OWN

(rrilzEL)

Exdermug Ly Fuspvatior Lk,
Monoband, dualband and triband HF beam
antennas; Verticals, wire antennas and baluns.
Machined craftsmanship is back you don't have
to settle for run-of-the-mill.

hOFi
Manual and remote controlled coax switches for
indoor and outdoor mounting. Lightning protec-

tion devices. Extensive selection of V/UHF
phasing lines and harnesses. All mil-sped.

SCHURR KEYS
Whether you're a collector or operator (or both)
you will want one of these beauties. Each key is
machined and hand made so that everyone feels

specially made. Straight key, paddles, iambics
they're great.

Call, Write, or FAX For Details and Pricing
Dealer inquiries invited.

Electronic Switch Co. Inc.
4343 Shallowford Road, Suitz E-6
Marietta, GA 30062

(404) 518-4634 FAX (404) 642-9
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