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DEMAND THE BEST

DJ-580T Best Performance

< o The Right Features: Alinco's DJ-580T offers powerful user
' friendly features that make operating easier. Many new radios
_ available today are so complex that an instruction manual needs
= 0, to be carried with the radio. We have designed the DJ-580T to
. be user-friendly, but also sophisticated: It has the features you
need, without any useless bells and whistles. This radio can
receive 130-174 MHz. 420-474 MHz, and can be modified to
receive AM from 118-142 MHz. Other outstanding features
include cross-band repeat function, full duplex operation, backlit
keypad, 8 scanning modes, CTCSS encode / decode, and DSQ
for private paging.

The DJ-580T will deliver a solid 5 Watts of power with the

optional 12V battery, and our EMS-8Z Remote Speaker
Microphone offers remote control of memory channels and
scanning features.

DJ-F1T / DJ-F1TH Best of Both Worlds

Small size combined with durability? It sounds like Alinco is breaking the
rules again.

Most of the 'micro’ handhelds that we've checked out seem to suffer from
the same problems: Weak audio, flimsy construction, difficult to use
keypads, and poor performance. The DJ-FIT overcomes these problems,
offering reliability and performance that surpasses any handheld radio
available today. Our unique 'clam shell' battery design allows for a full size
keypad for convenient use, and a large speaker for outstanding audio
quality. All this is packed into a cast aluminum frame and tough poly-

'6; plastic case that has set a new industry standard for durability.
u‘L
\ ]
"’?b“ Standard features include: 40 memory channels (odd splits on all). 3 output
power levels, DSQ code squelch and private paging, illuminated DTMF

. keypad, CTCSS encode, Automatic Power Off, and 8 scan modes. The DJ-
- FIT will receive 130-174 MHz and can be modified to receive AM from
118-142 Mhz.

Better Products, Better Service. ,
See for yourself why people are Other Great Products from ALINCO

coming to ALINCO. o Aok,

DJ-G1T DJ-180T i

ALINCO| ELECTRONICS INC.
438 Amapola Ave., Ste. 130
Torrance, CA 90501

Phone: (310) 618 - 8616

Fax: (310) 618 - 8758
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Explore the Kenwood Dimension

st selection of communications SUEMEERRIGREE AnACURRANO R usIast

TS'SS“S +160m to 10m amateur band

operation, 100kHz 10 30MHz general
coverage recetver *DDS (Direct Digital
Synthesizer) & digital PLL system =AIP
(Advanced Intercept Point) system #IF
slope tuning. *Electronic message kever
circuit with: weighting control

TS =950SDX +160m to 10m amateur
band operation, 100kHz to 30MHz
general coverage receiver *Built-in DSP
(Digital Signal Processor) *MOS-type
FET final section *Dual frequency
receive *Menu system

TS-790A +144/440MHz dual-band

operation *1200MHz unit (option) *All
mode operation *Satellite communica
tions with Doppler effect frequency
comection *39 multi-function memory
channels with lithium battery back-up

TS-508 *Super-compact, 100-watt,
160m to 10m transceiver, SO0kHz to
30MHz general coverage receiver *DDS
(Direct Digital Synthesizer) with *“fuzzy
logic” control, *AIP system =100-memory
channels: *CW- reverse *Menu system

TS-450S/690S «160m 10 10m amateur
band operation, S00kHz to 30MHz general
coverage receiver *6m amateur band and
50-54MHz genenal coverage receive (TS-
690S) +DDS (Direct: Digital Synthesizer)
& digital PLL system *AIP system sIF
shift function funing *AF notch filter

T“;'ﬁ”.s +50MHz all-mode operation

sMax. 90W RF output (SSB, CW & FM)
100 memory channels «DDS with
fuzzy logic” control «AlP, IF shift
SSB & CW) and optional 500Hz CW

TM-733A +144MH2/440MHz dual
band operation *Dual receive on same
band (VHE+VHE or UHF+UHE)
+“6-in-1" programmable memory

+72 memory channels *DTSS selective
calling with page *1200/96(00bps packet
terminal *AIP system *Cross-band
repeater function

TM-T42A/642A/942A
Multi-band operation (TM-742A: 144/
440MHz; TM-642A: 144/220MHz;
TM-942A: 144/440/1200MHz)
+Optional FM band units for TM-742A/
642A (TM-T742A: 28/50/220/1200MHz;
TM:-642A: 28/50/440/1200MHz) *Dual/
triple receive capability 101 memory
channels per-band  «Detachable display
& control panels (option)

o
1

light design’ *Mos FET power
Module  *Dot-matrix LCD.
Gide. function & menu system
for easy opemtion *Dual
receive on same band #82 non-
volatile memory: channels in
E'PROM 1D memory &
DTME memory - *Built-in

| R-5000 100kHz 10 30MHz in 30
bands, with'optional 108-174MHz
coverage *SSB, CW. AM, FM & FSK
modes *Dual IE crystal filters: <IF shift
circuit #100 memory channels with:
multi-scan funchions

band  repealer function

KENWOOD COMMUN[CAT]ONS CORPORATION
RADID PRODUICTS GHOUP
P BOX 22745, 2201 Eulouwn ‘8t mm CA DOBO1:5745
sCustomaer Support/Brochures (310) 639-5300
*Repalr Locations/Parts (800) KENWOOD +Bullatin Board Service (BBS) [10) 761-8284
KENWOOD ELECTRONICS GANADA INC,
94ARD-0871 6070 Kestrel Hoad, Missiasauga, Ontano, Canada L5T 15
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TH-79A «144MHz440MHz
dual-band operation . *Compact,

CTCSS encodeldecode +Cross-

TM-241A/331A/441A/541A

sSingle-band operation (TM-24[A:
[44MHz; TM-331A: 220MHz, TM-44]A:
440MHz;: TM-541A: 1200MHz) 20
multi-function memory. channels plus call
channel  «Multi-scan capability
«Selectable. CTCSS tone encoder  *Mult-
function mictophone: supplied

i e

ELD TRANS
TH-28A/48A
sSingle-band transmit and
dual-band receive (TH-28A:
TX [44MHZRX 144/
440MHz, TH48A: TX
440MHz, RX [44/440MHz)
*Alphanumeric memory
*Alphanumeric message
paging  +40 multi-function
mémory channels (non-
volaule) - #Tone slert system
withy indicator

TS-1408 +160m to 10m amateur
band operation, 500kHz to 30MHz
generl coverage receive *IF shift circuit
«3|‘memory channels with multi-scan
functions - *Dual-mode noise blanker
sSpeech processor with audio
compression amplifier

TM-255A/455A sAltmode operation
(IM-255A: 144MHz TM55A: 430MHz)
<101 memory channels *DDS with *fuzzy
logic™ control *TE-SET (TX frequency,set)
function *DTSS selective calling with page
*1200/9600bps packet terminal

TM-251A/451A <Single-band

operation (TM-251A: 144MHz, T™-
451A: 440MHz) *41 memory channels
(optionally expandable 10 200). *Dual-
band receive *Digifal recording system
+DTSS selective calling with page
*1200/9600bps packet ferminal
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TH 22AT/42AT
+Single-band operation
(TH-22A% 144MHz; TH-
42A: 440MHz), *MOS FET
power maxdule *Built-in
memory channels in
'E'PROM (plis 1 call
channel) *Multiple scan
functions  *Dual scan stop
mides (CO & TO)
sChannel Display function
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_ EDITORIAL__

Don't Shoot Me, I'm The Messenger!

Remember all the flap a few years ago, when
an “illegal” message was forwarded without
review through a number of automatically con-
trolled packet radio stations? The message pro-
vided information about a 900 number interest-
ed parties could call to support efforts to keep
the United States out of a war in the Middle
East. It was initiated by one station and was
automaticaily retransmitted by a number of
additional packet stations, before a ham in the
Norfolk, Virginia area brought it to the atten-
tion of the local FCC office. As the stations
involved in this incident faced FCC discipli-
nary measures for using amateur radio to facili-
tate the business activities of the Coalition to
Stop U.S. Intervention in the Middle East, the
whole packet radio message-forwarding system
came under scrutiny.

At the time, many of us wondered if the
FCC’s actions would effectively eliminate
automatic packet systems and sharply curtail
the activities of packet BBSs, altogether. | think
we all understood the limitations placed on us
in Part 97.113(a) of the FCC rules in regards to
business activities on the ham bands; however,
given the amount of mail some packet nodes
handle each month, we realized it would be a
Herculean task for the station sysop to review
every message that passed through the system.

Fortunately, the FCC has given packet bul-
letin board systems and their operators a bit of
a reprieve. In April, the Commission released
its “Report and Order in PR Docket 93-85”
concerning messages relayed by high-speed
amateur networks. The new rules took effect on
June 1, 1994, and established what the FCC
calls “a compliance policy for amateur stations
participating in automatic message-forwarding
systems.”

Under the newly implemented regulations,
the majority of station operators in automatic
message-forwarding networks will not be
responsible for the content of the messages
relayed by their stations. This is a change from
the previous rules, which stated that all
licensees in a chain of forwarding stations were
responsible for the content of messages passed
through the system. Message originators are
still responsible for the content of the traffic
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they send, and the first forwarding stations are
responsible either for the content of the mes-
sage or for verifying the originator’s identity.
Of course, any operator in the chain is responsi-
ble for discontinuing any communications that
violate the rules—as soon as such messages are
discovered. In an adjunct to the ruling on auto-
matic packet systems, the FCC determined that,
under the new rules, repeater control operators
will also be relieved of responsibility for inad-
vertent retransmission of communications that
violate the rules.

These rule changes seem to lay the blame for
unauthorized transmissions squarely on the
shoulders of the perpetrator—a welcome turn
of events in these days of “not me, it’s not my
fault.” But do they? I'm still troubled by the
fact that the operator of the first forwarding sta-
tion must verify the identity of the sending sta-
tion on behalf of the system, or accept account-
ability for any violations contained in any mes-
sage he retransmits. Of course, the option is the
operator’s either check out the identity of the
originating station, or accept the punishment
should a message in violation ot the rules get
through. However, while this ruling eliminates
the imposition of muitiple fines for violations
as the message moves along the network, it
continues to defeat the purpose of the automati-
cally controlled packet system and punish those
not responsible for breaking the rules—those
who have come to enjoy the rapid transmission
of data via the high-speed packet link.
Furthermore, it deflects full responsibility for
any illegal messages from the originator, and
forces an essentially innocent person to take
part of the blame.

In fact, if you think about it, the FCC ruling
is tantamount to saying that automatic traffic is
now okay as long as the mailman reads the
mail before he takes it to the post office. 1 sup-
pose this is better than requiring everyone to
read it while enroute. However, the need to sort
through all the messages before routing them
places the responsibility for making sensitive
value judgments regarding content upon people
whose primary interest is technical (that is,
making sure the system works).

Now, it is possible for packet control opera-

(Continued on page 104)
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Data Controllers Put You In Control

Dual simultaneous ports.

Automatic signal idenfication.

9600 bps modem option available.

8-pole Chebyshev bandpass filter.
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PACTOR, and Packet to Packet.
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ARRL Information Services.
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for best pricing.
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DSP-1232 has two switchable ports.
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Automatic signal identification

17K Packet, PACTOR, and AMTOR MailDrop
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PK-96 feotures true DCD state machine for
open squelch operation.

32K RAM, easily expandable to 128K.
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Control of third-party MailDrap traffic.
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CQ 1994 Amateur Radio Almanac

If you're like most hams, you'll be fascinated by the thousands of facts, tables, graphs, maps, and other information to be uncov-
ered in the CQ 1994 Amateur Radio Almanac. Compiled by Doug Grant, K1DG, CQ's Aimanac puts it all right at your fingertips,
providing a resource that you'll refer to over and over again. If you're looking for it, it's in the Almanac! Order No. BALM .....$19.95

The VHF “How To"” Book

This book is the perfect operating guide for both the new and experienced VHF enthusiast. Developed by CQ VHF Columnist, Joe
Lynch, N6CL, this book is the ideal reference tool for all phases of VHF operating. Learn more about packet, EME, satellite, ATV,
and repeater operation. You'll also find a complete tutorial on exotic propagation modes as well as pages of data and sources for
additional information. Order No. BVHF .....§15.95

The Quad Antenna

Hams love antenna books and this book is no exception. Written by world renowned author Bob Haviland, W4MB, The Quad
Antenna is the authoritative technical book on the design, construction, characteristics and applications of Quad Antennas,
Discover how to easily build a quad antenna for your station that will help you fill your logbook with rare DX that you have only
dreamed about before. Order No. QUAD..... $15.95

The Packet Radio Operator’'s Manual

This book is written by CQ columnist and Amateur Radio Packet authority Buck Rogers, K4ABT. An all new introduction and
guide to packet operation, it is the perfect single source, whether you're an advanced user or just starting out. Learn about
packet radio without all the technical jargon. Also included are detailed hookups for dozens of radio/packet controller/ computer
combinations, making this book the definitive resource for the active packet user Order No. PROM..... $15.95

Ham Radio Horizons: The Book

Written by Peter O'Dell, WB2D, this is a book about ham radio that every beginner can enjoy! If you want to get in on the fun and
excitement of Amateur Radio, Ham Radio Horizons is the perfect way to get started. HRH is full of tips from expert hams in: DXing,
Contesting, Serving the Public, Ham Radio in Space, Experimenting, Digital Communications — you name it! This exciting book
is an excellent gift to a prospective ham or for use in your club's licensing classes and library Order No. BHOR..... $12.95

The Vertical Antenna Handbook

Take advantage of the 20 years of research and praclical experience of naval communications engineer Capt. Paul H. Lee,
USN(ret), N6PL. Learn the basic theory, design, and practice of the vertical antenna. Discover easy construction projects such
as a four-band DX vertical or a broadband array for 80 meters. Ever wonder how to build a functional directive vertical system?
Paul Lee can get you started today! Order No. VAH..... $9.95

Keys, Keys, Keys

Enjoy, nostalgia with this visual celebration of amateur radio's favorite accessory. Written by the well-known author and CQ colum-
nist Dave Ingram, this book is full of pictures and historical insight that only K4TWJ can provide. If you've ever wondered about
the old days of Morse, this book’s for you Order No. KEYS.....$9.95

Also available at your local dealer

Now Available Direct From CQ!

Title Order No. Price Title Order No. Price
1994 NA Callbook ..o, NACB.......529 ON4UN Antennas and Techniques
1994 Int'l Callbook ......................... ......INTCB........$29 for Low Band DXing ... L ....LOWDX........520
1994 Callbook Pair................... s ..NAICB........$54 Gordon West No-Code Technician
ARRL Handbook ciessisisssssinianssiARRLEHB: ... 525 Plus License Manual.........ccccccecrunrennnees GWTM.......$510
ARRL Antenna Book..........................ARRLAB....... 520 Gordon West General
ARRL Operating Manual................ _ARRLOM.......518 License Manual............. crreenrenermessssn GWGM........510
ARRL Repeater Directory.............. ...ARRLRD.......... $6 Gordon West Advanced License Manual .. GWAM...._..§10
Now You're Talking .................... L LARNYT...... $19 Gordon West Extra License Manual....... .GWEM.......§10
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Getting Started in Ham Radio

This is a fast-paced video introduction to the fascinating world of ham radio. CQ's experts show how to select equipment and anten-
nas; which bands to use; how to use repeater stations for improved VHF coverage; the importance of grounding and the basics of sol-
dering. How to get the most out of your station, whether it's home-based, mobile or hand-held. Order No. VHR .....§19.95

Getting Started in Packet Radio
This video will help de-mystify the exciting but sometimes confusing world of packet radio. Learn how to get started using your

computer on the radio. Included are step-by-step instructions on making packet contacts and using packet bulletin boards, networks
and satellites. Order No. VPAC.. $19.95

Getting Started in Contesting

For the newcomer to contesting or an experienced veteran, this video is for you! You'll get advice and operating tips from some of
contesting's most successful competitors, including Ken Wolff, K1EA, Dick Newell, AK1A, and CQ's own contest columnist, John Dorr,
K1AR. Here's just a sample of what you'll see: what contesting's all about, explaining contest jargon, tips for beginners, how to com-
pete from a small station, operating secrets from the “pros”, live QSOs from world class stations, VHF/UHF contesting.
Order No. VCON .....§19.95

Getting Started in Amateur Satellites
Learn with this video how veteran operators set up their satellite stations. Find out how to locate and track ham satellites with ease.
Watch as operators access current satellites and contact far ranging countries around the world. This video is filled with easy to
understand advice and tips that can't be found anywhere else . Order No. VSAT..... $19.95

Getting Started in DXing
Top DXers share their experience with equipment, antennas, operating skills, and QSLing. You'll see hams work rare DX around
the world. If you're new to DXing, this video is for you! All this valuable information may well give you the competitive edge you
need to master the exciting world of DXing. Order No. VDX..... $19.95

Getting Started in VHF

This is the ideal introduction to the world of VHF. See demonstrations of the latest radios. Also, learn about repeater usage as well
as the more exotic VHF operating modes. Whether you are interested in packet radio, satellite operation, or simply using your local
repeater, this is your video! Order No. VVHF....§19.95

Ham Radio Horizons: The Video

This introduction to Amateur Radio is an excellent complement to the Ham Radio Horizons book. Enjoy seeing all aspects of ham
radio ranging from what it takes (and costs) to get started to how you can get your ham license. Designed for the general public,
HRH is ideal for public events, presentations to community groups and as an opening to your club’s licensing courses! There's no
better way to introduce someone to ham radio. Order No. VHOR.....§19.95

Order Toll-Free 1-800-853-9797
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_ TECH NOTES__—

Test gear for the ham shack/
and a modification

Hams who homebrew also like to test their
creations. Here are two simple projects to add
to your collection of test equipment.

Peter Bertini, KIZJH
Senior Technical Editor
This simple resistive tap lets you connect trans-
mitters directly to your spectrum analyzer for
highly accurate spectral purity measurements.

A =30 dB, 0 to 500 MHz Signal
Sampler for Your Spectrum
Analyzer

Rick Littlefield, KIBQT

Spectrum analyzers have fallen in price to a
point where many experimenters now own
them. This handy tool provides a unique view
of the RF environment—displaying the fre-
quency and amplitude of primary signals, plus
a host of unwanted spurs, harmonics, parasitics,
and other events. For casual bench work, RF
sampling by means of a pick-up antenna or
sniffer probe is usually sufficient to “see”
what’s going on. However, these proximity
samples (samples taken with no direct connec-
tion to the signal source) are rarely accurate.
Serious assessment of transmitter performance
requires a better method of coupling signals
into the spectrum analyzer.

Direct Sampling

To avoid ambiguity, the signal path between
transmitter and analyzer should be direct. This
way, sample errors caused by conditions such

S. A.
1.8k
SAMPLE
RESISTOR
D.U.T. > —> s
TAP LOAD
RESISTOR

as multipath, selective pick-up response, mis-
match, and RF leakage will be minimized or

eliminated. Here are some special considera-

tions for direct hookups:

Shielding: Even small amounts of RF leakage
may introduce spurious pickup that can distort
results. Double-shielded coax, high-quality con-
nectors, and RF-tight attenuator enclosures pro-
vide essential safeguards against RF leakage.

Attenuation: Most analyzer front-ends are
designed to measure signals in the milliwatt
range. This makes it necessary to attenuate the
transmitted signal down to a level the analyzer
can measure.

Flat Frequency Response: In order to get
an accurate picture of transmitter performance
on the CRT display, the sampling network must
exhibit flat frequency response over the entire
range of interest. Failing this, you must provide
an attenuation curve to correct the displayed
CRT values. Needless to say, flatter is better!

Attenuator Design

Although there are many high-accuracy RF-
power attenuators on the commercial RF mar-
ket that satisfy the conditions outlined above,
they tend to be expensive. This prompted me to
conjure my own. RF power attenuator circuits
are generally very simple, but their mechanical
design and construction require care. In the
world of RF above 50 MHz, a T-pad stuffed
into a mini-box won’t do the job!

For the sake of expediency, I decided to
build a resistive line-tap type attenuator (see
Figure 1). This approach would allow me to
save on construction time by using an inexpen-
sive “store-bought” dummy load to terminate
the transmitter and dissipate its output power.
The Radio Shack RS-21-549 dummy load is
especially well suited for this purpose. Small in
size, it features 100 percent shielding, handles
up to 100 watts, and exhibits low VSWR
through 500 MHz. The same load has been
marketed under other brand names and may be
available from other distributors.

The line tap itself uses a common |/4-watt
carbon-film resistor to extract a sample signal
from the terminated transmitter line. This resis-
tor, which is relatively high in value compared
to the 50-ohm line load, serves two functions.
First, it attenuates the RF sample to a usable
level. Second, it isolates the sample line from
the load line (ideally, you should be able to
open or short the sample line without affecting

VSWR at the transmitter). After running some
preliminary checks, I settled on a resistor value

Figure 1. Diagram illustrates direct signal path from transmitter output
to spectrum analyzer through use of a resistive tap.
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of 1.8 k. In practice, this yielded around 30 dB
of attenuation and provided excellent port iso-
lation, To ensure 100 percent shielding and low
VSWR, I installed the sampling resistor inside
a short length of brass hardline—replacing the
inner conductor with the resistor body.

Construction

Fabrication of the tap assembly takes a bit of
“RF plumbing.” but common hobby tools and a
stout soldering iron are all you’ll need to do the
job. As illustrated in Figure 2, the sampling tap
is built around a modified BNC T-Adapter
(Radio Shack RS-278-111). In addition to this.
you’ll need a BNC-type UG-306 female-to-
female coupler (RS-278-115) and a length of
13/32-inch thin-wall brass tubing (K&S no.
136, available at most hobby stores). If you use
a “T" or coupler made by another manufactur-
er, you may need a slightly larger diameter tube
to form the attenuator-line segment.

I used the following steps to assemble my
taps. Please refer to Figure 2 throughout this
operation for visual reference:

1. Locate the BNC T connector. With a
fine-tooth hobby saw (or band saw), remove
the top BNC connector barrel—cutting about |
mm above the block to leave a small sleeve.
Brass tubing will be slipped over this sleeve
and soldered in place at a later time. Discard
the cut-off barrel (it’s too short to reuse) and
deburr the opening in the block.

2. With a hobby saw or small tube cutter, cut
the female-to-female coupler in half. Remove
the inner conductor and insulator assembly
from one half and deburr the barrel with an X-
acto'™ knife. Also, deburr the outside with a
file or hand-grinder. Avoid removing plating
from the barrel. You may set aside the other
coupler half for later use on a second tap.

3. Cut a 5/8-inch length of 13/32-inch brass
tubing (cut must be even all the way around).
Deburr with an X-acto™ knife or hand-grinder,
then clean both ends with fine emery paper
inside and out. When “dressed.” this tube
should slip over the 1-mm flange on the “T™
block and seat squarely. It should also accept
the coupler barrel at the opposite end (check
this before attempting final assembly).

4. Find a 1/4-watt 1.8-k carbon film resistor.
Cut each lead to within 2 mm of the resistor
body. Make a 180-degree crimp-bend at I mm
in each lead and carefully tin with solder.

5. Locate the inner conductor and insulator
assembly you removed from the coupler barrel.
Extract the metal inner conductor pin from its
insulator. Holding the pin with hemostats, melt
a dab of solder on the inner’s cut-off end and
tack-solder the sampling resistor in place.

6. In similar fashion, tack-solder the free end

e—(1/2)RS-278-115
@ COUPLER
716"
4
_' 5 ;
g }e—13/32" KBS 136
g | BRASS TUBE
’ 4
? ’
S —2 18k 1/4W
5/8 / |1  RESISTOR
/ /
’ 4
. A
9 1
A ‘4
’ 1  Rs-278-111
T-CONNECTOR

Y Y

Figure 2. X-ray view of BNC *I*" shows substitution of inner conductor
with 1.8-k sampling resistor. Refer to this drawing during tap assembly.

of the resistor to the exposed inner conductor
surface on top of the “T" block. Now, reinstall
the plastic BNC insulator on the opposite end
of the resistor. Your “T" assembly should look
like the sample shown in Photo A.

7. Identify the cut-off end of the coupler bar-
rel. Friction-fit this into one end of the prepared
brass tube. Gently fit the other end of the brass
tube down over the sampling resistor and seat it
onto the “T" block. At the top. the coupler bar-

Photo A. Tap assembly prior to installation of outer
conductor and connector assembly.
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Photo B. Completed taps. Attenuation level and location
of sample port should be noted on the tap to prevent
confusion or misuse at a future time.

rel should protrude at least 7/16 inch above the
brass tube. This will ensure proper seating of
BNC connectors when the tap is completed.

8. Support the “T" block for soldering. With
a high-wattage iron or small butane torch, sol-
der the brass tube to the “T" block using stan-
dard rosin-core radio solder. Work quickly and
be careful not to overheat the block. The speci-
fied Radio Shack connectors do not use
Teflon™ insulation, which means the insulation
may melt or distort if exposed to soldering tem-
peratures for too long a period. Heat the block,
flow solder around the base of the tube, then
use forced air (or clamp in a metal vise) to cool
the block as quickly as possible.

9. Following the same overheating precau-
tion, sweat-solder the coupler barrel in place at
the opposite end of the brass tube.

10. Clean all metal surfaces with acetone or
other flux remover. File off excess solder, then
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Figure 3. Frequency response of resistive tap and dummy load at the
0-dBm input power level. Measurements were made using a HP-608E
signal generator and Ailtech 757 spectrum analyzer.
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sand and buff as needed to finish (a hand
grinder is helpful for this task). Photo B shows
the finished product.

11. Using an ohmmeter, measure resistance
between the load port and sample port to con-
firm that your 1.8-k sampling resistor survived
assembly (usually not a problem).

Maximum Power Rating

With a 1.8-k sampling resistor installed, your
tap should provide around 30 dB of RF attenua-
tion (see Figure 3). This means a 100-watt
input signal will produce a 100-mW sample at
the tap (+50 dBm -30dB = +20dBm). Note that
100 watts is probably the absolute upper power
limit for both the tap and the dummy load.
While the sampling resistor is rated for 250
mW at DC, I would assume a significantly
lower rating at VHF. Also, the prescribed
dummy load will only tolerate 100 watts for a
very short period of time. Be sure to read the
load’s derating instructions and carefully limit
transmission time to prevent overheating.
Finally, confirm that your analyzer front-end
can handle 100 mW before attempting to mea-
sure signals in this power range. Transmitters
in the 10 to 15 watt range may be tested safely
without danger of overheating the load or burn-
ing out the sampling resistor.

Frequency Response

As mentioned earlier, flat frequency
response over the sample range is essential for
painting an accurate picture on your analyzer's
CRT display. As Figure 3 illustrates, the tap
and dummy load described in this article test
virtually flat out to 500 MHz. It is important to
remember that the performance of your tap is
totally dependent upon the flatness of your
dummy load. Any load exhibiting significant
VSWR in the frequency range of the sample
will probably introduce error. For best results, 1
recommend keeping the sample line between
the tap and your analyzer short. I generally con-
nect mine directly to the analyzer’s input jack
using RF adapters.

Sample-Line Termination

Note that the sample port of the tap is not
internally terminated. This is because most ana-
lyzers are already self-terminated at their input
jack (50 ohms for lab analyzers and 75 ohms
for cable-TV analyzers). If your analyzer isn't
terminated for some reason, install a 50-ohm -3
dB inline pad between the tap and the analyzer
input. Any time the sample line is unterminated
(or inadvertently double-terminated), the accu-
racy of your readings may suffer because of
degraded frequency response.



Conclusion

This simple device was built purely out of
necessity: | claim no expertise as an RF-instru-
mentation engineer. Nevertheless, the tap
seems to work well—and it has done much to
improve the accuracy of purity measurements |
make with my analyzer. It's a good feeling to
be able to evaluate the performance of filters
and other transmitter circuitry and fully trust
the results!

As a side note, now that more experimenters
are using spectrum analyzers, | eagerly look
forward to reading a new wave of exciting arti-
cles describing ways to use them better (this is
an unveiled hint to prospective Communica-
tions Quarterly authors).

Here's a solid-state version of the old
“valve"-type grid dip oscillator that was a
favorite of a ZL-Land ham.

FET Dip Oscillator

John R.L. Walker, ZL3IB
Reprinted from Break-In
January/February 1993

If one goes back to the valve era, the grid dip
oscillator or GDO was one of the most useful

items of test gear in the ham shack. For a long
time, I have been interested in the design and
construction of a transistorized dip oscillator
that could perform as well in all respects as did
the old valve GDO. In my experience, the
solid-state units lacked frequency range, lacked
output and, worst of all, exhibited many spuri-
ous dips as one tuned across the band.

However, I have found the following dual
FET circuit to be free from the above defects
and to be as good as my old valve GDO.
Nothing original is claimed for the basic
design, which appeared originally as a VHF dip
oscillator in several RSGB publications.!-2 An
HF version was published by VK2ZCW3 and
my design is based on these circuits.

The oscillator uses a pair of FETs in a solid-
state version of the “Kalitron™ circuit which
used a pair triodes as a VHF oscillator. Non-
symmetrical loading of the oscillator is avoided
by the use of a balanced diode detector which
then feeds a simple DC amplifier to allow the
use of a less sensitive meter. A phone jack is
included in the metering circuit to allow the
unit to be used as a simple monitor/wavemeter
(in the DIODE mode). This function is con-
trolled by the switch at point “C” (see Figures
I and 2). In addition, a low level AM modula-
tion facility is provided and this is switched by

Continued on page 98)

When we talked to technicians about
servicing radios, they told us they were

too busy to talk.

Now the new HP 8920A RF Communi-
cations Test Set solves test problems in
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analyzer
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« HEAVY DUTY  HIGH QUALITY = RUGGED = RELIABLE »

SPECIAL FEATURES

* SOLID STATE ELECTRONICALLY REGULATED

« FOLD-BACK CURRENT LIMITING Protects Power Supply
from excessive current & continuous shorted output

= CROWBAR OVER VOLTAGE PROTECTION on all Models
except RS-3A. RS-4A, RS-5A, RS-4L. RS-5L
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Voltage

« HEAVY DUTY HEAT SINK = CHASSIS MOUNT FUSE

= THREE CONDUCTOR POWER CORD except for AS-3A

» ONE YEAR WARRANTY « MADE IN US.A.
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* INPUT VOLTAGE: 105-125 VAC
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(Internally Adjustable: 11-15 VDC)
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low line)

» All units available in 220 VAC input voltage

(except for SL-11A)
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MODEL Gray Black Duty [Amps] [Amps) H<W=D W [lbs.
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Bedford, Massachusetts

THE GLOBAL
POSITIONING
SYSTEM (GPS)

An overview

he opinions of this paper are those of the
author and do not reflect the views of
The MITRE Corporation.

Funcfional description

GPS is a space-based radio navigation sys-
tem that provides worldwide three dimensional
position, velocity, and Universal Coordinated
Time (UTC) information to users equipped
with GPS receivers. Developed by the
Department of Defense (DOD), the system was
primarily designed for military use; however,
the number of civilian users is expected to
exceed those in the military. The system pro-
vides two services: the Standard Positioning
Service (SPS) for the civilian community and
the Precise Positioning Service (PPS) for the
use by the military and select government agen-
cies (e.g.. the Central Intelligence Agency,
Drug Enforcement Agency, and Federal Bureau
of Investigation). PPS access is controlled
through cryptography. GPS implementation
and operational policies are delineated in the
Federal Radionavigation Plan (FRP), prepared
jointly by both the DOD and the Department of
Transportation (DOT).

Principle of operation

Let’s begin our discussion of GPS with a
look at the principle of operation. In Figure 1,
we wish to determine vector U, which repre-
sents a user receiver’s position with respect to

the center of the Earth. Vector R, represents the
distance and angular orientation from the center
of the Earth to the satellite. Vector Ry is calcu-
lated using ephemeris (position) data broadcast
by the satellite. The user-to-satellite distance
vector, p, is:

p=R-U )
Thus, the magnitude of vector p, is:

ol =R - U]l 2

Let, p represent the magnitude of vector p:

GPS Satellite (X

B,

User

Figure 1. User position vector representation.
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Figure 2. Accuracy comparison of GPS with other navigation systems.

p=[R,- Ul 3)

Distance p is computed by measuvring the
propagation timerequired for a satellite-trans-
mitted ranging ccde to reach the receiver.
Within the receiver, an identical coded ranging
signal is generated and shifted in time until it
achieves correlaton with the satellite-generated
ranging code. Th: magnitude of the time shift
is the satellite-to-user range. If the satellite
clock and the rec:iver clock were perfectly syn-
chronized, the corelation process would yield
the true satellite-o-user range; however, this is
not the case. Each satellite contains a highly
accurate cesium or rubidium atomic clock
assumed to be syichronized to GPS system
time.* (GPS syst:m time is an internal refer-
ence that is transparent to the user.) The receiv-
er contains a lessaccurate crystal clock set
approximately toGPS system time. Thus, the
range determinec by the correlation process is
denoted as the pszudorange, R, because it con-
tains the true satellite-to-user range, p, and an
offset attributed t the difference between GPS
system time and 1ser clock. Therefore,
Equation 3 can te rewritten as:

R-cAt=|R; - U] @

where c is the speed of light and At represents
the advance of th: receiver clock with respect
to GPS system tine.

To determine aser position in three dimen-

*Satellite clocks are free ruming and each has a unique time bias from GPS
system time. However, thesetime biases are computed by the GPS ground
monitoring network (desceited later) and are uplinked to the satellites tor
rebroadcast to the users. Beawsce the corvections are applied within the user
receiver to synchronize cachranging signal to GPS time, the assumption is con-
sidered valid.

sions (Uy, Uy, and U,) and the offset At,
pseudorange measurements are made to four
satellites resulting in:

R~ cAt=|Ry - U 5)

where 1 denotes satellites 1, 2, 3, and 4.

This equation can be expanded into the fol-
lowing set of equations, with four equations
and four unknowns (Uy, Uy, U,, and At):

Ry —cAt=V(X; - U2+ (Y, -Up? +(Z,;-U,?
(6)

Ry —cAt=/(X, - U+ (Y, - Uy + (Z, - U, 2
()

Ry —cAt=V/(X; - U2 + (Y3 Uyl + (Z3 - U,
®

Ry—cAl=V(X; = U7+ (Y, - U+ (Zy - U2
®

where Xj, Y;, and Z; denote the ith satellite’s
position in three dimensions.

Several closed form solutions published in
the open literature or various iterative tech-
niques such as Newton-Raphson are used to
solve these nonlinear equations for the
unknown guantities.!

Comparison of GPS to existing
navigation systems

The benefits of GPS are readily observed
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Figure 3. Satellite signal generation.

when compared to some of today’s widely used
navigation systems. Key features of these sys-
tems—such as accuracy, coverage, and fre-
quency—are provided below. An accuracy
comparison of these systems is provided in
Figure 2.

OMEGA. Aside from GPS, OMEGA is the
only radio navigation aid providing worldwide
coverage. (The TRANSIT satellite system pro-
vides two-dimensional worldwide coverage,
but DOD plans to terminate TRANSIT opera-
tions in 1996.) OMEGA is jointly operated by
the DOD and six other nations. Broadcasting
very low frequency (VLF) CW signals in the
frequency region of approximately 10 kHz to
14 kHz, OMEGA stations provide horizontal
guidance only. Predictable horizontal position
accuracy varies from 3.7 km to 7.4 km, (95 per-
cent). According to the FRP, the DOD is
expected to discontinue OMEGA usage in
1996. OMEGA civilian operations are expected
to continue until 2005.2

LORAN-C. LORAN-C is a radio naviga-
tion system widely used for civilian/military
aviation, land, and marine applications. Unlike
OMEGA, LORAN-C coverage is regional (e.g.,
contiguous United States, lower sections of
Canada, portions of Japan, etc.). LORAN-C
transmissions are at 100 kHz and provide hori-
zontal guidance with a predictable accuracy of
460 m. DOD is discontinuing its LORAN-C
requirement starting in 1995. Civilian use of
LORAN-C within CONUS is expected to con-
tinue until 2015. The U.S. Coast Guard will ter-
minate overseas LORAN-C operations at the
end of 1994.2

Inertial Navigation. Unlike LORAN-C and
OMEGA, an inertial navigation system (INS) is
not a radionavigation system, but rather an
electromechanical mechanism that provides
navigation guidance based on Newton’s Laws
of Motion. An INS uses gyroscopes,
accelerometers, and associated electronics
(including a computer) to sense turning rates
and accelerations associated with the rotation
of the platform. The accelerometers measure
individual horizontal and vertical acceleration
components, while the gyroscopes stabilize the
accelerometers in a desired orientation. These
accelerations are integrated by the computer to
obtain platform position and velocity. The com-
puter also calculates orientation corrections
cansed by the motion over the Earth, the rota-
tion of the Earth, and other factors. INS posi-
tion and velocity accuracies degrade over time.
A nominal position drift error rate is 1.9
km/hour (95 percent). If the INS is installed in
an integrated navigation system with one or
more external navigation aids, such as GPS
and/or LORAN, the external navigation aid can
be used to update the INS and correct the drift
error.3

Global Navigation Satellite System
(GLONASS). GLONASS is the Russian coun-
terpart to GPS. GLONASS provides worldwide
coverage, however, its accuracy performance is
optimized for the northern latitudes (Western
Europe and Russia, for example). GLONASS
accuracy performance is specified as identical
to that of GPS SPS.

GPS SPS. As stated earlier, GPS SPS is the
primary service provided to the civilian com-
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Figure 4. Effects of spreading data.

munity worldwide. The service provides accu-
racies on a daily basis within 100 m (2 drms,*
95 percent probability) in the horizontal plane
and 140 m (95 percent probability) in the verti-
cal plane. Further, the UTC output is within
340 nsec (95 percent probability).2

GPS PPS. The GPS PPS is designated for
authorized users (for example, select govern-
ment agencies and the military) equipped with
cryptographic capabilities. On a daily basis,
PPS horizontal accuracy is 21 m (2 drms, 95
percent probability) in the horizontal plane and
29 m (95 percent probability) in the vertical
plane. The UTC output is within 200 nsec (95
percent probability).2

Differential GPS (DGPS). DGPS is an
accuracy enhancement technique that provides
horizontal and vertical positioning accuracies
better thanthose of the PPS. Further elaboration
on DGPS is provided later in the text, but it is
important to note that some DGPS techniques
provide measurement accuracy on the order of
millimeters.

GPS system components

GPS is comprised of three segments: space,
operational control, and user. A brief descrip-
tion of each segment is provided below:

Space Segment. The space segment consists
of 24 satellites positioned in six orbital planes
with each plane containing four satellites.
Satellite orbit altitude is about 20,186 km
(10,900 nmi) above the Earth’s surface. At pre-
sent, the constellation consists of 24 Block
(BLK) II/IIA (production) satellites and | BLK
I (prototype) satellite. The system reached ini-
tial operation capability (I0C) in mid-
December 1993. 10C marked the availability of

#2 drms is the radins of a circle centered about the receiver equal to twice the

roat-sum-square of the variances around the x and y axes:

2drms =V g2 + 02 10)
X y

The percentage of (ixes contained within the 2 drms circle varies between

approximately 95.5 percent and 98.2 pereent. depending on the cllipticity of the

error distribution. For GPS, the 95 pereent value ts used.?

the SPS. The full operational capability (FOC)
constellation is in place now and consists of the
24 BLK II/TTA satellites. The last BLK II/IIA
production satellite was launched in March
1994. Declaration of FOC will follow an exten-
sive system ‘“‘check-out” and is expected some-
time in early 1995. Once FOC is attained, four
to nine satellites will be in view at any time.
(The number of satellites in view is a function
of user location, time of day, and satellite out-
ages.) BLK IIR replenishment satellites are in
production. The first launch is anticipated for
1996. This launch date is based on BLK II/IIA
reliability predictions. A BLK IIF follow-on
program for the replacement of the BLK 1IR
series is being planned.

Operational Control Segment (OCS). The
OCS consists of a master control station (MCS)
at Falcon AFB, Colorado and monitor stations
in the following locations: Ascension, Diego
Garcia, Falcon AFB, Hawaii, and Kwajalein. A
backup MCS is located at Gaithersburg,
Maryland. The OCS monitors the health and
status of the constellation and uploads naviga-
tion data to the satellites for retransmission to
users. The monitoring stations passively track
and collect data from all GPS satellites in view.
This data is relayed every 6 seconds to the
MCS via the Defense Satellite Communications
System (DSCS). MCS data processing exam-
ines monitoring station data for anomalies and
computes new navigation parameters (for
example, almanac [i.e., coarse satellite position
data], ephemeris [i.e., fine satellite position
data], health, satellite clock corrections, etc.).
The new navigation parameters are disseminat-
ed to all monitoring stations via DSCS and
uploaded to the constellation via an S-band
link. Only three monitoring station sites
(Ascension, Diego Garcia, and Kwajalein) have
an upload capability.

User segment. The user segment consists of
GPS receiving equipment. Today GPS re-
ceivers come in a variety of forms ranging from
a single board of “credit card” size to shock-
mounted Navy shipboard units with a “foot-
print” of approximately 1500 sq. cm that weigh
31.8 kg (70 Ibs.) each. Single-board receivers
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Figure 5. Generic SPS GPS receiver.

are available from several manufacturers. These
devices are primarily for SPS OEM applications
and require an antenna, display, I/O electronics,
and power. There are also numerous self-con-
tained SPS handheld receivers on the market
designed for aviation, land, and marine applica-
tions. Aviation receivers are designed for a high
dynamic environment. Rockwell-Collins is cur-
rently producing the PPS Precision Lightweight
GPS Receiver (PLGR) for the DOD.Aside from
handhelds panel mount receivers for aviation
and marine applications are also popular. Un-
like handhelds, panel mount receivers rely on
platform power rather than batteries. In addition,
panel mount units offer hands free operation and
provide security in terms of a fixed mounting.
The majority of military airborne GPS
receiver configurations are composed of several

components: antenna, RF/IF downconverter
assembly, receiver, and control/display unit. In
some tactical platform contigurations, an adap-
tive array antenna and associated downconvert-
er provide an anti-jam capability. This array is
electronically steerable and creates nulls in the
antenna pattern in the direction of the jammer.

GPS satellite signal
characteristics

Satellite signal generation is illustrated in
Figure 3. Each satellite contains a 10.23-MHz
atomic clock (oscillator) that provides reference
timing for all onboard signals. (Depending on
the spacecraft type, there can be up to four ref-
erence oscillators on board; however, only one

D(H)C{)C(t-1)cos (ty:t + 6)
D(t)C(t) cos (et + 6)
Oy BPE D(t)V(t)cos( 0! + 6) Costas
Loop
+ D(t)
Velocity
Qode Measurement Data
Tracking Loop Demodulator >
Data
L» Decision
_ Pseudorange —
Measurement Velocity
Measurement

Figure 6. Direct sequence ‘‘despreading” technique.
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Amateur Radio and GPS

A compact Global Positioning System (GPS)
unit can be a handy piece of equipment for the
amateur radio operator who likes to use the grid
locator system popular with VHF+ aficionados.
Introduced in Germany over 40 years ago to
encourage activity on the VHF+ ham bands, the
grid locator scheme evolved into a worldwide
awards and location system. Today's program is
called the Maidenhead Grid Locator System,
and is used daily by hams all over the world to
describe their location.

Grid locator designators are determined by
longitude and latitude. The designator itself
contains up to six places—two letters followed
by two numbers, followed by two letters. The
erid system divides the Earth’s surface into
324 “fields” of 20 degrees of longitude and 10
degrees of latitude. The fields are identified by
two letters—AA through RR. Each field is
then divided into 100 “squares” of 2 degrees of
longitude x 1 degree of latitude: these are iden-
tified by two numbers from 00 to 99. Each
square is further divided into 576 subsquares
of 5 minutes of longitude x 2.5 minutes of lati-
tude. Subsquares are identified by two letters
(AA-XX). The trick for the amateur radio
operator is to figure out, as accurately as possi-
ble. his location within the grid system.

While it’s certainly possible to determine
your particular grid locator designator using
tools like the ARRL Grid Square Map for
North America and the ARRL World Grid

Square Atlas; shareware software like BD,
HAMGRID, LOCCALC, and SQUARES: or
U.S. Geological Survey maps; these inexpen-
sive methods are not always the easiest. Enter
the handheld GPS receiver. This little gadget,
though considerably more expensive, lets you
obtain the information you need to find your
grid locator designator quickly and with a fair
degree of accuracy. GPS handheld units rely on
the same technology and 24-satellite system as
their larger, more complex counterparts. A
unit’s accuracy is based on the number of satel-
lite signals it receives. The GPS receiver must
receive a minimum of three satellites to obtain
the signal necessary to produce a two dimen-
sional location, which will allow the circuitry
in the unit to calculate your location. However,
it takes a minimum of four satellitesto deter-
mine accurate elevation .

Several manufacturers offer handheld GPS
units, Prices range from $500 and up. One such
unit is shown in Photo A. For more informa-
tion on handheld global positioning systems
check out the catalogs of amateur radio equip-
ment suppliers and manufacturers of naviga-
tional aids.

Terry Littlefield, KA1STC
Editor
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Photo A. The Trimble Scout GPS ™ handheld unit has the Maidenhead Grid Locator System
built into its software. The unit’s RS-2321/0 port lets you upload and download location data
to and from your computer,




SEGMENT ERROR P-CODE
SOURCE SOURCE PSEUDO RANGE
ERROR 10 [m]

SPACE Clock and nav, subsystem stability 3.3

Other 0.5

Ephemeris prediction model implementation 4.2

CONTROL Predictability of satellite perturbations 1.0

Other 0.9

lonospheric delay 23

Tropospheric delay compensation 2.0

Receiver noise and resolution 15

USER Multipath 1.2

Other 0.5

SYSTEM UERE Total (Root-sum-square) 6.6

Figure 7. P(Y) code UERE budget.
SEGMENT ErRoR PSEUDO RANGE
ERROR 16 [m]

Selective Availability 30.3

Clock and nav, subsystem stability 3.3

SPACE Other 0.5

Ephemeris prediction modei implementation 4.2

Predictability of satellite perturbations 1.0

CONTROL Other 0.9

lonospheric delay 5.0

Tropospheric delay compensation 0.8

Receiver noise and resolution 1.0

USER Multipath 1.2

Other 0.5

SYSTEM UERE Total (Root-sum-square) 31.3

Figure 8. C/A code UERE budget (estimate).

is used as the primary timing source. The others
provide redundancy.) The reference timing sig-
nal is upconverted (multiplied by 154) to create
the L1 carrier at 1575.42 MHz. The LI carrier
is designated as the primary navigation fre-
quency. The 10.23-MHz source is also multi-
plied by 120 to form the L2 carrier at 1227.6
MHz. The L2 carrier is designated as the sec-
ondary navigation frequency. Each satellite
broadcasts on L1 and L.2. Carrier L1 is separat-

ed into quadrature components. The in-phase
and 90-degree phase-shifted components are
represented by cos(wt+8) and sin(w | t+6),
respectively. Here w| denotes the L1 carrier
frequency and 0 represents oscillator phase
noise and drift. In addition to carrier frequency
generation, the 10.23-MHz source is also used
to form the coarse/acquisition (C/A) and preci-
sion (P) ranging code signals, and the naviga-
tion data message (NAV data message). Both
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ranging codes appear to consist of a random
pattern of binary digits and are denoted as
pseudorandom codes. The pseudorandom code
ones and zeros are equal in magnitude, but
reversed in sign. A one is usually represented
by +1 volt, while a zero is generally denoted by
a -1 volt.

The C/A (ranging) code is a 1023 bit Gold
code clocked at 1.023 MHz. Thus, the code has
a 1 msec epoch and repeats constantly. Each
satellite is assigned a unique Gold code. Gold
codes were selected for GPS because a subset
of codes within the family have low cross cor-
relation properties with respect to one another.
This is an important property because the satel-
lite broadcast format is code division multiple
access (CDMA) with each satellite transmitting
its C/A-code on L1. Thus, there are multiple
C/A-codes on L1 simultaneously. In order to
make a pseudorange measurement to a particu-
lar satellite, the receiver must be able to distin-
guish one code from another. C/A-codes are
primarily used by the civilian community for
SPS measurements.

The P (ranging) code is a 267-day sequence
with a bit rate of 10.23 MHz. Each satellite is
assigned a unique one-week segment of the P-
code that repeats every midnight Saturday/
Sunday. Each P-code segment has low cross-
correlation properties with respect to other P-
code segments and Gold codes. Once FOC is
declared, P-code transmissions will be encrypt-
ed to form the Y-code. The Y-code will be
accessible to authorized users through cryptog-
raphy. Y-code cross-correlation properties are
assumed to be identical to those of the P-code.
(Y-code properties are classified and I have no
knowledge of them.)

The NAV data message contains informa-
tion regarding the health and status of the satel-
lites, as well as data to aid in the satellite-to-
user measurement process. NAV data message
parameters include almanac, ephemeris, satel-
lite clock corrections, GPS system time, UTC
offset from GPS system time, and C/A-code to
P(Y)-code handover information. Authorized
receivers usually acquire the satellite transmis-
sion using the C/A-code and then switch to
P(Y)-code tracking via the use of handover
information. The NAV data message is broad-
cast at 50 Hz. Messages are 12.5 minutes in
length and cyclic.

The NAYV data message is modulo-2 added
to both the C/A-code and the P-code forming
products D(t) C(t) and D(t) P(t), respectively
(see Figure 3). The D(t) P(t) product binary
phase shift key (BPSK) modulates the in-phase
component of the L1 carrier while product D(1)
C(t) BPSK modulates the phase shifted compo-
nent. This modulation technique is called direct
sequence spread spectrum. The modulo-2 addi-

tion effectively “spreads” the 50-Hz data, D(t),
across approximately the same amount of spec-
trum required by the multiplying ranging code.
The ranging codes are also called “chipping”
codes. The bit rate of the chipping code is
referred to as the “chipping” rate. In addition,
signal power density is decreased by the ratio
of the chipping rate to the data rate. Figure 4
depicts the spectrum of the C/A-code chipping
the NAV message data on L1, The carrier has
been suppressed due to the double balanced
mixer and balanced spreading code. That is, the
C/A-code has an approximately equal number
of ones and zeros. This property also resides in
the P-code. The outputs of both BPSK modula-
tors are summed and fed to a right-handed cir-
cularly polarized (RHCP) antenna for broad-
cast-to-user receivers. This signal transmitted
by the ith satellite on L1 is:

SL14(0 = POD(t)cos(w )t + 8) + C(OD(0)sin
(o L+ 6) an

where:
P;(t) = P code on ith satellite
C,(t) = C/A code on ith satellite
D,(t)= NAYV data message on ith satellite

L2 carrier modulation is similar; however,
the modulation format is selectable by the
OCS. Either the D(t) C(t) product or P(t) with
or without the modulo-2 addition of D(t) is
chosen to modulate the L2 carrier. For the most
part, the D(t) P(t) product is employed. The
modulated carrier is broadcast to user receivers
through a different RHCP antenna than the one
used for the L1 signal broadcast. The L2 signal
transmitted from the ith satellite is:

SLZ,i([) = Pi(t)D(t)COS((.Ozt + 9) (12)

Receiver measurement process

Figure 5 is a block diagram of a generic SPS
GPS receiver. Satellite signals are received via ,
the antenna, which is RHCP and provides near
hemispherical coverage. Typical coverage is 160
degrees with near unity gain. In general, SPS
receivers process only C/A-code on L1 because
the P-code on both L1 and L2 will be encrypted
once the system reaches FOC. The CDMA sig-
nals are then downconverted to an intermediate
frequency (IF). Following a second downcon-
version to baseband, the signals are sampled by
an analog-to-digital converter at a frequency
greater than or equal to twice the C/A-code
bandwidth (2.046 MHz). In some receivers,
sampling occurs at the reference oscillator rate,
10.23 MHz. Because the samples aren’t syn-
chronized to the received C/A codes, oversam-
pling ensures that the signal will be sampled



throughout and not mistakenly near a code chip
transition.# The samples are forwarded to the
digital signal processor (DSP). The DSP con-
tains N parallel channels to track the carriers and
codes from up to N satellites simultaneously. (N
generally ranges from 5 to 12 in modern SPS
receivers.) Each channel contains carrier and
code tracking loops to perform pseudorange and
velocity measurements, as well as NAV demod-
ulation. Prior to satellite signal tracking, the nav-
igation processor predicts which satellites
should be available. This prediction is based on:
a) stored almanac data, b) last known values of
user position, velocity, and time (PVT), and c)
receiver clock time. The receiver attempts to
achieve code correlation with those satellites
predicted by the almanac data. Since the
almanac data predicts that a subset of the satel-
lite constellation is available for navigation, only
a subset of the internal ranging code generator’s
codes is used for satellite signal correlation.# If
almanac data is not available and/or the initial
PVT data is inaccurate, the receiver “searches
the sky” by adjusting its code generator to
acquire at least one satellite. Once this satellite
is acquired, up-dated almanac parameters are
obtained from the NAV message. The receiver
uses this new data to predict which satellites
should be in view.>

A block diagram of the carrier and code
tracking loops for a single receiver channel is
shown in Figure 6. The downconverted SPS
signal, D(t) C(t) cos(oygt +9), is input to the
mixer and code tracking loop. The code track-
ing loop generates a pseudorandom code, C(t-7)
identical to the one being received from the
satellite. Time delay T represents the timing
offset between the satellite-generated code and
receiver-generated replica code. Correlation is
achieved when 1=0. The time shift required to

Bad Geometry
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Pseudorange Error R1

Pseudorange Error R2

Good Geometry

SAT B

Figure 9. Dilution of precision.

align the code sequences is equal to the time
required for the satellite signal to propagate to
the receiver. This propagation time, multiplied
by the speed of light, is the pseudorange. The
pseudorange also contains measurement errors
contributed by the clock bias error, initial code
synchronization error, ionospheric and tropos-
pheric delays, multipath, and other errors.
(Elaboration on pseudorange errors appears in
the following section.) After mixer multiplica-
tion, the product, D(t)C(t)C(t-7) cos (ot +90),
is bandpass filtered. The bandpass filter is
equivalent to an integrator and passes only the
data modulation and residual doppler frequency
uncertainty. The output of the bandpass filter is
represented by D(t) V(7) cos (oyp t +6). Where
V(7) is the autocorrelation function of the code:

V(1) = AvglC)C(t— 1) = 1 - F (13)
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Figure 10. PPS horizontal and vertical error.
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Figure 11. SPS horizontal and vertical error.

The output of the bandpass filter is applied to
the Costas loop.

The Costas loop generates an intermediate
frequency (IF) close to the expected IF. The
difference between the downconverted carrier
(expected IF) and the internally generated IF is
the Doppler frequency associated with the rela-
tive velocity between the satellite and the
receiver. It’s important to note that this velocity
includes the host vehicle dynamics. IF signal
tracking occurs after code correlation because
the despreading process recovers the carrier.

The Costas loop then adjusts the internally gen-
erated IF to match the downconverted carrier
frequency.5 This process yields the relative
velocity between the satellite and the receiver.
The receiver differences the adjusted IF with
the downconverted carrier to obtain the magni-
tude of the Doppler trequency. This velocity
data is used to aid the code tracking loop. NAV
data is integrated over the 20 msec bit period
within the Costas loop. The integrator output is
forwarded to a data decision circuit where it’s
determined if the data is a one or a zero.

P-CODE
SEGMENT ERROR
PSEUDO RANGE
SOURCE SOURCE ERROR 16 [m

Clock and nav, subsystem stability -
SPACE Predictability of satellite perturbations -
Other -
CONTROL Ephemeris prediction model implementation -
Other -

lonospheric delay 0.2

Tropospheric delay compensation 0.2

USER Alignment error 0.4

Receiver noige and resolution 0.8

Multipath 1.2
Other -

SYSTEM UERE Total (Root-sum-square) 15

Figure 12. DGPS UERE budget (estimate).



Pseudorange and velocity measurements, as
well as the NAV data from each channel, are
input to the navigation processor for computa-
tion of the navigation solution (e.g., user posi-
tion, velocity, and time).

The navigation processor contains a Kalman
filter that computes optimal estimates of user
position, velocity, and time. The filter is gener-
ally updated at a 1 Hz rate with new pseudor-
ange and velocity measurements. Receivers
designated for aircraft precision approach and
other high dynamic applications have measure-
ment Kalman filter update rates of at least 5
Hz. Filter navigation solutions are forwarded to
a control display unit (CDU). The CDU permits
operator data entry, display status and naviga-
tion solution parameters, and usually accesses
numerous navigation functions such as way-
point entry, time-to-go, etc.

Performance Accuracy,/Primary
Error Sources

GPS measurement accuracy is a function of
pseudorange measurement error and satellite
geometry. Pseudorange measurement error is
denoted as the user equivalent range error
(UERE). UERE is modeled as a zero mean
Gaussian random variable and is comprised of
space, control, and user (receiver) segment
error contributions. Descriptions of constituent
error sources are provided below:

Selective Availability (SA). Under current
DOD policy, SA is implemented to deny tull
system accuracy to unauthorized users (i.e., the
civilian community). SA “dithers” each satel-
lite’s 10.23 MHz reference oscillator output,
corrupting pseudorange measurement accuracy.
SA also encrypts the NAV data message so key
elements of the navigation data solution (e.g.,
satellite clock corrections and ephemeris) are
reported inaccurately. Authorized users remove
SA effects through cryptography.5-6

Satellite Clock Error. As mentioned earli-
er, the 10.23-MHz satellite reference oscillators
are “free-running” cesium or rubidium atomic
standards. Although these clocks are highly sta-
ble, they may deviate up to about 1 msec from
GPS system time.” An offset of | msec trans-
lates to a 300 km pseudorange error. This effect
is mitigated by the generation of satellite clock
correction estimates by the OCS. Since these
corrections are estimates of the actual satellite
clock errors some residual error remains.

Relativistic Effects. Both Einstein’s general
and special theories of relativity are factors in
the pseudorange measurement process.
Relativistic effects result from differences in
the gravitational potential between the satellite
and user (general theory), as well as differences

in satellite-user relative velocity (special theo-
ry). The satellite is subjected to only six percent
of the gravitation force felt at the Earth’s sur-
face; whereas, in most applications the user
receiver experiences 100 percent of the Earth’s
gravitational force. In addition, the satellite
velocity is approximately 3.7 km/sec (12,000
ft/sec) while the user receiver velocity is gener-
ally on the order of 0.3 km/sec (1,000 ft/sec), or
less. Thus, the satellite clock “ticks” at a differ-
ent rate than the receiver clock.8 As a result, the
satellite signal speeds up as it approaches the
Earth causing the observed frequency to
increase. To compensate for this time dilation
effect, the satellite clock frequency is adjusted
to 10.22999999545 MHz (10.23 MHz nominal)
before launch.?

Ephemeris Prediction Model
Implementation. Satellite ephemeris is deter-
mined by four OCS monitoring stations simul-
taneously making pseudorange measurements
to a particular satellite. Each station is located
at a surveyed position and contains an atomic
clock referenced to GPS system time. This
process can be considered an inverse GPS mea-
surement system where the monitoring stations
are the “satellites” and the satellite is the
“user.” Therefore, the same set of four simulta-
neous equations developed in the section on
Principle of Operation can be used to solve for
the satellite position.” At the MCS, optimal
estimates of ephemeris data for all satellites are
computed and uplinked to the satellites with
other NAV data message parameters for
rebroadcast to the user. As in the case of the
satellite clock corrections, these corrections are
estimates and contain a residual error.

Unmodeled Space Perturbations.
Unmodeled space perturbations related to
uncertainties in the solar radiation pressure and
lunar-solar gravitational forces act on the
spacecraft, contributing to ephemeris error.

Ionospheric delay. The time delay associat-
ed with the satellite signal wavefronts travers-
ing the ionosphere is a function of the ionos-
pheric total electron count (TEC), as well as ray
bending. Both effects are due to refraction and
are dependent on the character of the ionos-
phere and the satellite elevation angle. Almost
three times as much delay is incurred when
viewing satellites at low elevation than at the
zenith. For a signal arriving at vertical inci-
dence, the delay ranges from about 10 nsec at
night to as much as 50 nsec during the day. At
low satellite viewing angles (0 through 10
degrees), the delay can range from 30 nsec at
night and up to 150 nsec during the day.?
Severe delays can be incurred at the geomag-
netic equator and the poles, or during magnetic
storms caused by solar flares.

Ionospheric delays are inversely proportion-
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Figure 13. DGPS horizontal and vertical error.

al to the square of the transmitted frequency.
As a result, the ionospheric delay can be esti-
mated by making pseudorange measurements
to the same satellite on both L1 and L2. The
estimated difference in the corresponding time-
of-arrival measurements, Af, is used to calcu-
late the ionospheric delay incurred by each fre-

quency, T4y j» Of Tdp 2-

TdLl = AT _ﬁii

-1, (14)
Tgp=A1 L

1-fio as)

These estimated delay corrections are subtract-
ed from pseudorange measurements made by
each frequency; however, because these correc-
tions are only estimates, residual errors are usu-
ally present.

Most SPS receivers process C/A-code on L1
only. These receivers compensate for ionos-
pheric delay with an onboard model that uses
ionospheric delay correction broadcast in the
NAYV data message. Reference 8 reports that
the delay can be reduced by approximately 50
percent by employing the onboard compensa-
tion model.

Tropospheric Delay. Refraction from the
satellite signal transiting the troposphere also
induces a time delay into pseudorange mea-
surements. The wavefront is refracted from
water vapor and dry atmosphere. These effects
are prevalent at low satellite elevation angles
because the troposphere is somewhat denser
closer to the Earth. Also, the delay is increased

when the user receiver is near the Earth’s sur-
face rather than at altitude. Compensation for
tropospheric delay can be achieved with a
mathematical model such as Essen and
Froome® or Modified Hopfield.!0 Residual tro-
pospheric delay errors contribute to pseudo-
range error.

Receiver Noise and Resolution. Receiver
noise induces errors into pseudorange measure-
ments. Most contemporary high-end receivers
are designed to minimize measurement noise.
Resolution refers to range error incurred within
the ranging code correlation process.

Multipath. The GPS signal is reflected
from various surfaces and structures surround-
ing the antenna. Depending on the angle of
incidence and the surface of the reflecting
material, reflected ray amplitudes can approxi-
mate that of the direct ray (i.e., desired signal).
These reflected rays may be incident on the
antenna and can combine with the direct ray.
Within the receiver, reflected rays tend to dis-
tort direct ray ranging signals and induce mea-
surement errors.

UERE Budget. The UERE budget for the
P(Y)-code is shown in Figure 7. This budget
was prepared by the GPS Joint Program Office
(JPO) and serves as a guideline for all DOD
GPS users.5 (This budget was developed in the
1980s and has not been updated even though all
aspects of today’s space, control, and user seg-
ments have been improved.) Each budget com-
ponent is modeled as a zero mean Gaussian
random variable over a 24-hour period. Hence,
the root-sum-squared (RSS) total of the
Gaussian distributions remains Gaussian dis-
tributed with a [-o value of 6.6 m.

Figure 8 is an estimate of a contemporary
SPS receiver C/A-code UERE budget. The



space and control segment contributions are
identical to those in the P(Y)-code budget
except for the inclusion of SA. SA is the domi-
nant error source in SPS C/A-code pseudorange
measurements. The value of SA used in this
budget was derived from a UERE budget pro-
vided in Reference 11. With respect to the
P(Y)-code budget, user segment error contribu-
tions differ for receiver noise and resolution, as
well as atmospheric delay components. The
value of ionospheric delay is an estimate that
reflects delay compensation by an internal
receiver model. [ believe that today’s SPS
receiver manufacturers can obtain a better level
of tropospheric delay compensation than
reported in the 1980-era GPS JPO UERE bud-
gel. My estimate of contemporary receiver
combined noise and resolution error is also
included.

Satellite Geometry. As stated above, navi-
gation solution accuracy is a function of UERE
and satellite geometry. For example, assume a
receiver’s altitude and clock offset from GPS
system time are known. The receiver’s position
can then be obtained by making ranging mea-
surements to two satellites. Figure 9 shows that
the area of uncertainty in user position is mini-
mized when the satellites form a right angle to
one another. Figure 9 indicates that the area of
uncertainty increases as the angle formed by
the satellites becomes greater than 90 degrees.
The error contributed by satellite geometry to a
user navigation solution is represented in terms
of geometric dilution of precision (GDOP).
GDORP is a function of the pointing vectors
formed by the user-to-satellite geometric rela-
tionship. GDOP is a dimensionless factor that
varies with satellite orbits, number of opera-
tional satellites, user position, and observation
time. GDOP represents the square root of the
trace (i.e., diagonal) of a covariance matrix
containing estimates of pseudorange measure-
ment errors in the receiver Kalman filter. The
trace contains the variances of position errors in
three dimensions and receiver clock offset
error. In the representation below, it is assumed
that all pseudorange errors are independent,
zero mean, and have unity variance.

GDOP=7\/02+02+02+02 (16)
X y z t

In this form, GDOP doesn’t have simple physi-
cal meaning and can’t be used to compute user

position or time accuracy. Decomposing GDOP
results in:

Position Dilution of Precision (PDOP)

PDOP=\/62 + 02 + 02 an
X y z

Horizontal Dilution of Precision (HDOP)

HDOP = Vo2 + 03 18)
Vertical Dilution of Precision (VDOP)
VDOP = ay 19)
Time Dilution of Precision (TDOP)
TDOP = o, (20)

PDOP represents the contribution of satellite
geometry to position error in three dimensions.
The lateral and vertical contributions are repre-
sented by HDOP and VDOP, respectively.
TDOP is a measure of error contributed by the
satellite geometry incurred when determining
the receiver clock bias error.

Computation of Measurement Accuracy.
The product of the UERE and DOP factor yield
measurement accuracy in a particular dimen-
sion. For example, the 2 drms value of horizon-
tal measurement accuracy for a PPS receiver
with an HDOP of 1.5 is computed as follows:

Horizontal error, 2drms(95%) = 2 UERE HDOP

=2*6.6%1.5m

=198 m 21

Therefore, approximately 95 percent of all
measurements will fall within a 19.8 m radius
circle centered about the user. VDOP is gener-
ally larger than HDOP, and on average may be
approximated as:

VDOP =~ 1.73 HDOP (22)
Therefore,
PDOP =~/ VDOP? + HDOP? (23)
PDOP =~/ HDOP? + HDOP? (24)
~ 2HDOP

Using this approximation, PPS horizontal and
vertical errors were calculated for PDOP values
ranging from 2.5 to 6. These curves are illus-
trated in Figure 10. Figure 11 denotes SPS
accuracy for the same range of PDOP and the
C/A-code UERE delineated in Figure 7.

Availability

“Availability is an indication of the ability
of a system to provide usable service within the
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specified coverage area.”? For most GPS appli-
cations, availability is limited by accuracy
(DOP criteria). The user needs to be aware of
the maximum DOP anticipated for the duration
of system usage (i.e., aircraft precision
approach, vessel harbor navigation, land or
marine surveying, etc.). For example, if the
maximum horizontal error for a particular land
survey using DGPS is 10 m, 95 percent, the
maximum tolerable HDOP is:

Horizontal error, 2drms(95%) = 2 UERE HDOP

10=2* 1.5 * HDOP,,, (25)

Therefore,

HDOP,_ ., =3.33

max

DOP can be predicted by off-the-shelf com-
puter programs. Using data obtained from any
GPS bulletin board service, these programs
compute all DOP types for a given location and
time. The user must also take into account any
failed satellites and/or scheduled maintenance
actions. The U.S. Coast Guard provides GPS
constellation data and status via a dial-up com-
puter bulletin board at (703)313-5910.

Integrity

“Integrity is the ability of a system to pro-
vide timely warnings to users when the system
should not be used for navigation.”2 A single
GPS satellite illuminates approximately one
third of the Earth; thus, any satellite failure will
affect a large number of users. The OCS checks
received monitoring station data for anomalies
and issues warnings to users in the event a fail-
ure is detected. Integrity is enhanced by the use
of differential GPS, DGPS, (described in the
next section) and receiver autonomous integrity
monitoring, RAIM. RAIM is a receiver-embed-
ded algorithm that uses five or more satellites
with good PDOP for fault detection. Other
algorithms exist that incorporate measurements
from at least six satellites to provide a fault
detection and isolation capability.

Differential GPS [DGPS)

DGPS is a technique that offers improve-
ments in GPS performance. DGPS enhances
position accuracy by removing correlated errors
between two or more receivers viewing the
same satellites, Removal of correlated errors
enables precise determination of the distance
between receivers. Absolute or relative distance

measurements can be obtained. DGPS requires
processing for correlated error extraction. In
real-time applications, a data link capability is
required. Error removal can use position,
pseudorange, and/or carrier phase information.

Two popular techniques of implementing
DGPS are local area DGPS (LADGPS) and
wide area DGPS (WADGPS). LADGPS
employs receivers located within line-of-sight
(LOS) of each other. Correlated errors between
two receivers can be removed by operating one
GPS receiver (denoted as the reference receiv-
er) at a surveyed location, comparing the elec-
tronically derived GPS position to the surveyed
position, and broadcasting the difference in
positions (i.e., error) to suitably equipped users
within the area to correct their navigation solu-
tions. This technique is generally not used
because it restricts both receivers to view the
same satellites or the reference receiver must
compute corrections for all possible combina-
tions of satellites in view. If eight satellites are
in view and measurements to four or more
satellites are required for a navigation solution,
there are 163 possible combinations of four
satellites or more to compute. This technique is
generally prohibitive for real-time applications
due to data latency, unless the user set is com-
manded to track the same set of satellites as the
reference receiver.

Modern reference receivers compute the dif-
ference between the “true” reference receiver-
to-satellite range (i.e., distance from the sur-
veyed location to the ephemeris-reported posi-
tion) and the pseudorange. Range differences
(i.e., pseudorange measurement errors) for all
satellites in view are transmitted via a commu-
nications link to users for incorporation in their
pseudorange measurements, thereby improving
user position accuracy. A ground-based integri-
ty monitoring station assesses the quality of the
correction broadcast before and during their
transmissions and provides an alert if the cor-
rection broadcasts do not meet performance
specifications. In general, existing PPS and
SPS DGPS equipment performance is similar
and can be represented by the estimated UERE
budget delineated in Figure 12. LADGPS hori-
zontal and vertical position errors are shown in
Figure 13.

WADGPS is a means for improving user
navigation sensor accuracy over a large area
(e.g., CONUS and Canada, France, etc.).
WADGPS is presently in development by the
FAA and is comprised of local monitoring sta-
tions distributed across the large area, a central
processing facility (CPF), a communications
ground Earth station, and geostationary satel-
lites. The system provides ephemeris and satel-
lite clock bias error corrections for each GPS
satellite, plus ionospheric time delay parame-



ters. Ephemeris and satellite clock errors, as
well as ionospheric delay data, are generated by
the ground monitoring stations and transmitted
to the CPF via a terrestrial communications
link. At the CPF, ephemeris and satellite clock
corrections are computed and then forwarded to
the ground Earth station for uplinking to geo-
stationary satellites for rebroadcast to suitably
equipped users within the satellite coverage
area. The corrections are applied to the user
receiver pseudoranges and collected ephemeris
data in order to improve user navigation accu-
racy. It’s envisioned that WADGPS accuracy
performance will be an improvement to stand-
alone GPS, but somewhat less than that provid-
ed by LADGPS.

The WADGPS network will also include an
integrity failure and user warning capability.
Integrity and WADGPS correction data will be
generated by the ground monitoring network.
One important cutrent design goal is to provide
an integrity failure warning to users via geosta-
tionary satellite within six seconds.

Applications

A multibillion dollar GPS market is project-
ed. Applications range from leisure hiking to
space shuttle landing guidance. Land uses
include surveying, vehicle tracking, stolen
vehicle recovery, public transportation, and
tleet management. Combining GPS data with
digitized maps permits a user to visualize
her/his real-time position. There are also, sever-
al private entities broadcasting DGPS correc-
tions over FM subcarriers. This service requires
the purchase of an FM data receiver and is
available for a monthly fee. The fee structure is
based on the degree of accuracy the user
requires.

GPS receivers are in wide use by the com-
mercial/leisure marine community. Some man-
ufacturers offer receivers that float. At present,
the U.S. Coast Guard is establishing a coastal
DGPS network that includes Alaska, most of
CONUS, Hawuii, the Great Lakes, and the U.S.
Caribbean Islands. Corrections are broadcast
using the existing marine beacon system on
approximately 300 kHz.

Current aviation usage encompasses
enroute, terminal, and nonprecision approach
applications. These phases ot flight use stand-
alone GPS. GPS applicability to precision
approach is under investigation. The use of
GPS with a communications link for automatic
aircraft position reporting is expected to revolu-
tionize air traffic control (ATC). This technique

is known as automatic dependent surveillance
(ADS). At present, aircraft use INU and
OMEGA for oceanic en route navigation.
These positions are transmitted on an hourly
basis via high frequency voice to ATC. ADS
would automatically transmit an aircraft’s GPS
position to ATC approximately every five min-
utes over a digital data link. providing more
accurate and timely position information.

GPS is also used in a multitude of military
missions. Several military applications are list-
ed below:

Rendezvous
All-weather air drop
Search and rescue
Close air support
Range Instrumentation
Weapons delivery
Target acquisition aid
Target reconnaissance
Missile guidance

Bomb scoring

C

osing comments

GPS is here. The system is operational and
has revolutionized the science of navigation by
offering better positioning technology than
ever. A person can now locate herself/himself
nearly anywhere in the world with a relatively
low-cost receiver. The system continues to
prove its military utility as evidenced in
Operation Desert Storm. New civilian and mili-
tary applications are arising almost daily, and
the number of civilian users is expected to out-
number those in the military. Within the next
few years, GPS will influence some part of our
daily lives. |
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—TECHNICAL CONVERSATIONS ——

David Barton, AF6S, sent us his “Yagi Gain
Redux” in response to a letter from Roger Cox,
WBODGF.

Dear Editor:

Roger Cox, WBODGF, noted an error in my
article, “Yagi Gain Versus Boom Length,” in
the Winter *94 Communications Quarterly, in
listing the HG215DX antenna’s boom length as
8.4 wavelengths. He even supplied a copy of
the page in the Hy-Gain manual that shows its
correct value, 4.03 wavelengths. He also noted
that the data in the article agrees well with the
K1GQ formula:

G =3Ln(B) +9.85

where: G is free-space gain, dBd, and B is
boom length in wavelengths

Figure 1 is a replot of the data, with the error
corrected and a line for K1GQ’s formula
added. I deleted front-to-back ratio, since it
isn’t relevant to the subject, gain versus boom
length. That allowed the vertical axis scale to
be finer, for better readability.

The data seem to support the “quarter-wave-
length step” idea—the observation that Yagi
gain doesn’t seem to improve much at first,
one-quarter wavelength. The real-antenna data
points fall below the formula line above about
0.25 wavelength by an average of roughly | dB

around 0.5 wavelengths, and don’t get close to
the formula values again until boom length is
almost one wavelength.

Eyeballing the graph, it seems a somewhat
steeper line would fit better above 0.5 wave-
lengths, but the formula would need to produce
a “knee.” and a lower slope below that boom
length. The reprint Roger sent from the YO v.5
manual (page 21) also shows two other formu-
las, but all three have the same form; none
make a “knee.” An accurate gain-limiting for-
mula may await someone’s deeper understand-
ing of the short-Yagi problem.

David Barton, AF6S
San Jose, California

Joe Orrico, WB6HRO, offers the following sug-
gestion for those who lament the high cost of
test equipment.

Dear Editor:

I have an idea for the “Technical
Conversations” column that may be helpful to
other amateurs.

The growing popularity of the 1.2-GHz band
has made one thing very evident to repeater
owners on this band: the lack of test equipment.
There is a good selection of equipment cover-
ing this frequency range, but it will probably
cost more than your house.

Since I already own a Cushman CE-6 service
monitor, with an upper frequency limit of 1000
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Figure 1. Revised Yagi gain versus boom length.
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MHz, it became frustrating setting audio levels
and deviation levels for the 1.2-GHz repeater in
our linked system using a handheld radio.

Looking closer at the frequency generation
scheme of the Cushman, it became apparent
that all mixing was done between 1200 and
2200 MHz. Following that line, if frequencies
under 1000 MHz are derived by taking the dif-
ference of the mixing frequencies, then fre-
quencies of over 1000 MHz could be obtained
by taking the sum of the frequencies.

As it turned out, if you want a frequency of
1280.00 MHz, you dial up 920.00 and a strong
signal will be apparent on 1282.00 MHz. While
the attenuator is no longer accurate at these fre-
quencies, a stable phase locked loop signal and
calibrated FM deviation is now available.

The transmitter output was then observed on
the deviation scope with good sensitivity, using
the internal Cushman Model 318A High
Sensitivity Mixer, 20 to 1000 MHz. I believe
that similar results would be evident using the
other available preselector plug-in units.

It should be noted that signal generator out-
put is higher on 1.2 GHz when the 900 MHz
range is used, due to the tilter and attenuator
characteristics.

The formula to determine what service moni-
tor dial frequency to use is:

1300 - f1 (1.2 GHz) + 900 = f2 (service
monitor frequency)

For example:
1300 - 1282.050 + 900 = 917.950
1300 — 1294.500 + 900 = 905.500

I hope that others will find this information
beneficial, as the older Cushman service moni-
tors can be had at reasonable prices. Check
with your local commercial shop as they might
have a retired unit on a shelf.

Joe Orrico, WB6HRO
Whittier, California

A letter to Yardley Beers, WOJF, on his article
“Double Resonant Antennas” (Winter 1994,
page 57), led Yardley ro write with information
on the physical realization of networks.

Dear Editor:

With reference to my “Double Resonant
Antenna” article,! Robert K. Zimmerman,
NP4B, has sent me a letter which prompts me
to write about the physical realization of net-
works—a very interesting but mathematically
complex topic. My knowledge is superficial,
hardly more than to let me add to the bibliogra-
phy that he has supplied me.

The fundamental fact underlying this subject
is the law that no signal can travel either
through an electrical network or through bulk
material with a speed faster than that of light
through a vacuum. The speed in a network
depends upon how its resistance and reactance
vary with frequency. Nature is consistent by
allowing the physical existence of only the net-
works whose reactance and resistance varia-
tions conform with this principle. These varia-
tions are described by some mathematical theo-
rems. There are similar considerations concern-
ing bulk matter, which are historically older
than those for networks.

Specifically Zimmerman points out that my
Figure 7C, a sketch of how the reactance of a
center-fed wire antenna varies with frequency,
has the form suggested by Foster’s theo-
rem.2:3:45 This is one of the theorems to which
allude in the previous paragraph. This theorem
pertains to arbitrary two-terminal networks con-
taining only lossless lumped capacitors and
inductors. However, with such a network, the
number of resonances and antiresonances is
finite and depends upon the complexity of the
network. For the antenna, the number is infinite.

My justification for this sketch is an elemen-
tary one. In my earlier “ONETWORES” arti-
cle.® I assume that the reactance looking into
one half of a center-fed wire is that of a trans-
mission line of characteristic impedance Z(,
which, as is well known, varies as - cotangent
of the angular length B. Therefore explicitly,
the total reactance is:

X =-27Z0cot B=-2Z0/tan B

My Figure 7C is just the sketch of -1/tan B
versus B. In my calculations I have made the
assumption that Z0 = 500 ohms, a constant. In
practice ZQ is a slowly varying function of B,
but the effect of including the variation does
not change its general shape but only its numer-
ical scale.

Foster’s theorem, which concerns only reac-
tance, is not the only network theorem which
results from the requirement on the speed of
signals. Bode” has shown that there is a partial
dependence of the reactance variation upon the
resistance variation of a network, whether two-
terminal or otherwise. In general, whenever
there is a rapid variation of resistance (or
amplitude). there must be a rapid variation in
reactance (or phase shift). The converse may or
may not be true. It is possible to produce a
phase shift ot arbitrary size without much
change in resistance, by introducing a transmis-
sion line. Thus Bode’s theorem suggests a
mathematical inequality rather than an equality,
and it suggests the concepts of “minimum” and
“non-minimum phase shift” networks.
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Bode’s theorem has at least one practical
implication for amateur radio. It suggests a dif-
ficulty in using two unlike antennas as a phased
array. It implies that whenever the SWR varies
rapidly with frequency, there is a rapid change
in the phase between the transmitter output and
the radiated signal. Unlike antennas usually
have unlike SWR curves. Therefore it is proba-
ble that optimum phasing can be established
only over a very narrow band of frequencies.

The theoretical work on bulk matter centers
upon what are called the “Kramers-Kronig
Relations.” For readers with an interest in this
subject, I provide a partial bibliography in
References 8, 9, and 10.

Yardley Beers, WOJF
Boulder, Colorado
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After reading the letter from Mason Logan,
K4MT’s letter regarding the transformerless
noise bridge, Alfred Popodi, AAIK/OE2APM
had some comments.

Dear Editor:

[ refer to the contribution by Mason A.
Logan, K4MT (*“Technical Conversations,”
Fall 1993, page 6), describing a transformerless
noise bridge.

I have built this circuit and have found a pro-
hibitively large error when measuring large
impedances at high frequencies. For example, a
180-ohm resistor measures about 180 ohms at
1.8 MHz, but only 166 ohms at 28 MHz. If 1
connect an additional 27-pF capacitor between
the two shielded boxes, this reading drops from
166 to 127 ohms.

The reason is that the entire interbox capaci-
tance, C;;,. does not lie in parallel to bridge
point C, because of the unavoidable parasitic
impedance, Z,, that exists between point C and
the connecting point C* at the inner box. The
enclosed schematic (Figure 1) shows the actual
circuit configuration. This circuit is very sensi-
tive to any impedance between the points C and
C’. If you add, for example, a 10-ohm resistor
in this line, at point C, the reading drops from
166 to 137 ohms. Because it is practically
impossible to avoid this parasitic impedance,
because of mechanical constraints, it also
impossible to avoid this error.

However, if you add a variable capacitor,
Cya1- between the noise generator output and
ground, this error can be completely eliminat-
ed. This capacitor restores the bridge balance,
as seen from the figure. The interbox capaci-
tance, C;;, is separated from bridge point C by
the small parasitic impedance Z,. Also, on the
A side, there is a parasitic impedance, but it is
less important.

Despite the mechanical difficulties in build-
ing this bridge, the effort is worthwhile,
because its accuracy is better than that of a
transformer bridge, as my tests have shown.
However, I have only measured purely resistive
loads. In addition, the balancing control is an
excellent means for optimizing bridge perfor-
mance, which other bridges do not have.

Alfred E. Popodi, AASK/OE2APM
Salzburg, Austria

INNER BOX
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Figure 1. Schematic of the actual circuit configuration.
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HYBRID ARQ
-OR HF DATA

TRANSMISSION

Forward error correction on demand

was recently introduced by Kantronics

Inc. as an inexpensive means of
improved digital communications in the HF
amateur radio frequency bands. Although many
modern digital communications innovations
have been incorporated into G-TOR, the single
most essential element in this protocol is the
use of a hybrid ARQ scheme in combination
with an invertible, half-rate forward error cor-
recting code. In this article, we will describe
several types of automatic repeat query (ARQ)
systems in use today, and contrast these with
protocols based on the use of forward error cor-
rection (FEC). In the process, we will see why
hybrid ARQ—a combination of FEC and ARQ,
such as that used in the new G-TOR system—is
ideal for communication on the HF bands. We
will also provide a detailed description of the
encoding and decoding procedure for the Golay
forward error correcting code in order to give
G-TOR users a better understanding of the
inner workings of the protocol.

The G-TOR data communications protocol

ARQ fundamentals

There are essentially two techniques for con-
trolling transmission errors in data communica-
tion systems: ARQ and FEC. The ARQ system
uses an error detection code to detect the pres-
ence of errors in a received block of data, and a

return link to request retransmission of any
blocks found to be in error. A message is encod-
ed using a relatively simple, high-rate code. The
rate of a code, R, is simply the ratio of the
number of bits entering the encoder to the num-
ber of bits leaving the encoder during any time
interval. A high-rate code is one that appends
relatively few parity bits to the information
sequence in order to detect errors at the receiv-
er. Figure 1 illustrates the encoder for the
Golay code in which the input bit stream is
divided into k-bit information words (k = 12 in
this case) and fed into the encoder. In the en-
coding process, 12 parity bits are added to the
input information word to produce an n-bit
codeword (in this case, n = 24). The code rate is
defined as R, = k/n or, in this case, 12/24 or 1/2.
The code rate is always a number less than 1.
At the information receiving station (IRS),
parity checking is performed on the received
codeword. If the parity check reveals that the
received codeword contains no errors (i.e., it is
a valid codeword), the information is recovered
and delivered to the user or to a buffer to await
further processing. At the same time, a positive
acknowledgment (ACK) is transmitted across
the return channel to the information sending
station (ISS). On the other hand, when there is
a parity failure on any codeword (i.e., the
received codeword is not a valid codeword), a
negative acknowledgment (NACK) is transmit-
ted to the information sending station. Upon
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Figure 2. Stop-and-wait ARQ.

receipt of the NACK, the information sending
station retransmits the codeword. Retransmis-
sion continues until the codeword is successful-
ly received. The error detection can be accom-
plished on a word-by-word or on a frame-by-
frame basis. In amateur communications proto-
cols like AX.25, groups of codewords (i.e.,
frames) are normally protected by a single
overall error detection code—the CRC. Using
one of these error detection techniques, erro-
neous data is delivered to the user only if the
receiver fails to detect the presence of errors.
The ARQ scheme is used in data communica-
tion systems because it is simple and provides
high system reliability. However, ARQ systems
have one severe drawback: their throughput
efficiency falls rapidly with increasing channel
error rate. Throughput efficiency is defined as
the ratio of the rate of the data bits successfully
received to the data rate possible when data is
transmitted continuously (and successfully)
without coding.

Stop-and-wait ARQ

There are three variations of ARQ in popular
use. The simplest and most popular system is
stop-and-wait ARQ, in which the ISS transmits
a block of data (one or more codewords) and
waits for an ACK from the IRS. Further data
transfer across the channel does not proceed
until the present block of data has been
received correctly. The AX.25 protocol used in
HF and VHF packet radio employs a stop-and-
wait ARQ. G-TOR employs a variation of this
system, which will be described later. The stop-
and-wait ARQ system is especially effective

for use with half duplex channels (used exten-
sively in amateur radio) in which the propaga-
tion delay is relatively short. A typical stop-
and-wait ARQ transmission sequence is shown
in Figure 2. Obviously, the ACK/NACK trans-
missions are also of concern because incorrect
receipt of either of these will cause the data to
be retransmitted, reducing throughput efficien-
cy. Because they contribute only to overhead,
the ACK or NACK transmissions are usually
very short. In G-TOR, the ACK/NACK trans-
missions are 16 bits long and can tolerate the
presence of several errors. They are always
transmitted at the slowest (100 baud) data rate.

Goback-N ARQ

When the round trip delay (D) from the
transmitter to the receiver and back is very
long, the transmitter spends an excessive
amount of time waiting for the ACK or NACK,
which reduces the throughput efficiency. In this
situation, the go-back-N ARQ approach may be
preferred because it increases the throughput
efficiency by continuing the transmission of
code blocks without waiting for the return
acknowledgment for each one. When a block is
received error-free, an ACK is returned to the
ISS. As long as the ISS continues to receive
ACKs, it will continue to transmit new blocks.
When the receiver detects an error, it returns a
NACK and ignores the next N received blocks.
Upon receiving a NACK, the ISS backs up N
blocks in the sequence and transmits the last N
blocks. The go-back-N ARQ sequence is illus-
trated in Figure 3. When the round trip delay is
large and the error rate is small, this technique
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Figure 3. Go-back-N ARQ.

has considerably higher throughput efficiency
than the stop-and-wait approach. However, as
the error rate becomes higher, the throughput
efficiency decreases significantly.

A modified version of the go-back-N ARQ
system is employed in AX.25. It is included in
most TNCs as a feature that permits up to 7
frames to be concatenated and transmitted in a
single burst. In this case, if one of the frames is
detected in ervor. the IRS will return a NACK
to the ISS indicating the number of the failed
frame, and the ISS retransmits the failed frame
and all succeeding frames in the extended pack-
et. This concept is illustrated in Figure 4.

Selectiverepeat ARQ

The selective repeat ARQ is the third impor-
tant technique for ARQ error control. This pro-
cedure, illustrated in Figure 5, is not currently
used in amateur HF digital communications.
When the IRS detects a block with errors, it
returns a NACK including an identification of
the block that is in error. The transmitter con-
tinues to send new blocks and repeats only
those blocks for which a NACK has been
received. This technique achieves higher
throughput efficiency than the other two by

repeating only those blocks that are received in
error. This approach also makes the throughput
efficiency of the selective repeat ARQ indepen-
dent of round trip delay. However, the addition-
al processing required to identity the block in
error and allocate buffer space for the received
data until the bad block is replaced, makes the
selective repeat ARQ procedure more complex
to implement.

Of the three techniques, the stop and wait is
the feast complex and the selective repeat is the
most complex. Selective repeat attains the high-
est throughput efficiency, stop-and-wait the
lowest. The throughput efficiencies of all three
systems are reduced when the channel error
rate is high. It is not unusual for the throughput
to drop to unusable levels at high error rates
because the transmitter spends most of its time
repeating code groups. As the round trip delay
increases, the throughput efficiencies of both the
stop-and-wait and go-back-N systems decrease,
while the efficiency of the selective-repeat unaf-
fected by the length of the round trip delay.

ARQ versus FEC

Although the conventional ARQ schemes are
widely used in data communications, they have
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Figure 4. Go-back-N ARQ (as used in AX.25).
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Figure 6. Generator matrix for the (24,12) Golay code.

one major drawback: their throughput efficien-
¢y falls rapidly with increasing channel error
rate. That brings us to consider FEC-only tech-
niques, in which an error correcting code is
used to correct errors in the transmitted data. In
the FEC system, when the receiver detects
errors in the received transmission, it attempts
to determine the error locations and then cor-
rects the errors. If the IRS fails to determine the
exact error locations, the received data block
will be incorrectly decoded and erroneous data
will be delivered to the user.

No retransmission is required in an FEC sys-
tem. Therefore, the throughput efficiency of the
system remains constant regardless of the chan-
nel error rate. However, FEC systems have
some significant drawbacks. First, when a
received codeword is detected in error, it must
be decoded, and the decoded message must be
delivered to the user regardless of whether it is
correct or incorrect. Because the probability of
a decoding error is usually much greater than
the probability of an undetected error, it is hard

to achieve high system reliability using only
FEC. Second, in order to obtain high system
reliability, a long and powerful code must be
used. The longer the code (large n), the lower
the throughput efficiency, and the more com-
plex the decoding procedure due to a larger col-
lection of error patterns that must be recognized
and corrected. This makes decoding expensive
and hard to implement. For this reason, ARQ is
usually preferred over FEC in data communica-
tion applications.

Hybrid ARQ

The limitations of both ARQ and FEC sys-
tems can be overcome somewhat if the two
error control schemes are properly combined.
Such a combination of the two basic error con-
trol schemes is referred to as hybrid ARQ. A
hybrid ARQ system consists of an FEC subsys-
tem contained within an ARQ system. The FEC
portion keeps retransmissions at a minimum, so



as the channel begins to degrade, the through-
put efficiency is kept constant. As the channel
error rate degrades further, and the error correc-
tion capability of the FEC is exceeded, the
ARQ system is used to request retransmission
of the blocks that cannot be corrected.
Therefore, a proper combination of FEC and
ARQ can provide higher reliability than an
FEC system alone and higher throughput than
the system with ARQ only.

There are two popular error detection tech-
niques employed in hybrid ARQ systems. The
first approach is to use an error correcting code
designed for simultaneous error correction and
detection. Error correcting codes have the abili-
ty to detect more errors than they can correct—
a result of the mathematical characteristics of
all such codes. For example, the Golay code
employed in G-TOR can correct up to 3 errors
in a 24-bit sequence (as we will describe later),
while the same code can detect as many as 7
errors in the same sequence. The second
approach is to use a cyclic redundancy code
(CRCQ) to detect errors in each block of data.
When this approach is used in a Hybrid ARQ
scheme, the CRC code allows the IRS to detect
errors in the received block of data, while the
FEC code is used exclusively for error correc-
tion. There are several CRC codes which are
suitable for use; for example (see Reference 1).
Both AX.25 Packet and G-TOR use the same
CRC code, which produces a 16-bit check sum.
This error detection code can detect all single
and double errors, all errors with an odd num-
ber of bits, all burst errors of length 16 or less,
and 99.999 percent of 17-bit and longer bursts,

Type hybrid ARQ

There are type-1 and type-1I hybrid ARQ sys-
tems. Type-I hybrid ARQ systems are charac-
terized by the simultaneous use of error correc-
tion and error detection in each block of data.
When the received block is determined to be in
error, the IRS first attempts to correct the
errors. If the number of errors present in the
block of data is within the error correcting
capability of the code, the errors will be cor-
rected and the data will be passed to the user. If
the received data contains a Jarge number of
errors that exceeds the error correcting capabil-
ity of the code, an uncorrectable error pattern
will be detected. In this case, the IRS detects
the presence of errors even after the error cor-
rection procedure has been attempted, and
requests a retransmission from the ISS.

Obviously, this type of system requires more
parity check bits than a system that uses only
error detection. Therefore, the throughput effi-
ciency is smaller than conventional ARQ
schemes. However, when the channel is poor

P1=C1P P3Py Pcs @@y
P2=C PP DCsDceDcgDceyn
P=C1Pc;®cgPciPcg PPy
pP=C®c3@cBcsPcoy®cy; Beypp
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Figure 7. Parity generation equations for the 24,12
Golay code.

and the error rate is high, the type-I hybrid
ARQ system provides higher throughput than a
conventional ARQ scheme because its error
correction capability will reduce the retransmis-
sion frequency. CLOVER is a popular system
that apparently uses type-I hybrid ARQ.2 More
correctly, we can say that CLOVER uses a
type-I hybrid stop-and-wait ARQ system,
because stop-and-wait ARQ is the underlying
procedure. CLOVER employs one of several
possible Reed-Solomon error correction codes,
depending upon the block length selected.
However, when the error correcting ability of
the Reed-Solomon code is exceeded, a retrans-
mission request is sent to the ISS.

Type-l hybrid ARQ

In the type-1I hybrid ARQ system, forward
error correction is employed only when it is
needed. This is accomplished by storing the
parity bits at the ISS and transmitting the data
along with the CRC. When the data is received
at the IRS, the CRC check sum is computed to
determine if the block was received correctly.
If the check sum indicates that errors are pre-
sent in the received block, a NACK is returned
to the ISS. Receipt of the NACK prompts the
[SS to transmit the parity bits, which are then
used by the IRS to correct errors in the original
block of data. There are practical reasons for
requiring that the error correction code used in
this scheme be a 1/2-rate code. For example,
with a 1/2-rate code, there is one parity bit for
each information bit, which permits the forma-
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Decoding Algorithm for the (24,12) Binary Extended Golay Code [6]

let G = [1;,B] be the generator matrix.
let I}, I,, ..., I be the columns of B and r,, r, ..., 1y, the rows.

Let O denote the 12-tuple of all zeros.
Let x®, y® denote binary 12-tuples in which only component  is non-zera.

© Compute s = GrT

@ if the w(s)< 3,

@ Compute BTs.

® if w(BTs) <3,

® Decodertor—-e=c.

Letr be a vector received by the decoder.
Let w(s) denote the hamming weight of some vector s.

then set ¢ = (sT, 0) and go to @

@ ifw(s+I)<2forsomel;, 1 gi<12,
then set e = [(s + I,)T, y® and go to ©®

then set e = [0, (BTs)T) and go to ®

®If wBTs+ rT))<2forsomer;, | <i<12,
then set e = [x®, (BTs)T + r;] and go to ©®

@ At least 4 errors have occurred. Retransmit, and restart at @

Figure 8. Decoding algorithm for Kasami decoder.

tion of a parity check frame of the same length
as the original data frame. If a 1/2-rate code
were used in the type-1 hybrid ARQ, it would
cause a 50 percent decrease in throughput effi-
ciency at all times. However, by using forward
error correction only when needed, the type-I1
hybrid ARQ scheme allows the effective use of
powerful error correcting codes in the most
efficient means possible.

A further refinement to the type-II hybrid
ARQ system can be realized by using an invert-
ible 1/2-rate forward error correcting code. The
invertible property means that the original
information bits can be uniquely recovered
from the parity bits. The advantages of this
approach can be illustrated by an example.
Before transmitting a block of data to the
receiver, the ISS first applies the CRC to the
data for error detection, and then encodes the
data using the 1/2-rate FEC. The parity bits
generated by this process are saved at the trans-
mitter and the information bits (including the
CRC) are sent. When the IRS receives the data,
the check sum is computed. If the check sum
passes, the data is accepted and sent to the user,
and an ACK is returned to the transmitter. If
the check sum fails, a NACK is returned to the
transmitter. When the transmitter (ISS) receives

an ACK, the parity bits from the first data block
are discarded and the next block of data is
processed. If a NACK is received, the transmit-
ter sends the block of parity bits which had been
held back. When the block of parity bits arrives
at the receiver (IRS), the first action taken is to
invert the parity bits to obtain data bits. Once
data bits are obtained the check sum is comput-
ed. If the data (which was obtained by inverting
the parity bits) passes the check, it is accepted
and sent to the user, If it fails the check, then the
parity bits are combined with the data bits from
the first transmission and processed by the FEC
decoder. In this way, two transmissions provide
the receiver with three opportunities to obtain an
error-free block of data.

G-TOR uses the type-II hybrid stop-and-wait
ARQ system in combination with a 1/2-rate
invertible Golay code for error correction and
a 16-bit CRC code for error detection. The
CRC code is the same one used by the AX.25
packet radio protocol, and recommended by
the CCITT.

Memory ARQ

Memory ARQ (MARQ) can aiso be consid-
ered a hybrid form of one of the conventional
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Figure 9. G-Tor frame structure before interleaving.

ARQ techniques, since it can be used with any
one of them. In fact, MARQ can be used easily
with both of the hybrid forms described previ-
ously. This procedure is sometimes referred to
as ARQ-with-memory.? The basic idea behind
MARQ is that a received block of data which is
found to contain errors should not be discarded
because it contains some amount of useful infor-
mation about the transmitted block. If the
retransmission of this block is also in error, the
collective information present in the first block
and the retransmission can be used to correct
certain errors in the two blocks to obtain a single
error-free block of data. If correction fails using
two blocks, additional retransmissions can be
used until enough redundancy is present to allow
correction. Increasing the redundancy through
retransmissions is the key to this approach.
There are two ways to increase the redundan-
cy, using either digital or analog techniques.
The simplest approach is to use majority decod-
ing of the received data block. As long as an
odd number of retransmitted blocks have been
received, select every bit according to the
majority vote. For the analog approach, a copy
of the received data signal is saved at the
receiver before it is converted to a bit stream. If
the bit stream fails the check sum, the stored
signal is averaged with the retransmitted signal
and this signal is converted into a bit stream
and checked for errors. Many retransmissions
can be averaged to improve the signal-to-noise
ratio of the signal until an error-free block can
be recovered. The drawback is that the com-
plexity and cost of the analog system can be
high because analog signals must be stored at
the receiver. However, it is possible to store the
signals in limited precision form using digital
signal processing techniques. MARQ works
especially well in a benign white noise environ-
ment, although a large number of retransmis-
sions may be required to obtain an error-free
data block. MARQ fares less well in the pres-
ence of interference and burst-noise. It is most
effective when used in combination with the
hybrid ARQ systems previously described.
MARQ is currently used in the PacTOR pro-
tocol for HF data transmission. An 8-bit analog-

to-digital converter is used to convert the
received signal to a sequence of numbers repre-
senting the signal strength of each bit in the data
block. If a block is found to have errors, retrans-
missions are similarly A/D converted and aver-
aged with the previously stored signals.

Forward error correction and the
Colay code

The Golay code belongs to a class of error
correcting codes known as linear block codes.
Block codes are simply fixed length codes—k
information bits are fed into the encoder and n
resulting code bits are fed out the other end. Of
these n code bits, n—k are parity bits whose sole
purpose is to correct any errors that may occur
in the n bit codeword after traversing the chan-
nel. When selecting a code, it is important to
remember that the code’s error correcting capa-
bility lies in its distance properties. We say that
the distance (more properly called the
Hamming distance) between two binary code
words is the number of places in which the
code words differ. For example, consider two
binary words:

a=©01101010)
b=(01100001)

These two words are separated by a distance
of 3 because they differ in three bit positions.
The error correcting capability of a code is
dependent upon a single parameter—the mini-
mum distance, d;,, of the code. The minimum
distance of a code is the smallest Hamming dis-
tance between any two codewords in the entire
code set. The error correcting capability of a
linear block code, t, is related to the minimum
distance of the code, d;,, by the following:

dmin =2t+1

We will forgo a detailed explanation of for-
ward error correcting codes, and refer the inter-
ested reader to Reference 4 for additional tech-
nical information on the design and analysis of
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these codes. A recent article in Communica-
tions Quarterly provides a fundamental and
intuitive understanding of linear block codes,
especially Himming codes.”

The Golay code

The original Golay code appends 11 parity
bits onto 12 information bits; therefore, it is
designated as a (23,12) code. Since its discov-
ery by Golay in 1949, it has become the subject
of study by many coding theorists and mathe-
maticians. It has a minimum distance of 7 and
is therefore capable of correcting any combina-
tion of three or fewer random errors in a block
of 23 bits. This code is closely related to the
popular Hamming codes in its mathematical
characteristics. However, we are more interest-
ed in a modified version of the original Golay
code that is far more powerful for our applica-
tion than the original code.

The forward error correcting code used in G-
TOR is characterized as an extended binary
Golay code. Tt has numerous useful properties
that have led to its use in communications and
telemetry over the past 20 years. Its most
notable application was in NASA’s Voyager
space mission, where it was used to transmit
color images of Jupiter and Saturn in the early
80s. We decided to use the Golay code for the
G-TOR protocol because of its simplicity and
its powerful mathematical properties—most
notably, the fact that it is invertible.

The (24,12) extended binary Golay code is
formed by adding one parity bit to the original
(23,12) Golay code. The added parity bit
increases the minimum distance from 7 to 8
and produces a rate |/2 code, which is far more
useful than the rate 12/23 original Golay code.
Since dp,;,, = 8 for the extended Golay code, it
can correct all triple errors, and some—but not
all—four-error patterns. Because only about 19
percent of the four-error patterns can be cor-
rected, the decoder is usually designed to cor-
rect only three-error patterns.

Encoding and decoding with the
Golay Code

The Golay code can be implemented as either
a block or a cyclic code. To implement the block
code, we use the matrix multiplication formula
X = U G. where U is the 12-bit information
word, G is a 12 x 24 generator matrix. and X is
the resultant 24-bit message (information plus
parity). Encoding is performed using the G
matrix by summing (modulo-2) the rows of G
for which the corresponding information bit is a
1", The generator matrix used in G-TOR is
shown in Figure 6. Note that this matrix is in

systematic form; that is, use of this generator
matrix will result in code words that contain the
information bits in the first 12-bit positions. The
approach used in G-TOR is to generate the pari-
ty bits with a set of parity equations obtained
directly from the generator matrix. The parity
equations for the Golay code are shown in
Figure 7. This set of equations is used to encode
the information at the transmitter and is also
used to invert the received parity block at the
receiver when a retransmission is required.

Decoding the Golay code is not quite as sim-
ple as the decoding process for Hamming codes.
Through years of research on decoding tech-
niques, mathematicians have developed numer-
ous techniques for decoding Golay codes. In
order to remove errors from any 24-bit received
Golay code word, each error must be precisely
located. Once it is located, the state of the bit in
error is simply toggled—a O is toggled to a 1,
and vice versa. One of the simplest decoding
algorithms for the Golay code is the Kasami
decoder. We will not describe the operation of
the Kasami decoder here, as Reference 4 dis-
cusses it in detail. However, for the reader inter-
ested in implementing the decoder, we have pro-
vided the algorithm in Figure 8. From this pro-
cedure, a computer program can be written to
correct errors in any received 24-bit Golay code
words. Taken together, Figure 7 and Figure 8
form the heart of the G-TOR protocol.

A brief description of G-TOR

Now that we have established several funda-
mental principles concerning ARQ, FEC and
Golay codes, we will show how these are inte-
grated into the G-TOR protocol. The primary
objective of the G-TOR protocol is to provide
an improved framework for a structured inter-
change of digital data between stations operat-
ing in the HF amateur bands. The notable fea-
tures of this protocol are summarized below:

* Golay forward error correction coding and
full-frame data interleaving

» Huffman data compression and run-length
encoding

» CRC error detection with hybrid ARQ

» Link-quality based baud rate: Binary FSK at
300. 200, or 100 baud

* Fault tolerant ACK/NACK

The primary benefit of these innovations is
increased throughput; i.e.. more bits communi-
cated in a shorter amount of time. The real
power of G-TOR resides in the properties of
the (24,12) extended Golay error correcting
code which provides increased resistance to
interference and noise, and greatly reduces
multipath induced data errors. To help the error



correcting code alleviate the effects of burst
noise and interfering transmissions, each trans-
mitted frame is interleaved to the maximum
depth allowed by the frame size.

An important feature of the G-TOR protocol
is that it uses a type-II hybrid stop-and-wait
ARQ approach for error control. The error
detection code transmitted with each frame is a
two-byte cyclic redundancy check (CRC)
code—the same one used in the AX.25 proto-
col. The CRC code is used to determine if the
packet was received correctly before error cor-
rection is initiated. It is also used after error
correction has been completed to ensure that
the error correction process has successfully
removed all errors in the packet.

One of the primary causes of reduced
throughput on synchronous ARQ links is errors
in the acknowledgment (ACK) signal. To help
reduce needless retransmissions due to faulty
ACKs, G-TOR uses fault tolerant ACKs and
NACKSs which allow the ISS station to tolerate
a small number of errors in the feedback signal.
This fault tolerant ACK concept allows the pro-
tocol to tolerate up to 3 bit errors within a
received ACK frame. All of these features
work together in an efficient manner to increase
the throughput of G-TOR.

G-TOR employs a binary FSK transmission
mode, allowing data to be transmitted at three
different rates (300, 200, or 100 bits/sec)
depending upon channel conditions. The lowest
speed, 100 baud data transmission, is used for
initiating contacts and for ACK/NACK trans-
missions. The G-TOR waveform consists of
two phase-continuous tones (BFSK) whose
spacing is specified at 200 Hz (mark = 1600
Hz, space = 1800 Hz); however, the system can
still operate at the familiar 170 Hz shift (mark =
2125 Hz, space = 2295 Hz), or with any other
convenient tone pairs.

The Huffman data compression code is used
to remove redundancy from source data in such
a way that the original data can be completely
recovered or restored. Therefore, fewer bits will
be traversing the channel to convey any given
message. Use of data compression codes will
increase data throughput and decrease the
required transmission time. Both of these are
valuable features to use on the HF channel. The
G-TOR protocol uses Huffman coding during
normal text transmission. However, when the
data transmitted will not benefit from Huffman
coding, the encoding process will be disabled by
the transmitting station. The decision to use (or
not use) Huffman coding is made on a frame by
frame basis by the information sending station.

The GTOR frame structure

The frame structure for a typical G-TOR data

frame (before interleaving) is shown in Figure
9. The data frame is 1.92 seconds in duration.
Each data frame is composed of 72 bytes (at
300 baud), 48 bytes (at 200 baud), or 24 bytes
(at 100 baud), depending upon channel condi-
tions. A single byte near the end of the frame is
devoted to command and status functions. The
basic frame structure for the G-TOR protocol is
based on the use of multiple 24-bit (triple-byte)
words in order to be compatible with the Golay
encoder. It is obvious from this diagram that G-
TOR is similar to PacTOR and AMTOR in that
it permits short duration synchronous transmiis-
sions. Synchronous operation is used to in-
crease the throughput of the system in the pres-
ence of multipath fading, and to keep the num-
ber of overhead bits required to a minimum. No
synchronization headers are used in this proto-
col. Synchronization is performed using the
received data and precise timing.

The ACK codes are composed of multiple
cyclic shifts of a single 15-bit pseudo-random
noise (PN) sequence (an extra ‘0’ bit is append-
ed to the sequence for balance, so the total
ACK word length is 16). A pseudo-random
noise sequence is used for the ACKs because
PN sequences have powerful mathematical cor-
relation and distance properties that facilitate
the identification of the appropriate ACK code,
even in the presence of noise and interference.

GTOR hybrid ARQ

The half-rate invertible Golay code provides
an interesting dimension to the hybrid-ARQ
procedure. After the message to be sent is
processed through the Golay encoder at the
transmitter, the message (data) bits are separat-
ed from the parity bits and two complete
frames are formed. One frame consists of data
bits and the other consists of parity bits. Keep
in mind that the receiver can recover the mes-
sage bits from the parity bits alone, so either
frame can be used to transmit the data, as long
as the receiver knows which to expect. The pro-
cedure used in G-TOR is to alternate data

frames and parity frames. For example, we

might expect the following sequence of frames
to be transmitted when no errors are detected at
the receiver:

Dl P2 D3 P4 D5 P6

where D1 is the first frame transmitted (a data
frame), and P2 is the second frame transmitted
(a parity frame), etc.

When an error is introduced into a frame
because of noise or interference, the receiver
will detect the error and request a retransmis-
sion. When the sending station receives the
request, the complementary portion of the
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frame (either data or parity) is sent. For exam-
ple, the sequence illustrated below demon-
strates a situation where two retransmissions
are sent:

D1 P2 D3 P3 D4 P5 D6 P7 D7 P8

Retransmissions occurred for Frame #3 and
Frame #7. In the case of Frame #3, one or more
data bits were received in error and a retrans-
mission was requested. Instead of retransmit-
ting D3, the corresponding parity frame P3 is
sent. When P3 arrives at the receiver, the first
action that occurs after deinterleaving is to con-
vert the parity bits to data bits and check for
errors. If no errors were detected then the data
is accepted and a new frame (D4) is requested.
If P3 fails the CRC check, then this frame in its
original form (i.e., parity bits) is combined with
D3 and the combination (D3P3) is decoded by
the Golay decoder to correct the errors that
occurred in both D3 and P3.

In the case of Frame #7, the parity bits were
sent first in P7. After deinterleaving the frame,
converting the parity bits to data bits and per-
forming the CRC check, the presence of errors
prompts the receiving station to request a
retransmission. Because the parity frame has
already been sent, the sending station transmits
the data frame, D7. Upon receipt, the data
frame is deinterleaved and checked for errors.
If no errors are detected, the data bits are
accepted and a new frame (P8) is requested. If
errors are detected in the data, the parity bits
are combined (D7P7) and decoded by the

Golay decoder. Using this scheme, with two
transmissions, the receiver can make three
independent attempts to correct any errors that
may occur in any frame. If this process still
fails to produce an error-free frame, a retrans-
mission is requested.

Conclusions

We have presented a review of six popular
ARQ techniques and shown how these tech-
niques are currently being used for data cormmu-
nications on the amateur HF bands. In addition,
we provided a description of the new G-TOR
system and demonstrated how it uses hybrid
ARQ techniques to control errors induced by
noise, interference and fading. We also dis-
cussed the Golay forward error correcting code
and showed how to implement both the encod-
ing and decoding algorithms. Finally, we con-
cluded with an example to illustrate how G-TOR
uses the Golay code within the hybrid ARQ
framework to exchange data over HF radio. W
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MOSFET AMPLIFIER

Build this linear for your shack

aving finally made it onto the HF
Hbands, after years on VHF with assorted

black boxes, 1 felt it was time to design
and construct some of my own equipment.
After all. a glance at my new license confirmed
that amateur radio was all about “the self train-
ing of the licensee.” The amplifier described
here now complements a homebuilt VHF-to-20
meter transverter. It also represents a step for-
ward in the use of low cost power MOSFETS as
previously reported.! The amplifier uses two
MOSFETs in push-pull, and is capable of pro-
ducing 100 watts RF output from 1.8 to 14
MHz. Slightly lower power is available on 18
and 21 MHz.

Construction is straightforward and is cer-
tainly low cost when compared to bipolar tran-
sistors. Unlike many published designs, this
unit incorporates on-board transmit/receive
switching and a low-pass filter at the output.
An input attenuator allows compatibility with
existing equipment having an output power
greater than 3 to 4 watts.

The amplifier has been designed for base sta-
tion use, and requires a supply of 48 to 50
volts. While this may rule out mobile operation,
it does permit the use of simple unregulated
power supplies which would be impractical
with 12-volt equipment. Although designed for
a lower frequency limit of 1.8 MHz, testing of
the prototypes has revealed the -3 dB points of
the amplifier to be 225 kHz and 16 MHz repre-
senting a total bandwidth of 6 octaves!

MOSFETs or bipolars?

Before we look at construction, let us briefly
consider two of the differences between bipolar

transistors and the n-channel power MOSFETs
used here. Firstly, bipolar transistors are current
controlled devices; i.e., a small current flowing
into the base causes a much larger current to
flow between the collector and emitter junc-
tions. The FET, however, is a voltage con-
trolled device. A voltage applied between gate
and source causes current to flow between the
drain and source junctions. As there is no cur-
rent flowing into the gate, it can be seen by
Ohm’s law that the input impedance of an FET
is very high. An input impedance at DC of sev-
eral megohms is not uncommon. This charac-
teristic allows very simple bias supplies to be
used with FETs.

The circuit presented here (see Figure 1)
uses a |-k potentiometer to adjust the bias for
each device. This technique cannot be used
with bipolars owing to their high base current
requirement. As the frequency increases, differ-
ences in input impedance become less pro-
nounced. The FET input is highly capacitive,
and this capacitive reactance causes the input
impedance to be lowered at high frequencies.
Also the gain of a bipolar transistor increases
dramatically as the operating frequency is low-
ered. For example, a typical bipolar device
(MRF428) has 13 dB more gain on 160 meters
than on 10 meters. The average FET, however,
will have a much smaller variation of gain with
frequency. This allows comparatively simple
networks to be used for gain compensation.

Circuit description

The circuit has two enhancement mode
power MOSFETS operating in push-pull. RF
drive is routed from the input to
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PCB END CAP A

PCB END CAfB/

END CAP A IS UNETCHED COPPER LAMINATE
WITH APPROPRIATE HOLES FOR BRASS TUBES

END CAP B IS COPPER LAMINATE ETCHED AS SHOWN

TO TR1 PTFE WIRE
FROM TRI1
SOLDERED TO

FERRITE END CAP
CORE COPPER
REMOVED

END OF \

TO TR2 BRASS TUBE © ]
SOLDERED TO !
END CAP /’

END OF BRASS TUBE

MOUNTING PAD SOLDERED
TO MAIN PCB

Figure 2, The output transformer R3 is constructed from two ferrite sleeves mounted on brass tubing.

transmit/receive switching relay RL1. When
the amplifier is selected, the drive is applied to
the 50-ohm input attenuator R 1-R3. Resistor
values are chosen so that the correct level of
drive power is presented to the FETs. Tl is a
broadband transformer (turns ratio 2:1) with
two functions. Firstly, it steps down the imped-
ance from 50 ohms on the primary (drive) side
to 12.5 ohms. Secondly, the secondary winding
is center tapped. This provides two antiphase
signals which drive the FETs via C3, C4, and
C9, C10, respectively. C1 and C2 compensate
for the inductive reactance of the transformer
windings and ensure a low input VSWR.

As the two halves of the amplifier are identi-
cal, I will describe the section around TR1
only. From T1, the RF passes through coupling
capacitors C3 and C4. R4 prevents any tenden-
cy towards instability in TR by adding | ohm
(resistive) in series with the input impedance on
the FET. Bias is provided to the gate of TRI by
the combination of RS and RV | with decou-
pling by C5, C6, and C7. RV sets the bias
voltage from 0 to 6 volts, which allows the
device to be operated anywhere between class
C and class A. R6 is used as a path for the bias
from RV to the gate of TR1 and also provides
a partial load for the RF input. Although this
“passive-gate” technique lowers the input
impedance, it allows the highly capacitive input
of the FET to be driven with ease.

Negative feedback is applied to the gate by
R7, R8, and L1. Coupling capacitor C8 blocks
the DC voltage. The feedback from these com-
ponents improves the linearity of the amplifier
and provides gain compensation. At high fre-
quencies, the feedback is primarily determined
by R7, whereas at LF the reactance of L1
decreases allowing a higher level of feedback
and hence lower gain. The supply voltage is

decoupled at the input by electrolytic C18 and
at a point adjacent to T2 by C15, C16, and C17.
T2 is a bifilar wound RF choke providing a bal-
anced feed to the two transistors. The bifilar
construction assists in the reduction of even
harmonic energy.

Finally, having generated our RF signal at the
drains of the FETS, we now have to combine the
two halves of the signal and match to a 50-ohm
output. This is achieved by broadband trans-
former T3, with the signal AC coupled from the
drains by C19-C22. The transformer is of con-
ventional design, with a turns ratio of 2:3
(impedance ratio of 1:2.25). Both windings use
PTFE insulated wire to withstand the high tem-
peratures that can occur in the transformer dur-
ing sustained operation. Details of T3 are given
in Figure 2. From T3 the output signal is passed
through a five element low-pass filter, then to
the transmit/receive switching relay RL2.

The Tx/Rx switching circuit is built around
TR3 and TR4. The RF amplifier is switched in
circuit when the input (R14) is connected to
ground. This arrangement should suit most
commercial and home built equipment.

Construction

The suggested layout is shown in Figure 3 .
Start by fitting the pins that connect the two
sides of the PCB together. These should be
firmly pressed into the PCB with a hot solder-
ing iron, soldered in place on both sides and
then cut close to the board. Next, assemble the
output transformer T3. The transformer
(Figure 2) comprises two ferrite sleeves
mounted on two lengths of brass tubing. Tubes
and ferrites are held in place with two small
PCB end caps. Prior to soldering, the assem-
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Figure 3. The prototype componeat layout, shown above,

Power Input R1+R3 R2
(watts)

5 820R 6R8

7.5 330R 15R

10 220R 22R

12 180R 30R

15 150R 39R

The table above is intended as a guide. Resistors
should be non-inductive. They can be single units
of suitable rating, or parallel combinations for
increased dissipation.

Table 1. Attenuator resistor values.

bled transformer is held on a flat surface to
ensure that all components are in the correct
position. The tubes are then soldered around
their entire circumference, and the assembled
transformer (minus PTFE wire) positioned cen-
trally between the four holes used for the termi-
nation of the windings.

With T3 placed in the correct position, solder
it with a generous amount of solder. The end
cap that forms the RF center tap is positioned
close to C19-C22 and soldered along its entire
length. Next, fit the two relays followed by the
Tx/Rx switching circuit—TR3 and TR4 should
be fitted within 2 mm of the PCB. The remain-
ing PCB components can now be soldered,

gives stable operation (not actual size).

leaving the remaining transformers, inductors,
and the low-pass filter until last. Resistors R8
and R13 should be mounted with | mm clear-
ance between the resistor body and the ground
plane. The PCB also has space for a 50-ohm pi
attenuator, This is used when the available input
power exceeds 3 to 4 watts. If the attenuator is
not required, the pads on the PCB used for R1-
R3 should be bypassed with a short length of
coaxial cable. The values of R1-R3 will depend
on the available drive power (see Table 1).
Further details in References 2 and 3.

Six connections are made between tracks on
the two sides of the board. These are made in
the central region of the PCB around the FET
gate and drain leads. One end of resistors R6,
R7 and R8 and R11, R12 and R13 are soldered
on both sides of the board. If the amplifier is to
be used on all bands, the low-pass filter shown
in the circuit should now be fitted; this has a
cutoff frequency of 22 MHz. If operation on
lower frequencies is required, refer to the sec-
tion dealing with testing and options. This
leaves the board complete, with the exception
of T1, T2, T3, L1, L2, and the FETs.

Winding the transformers

We have already looked at the construction
of the core of T3. The wire recommended for
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Figure 4. The resistor reduces current surges in the main power supply on power up.

the windings comprises 19 strands of 0.15 mm
silver-plated copper, with an insulating sleeve
of PTFE. This provides a flexible wire with
high current capability; it is also resistant to
corrosion and high temperatures. While this
represents the ideal, any wire of similar cross
section will provide identical electrical perfor-
mance, but only PTFE will have the ability to
withstand extreme temperatures. The circuit
diagram shows the primary of T3 as a two turn,
center tapped winding, capacitively coupled to
the drains of the FETs. In practice, this winding
consists of two half-turns of PTFE wire and
one turn of brass tube.

The secondary winding is simply three turns
of PTFE insulated wire would through the
transformer core. One end provides the RF out-
put to the low-pass filter, while the other is
stripped over 5 to 6 mm, passed through the
PCB., and soldered to ground on both sides. The
balanced drain feed choke T2 is a bifilar wind-
ing on a ferrite toroid, constructed by taking a
length of enamelled copper wire and folding it
in the center to give two equal lengths. The cen-
ter of the wire, now formed into a loop is held
with a pencil. The other ends are placed in the
chuck of a hand drill. The wire is twisted by
turning the hand drill while pulling gently on
the pencil. When the required twists have been
placed in the wire, it can be removed from the
drill and the best (evenly wound) section cut out
for use. This twisted pair is next wound careful-
ly on the ferrite toroid. The four ends should be
cut approximately 30 mm from the ferrite and
stripped of enamel over the last 20 mm.

A multimeter should be used to identify the
start and finish of each winding on T2. With
the circuit diagram as reference, select the two

Frequency
(MHz) 2nd 3rd 4th 5th
1.8 -38 -26 -56 42
3.5 -32 =27 -47 —48
7 -36 -23 —-60 *
10.1 =32 * * *
14 48 -56 * *
18 -54 -60
21 * * * *
* = Level more than 65 dB below peak output.
Measurements made on a Marconi TRF2370 spectrum analyzer.

Table 2. Amplifier O/P harmonic content (dB).

wires that are to be joined to form the DC sup-
ply end of the choke. Be absolutely sure that
the correct wires have been connected, as a
mistake at this stage can prove disastrous later!
Having made the choke, fit it to the board. Do
not allow any point of the winding to touch the
PCB’s ground plane, as the high RF voltage
can arc through the insulation. The construction
of T1 is comparatively simple. The primary is
twelve turns, and the secondary six turns with a
center tap. Both are wound symmetrically over
the entire circumference of the core, starting
with the primary and then winding the sec-
ondary on top. The center tap is formed by
winding three turns, forming the wire into a
small 5 mm loop, then winding a further three
turns. The loop is stripped and soldered to
ground. The earthed end of the primary wind-
ing should be passed through the PCB and sol-
dered on both sides. The inductors L1 and L2
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Figure 5. A simple 12-volt regulator supplies the bias and Tx/Rx switching.

can now be fitted to the reverse side of the
board in parallel with R7 and R12, respectively.
A short length of coaxial cable soldered
between the appropriate contacts of the Tx/Rx
relays provides a route for received signals, and
completes the PCB.

Mounting the FETs

All that now remains is to mount the FETs
on a heatsink. This is done by bending the leads
of the FETs up at 90 degrees so they can pass
through the appropriate holes in the PCB.
Having determined the correct position for the
FETs, drill the heatsink and mount the devices
using mica washers and a small amount of
heatsink compound. Do not tighten fully at this
stage. Place the PCB onto the leads of the FETs
and mark the position of the four mounting
bolts that support the PCB on the heatsink.
Remove the PCB and drill both this and
heatsink. The PCB is held in position by 6.25
mm spacers, and after the FET mounting bolts
are tightened, the leads are soldered into place.
This completes the construction and the ampli-
fier is now ready for testing.

Testing the amplifier

As the amplifier is broadband, testing is fair-
ly simple. Firstly, the amplifier should either be
fitted with the recommended 22-MHz filter, or,
if this is not required, by taking the RF directly
from the output of T3. A 48 to 50 volt power
supply capable of 5 amps peak is required, with
aregulated 12-volt 500-mA supply for bias and
Tx/Rx switching. Also a 50-ohm load,
SWR/power meter and a multimeter. Connect

the amplifier to the 50-ohm load via the power
meter, and to the two power supplies. The 48-
volt supply should have a 2-amp quick blow
fuse and the multimeter in series to measure
drain current.

Turn RV1 and RV2 fully anticlockwise (zero
bias volts) and switch on the [2-volt supply.
Connect the Tx/Rx pin to ground—this should
cause the relays to switch to the transmit posi-
tion. If successful, select the [-amp range on
the multimeter and switch on the 48-volt sup-
ply. At this stage, the ammeter should continue
to read zero drain current. The only adjustment
is to set the quiescent drain current to 125 mA
per device. Slowly adjust RV 1 until the multi-
meter indicates 125 mA, then adjust RV?2 until
the total drain current increases to 250 mA.

The amplifier can now be tested by applying
approximately | watt of input power. On lower
HF bands, this should indicate 20 to 30 watts
output on the SWR/power meter. Any fault at
this stage will probably be due to soldered
joints or transformer winding. If all is well,
change the fuse to 5 amps, adjust the ammeter
range and test at full output. Run the amplifier
at 100 watts for a few minutes, then disconnect
the drive. Quiescent drain current will probably
have increased to 300 mA. This is perfectly
normal; it should, however, return to its previ-
ous value as the heatsink temperature drops.

Finally, check the input VSWR, which
should be below 2:1 on all bands and usually
much less. However, it can be optimized by
making slight changes to the value of C1.
Although this completes the testing of the
amplifier, for good linearity it is important that
the unit is not overdriven. The available gain at
18 and 21 MHz is less than at LF. On 18 MHz,
80 watts output can be achieved, but on 21




MHz gain is reduced to 6 to 7 dB. This repre-
sents an increase of over one S-point, and it
may be possible to increase the drive power to
compensate for lack of gain.

Power supply

The power supply is shown in Figure 4 and
is simply smoothed, but unregulated. RL1 and
R1 give protection from current surges at
switch on. With the PSU off, relay contacts are
open. When 240 volts is applied to the input,
current flow is limited by R1, and the charge
rate on electrolytic C1 is controlled. As the
voltage on C1 approaches 40 volts, the relay is
energized and the resistor bypassed.

The high value electrolytic capacitor reduces
the 100-Hz ripple to a low level. Linearity tests
with the supply shown produced a gain com-
pression of 0.5 dB at a power output of 112
watts. Testing with a spectrum analyzer con-
firmed this PSU design to be more than ade-
quate for amateur use, and Figure 5 uses a
7812IC to provide a 12-volt 1-amp regulated

supply.

Filters and options

Harmonic output levels of the amplifier and
filter are given in Table 2. Results compare
favorably with bipolar designs and show the
balancing action of the drain circuit as the sec-
ond harmonic is at a significantly lower level
than the third. For amateur use, all harmonics
should be as low as is reasonably practicable.
The five-element Chebyshev filter shown has a
cut-off at 22 MHz; this provides sufficient har-
monic rejection for the unit to be used directly
on the higher bands.

However, below 14 MHz more filtering is
needed. Suitable A/2 filters are given in
References 2 and 3, which reduce harmonic
output to at least 60 dB below peak level. For
single band operation, the on-board filter can
be replaced with one appropriate for the fre-
quency. Owing to the large physical size of air
wound coils at HF, it is envisaged that pow-
dered iron toroid inductor cores will be used,
and sufficient space is available on the PCB for
these. I would strongly recommend that home-
brew filters are checked for low insertion loss
and correct cut-off frequency before fitting.

There are many ways in which this amplifier
could be developed. For example, although
robust, the FETs would not survive a prolonged
infinite VSWR at maximum power. The addi-
tion of a protection circuit which detected
retlected power and an over temperature sensor
would protect the amplifier against most fault
conditions.4

Finally, I have found during development
that the “passive gate” technique can be used
with most other power FETs. As there are now
a number of devices with Pd ratings of 200
watts and above, it should be possible to adapt
the circuit for two or four of these FETs,
increasing potential power output to the UK
legal limit.

[ would like to thank K. Renton, G6JM]J, at
Imperial College, London, for his assistance
with performance evaluation. |
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Components List

Semiconductors

TR1, TR2 2SK413
TR3 BC109
TR4 BFY50
D1 1N4001

Inductors (see text for construction details)

T1 Primary:
Secondary:
Core:
Permeability 125
T2 Balanced drain feed RF Choke:

T3 Primary:

12 turns 0.56 mm enamelled copper wire
6 turns 0.8mm enamelled copper center tapped
Fair-Rite 59-61000401 toroid 22 mm diameter.

11 wrns 0.8 mm enamelled copper, bifilar wound. 3 twists per inch. Core as T1.

2 turns comprising 5.50 mm brass tube and PTFE high temperature
wire, center tapped
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Components List (continued)
Secondary: 3 turns 19/0.15 mm PTFE wire
Core: 2 x Fair-Rite 26-43540001 ferrite sleeves (28 x 14 mm, Permeability
850)

L, L2 5.6 uH Toko type FL4 axial inductor
1.3, L4 8 turns 12 mm ID | mm enamelled copper wire close wound

Resistors (All 0.25 watt carbon unless otherwise stated)

RI, R2, R3 50 ohm input attenuator
R4, R9 IR0 I watt metal film
RS, RI10 1k0

R6,R11 10R 0.5 watt

R7,R12 470R 0.5 watt
R8,R13 220R 2.0 watts

R14 680R

RIS 47k

R16 68 k

R17 3k3

RVI, RV2 1k0) min. preset

Capacitors (AH ceramic unless stated)

Cl,C24 270 pF silver mica

C2 270 pF

C3,C4,C7,C9 47 oF

C8,C10,Cl13,Cl14 47 nF

C5,Clt 22 nF

C26, C27, C28 22 nF

Co, C12,C29 10 pF 25 volts*

Cl15 I nF 1 kV

Clé 10 pF 63 volts*

Cc17 10 nF 100 volts

CI8 100 pF 63 volts*

C19,C20 10 nF 1 kV

C21,C22 0.01 pF 1 kV

C23,C25 150 pF silver mica

*Electrolytic

Miscellaneous

RLI1, RL2 12-volt single pole changeover relay (RS 344-467)
8 offt 1 mm PCB pins

150 mm miniature 50-ohm coax (RG 174, etc.)
Printed circuit board
2 off PCB end caps for T3

The case is obtainable from H.J. Morgan Smith Ltd., Unit 3, Vernon Building, Westbourne St., High
Wycombe, Bucks HP11 2PX. Telephone: 0494 532421, Price is 27.50 pounds including VAT. Carriage
extra by arrangement,

Inductors and ferrite components are stocked by Cirkit (Telephone: 0992 4441 11).

Kits of all components (excluding case) are available from the author at Airwave Systems, 31 Benson Close,
Hounslow, Middlesex TW3 3QX. Telephone: 081 472-8615.

Price for a full kit (excluding case and PSU) is 42.00 pounds. A partial kit is also available consisting of
PCB, ferrites, PTFE wire, and brass tube. Price: 17.50 pounds. Note that all prices include VAT and p&p.




THE HAIRPIN

A review

Thomas Cefalo, Jr., WAISPI
51 Oak Street
Winchester, Massachusetts 01890

CH

ntenna analysis programs have opened
Athe door for amateurs to custom design

and build their own Yagi antennas;
however, glitches do occur. Designing for opti-
mum performance, close element spacing, and
short booms, or locating the antenna close to
the ground, will usually result in a Jow input
impedance. The hairpin matching network lets
you transform the low impedance of such an
antenna to that of the transmission line. When a
proper match is achieved, VSWR is eliminated
and maximum power can be transferred from
the transmitter to the antenna. Redesigning the
antenna for a direct match to the transmission
line will, in most cases, degrade the perfor-
mance of the antenna and resuit in decreased
gain and poor front-to-back ratio.

Although the hairpin has been covered in the
past,! I'll present a detailed review and a com-
puter program to help you design hairpin
matching networks.

Theory of operation

To use the hairpin matching network, the dni-
ven element of a Yagi antenna must be in the
form of a “split element.” This means the dri-
ven element is split into two halves that are
insulated from each other and from the boom.
In other words. the driven element is a dipole
that’s insulated from the antenna’s boom. Some
hams initially rule out using a hairpin because

(A) (B)
~1~Ca
ZIN 1
$Ra

Figure 1. (A) Antenna impedance. (B) Antenna inductively loaded.

of the need for a split element. Many use a
gamma match because the driven element is
one piece connected directly to the boom; this
is more commonly known as the “plumber’s
delight” construction. However, the construc-
tion of a gamma match is much more complex
than that of the hairpin.

Application of the hairpin involves shorten-
ing the driven element to produce a capacitive
reactive impedance. The impedance of a half-
wave dipole below resonance is capacitively
reactive, which is why the driven element is
shortened. Changing the length of the driven
element mostly affects the impedance. which
becomes a resistance (RA) in series with a
capacitance (CA), as shown in Figure 1A. The
antenna is then loaded by connecting an induc-
tor across the antenna’s input terminals, as
shown in Figure 1B. In our case, the inductor

1 (<)
(A) ’lT-O (B) /—.'T l l
+ 1L + XL I Ic
__XC It
Es@ Xy -~ ES<\I Xe Rep and
- le - Zr
Re
It (min)-/'

Figure 2, (A) Ideal tank circuit. (B) Practical circuit. (C) Practical circuit response.

Communications Quarterly 49



50  Summer 1994

i .
| ~iXa
\ A\l
7 A
|
{
. : 1;Ro
Ro—e X | 1
|
i
l
N i
7 : ANTENNA
|

Figure 3. A matching network. If the vertical dotted line was
shifted to the right of CA, the network would resemble a conven-
tional L-matching network. (See Equations 1 and 2)

is the hairpin. It’s made in the actual shape of a
hairpin, hence the name.

To gain a clearer understanding of the hair-
pin match, let’s review some basic paralle]-LC
circuit theory. This type of circuit configura-
tion, also known as a “tank circuit,” is shown in
Figure 2. At resonance, the inductive and
capacitive reactance are equal and opposite
(180 degrees out-of-phase) and cancel each
other out. Each of the branch currents I; , I are
also equal because jXL=-jXC. The total cur-
rent, I, is zero, forcing the impedance to infin-
ity (an open circuit) at resonance (Zt=Eg/It
where I1=0). The two branch currents circulate
around the tank circuit because It=0. However,
in a real circuit there is a small amount of resis-
tance associated with each reactive element. As
a result, a small current does flow at resonance.
If the Q of the inductor is 2190, the total current

of the parallel-LC circuit will reach a minimum
value at resonance and the impedance will be
some maximum value not infinity. Although
the total current, I, is minimum, the circulat-
ing current around the tank is magnified by the
Q; that is, I; =I~=QIt. The total impedance Zr,
which is purely resistive at resonance, is Q
times the reactance of either branch (Z1=QX).

A parallel-resonant LC circuit is formed
when the antenna is loaded with an inductor,
and the antenna’s resistance, RA, is in series
with CA (see Figure 1B). In this configuration,
any variation in the resistance causes the Q to
change almost inversely with its value. With a
small value of RA, the Q of the parallel-LC cir-
cuit will be high. At resonance, the high imped-
ance of the parallel-LC circuit will appear to be
in series with the low resistance of the antenna.
The low impedance of the antenna has now
been transformed to a higher level by using an
inductor and taking advantage of the antenna’s
reactive component.

Up to this point, I’ve proved that a low
impedance can be transformed up with a paral-
lel-resonant LC circuit. However, a high VSWR
still exists because the actual value of imped- -
ance to the match wasn’t considered. To match
the antenna’s impedance to that of the transmis-
sion line, it’s necessary to choose the proper val-
ues for L and C. The L/C ratio transforms the
impedance, while the LC product determines the
resonant frequency. In order to obtain a match, a
balance must be struck between these two fac-
tors when their values are selected.

The following derivation can be used to
determine the equations needed to calculate the
values of L and C.

jXL (Ra _ jxa)

ij (Ra - jxa)‘

R, = =
® R,y + XL - X,

R, +j(Xy - X,)

Ro[Ra + _| (XL - Xa)] = XLXa + jXLRa

R.R, + R, (Xi, - X,) = X X, + jX R,

R2R, ~ RyX,2 = R,R,?

R R
Equating Real Parts: R,R, = X X, X = )‘2 2
a
Equating Imaginary Parts: R, (X - X,;) = X1 R,
R XL - RoX, = X(R,
R R R,>
Substitute in X from Real Parts: Ro Ry _ R, X, = ‘;{’
a a




-R,X,2 = R,R,? - RR,

X,2 = R,R, - R,?

X, = YRoR, - R,? 0
. . R.R,
Substitute X, into X; = X then
a
X, = ——RoRy
R,R, - Raz 2)

Equations 1 and 2 are the inductive and
capacitive reactance required to match the
antenna’s impedance to the transmission line. If
the vertical dotted line of Figure 3 was shifted
to the right of CA, the network would resemble
a conventional L-matching network. In an L-
matching network, the higher impedance is
connected to the shunt-arm and the lower
impedance is connected to the series-arm.

Determining the hairpin

The actual hairpin can be constructed from a
heavy piece of copper wire. Equations to calcu-
late the inductance of a hairpin aren’t common
or readily available. You’d need to use an
inductance bridge and trial and error techniques
to determine the correct dimensions for a speci-
fied inductance. Lumped-constant (coil-type)
inductors can be impractical to use and may
have a lower Q due to greater losses. An alter-
native is to use a section of transmission line as
an inductor. The circuit is shown in Figure 4.
A short-circuited section of transmission line
less than a quarter wavelength will behave like
an inductor. A high-Q can be obtained for a
given inductance if low-loss transmission line
such as open wire line is used.

The calculations that follow can be used to
determine the length of transmission line
required for a given inductance, and to prove
that a shorted line is inductive. These equations
are based on a lossless line because the hairpin

will consist of open wire line that has negligi-
ble loss. The input impedance Zin is shown
below, as seen by the generator that’s connect-
ed to a short-circuited transmission line.2

siné
ing Trig. identity tan@ = then
Using Trig. 1dentity 030
Z,, = jZ,tan B¢ 3

As Equation 3 shows, the input impedance
is a pure positive reactance. The desired value
of reactance is determined by choosing the
proper length of transmission line. However,
unlike a lumped-constant inductor where the
reactance varies linearly with frequency, the
reactance of a short-circuited line varies as a
function of the tangent. The reactance of a
shorted line is plotted in Figure 5. Notice that
when the length of short-circuited line is a
quarter-wave long, it behaves like a parallel
resonant circuit. This is why it’s very important
that the electrical length be much less than a
quarter wavelength to maintain an inductor.

Knowing that Zin is a pure inductive reac-
tance, we can replace Zin with XL. Using a
velocity factor (V.F.) of 97.5 percent,3 we can
solve for the hairpin with Equation 4.

A

XL =Z°tan(ﬂ[) ﬂ= 2—’;

V.F. = 975

8
f(meters) = GX10) V.F. m-l[ﬁ] @

2xt z,

Now that we have an equation for the length
of the hairpin, we must determine the value of
Zo. Because the hairpin is based on open-wire
line, Equation 5 is the characteristic imped-
ance of a two-wire transmission line with an air
dielectric as shown in Figure 6.4

s/d -s/d
Z, = 120 cosh_l((—j-) = 120[°——-12-i°—-—J s>>d (5)

Zin = Zo| Pl o

Bt _ o-iBt
Zin = Zo| BT oiPL

cos B¢ + jsin ¢ — cos B¢ + jsin B¢

Z; = 0then voliage reflection
coefficient, p = ~1

B = phase constant

I = length of line

el® = coso + jsin@ then Z;, = ZO[

i 2j sin B¢
cos B¢ + jsin B¢ + cos B - jsin B¢ °| 2 cos B¢
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Figure 4. Using a section of transmission line as an
inductor (see Equation 3).
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Figure 5. Reactance versus line length.
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Figure 6. A two-wire transmission line with an air
dielectric (see Equation 5).

T. Cefalo Jr. HAIRPIN DESIGN DATA WAISPI
3-Element Yagi

01-12-1994 12:40:22

Frequency = 14.175 MHz

Transmission line Impedaance = 50 ohms

Antenna resistance = 22 ohms

Adjust Antenna Capacitive reactance = 24.819 ohms

Hairpin Impedance = 297.264 ohms
Equivalent Inductance = .4976 uH
Electrical Length = 8.477 degrees

Physical Length = 19.131 inches

Rod Diameter = .25 inches

Rod Spacing (center-to-center) = 1.5 inches

Impedance seen by the transmitter = 50 + j1.67E-07
VSWR =1

Figure 7. Computer print-out of hairpin design data for a 3-element
20-meter Yagi.
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We now have a complete set of accurate
equations to construct a hairpin.

The Hairpin Match Computer
Program

I wrote my hairpin match program in
Microsoft QuickBasic version 4.5. 1t is compat-
ible with other versions like IBM’s Advanced
Basic and GW Basic. A listing of the Basic
program code is presented in Appendix 1. The
program calculates the parameters needed to
construct a hairpin match for a Yagi antenna
based on the equations provided here. The user
inputs frequency, antenna impedance (real part
only), transmission line impedance, hairpin
conductor diameter, and spacing. The antenna
impedance can be determined with an RX
bridge or an antenna analysis program. For
either case, the resistance is measured with the
driven element length adjusted for resonance at
the design frequency.

To get an idea of how all this works, let’s
look at a 3-element 20-meter Yagi. Figure 7 is
a copy of the antenna’s hairpin design data cal-
culated from the program. If you want a print-
out of the information, use Shift Print-Screen
on your keyboard to send a copy of the comput-
er screen to the printer.

The graph in Figure 8 is a plot of VSWR
verses frequency of the 3-element 20-meter
Yagi with and without the hairpin. The imped-
ance without the hairpin was determined using
the antenna analysis program ELNEC.5 The
VSWR with the hairpin match was calculated
using the antenna data from ELNEC and the
equation for Ro in Figure 3. In this design, a
broad response was desired; however, as the
graph indicates, the VSWR begins to creep up
toward the band edges. Although it’s impossi-
ble to produce a tlat VSWR within this large
bandwidth, it’s possible to obtain a very good
compromise. If you only operate one section of
a band, optimize your design for that part of the
band—e.g., CW or SSB.

Construction and tuning

Using the data from the program, build the
hairpin from copper or brass—preferably cop-
per. The sliding shorting bar provides an alter-
native to the traditional fixed-length hairpin.
This arrangement lets you vary the inductance
easily. The sliding shorting bar feature ispartic-
ularly useful when you don’t know the exact
impedance of the Yagi, or you simply wish to
fine tune the match. The complete hairpin
matching network of both the fixed-length and
stiding shorting bar is shown in Figure 9.

The end of the hairpin is connected directly
to the Yagi’s boom because the hairpin’s center
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Figure 8. VSWR versus frequency for the 3-element 20-meter Yagi with and without the hairpin match.
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OF TUNING

SLIDING
SHORTING BAR

Figure 9. (A) Traditional fixed-length hairpin match. (B) Sliding shorting bar.

is an electrically neutral point. This provides a
stable mechanical support for the hairpin. Also,
because the center is electrically neutral, the
entire antenna is kept at a ground potential that
eliminates the buildup of electrostatic charges.

The feedpoint of a hairpin match is a sym-
metrical arrangement—a balanced feedpoint.
Connecting an unbalanced coaxial cable direct-
ly to the feedpoint will result in a flow of RF
|currents on the outside shield of the coax. It’s
necessary to use a balun to choke off these cur-
rents, otherwise it will be impossible to tune or
operate the antenna. You can make a I:1 balun
by sliding sleeve-type beads over the coax3, or
you can purchase one of many available com-
mercial baluns.

The hairpin can be adjusted at ground level.
Rotate the antenna so it’s perpendicular to the
ground; that is, pointed directly up towards the
sky. Raise the antenna until the reflector is a
few feet above the ground. With a VSWR
bridge connected to the antenna, set the hairpin
to the desired length and vary the length of the
driven element, keeping each half equal in
length, until the VSWR is unity. If you can’t
reach a match, change the length of the hairpin,
and readjust the driven element again for unity

VSWR. If you use a fixed-length hairpin, it’s
possible to obtain a very limited range of
adjustment by spreading or compressing the
conductors. Spreading the conductors has the
same effect as lengthening the hairpin; com-
pressing the conductors has the opposite effect.
Once you’ve achieved minimum VSWR, bolt
the hairpin’s center point to the boom. The tun-
ing procedure is now complete and the antenna
can be placed in the desired location with little
or no change in the VSWR.

Conclusion

The hairpin match provides a simple but
effective means of maintaining a low VSWR. It
isn’t difficult to build or tune a hairpin, and the
process requires no special equipment. Why not
consider the benefits of a hairpin matching net-
work for your next Yagi antenna project? ||
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APPENDIX 1
BASIC Language Source Code Listing

REM 30K 30k 5k 5 o 3K 5K ok 3K oK Sk 3K K 3K 3K 3k 3K o K 3K 3K 3K 3 5K 33k 2K 3K K K o 3 3K o 3 3K oK 3K K 3K 3K 3K 3K ok 3K 3 Kk Kok ok oK K
REM * HAIRPIN DESIGN PROGRAM WRITTEN BY T. CEFALO Jr WA1SPI @1994%
REM oKk sk o 5k o 3K K K 3K 5 o S K 3 o KK e K K 3 K K0 3K 3K 3 ke Sk 3 3 K o 3 5K 3K K K K oK 3 3K 3k 5K o oK oK K ok ok ok ok K K ok
CLEAR: COLOR 15,0: CLS: COLOR 14, 12

PRINT "T. CEFALO Jr , HAIRPIN DESIGN PROGRAM

COLOR 15,0: PI=3.141582854%: PRINT

INPUT "ENTER FREQUENCY (MHz)";F: F=F*x1000000!

INPUT "ENTER ANTENNA FEED-POINT RESISTANCE (ohms)";RA

INPUT "ENTER TRANSMISSIOR LINE IMPEDARCE (ohms)”;Z0

IF RA>=Z0 THEN GOTO 480

INPUT "ENTER HAIRPIN ROD DIAMETER (inches)";D

INPUT "ENTER HAIRPIN ROD SPACING (inches)";$S

PRINT: INPUT "ENTER TITLE OF DESIGN (return for none)";TITLE$
XA=SQR((ZO*RA)~RA"2): XL=ZO%RA/XA: A=S/D
ZHP=120%L0OG(A+SQR(A*A-1)): EL=ATN(XL/ZHP)%*180/PI
PHYL=(3E+08%EL%x38.37%.875)/(F%380)

ZIN=SQR{ (XAXXL)"2+(XL*RA)"2)/SQR(RA~2+(XL-XA)"2)
THETA=ATN(RA/XA)-ATN((XL-XA)/RA): L=XL/(2%PI%F)
RE=ZIN*COS(THETA): IM=ZINXSIN(THETA)

K=RE/Z0: P=SQR((K-1)"2+IM"2)/SQR((E+1)"2+IM~ 2)
V=(1 + P)/(1~- P)

CLS : COLOR 11,12: D$=DATE$: T$=TIMES

PRINT “T. CEFALO Jr HAIRPIN DESIGN DATA
COLOR 15,0: PRINT : PRINT TITLES$

PRINT D$,T$: PRINT

PRINT "FREQUENCY="; F/1000000! ;" "MHz"

PRINT "TRANSMISSION LINE IMPEDANCE=";Z0; "ohms":
PRINT "ANTENNA RESISTANCE=";RA;"ohms”

PRINT "ADJUST ANTENNA CAPACITIVE REACTANCE=";XA; ohms":
PRINT “HAIRPIN IMPEDANCE=";ZHP; " ohms"

PRINT "EQUIVALENT INDUCTANCE=";L/.000001; uH"

PRINT "ELECTRICAL LENGTH=";EL;"degrees"”

PRINT "PHYSICAL LENGTH=";PHYL; “inches”

PRINT "ROD DIANMETER=";D;"inches”

PRINT "ROD SPACING (center-to-center)=";S;"inches”: PRINT

IF SGN(IM)=-1 THEN Ag$="-j" ELSE Ag$="+3"

PRINT "IMPEDANCE SEEN BY THE TRANSHITTER=";RE;A$;ABS(IM); " ohms"
PRINT "VSWR=";V:END

PRINT: PRINT "Antenna impedance must be less than transmission line”
INPUT "EXIT PROGRAM (Y/N)";D$: IF D$="N" OR D$="n" THEN GOTO 130
CLS: END

WA1SPI™

WA1SPI”

PRINT
PRINT

PRODUCT INFORMATION

Programmable Low-Pass Bessel Filter IC
Has 5Hz To 13MHz Cutoff

Analog Devices” AD896 fully programma-
ble filter IC features a 7th-order Bessel filter
with programmable cutoff {requency (5 Hz to
13 MHz) and equalization/boost amplitude (0
to +9 dB). These parameters are set using indi-
vidual analog control lines. The filter provides
group delay characteristics, with flatness of
+750 ps over the complete operating range.
Applications for this 16-pin device include
disk-drive read channels, communications
receivers, and data acquisition systems. A fac-
tory “metal-mask’ option allows the filter to be
changed to equiripple characteristics. This IC is
a pin-for-pin compatible replacement for the
SSI 32F811.

The AD896 features a fully differential sig-
nal path with both differentiated and normal
(single-ended) low-pass outputs. These outputs
have matched time delays to ensure time coher-
ence of the outputs. Cutoff frequency and equal-
ization are trimmed to an accuracy of +10 per-
cent.

The AD896 operates from a single +5V sup-
ply and is available in plastic DIP and SOIC
packages. Typical power consumption is 0.3W;
in power-down mode (set by a control line)
consumption drops to 50 mW. Prices begin at
$3.95 (1000s).

For more information contact Analog
Devices, Inc., |81 Ballardvale Street,
Wilmington, MA 01887, or call 617-937-1428;
Fax: 617-821-4273.




Peter O. Taylor

AAVSO Solar Division

4523 Thurston Lane, #5
Madison, Wisconsin 53711-4738

THE SOLAR SPECTRUM

Solar Flares...\WWho Cares@

n the interests of self-preservation, we’re beyond the protection of the atmosphere. And,
going to reply to the question that leads off the energetic processes and peripheral effects
this column before delving into the topic of flares continue to be focal points of interest
itself. The answer, among others, is: astronauts for solar and atmospheric physicists, and for
and future space travelers, solar astronomers, others who study the Sun. Now however, a new
and scientists in space-related fields; make no idea championed by Dr. John T. Gosling,! a
mistake about that! scientist at Los Alamos National Laboratory, is
The reasons are familiar to most of us. The stirring increased attention among those who
X-rays produced in many solar flares and examine the source and affect of solar activity.
spewed throughout interplanetary space can Near the maximum of each solar cycle, great
spawn short-lived effects at the Earth, and raise storms plague the Earth’s magnetic field and
legitimate concerns for anyone who ventures dazzling aurorae can be viewed from much
Cyde 17 Cycle 18 Cycle 19 Cycle 20 Cycle 21 Cycle 22
200 T I I T T T I T 1 1 1 L T 160
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150 Disturbances < 120
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Figure 1. The variation of the yearly averaged relative sunspot number since 1930 (solid line), and the variation in the number of
geomagnetically disturbed days per year when the planetary magnetic disturbance index (Ap) was greater than or equal to 25,
since 1932 (shaded area). Note that the number of such storms typically peaks twice: first, around sunspot maximum (there is
some tendency for the amplitude of this peak to correlate with the amplitude of the solar cycle), and a second peak several years
after sunspot maximum—the so-called “precursor” peak. Diagram and comments courtesy of R.J. Thompson, IPS Radio &
Space Services, Sydney, Australia.
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source of terrestrial magnetic disturbances.
Since then the two phenomena have been rea-
sonably well correlated, and the relationship
has been generally accepted for more than half
a century. In spite of such circumstantial evi-
dence, however, the flare/magnetic storm con-
nection has never been observed on a one-for-
one basis. Some powerful flares—even those
which are centered in the western solar hemi-
sphere where the interplanetary magnetic field
should make connection with the Earth most
likely—do not result in disturbances, and some
storms do not appear to be associated with a
particular flare.

The long-standing link between flares and
geomagnetic storms is a bit like the story of the
boy whose mother sent him to a psychiatrist
because he was continually snapping his fin-
gers, “Why do you snap your fingers?” asked
the doctor, “To keep the snakes away!” coun-
tered the boy. “But there are no snakes..."”

argued the doctor. To which the boy replied,
“That's because 1 keep snapping my fingers!™
The flare-origin of large geomagnetic storms

Photo A. A coronal mass ejection lifting off the Sun. The outer
loop is the leading edge of the CME, while the bright inner loop
is an erupting prominence. Photograph courtesy of A.J.
Hundhausen, National Center for Atmospheric Research.

began to be called into question over fifteen
years ago, when many disturbances were tracked
back to the Sun and found to originate with the
solar wind and coronal holes. (We discussed
these phenomena in the Summer 1992 issue ol
Communications Quarterly.) During the ensuing
years, storms that repeat at about 27-day inter-
vals (the apparent rotational period of the Sun)
were unequivocally tied to these features. Such
recurrent geomagnetic disturbances take place as
matter streaming into space from a low-density
portion of the Sun’s atmosphere (i.e., from a
coronal hole), co-rotating with the Sun, returns
to a geoeffective position.

However, until recently the occurrence of
large non-recurrent storms—those that are often
accompanied by the spectacular terrestrial
effects we read about and hear described by the
popular media—has continued to be linked to
the energy bursts from especially violent solar

Photo B. Computerized color enhancement of an erupting
prominence taken by the solar telescope on board the Skylab
spacecraft. Photo courtesy of NASA.

flares, or occasionally to transient coronal holes,
Gosling has now offered convincing evi-

lower latitudes than normally possible. Two
important events during the mid-nineteenth
century significantly influenced scientific
thinking concerning the source of such storms:
First, the number of magnetic disturbances was
linked to the newly discovered sunspot cycle
(e.g., Figure 1), and second, the English
astronomer Richard Carrington observed the
first solar flare and suggested that it might have
some association with a spectacular geomag
netic storm that followed.

Shortly thereafter, evidence began to accu-
mulate that seemed to confirm flares as the

dence for an alternative theory; one which rele-
gates the flares that seem to precede many of
these storms to a secondary effect triggered by
gigantic ejections of matter from the Sun’s
atmosphere, and identifies the latter as the true
source of all great geomagnetic disturbances.
Moreover, Gosling's research cites the strength.
speed, and configuration of the magnetic fields
carried within the ejected material—and not
simply energetic solar particles—as the causal
agent of all such magnetic storms.

As with the solar wind, the release of
immense quantities of coronal material into
space (up to eleven thousand million tons of
solar matter in some coronal ejections) are rela-



tive latecomers to solar physics. The expul-
sions—Kknown as coronal mass ejections, or
simply “CMEs"—are primarily detectable from
spacecraft-mounted coronagraphs that employ
sensitive electronic detectors in place of photo-
graphic film to record them.

CME:s were first observed in 1973 by instru-
ments aboard the U.S. solar satellite OSO-7,
and have subsequently been explored by a
number of spacecraft including Skylab, the
Naval Research Laboratory P78-1, and Solar
Maximum Mission satellites. These observa-
tions have been complimented by others in the
inner corona from ground-based instruments at
Mauna Loa Solar Observatory in Hawaii, and
by the zodiacal-light photometers on board the
Helios spacecralt.

Although coronal mass ejections exhibit a
number of morphological features. they often
have the appearance of giant loops or bubbles
of solar material rooted to the photosphere
(Photo A). A more technical definition was
provided by National Center for Atmospheric
Research astronomer A.J. Hundhausen in 1984:
“. . .an observable change in coronal structure
that (1) occurs on a time scale between a few
minutes and several hours and (2) involves the
appearance of a new, discrete. bright, white-
light feature in the coronagraph field of view.
An extension of this definition includes the
requirement that the event display a predomi-
nantly outward motion.

In any event, CMEs are mammoth structures
that can occupy up to a quarter of the solar limb
before lifting off into space, frequently accom-
panied by the remnants of an erupting promi-
nence (Photo B). They appear to originate
mainly in closed magnetic field regions within
the coronal streamer belt (Photo C) and are
thought to arise from changes in the large-scale
coronal magnetic field.

Flares on the other hand, result more from
the reorganization of small, but intense fields
generally located near active sunspot regions. It
is interesting that CMEs can occur in both nor-
mal sunspot/flare zones and at much higher
solar latitudes. Moreover, their occurrence
seems to follow the traditional butterfly-pat-
tern: appearance at low heliographic latitudes
during cycle minimum ranging to high latitudes
around maximum (Figure 2).

It has long been clear that CMEs are unlikely
to be a flare-induced phenomenon. Solar flares
accompany a fair portion of these mass ejec-
tions, but interestingly, those CMEs usually
begin their departure before the flare occurs: a
factor that has contributed to some
astronomers’ belief that CMEs—and not
flares— are the crucial link between the solar
disturbance, its propagation through the helios-
phere, and effects at the Earth. Further evidence

Photo C. This striking view of the solar corona was pre-
pared from data acquired by NASA's Solar Maximum
Mission Satellite. The prominent feature extending
from the Sun is a coronal streamer: several others are
also visible. The large streamer extends outward for
more than 1,000,000 miles. The white dots (camera
imperfections) are the approximate size of the Earth,
Photograph courtesy of NASA.

of their disassociation lies in the observation
that flares which occur with CMEs typically
erupt far to one side of the broad-based mass
ejection, Of course, solar flares occur in much
larger numbers than do CMEs. so only a por-
tion of flares are initiated by these events.

The way that those particular flares are
caused is a matter of conjecture. It has been sug-
gested that when some CMEs lift-off, segments
of the massive bubble—containing oppositely
directed magnetic lields—become elongated and
temporarily remain attached to the Sun. As the
fields are distorted and brought together during
the ejection’s exodus, they may reconnect and
cause the flare. However, the exact mechanism
remains unclear at this juncture.

The leading edges of fast-moving CMEs—
about one-third of all these events—drive giant
shock-waves before them, through the solar
wind at speeds up to 1200 kilometers per sec-
ond. (Since they typically move at or below the
speed of the solar wind. low-speed CMEs do
not drive shock disturbances.) Although flares
certainly impart energy to solar particles, CME-
initiated shock-waves are capable of energizing
particles on a much more impressive scale.

As the trailing mass of plasma moves out
into interplanetary space, it can grow (o an
enormous size. Eventually, some of these
assemblages expand to encompass a greater
amount of space than the Sun itself; far larger
than the narrow cone covered by outward-mov-
ing flare particles. When the shock-wave and
cloud of material reaches the Earth and condi-
tions are right, the gecomagnetic field can
undergo a major disturbance.
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Figure 2. Butterfly-diagrams showing the locations of coronal mass ejections (top) and emerging sunspot groups
between April 1985 and November 1989. Note that while both phenomena follow the traditional butterfly pattern—
appearance at locations near the solar equator at cycle minimum (September 1986) progressing to high latitudes at
maximum (July 1989)—CMEs also occur at high latitudes. CME locations are “apparent” latitudes because they are

computed from position angles along the Sun’s limb.

As with most of the Sun’s active phenomena,
the number of CMEs appears to rise and fall
with the solar cycle. Gosling reports that, on
average, the Earth intercepts about six CMEs
per month at cycle maximum, and less than one
for any month around minimum. When the ori-
gins of the thirty-seven major and large geo-
magnetic storms that occurred during the maxi-
mum of cycle 21 are analyzed, it appears likely
that all but one were associated with the pas-
sage of a shock, a CME, or both.

The direction of the looping interplanetary
magnetic fields driven by fast CMEs plays an
important role in the new scenario. If the fields

happen to point north as the shock and plasma
cloud pass the Earth, nothing much happens.
The geomagnetic field simply deflects the flow
around the magnetosphere. However, when the
fields are directed southward (opposite to the
Earth’s field), they reconnect with the terrestri-
al field, and the possibility of magnetic storms
and aurorae rises in accordance with the speed
and strength of the rapidly moving flow.

Some very complicated magnetic and electri-
cal processes are then set into motion within
and around the magnetosphere. The energy
spawned by this mechanism drives the ensuing
magnetic storm and accelerates both solar and




TRADITIONAL
rapidly evolving solar magnetic field
v
reconnection (?)
¢
-~ —— — FLARE —
v 4
rapid heating particle acceleration
i ¢
thermally driven solar storage and
MATERIAL EJECTION propagation to Earth
: ¥ 4
INTERPLANETARY SOLAR PROTON
SHOCK DISTURBANCE EVENT
i J,
GEOMAGNETIC STORM PQOLAR CAP,
¢ ABSORPTION
AURORA EVENT
MODERN
evolving solar magnetic fields —
4 ¥
instability (?) buoyancy (?) reconnection (?)
+ J,
—— CORONAL MASS EJECTION ¥
) i i v ¢
low speed high speed ERUPTIVE PROMINENCE reconnection {?) 4
4 v v
INTERPLANETARY SHOCK FLARE
) + y
4 particle particle
+ acceleration acceleration
{ i v
CME directed CME from flare in
~earthward visible hemisphere western hemisphere
) + )
GEOMAGNETIC GRADUAL IMPULSIVE
STORM & PROTON PARTICLE
AURORA EVENT EVENT
¢ + ¥
delay: 1-4 days minutes-day minutes
{ ) +
duration: days days hours

Figure 3. Traditional and modern paradigms of the chain of events leading to geomagnetic storms and other phenome-
na. Capital letters depict observational occurrences and lowercase letters indicate physical processes or descriptive
characteristics. From diagrams that originally appeared in Gosling (1993).!

local particles down through the magnetosphere
and into the Earth’s upper atmosphere, where
they strike atoms and molecules. As we know,
when struck, the atmospheric components
become “excited” (ionized—raised to a higher
energy state) and begin to glow, resulting in the
aurorae (Photo D).

Unfortunately, many geomagnetic storm
forecasters (Photo E) are not yet privy to regu-

lar CME data. Therefore, they must look for
more visible signs of magnetic instabilities on
the Sun (such as disappearing filaments) and
base their predictions on the observation of
flares and other events that may actually be
secondary to the true storm source. Adding to
the difficulty, those CMEs that would affect the
terrestrial environment most dramatically—
events which erupt while facing towards the
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Photo E. Geomagnetic storm forecasters at the IPS
Radio & Space Service in Sydney, Australia. This
warning center is one of several strategically located
centers scattered throughout the world. Photograph

courtesy of R.J. Thompson.

Photo D. Aurorae photographed from the continent of Antarctica. Photo courtesy of M. Taylor, University of Wisconsin.

terrestrial neighborhood—are difficult to mea-
sure from locations near the Earth. In fact,
Gosling suggests that at some future time
CMEs be monitored by spacecraft stationed at
the L4 and L5 Langrangian points, where the
view will be unobstructed by the Sun’s glare.
Figure 3 shows the series of events that are
kindled by magnetic deformations at the Sun,
according to both traditional and modern sce-
narios. A new solar-terrestrial exhibit planned
for the Smithsonian Air and Space Museum,
and titled, “Electric Space: Our Sun-Earth
Environment,” will emphasize the newly recog-
nized importance of coronal mass ejections in
our understanding of the Sun’s influence on the
terrestrial environment. 1]
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AERODYNAMIC

BALANC

NG: PART 1

Yagi antennas with slightly
drooped horizontal elements

t this time, there are several schemes
Abeing used to minimize the torque

required to turn Yagi antennas subject-
ed to a wind stream. The goal of these methods
is to “aerodynamically balance” the antenna so
there are no angles relative to the wind where
the rotor stalls or has a hard time turning the
antenna. The ultimate aim is to turn antennas
with ease, regardless of wind speed. If a perfect
balance, or very near perfect balance, were to
be achieved, small rotors could be used to turn
large arrays. Although several individuals have
claimed success in reducing torque imbalances,
a thorough, basic, analysis is needed in view of
recently published information.! The article,
“Determination of Yagi Wind Loads Using the
Cross Flow Principle,” shows that the method
currently used to determine Yagi antenna wind
loads is incorrect. Because current balancing
schemes are based on an erroneous method of
determining wind loads, it is apparent that a

balancing technique using correct wind loads is
required. Such a technique is presented here.

Yagis with highly drooped elements, like 7
and 3.5-MHz Yagis with full-size elements,
have different primary loading eftects than
Yagis with slightly drooped elements. As a
result, other means must be used to obtain a
balanced, or less imbalanced, condition. There
is no straightforward balancing methodology
that applies to Yagis of all sizes. This article is
aimed at Yagis with slightly drooped horizontal
elements typically found in Yagis for 10 MHz
and higher, and Yagis with shortened elements
for 7 MHz.

Wind loading

The faulty “variable area™ wind loading
method now in current use assumes that the
tforce developed on a tube in a wind stream is

INCLINED TUBE

BROADSIDE AREA = LD sin(ang)

¢ RESULTING
0 sl IN-LINE
WIND FORCE
an
=== t I

|

Figure 1. Assumed force direction based on “variable area” method.
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Figure 2. Correct force direction based on “cross flow principle.”

produced only in the direction of the wind. The
magnitude of the resulting force is a function of
the tube’s area broadside to the wind stream as
shown in Figure 1.23 Equation 1 is used with
the “variable area” method to find the wind
force magnitude. Reference 1 showed that the
resulting force is actually perpendicular to the
axis of the tube as illustrated in Figure 2. The
fact that the resulting wind force on a tube, or
any other shape, is perpendicular to the tube’s
axis, drastically alters current balancing meth-
ods. Further, the article develops an equation to
determine the magnitude of the wind force
based on the “cross flow principle,” which is
shown in Equation 2.4~ It is important to point
out that the resulting wind force is always per-
pendicular to the tube’s axis, and the magnitude
of the force varies as a function of the angle of
attack described by Equation 2. This force is
the result of a distributed wind load over the
length of the tube with the ner effect realized at
the tube’s midpoint.

Fp = C APsin(ang) 1)

Fp = wind force in line with wind(by
“variable area” method)

C = tube drag coefficient

dynamic wind pressure
0.00256 V2 (psf)

exact wind speed (MPH)
tube projected area (sqft)
length x diameter = L D
length (ft)

diameter (ft)

angle of attack (deg)

EOC»»<TT

g

Fef C A PsinZ(ang) (2)

Fef = wind force perpendicular to tube
axis (by Cross Flow Principle)
tube drag coefficient

dynamic wind pressure

0.00256 V2 (psf)

exact wind speed (MPH)

tube projected area (sqft)

angle of attack (deg)

E><TTO

g

Now that wind force magnitude and direction
for a tube are established, a procedure to wind
balance Yagi antennas can be developed.

The concept of torque

There are two very different physical effects
that cause things to twist or turn. Although both
have the same units of measurement, they are
quite different and are not interchangeable con-
cepts. These concepts are torque and moment.

Torque is the twisting or rotating potential
transmitted down the length of a shaft or mem-
ber when that shaft or member is rotated about
its axis, or when rotation is attempted. In an
automobile engine, torque is one of the engine
rating factors that indicates how “hard” the
crankshaft can twist or how much rotational
potential can be produced.

Moment describes the bending effect of a
beam or other structural member due to an
applied force, its own weight, moments trans-

MOMENT

7&
%?—i%§::::§t§

WEIGHT CREATES MOMENT
iN STRUCTURAL MEMBER

SHAFT
MOTOR / @/
SHAFT TORQUE
FAN

TWISTING LOAD ON SHAFT
CREATES TORQUE

Figure 3. The difference between torque and moment.



mitted from other structural members, or com-
binations of these factors. Moments are trans-
mitted down the length of a member, but they
are not trying to rotate the member about its
axis. Moments cause the bending of a member
in the two planes perpendicular to its axis.® In
amateur radio literature, torque and moment are
often mistakenly interchanged, probably
because they have the same units of measure.
Also, incorrect units are commonly used. The
proper units are “length-force.” Examples of
these are “inch-pounds” and “meter-kilo-
grams.” Although incorrect, it is quite common
to see rotor torque listed as kg/m, which reads
kilogram per meter. Figure 3 further illustrates
the difference between torque and moment.

Mast torque

Torque is produced when a force acts on a
member that is attached to some form of shaft
or axial member. It is produced by a force on a
lever, or Yagi boom, as shown in Figure 4. For
a Yagi, when wind forces due to antenna com-
ponents are applied to the boom, a torque is
produced that tries to turn the mast. Torque
results in the mast because it is an axial mem-
ber, while moments are produced that bend the
boom. The only effect of interest for balancing
the antenna is the net torque at the mast. For
there to be zero net torque, the torque produced
by antenna components to one side of the mast
must be equal and opposite to that produced by
the antenna components on the other side of the
mast. In a perfectly balanced Yagi, the net
torque would be zero, although there could be
extremely high bending moments in the boom
on each side of the mast.

In strict mathematical terms, torque is found
by determining the vector cross product of the
radius vector and the force vector that describes
the magnitude and direction of the lever arm
and the applied force. This is shown in
Equation 3.7

T=RXF 3)
T = torque vector
R = radius vector
F = force vector

Vector Equation 3 can be simplified to
scalar Equation 4.8 In Equation 4, R and F are
the magnitudes of the radius and force, while
sin(z) is the sine of the angle, z, between the
directions of the radius and force vectors. (The
vector cross product can be looked at in two
ways. It can be viewed as finding the magni-

¢oRc®
=
| __ TORQUE
ARM !
> <

BEARING

/ SHAFT | MAST

BEARING

<«

gl

Figure 4. Force applied to a lever arm creates torque.

tude of R’s component, which is perpendicular
to the direction of F, and multiplying the com-
ponent’s and F’s magnitudes while assigning
the proper vector direction to T based on the
“right hand rule.” Or, it can be viewed as find-
ing the magnitude of F’s component that is per-
pendicular to the direction of R, and multiply-
ing the component’s and R’s magnitudes while
assigning the proper vector direction to T based
on the “right hand rule.” I will make use of the
second view here; later in this article, I will

use the first view. Mathematically, both views
are identical.)

T = RFsin(z) L)
T = torque

R = radius

F = force

z = angle between R and F

An example of Equation 4 appears in
Figure 5. In this figure, the radius is the dis-
tance from the mast to the point of application
of force, F. Equation 4 is easier to understand
it you look at the term F sin(z). F sin(z) is the
component of F perpendicular to the radius, or
boom, as shown in Figure 6. Equations 3 and
4 state that it is the component of F perpendicu-
lar to the boom that creates torque. In Figure 6,
the other component of F is in line with the
boom and creates no torque. This is easy to
understand because the in-line force component
results in tension and no twisting effect

To further understand the generation of
torque, two special examples are shown in
Figures 7 and 8. In Figure 7, the force is in
line with the boom. As a result, no torque is
created. In Figure 8, the force is perpendicular
to the boom. In this case, the full magnitude of
F creates torque.
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! y4
F
T=RFsin{z)
SHAFT [ MAST
Figure 5. A pictorial representation of Equation 4.
F cos(z)
F

F sin(z)

T =RF sin(z)

SHAFT /| MAST

Figure 6. F sin(z) is the component of F perpendicular to the
radius, or boom.

Rotating dipole and boom
balancing

The simplest Yagi could be considered a
rotating dipole. The act of balancing a simple
dipole made of tubular members demonstrates
many principles that will be used later for
multi-element Yagis. In actuality, a Yagi boom
and rotating dipole are identical in terms of
wind balancing. For this case, assume the rotat-
ing dipole, or boom, is mounted on top of its
mast and not to the side.

The wind force on a member is distributed
and not applied at a single point. As a result,
determination of the torque due to a distributed
load requires the use of calculus to derive an
equation in terms of wind loading and

Equation 4. For the simple case where the
dipole (boom) half has the same diameter, the
resulting torque is found using Equation S.
Figure 9 shows a tube with a distributed wind
loading and its equivalent obtained from
Equation 5. In the equivalent, the force, F,
found by Equation 2, is applied at the midpoint
of the span, L/2, and is always perpendicular to
the boom.

T=LEFE )
2
T = torque
L = length

F = net force on tube (1bs) (from Equation 2)

When the boom, or dipole, is made of tubes
with ditferent diameters, a generalized version
of Equation 5 can be derived. The generalized
case is defined by Equation 6 and an example
of a three segment dipole-half is shown in
Figure 10.

T=LIFI+02+LDF2+03+12)F3 (6)

2 2 2
T = torque
F1 = force on segment |
F2 = force on segment 2
F3 = force on segment 3
LI = length, mast to segment end

L2 = length, mast to segment end
L3 = length, mast to segment end

Figure 11 shows a boom, or dipole, in a
wind stream. The torque that results is the sum
of the torque due to side | trying to turn the
mast clockwise and the torque due to side 2 try-
ing to turn the mast counterclockwise. Using
the torque sign convention in Figure 11, the net
torque produced by the boom is shown in
Equation 7.

Tb =TI - T2 N
Tb = net boom torque
T1 = torque due to side |
T2 = torque due to side 2

For a rotating dipole, or boom, a torque bal-
anced condition exists when T1 and T2 have
the same magnitude, or the net torque is zero.
Consider a single tube of total length L,
attached to a mast as shown in Figure 12. At
what point should the tube be attached to the
mast to achieve a balanced condition, or have
Tb = 0? For Tb =0, Tl = T2. Forces Fa and Fb
are obtained from Equation 2, and Ta and Tb
are found using Equation 5.

Fa = C D La P sinZ(ang)



Ta = C D La’ P sin>(ang) (clockwise)

2
Fb = C D Lb P sin%(ang)

Tb= C D Lb2 P sin?(ang) (counter-

2 clockwise)

For Ta=Tb,
C D La?Psin?(ang) = C D Lb?P sin’(ang)
2 2

after simplifying,
La=Lb
withL=La+Lb

La=Lb= L (8)

This result is not too surprising because it
creates identical conditions on each side of the
mast. For the case where there are three round
segments on each side of the mast as shown in
Figure 13, a balanced condition is described by
Equation 9. (Equation 9 can be used when
there are three or fewer segments per side by
setting the lengths and the diameters of nonex-
isting segments to zero.) Using Equation 9, an
infinite number of combinations of diameters
and lengths can be found that achieve balance.
However, to have a balanced Yagi boom or
rotating dipole, the easiest solution is an
arrangement that is identical on both sides of
the mast.

L12D1 + (L2+L1)L2-L1) D2 + (L3+L2)
(L3- L2) D3 =(L6+L5)(L6-L5) D6 +
(L5+L4XL5-L4) D5 + L42D4 )

The balancing method described here only
applies to members that are either at rest or
turning at a very slow rate—Ilike that achieved
with a typical antenna rotor. High rotational
speeds alter the balance by creating different
effective wind velocities for the part of the
boom turning into the wind and the part going
with the wind. With different velocities, the
dynamic wind pressures for each side of the
boom are not the same.

Torque due to element wind
loads
Earlier in Figure 2, it was shown that the

resulting force on a tube while in a wind stream
is always perpendicular to the axis of the tube.!

F
: ARM
T=0

SHAFT | MAST

Figure 7. An example illustrating the generation of
torque, in which the force is in-line with the boom. In
this instance, no torque is created.

ARM

SHAFT / MAST

Figure 8. Another example illustrating the generation
of torque. In this situation, the force is perpendicular to
the boom, and the full magnitude of F creates torque.

When slightly drooped horizontal elements are
mounted on a boom, the element forces are
directly in line with the boom as shown in
Figure 14 for a single-element and Figure 15
for a four-element Yagi. With element forces in
line with the boom, there are no large torques
created by horizontally mounted elements.
There is, however, a small torque due to ele-
ment forces acting in conjunction with the
boom-to-mast offset created by the boom-to-
mast clamping assembly as shown in Figure
16. The resulting torque is created by the sum
of the element forces down the boom, Fen, in
combination with the boom-to-mast offset, S.
Equation 10 shows how to find Fen and
Equation 11 is used to find the torque, Te.
When Equations 10 and 11 are combined, a
more useful form results as is shown in
Equation 12.
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Figure 9. Equivalent loading: a tube with a distributed wind loading.
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Fen = C Ae P cos2(ang) 10)

Fen = element net force
Ae = net element projected area (sum of
individual element projected areas)

The resulting torque is found using Equation
12, where S is the boom-to-mast offset.

Te= S Fen an
Te= C S Ae P cos?(ang) 12)

Te= torque due to elements
S = offset

Equation 12 holds for elements with rela-
tively small amounts of droop, like those found
on Yagis built for 10 MHz and higher, and
shortened elements used for 7 MHz. Full-size
Yagi elements for 7 and 3.5 MHz have signifi-
cant element droop, which results in a more
complex loading situation. However, for the

majority of Yagis used by amateurs, Equation
12 is valid.

Offset boom torque

Earlier, I discussed balancing a boom when
its center of rotation was directly in line with
the axis of the mast. In this case, there was no
offset, S, as shown in Figure 16. Because this
mounting arrangement is not very common,
boom torque must be addressed when there is
an offset. Figure 17 shows the boom force, Fb,
on one side of the mast, at its point of effective
application. In this figure, Rs is the radius vec-
tor used with Fb to find the torque for this
instance. Using the vector cross product equa-
tion for torque as defined in Equation 3 for this
case, results in Equation 13. Equation 14 is
produced by changing Equation 13 to its scalar
form, as was done to obtain Equation 4.

Tbe = Rs X Fb (13)
Tbe = boom torque vector

Rs = radius vector to Fb

Fb = boom net force vector

Tbe = Rs Fb sin(z) (14)
Tbe = boom torque due to offset

R = radius

Fb = boom net force

z = angle between Rs and Fb

From Equation 14 the terms “Rs sin(z)”
can be replaced by Re, which is the component
of Rs perpendicular to the direction of Fb. This

DISTRIBUTED
LOAD

!
[

MAST

T - 3
L3+L2
2 —|— F2
L1
L2+L1 %
2
l S—| (= F1
Ve
MAST

Figure 10, Equivalent loading: a three segment half-dipole.



TORQUE SIGN CONVENTION

Tb=T1- T2

Figure 11. A boom, or dipole, in a wind stream.

results in a very convenient relationship,
because Re has the length L/2. Or,

Tbe = Re Fb
where
Re = Rs sin(z)
Since:
Re= L (15)
2
then
The =L Fb (16)
2

Note that Equation 16 is the same as
Equation 5, which was found for the case
where there was no boom offset. This means
the offset has no effect on torque due to the
boom. As a result, balanced conditions defined
by Equation 9 hold for booms with offsets.
This greatly simplifies matters. To balance a
boom, satisfy Equation 9. Or, for a more prac-
tical approach, have the boom construction to
the left of the mast be exactly the same as that
to the right of the mast.

Imbalance example

To begin, let’s take a look at a large Yagi and
observe the effects of the boom and the ele-
ments on its balance. Figure 18 illustrates the
approximate physical description of the well-
known 20-meter Yagi—the KLM 20M-6 “Big
Sticker.”” One thing to note is that the boom is

52 inches longer on one side of the mast.
Because of this, you can expect a significant
imbalance due to the boom.

Because there are two main contributors to a
Yagi’s torque imbalance, it is important to con-
sider each contributor and the combined net
effect. By looking at each individual contribu-
tor, it may be possible to make a design change
to minimize its effect. First, find the torque due
to the boom using Equations 2, 5, and 7 for
sides 1 and 2.

Fl =C Al P sin?(ang) = C D LI P sin?(ang)

17)
F2 = C A2 Psin%(ang) = C D L2 P sin(ang)
(18)
F1 = side 1 boom force
F2 = side 2 boom force
C = 1.2 (drag coefficient for round boom)
D = boom diameter
P = dynamic wind pressure
L1 = side 1 boom length
L2 = side 2 boom length
Then, use Fl and F2 to find the torques:
T1=L1FIl=1.2DLI2Psin3(ang) 19)
2 2
T2 =L2F2 = 1.2 D L22P sin?(ang) 20)
2 2
T1 = side | torque
T2 = side 2 torque
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Figure 12, A dipole/boom balancing example.

Tob=T1-T2=12DP(L12-L2% sin’(ang)
2
(21)

Tb = resulting torque due to boom

To find the torque due to the elements, use
Equation 12. With C = 1.2 for round elements
you will find:

Te =1.2 S Ae P cos2(ang) (22)
Te = torque due to elements
S =offset

Ae = net element projected area (sum of
individual element projected areas)

With both Tb (boom torque) and Te (element
torque) defined, the resulting net torque can be
found by summing:

Tn=Tb+ Te 23)

After substituting and combining, you get
Equation 24, which describes the net torque
due to the boom and elements as a function of
“ang” as shown in Figure 19.

Tn=12P[0.5D (L12-L2% sin%(ang) +

S Ae cos?(ang) ] (24)

Tn = net torque

Using the geometry from Figure 18, the
parameters in Equations 22, 23, and 24 can be
set as shown below. To get some idea of the
magnitude of these effects, set the wind speed
at 50 mph, which has a dynamic wind pressure
of 6.4 psf. I calculated values of Tb and Te
using Equations 21 and 22 and plotted them in
Graph 1.

P = 64psf
D = 3"

L1 = 320"
L2 = 372"

S =4

Ae = 12.6sqft

Graph 1 shows that the mast torque due to
the boom is much larger than the torque due to
the elements. As can be seen in Graph 2,
which has Tn plotted along with Tb and Te, the
element torque is a minor contributor to the net
torque for this Yagi configuration. One thing
interesting to note from Equation 12 for Te is
that the position of the elements on the boom
does not matter. It is the offset, S, and the net
element projected area that affects Te.

The example just shown is a Yagi that can
easily have its imbalance reduced. One need
only make the length of the boom to the left of
the mast equal to the length of the boom to the
right of the mast. As a first step, suppose the
boom-to-mast mounting plate assembly is
moved so the boom is only 12 inches longer on
one side rather than the original 52 inches.
Using Equation 24 with L1 =340" and L2 =
352", new values of Tn are found and plotted in
Graph 3 along with Tn before boom modifica-
tion. The improvement is quite dramatic for
doing nothing more than moving the boom-to-
mast plate. Looking at Graph 4, a plot of Te
and Tb for the example with the altered boom-
to-mast mounting plate, you will note that, even
with a small difference between L1 and L2, the
torque due to the boom is still higher than that
due to the elements.

If you want a simple way to bring a Yagi
into better balance, the first thing you shouid do
is put the boom-to-mast mounting in the right

k< L3 L8 =
S L2 L5 '
T T
c:%::::::jj#?ijjji_ 1?- 't::::%::I::::%%:::
D3 D2 é; é; D5 Dé

Figure 13. In this situation, where there are three round segments on each side of the mast, a balanced condition is

described by Equation 9.
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location on the boom. For a boom that has the
same diameter over its entire length, the boom-
to-mast mounting plate should be attached at
the midpoint of its length. For a boom with dif-
ferent diameters, Equation 9 should be satis-
fied—or, the boom should be the same on both
sides of the mast.

When most Yagis are assembled, the boom-
to-mast mounting plate is usually mounted at
the weight balance point. However, this point is
not normally coincident with the aerodynamic
boom balance point. When the boom-to-mast
mounting plate is at the best location for aero-
dynamic balance, a weight balance can be
achieved by mounting a weight inside the light
end of the boom. The addition of a weight will
increase the Yagi’s overall heaviness, but the
achievement of a better aerodynamic balance
will be well worth the effort. To obtain the best
boom balance for a 125-pound KLM 20M-6,
the boom-to-mast mounting plate should be
moved 26 inches toward the last two directors.
To bring the antenna back into weight balance,
a weight of approximately 9.4 pounds should
be mounted inside the director end of the boom.
In this instance, 9.4 pounds is a small price to
pay to reduce the imbalance.

Alternative boom balancing
methods

There is another way to balance a boom.
This method requires that a flat sheet be mount-
ed to the boom. It can be made from a thick
piece of aluminum sheet metal U-bolted to the
“short” side of the boom, as shown in Figure
20. The goal is to bring the boom into balance
by creating more torque on the side of the
boom that produces the lesser torque before
modification. The size and location of the plate
are determined with an eye to equalizing the
torques produced by both sides of the boom.

Use Equation 21 to find the boom torque
imbalance before modification. Once the initial
imbalance is known, an equation can be written
to determine the size of a torque balance plate as
a function of its location on the boom. To begin,
you first need an equation for the force due to
the plate. Since the “cross flow principle” ap-
plies to flat surfaces as well, you can write a
force equation similar to Equation 2 for the
plate. Equation 25 results. With the plate locat-
ed at a distance of Rpb from the mast, a torque
results that can be determined using Equation
26. In actuality, the plate blocks part of the
boom from the wind. Blockage is an effect
which will be accounted for in a later step.

Fp = Cp Ape P sin*(ang) (25)

BOOM

LIS

N\

ELEMENT FORCE

ELEMENT

Figure 14. When slightly drooped horizontal elements are mounted to
a boom, the element forces are directly in line with the boom, as

shown here for a single-element Yagi.

ELEMENTS

ELEMENT FORCES
IN LINE WITH BOOM

Figure 15. The same situation described in Figure 14, for a four-element Yagi.

Fp = plate wind force

Cp = nplate drag coefficient

Ape = effective plate projected area

Tp = RpbFp (26)
Tp = torque due to plate

Rpb = distance from mast axis to centerline

of plate
Substituting Fp from Equation 28 into
Equation 26 produces Equation 27, which
now includes Ape and Rpb.

Tp = Rpb Cp Ape P sin?(ang) 27N

The next step is to set the torque due to the
boom balance plate (Tp), plus that due to the
boom on side 2 (T2), equal to the torque due to
the boom on side 1 (T1). The imbalance
between sides 1 and 2 will be made up by the
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Te = S Fen
Te =~ ELEMENT TORQUE

S = OFFSET
Fen = NET ELEMENT FORCE

Figure 16. There is a small torque due to element forces acting in conjunction
with the boom-to-mast offset created by the boom-to-mast clamping assembly
shown here.

torque created by the boom balance plate.
Torque balance is achieved when Equation 28
is satisfied.

Tl = Tp + T2 (28)

Using Equation 19 for T1, Equation 27 for
Tp, and Equation 20 for T2 results in
Equation 29. This can be simplified and solved
for Ape to provide Equation 30.

Tb= RsXFb

Th = Rs Fb sin(2)

Re=Rssin(z)= L
2

To=L Fb
2

Figure 17. The boom force, Fb, on one side of the mast, at its point of
effective application.
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1.2 D L12 P sin(ang) =
2

Rpb Cp Ape P sin®(ang) +

1.2 D L22 P sin*(ang)
2 29)

Ape = 1.2D(L12-122)
2Rpb Cp (30)

Also, since the balance plate you are using is
square, the plate drag coefficient, Cp. can be set
equal to 1.4.9

Ape =043 D (L12-L2?) 31
Rpb

When Equation 30 or 31 is solved for Ape, a
negative value may result. As Equation 28 is
written with the plate on side 2, a negative
value of Ape indicates the plate should be
mounted on side | at a projected distance Rpb
from the mast. Once you have Ape from
Equation 31, you can find the true dimensions
of a square torque balancing plate of size W x
W that accounts for blockage of the boom.
Dimension W can be found using Equation 31,
where the absolute value of Ape is used.

0.5

W = 043D + [0.184 D2 + ABS(Ape) |
(32)

Using the KLM 20M-6 again as an example,
with the torque balancing plate at Rpb = 23' 7"
as shown in Figure 20. you can calculate Ape
from Equation 31. With L1 =320, L2 =372,
and D = 3", Ape is found to be -1.134 sqft.
Because Ape has a negative value, the plate
should be mounted on side | as shown in
Figure 20. Knowing Ape, Equation 32 can be
used to adjust for the boom blockage. The
resulting value for W is 1.18 ft for an actual
plate area of 1.39 sqgft.

Let’s look at a third way to balance a boom.
In the case of a boom that has the same diame-
ter along its length, you are attempting to coun-
teract the difference in boom lengths, side 1 as
compared to side 2. A simple way to balance
the boom is to add a boom extension to the
shorter side as shown in Figure 21 to make it
the same length as side 2. For stepped booms as
shown in Figure 13, any addition to the boom
has to meet the requirements of Equation 9.

Boom balancing summary

The examples showed that a small amount of
boom asymmetry can result in large mast
torques—even larger than the contribution due
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Figure 18. Approximate physical description of the KLM 20M-6 “Big Sticker.”

to the elements. Consequently, efforts to bring
a Yagi into better balance should first be
focused on the boom. For a constant diameter
boom, the boom-to-mast mounting plate should
be located at the boom midpoint. For a stepped
boom, it is easiest to have side 1 and side 2
identical. If not, Equation 9 should be satis-
fied. In each of these cases it is most probable

that a weight will need to be mounted inside
one end of the boom to bring the assembled
Yagi into weight balance.

Alternative approaches to balancing a boom-
include adding a torque balance plate or a
boom extension. For a Yagi already installed
on a tower, the best approach may be to add a
torque balance plate. The additional weight will
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Figure 19. The net torque due to the boom and elements as a function of “ang”.

be negligible and, most likely, not appreciably
alter the existing weight balance.

In part 2

In part 2 of this article, [ will continue my

discussion of aerodynamic balancing by
addressing imbalance due to elements, element
torque balancing, the design and use of an off-
set mast, and side arm mounted Yagis. [ will
also summarize information discussed in both
parts | and 2.
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Graph 2. Element, boom, and net torque.
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Figure 21. A simple way to balance the boom is to add a boom extension to the shorter side to make it the same length as side 2.
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William E. Sabin, W@IYH
1400 Harold Drive
Cedar Rapids, Iowa 52403

DESIGNING
THE LONG-WIRE
ANTENNA SYSTEM

Want to design a simple antenna
system?@ This arficle takes you through
the steps.

s part of my home laboratory and ham antenna and, despite its very modest claims to
Astation, for wideband (10 kHz to 30 elegance, in understanding and optimizing

MHz) receiving and also for occasional whatever capabilities it might have. I wasn’t
operating on all the HF ham bands, I decided to especially concerned with its directional prop-
use an end fed wire antenna about 140 feet erties, but the results of my computer simula-
(total) long but only about 25 feet above tions are described briefly in Appendix A. The
ground. I became interested in studying the procedures I used to design and analyze this
electrical properties and system design of this system can be applied to many other specific

NN

PWR GND

Figure 1. Arrangement of house, basement, antenna, RF ground, and power ground.
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Figure 2. Measurement method for ground resistance.

situations, and may be of particular interest to
those who need a simple and unobtrusive multi-
band antenna or perhaps a ternporary field day
setup. My major goals were to obtain a 50-ohm
interface with my equipment, reduce harmonic
radiation, maximize radiation efficiency, and
reduce transmitter RF inside the house. The
absence of a heavy transmission line that must
be supported by the wire and its end fastenings
enhances the simplicity.

The end-fed antenna

ty

Figure 1 shows the general layout and is pret-
much self-explanatory. There are no towers or

supports except a 10-foot mast on my one-story
house and a tree at the far end of my back yard.
The end of the wire connects directly to the cou-
pler (transmatch) network located right at the
basement window, and the quality of the return
path to ground is an important system considera-
tion. A simple roped-off boundary outside the
basement window keeps people and pets a safe
distance from the wire. A DC path from antenna
wire to RF and building grounds is always in
place. Power output level is limited to 100 watts
to reduce any possible physiological hazards
from closely adjacent RF fields.

The horizontal end fed, or Hertz, antenna
requires either a high quality ground connec-
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Figure 4. Test setup to measure antenna impedance.

tion or some other reference plane to “launch”
a wave efficiently along its length, as compared
to a balanced antenna in which each side can be
thought of as a counterpoise for the other side.
The true Zepp antenna, end fed, is a possible
exception if the two-wire feedline is long
enough; however, as the feedline length
approaches zero wavelength, it too becomes
less self-supporting and requires a local refer-
ence plane (for example, a Zeppelin). The ref-
erence plane for my antenna is, or should be,
my back yard. In other words, any linear anten-
na is essentially a two-terminal device.

The balanced antenna is often preferable in
terms of overall radiation efficiency, but in sit-
uations such as mine other electrical and even
“backyard environmental” factors are involved,
as mentioned at the beginning of this article,
which require certain compromises. For me, the
exercise was to obtain the best results within
that framework.

Designing the ground system

In the ideal situation, the transmatch chassis
is at true ground potential—even at the highest
frequency. The antenna circuit includes the
transmatch, the wire, the ground plane, and the
open space between wire and ground. No RF
currents flow from the transmatch into the
equipment or other parts of the home environ-
ment. The induction field of the antenna is far
removed from the “radio shack,” and the
ground plane is large and of zero impedance—
therefore it doesn’t absorb any radiation.

In Figure 1, the ground is less than ideal, the
RF ground connection has significant wave-
length and loss resistance, and is part of the
antenna radiation system with three undesirable
results. These are:

A) Some very inefficient radiation occurs in
or near the basement, not out in the open.

B) Power is wasted in the ground resistance.

C) An RF potential difference exists between
the coupler chassis and the radio equipment.
Therefore the outside of the coax, the equip-
ment, and the house wiring also become part of
the antenna system.

At the higher frequencies, the increasing
impedance of the preferred RF ground path
aggravates these problems.

I used two methods to improve the effects of
imperfect ground.

A) Improve the ground connection. I
installed two 8-foot ground rods three feet
apart, and connected each to the transmatch
ground connection with 1 inch by 3 foot braid-
ed straps to minimize lead inductance. Using
the method shown in Figure 2, | measured a
total loop resistance of 38 ohms at 60 Hz using
one ground rod and 22 ohms using two rods.
From this data, I estimated the power ground at
6 ohms and the RF ground at 16 ohms. More
ground rods would be marginally helpful.
didn’t want to construct elaborate ground
screen or counterpoise installations; but a num-
ber of ground wires, placed several inches
below the level of the lawnmower blade and
directly underneath the antenna wire, would be
worthwhile where feasible. Still, the ground
rods by themselves were a satisfactory compro-
mise for me, and the overall design is such that
the power lost is minimized. They also provide
some lightning protection.

B) To isolate the antenna coupler from the
equipment and to encourage the preferred RF
ground path, I loaded the RG-58 antenna coax
with Amidon FB-XX-6301 ferrite beads
(remove the coax outer insulation). These either
choke off or absorb RF that appears on the out-
side of the coax. The coax is approximately 15
feet long and the beads are distributed about 3
inches apart (this gave the best measured
results). I alternated two kinds of beads, XX =
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Figure 5. Resistance and reactance of my 140-foot long wire antenna, including the ground path.
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43, pof 850, and XX =77, u of 2500. Heavy
vinyl tubing covers the finished cable. I used
this approach to obtain isolation from 1.8 MHz
to 30 MHz and the harmonic frequencies at
VHF and UHF. It also breaks up a possible RF
ground loop between building ground and
antenna ground, Figure 3 plots the linear resis-
tance and reactance of the coax braid, as mea-
sured on my HP Vector Impedance Meter, up
to its limit of 110 MHz. 1 like this distributed
approach because the entire length of coax is
protected from pickup and reradiation as well
as outer surface conduction.

To test the results of the modified coax, [
placed a 5-inch antenna probe at the operating
position a few inches from the equipment front

panels. | connected the probe to my spectrum
analyzer and compared the modified coax with
an unmodified coax. The reduction in RF pick-
up while transmitting from 80 meters to 10
meters was between 12 and 18 dB—a very sig-
nificant improvement that, by the way. further
reduces operator exposure to RF fields. The 15-
foot RG-58 coax, when terminated with a 50-
ohm load, measured about 0.2 dB loss of the
desired signal at 29 MHz.

Antenna impedance

I own a General Radio Model 1606A RF
Impedance Bridge (vintage 1950s) that’s excel-



lent for HF antenna measurements. These
bridges are sometimes available from surplus
outlets. I used the setup in Figure 4 to make
113 impedance measurements, each requiring
about 5 minutes. I applied several correction
factors to the raw data, using a computer and a
spreadsheet program.

Figure 5 shows plots of the series resistance
and reactance values. Note the following:

A) The system is series resonant at approxi-
mately 1.8 MHz.

B) A high-Q parallel resonance occurs at 3.4
MHz. The typical resistance peak occurs and
the reactance goes through a large inductive to
capacitive transition.

C) At higher frequencies, the reactance goes
through periodic series and parallel resonances;
but, the maximum to minimum variations
decrease greatly. The peaks are separated by
the half wave frequency of the wire—about 3.4
MHz, as are the minimum points.

D) The series reactance tends to move in a
capacitive direction at higher frequencies. I
couldn’t find any measurement errors that
might explain this. The resistance also drifts
toward lower average values at the high end.
These results may be due to the increasing
height, in wavelengths, and the effects of
imperfect ground underneath the antenna.!-2

E) The resistance excursions also become
smaller. Toward the high frequency end the
“loops” appear to be larger, but this is an optical
illusion caused by the logarithmic vertical scale.

F) The minimum resistance value is always
greater than 50 ohms, above 2.5 MHz. Looking
at the Smith Chart in Figure 6, you’ll see this
means that all R and X values are within the
50-ohm circle. A further consequence of the
high antenna resistance is that the resistance of
the RF ground system is less degrading to the
antenna efficiency.

SHADED
TUNE
REGION

50 OHM
CIACLE

NO TUNE
REGION

Figure 6. Smith chart used to illustrate methods of tuning the L net-
work to 50 ohms.

G) Some aberrations in several of the data
point values may be due to measurement errors
or bends in the wire (Figure 1). The 1606A
bridge is a bit tedious to operate when making
antenna measurements at the higher frequen-
cies, due to hand proximity effects.

H) Because of the periodicity of the long-
wire antenna, it is an efficient radiator of har-
monics, therefore the transmatch should be
designed to give plenty of help in that respect.

The transmatch design

One advantage to having a set of accurately
measured driving point impedances values for

ANT

T

16 UH ROLLER COIL

30 UH, TAPS AT 10. 20 UH

0t da J30

ROTARY SWITCH

—3

551
8 28pF = 1. 4nH

BNC AFC
DUMMY LOAD

Figure 7. Schematic of long-wire antenna coupler.
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Photo A. Long-wire antenna coupler.

the antenna is that you can determine the trans-
match L and C values at any single frequency
using a Smith Chart (Figure 6) or lumped-cir-
cuit analysis, and a circuit design can be estab-
lished that emphasizes harmonic reduction. For
the impedance values that I measured. all inside
the 50-ohm circle, the L. network of Figure 7,
with inductance in series followed by shunt
capacitance, worked out quite well. Photo A
shows the unit, which uses materials either on
hand or purchased from surplus stores. The two
variable capacitors and the large dial were pur-
chased new in 1946 and used in my first post-

war transmitter. The roller coil and the two tun-
ing capacitors have logging scales, so you can
use a tuning lookup table. The SWR indicator
is a separate item.

Referring to the Smith Chart of Figure 6, the
susceptance of shunt C moves impedance point
U down to the 50-ohm circle at point V and the
series L tunes out the reactance to the 50-ohm
pure resistance point at point W. There is one
problem, though. If the impedance point is at
U’, then a small value of shunt capacitive sus-
ceptance will take us outside the 50-ohm circle
at V7 and the series coil can only get us to point
W, which is unacceptable. Therefore the mini-
mum value of shunt C must be small enough,
as required by the worst case antenna imped-
ance values. I solved this by using the circuit
arrangement in Figure 7 and by mounting the
roller coil, the tapped inductor, and the inductor
switch on Plexiglas™ blocks and doing what-
ever else | could to reduce stray C. As an addi-
tional measure, vou could increase inductive
reactance to point W™ and use a shunt capacitor
at the transmatch input to get to point W. This
is the Pi network, of course, which I wanted to
avoid because it detracts from the simplicity |
preferred for this system. On the other hand.
when I need a larger value of C at the output
end, I connect the 250-pF variable with a knife
switch. With the values shown. I can tune my
antenna easily and continuously from 2.5 to 30
MHz. Below 2.5 MHz. for receiving only, | use
other approaches that are best for the specific
frequency ranges of interest.

RFC in Figure 7 is a heavy-duty transmitting
choke that displays no series resonances or
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Figure 8. Method for calculating L. and C. See text and Appendix B.
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Figure 9. Calculated values of inductance and capacitance for the transmatch.

“suckouts” in the 2 to 30 MHz range and
doesn’t affect tuning. It acts as a backup to the
transmitter’s internal circuitry; in the event of a
transmitter parts failure, it keeps dangerous
voltages off of the antenna wire and the trans-
match components. Better safe than sorry! It
also drains off static charge buildup. Be sure to
short out the unused segments of the two induc-
tors. I had all kinds of problems with spurious
coil resonances that made several frequencies
impossible to tune. If the shorted turns and the
shorting connection were perfect conductors,
no power—coupled from the active segment of
the coil—would be lost. In practice, some small

amount can be dissipated. It’s best to accept
this fact.

The 28-pF capacitor, two 56-pF 500-volt
dipped micas in series, is necessary because the
ceramic wafer switch puts a “bump” in the
coax line impedance. This capacitor was test
selected to improve the return loss into the
dummy load from 20 to 40 dB across the entire
DC to 30-MHz band. This makes the dummy
load an almost pure 50 ohms resistive.

Transmatch component values

Knowing the transmatch circuit, it’s possible
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Figure 10. Calculated values of capacitor voltage.

to determine everything important about the
transmatch values and component specifica-
tions. Figure 8 shows the basic idea. At a spe-
cific frequency, the antenna RA and jXA are
known by measurement. The L and C values
for each frequency are then calculated by a
computer spreadsheet program and the driving
point impedance ZIN is 50 + jO ohms (i.e., S11
= 0). At this point, the input impedance of the
transmatch is the same as the dummy load used
to tune the transmitter, therefore no further
transmitter tuning is needed and the forward
power into the transmatch is the same as into
the 50-ohm dummy load. This may be a valid
reason for tuning fairly close to 1:1 VSWR.

A possible complication with regard to the
statement above occurs if the transmitter output
contains a significant amount of available har-
monic power. The transmatch reflects these
harmonics, and a small amount of VSWR may
be indicated due to the harmonic return waves.
The dummy load wouldn’t reflect these har-
monics. Assume that this effect is below the

threshold of the SWR meter because of prelimi-
nary harmonic filtering within the transmitter.

After determining L and C values, you can
calculate the voltage on the capacitor, the
antenna current, the power loss in the inductor
and the ground connection, and the harmonic
reduction. Some of the mathematical methods
used are in Appendix B.

Figure 9 is a plot of calculated L. and C val-
ues. They show the same kind of periodic vari-
ations as in Figure 5. The large peak in C value
and dip in L value at 5.5 MHz occurs because
the antenna’s series resonant impedance
(Figure 5) is close to 50 ohms resistive and low
reactance. This is a “don’t care” frequency, as
far as transmitting is concerned. If a situation
like this occurs inside a ham band, changing the
antenna length a few feet will move it out of
the way. With the L and C components I used, |
could tune pretty well at 5.5 MHz. At frequen-
cies used only for receiving, the exact match is
usually not critical.

Figure 10 is a calculated plot of capacitor

ouT 10 o8 |IN ANT
SIG GEN > - TRANSMATCH
DIESS;EQQ“ FERRITE- | BREADBOAAD
LOADED —
TPL COAX =
4
RECE » S
ECEIVER Ve

Figure 11. Setup for determining L and C values using a directional coupler, such as a Mini-Circuits type ZMDC-10-1.
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Figure 12. Low-pass filter schematic.

voltage for an output power level of 100 watts.
It becomes fairly large on 80 meters, but is
much lower on other ham bands. If T had
increased the length of the wire about 6 feet or
so, I would have avoided this problem on 80
meters. I used capacitors of 1000 volts (C1) and
3000 volts (C2) because they were on hand.

I describe an approximate method for esti-
mating harmonic reduction, with some reserva-
tions. Apply 1.0 volt from a 50-ohm source at
the fundamental frequency and calculate the
power in the resistive part of the antenna
impedance at the fundamental frequency.

Double the frequency of the 1.0-volt generator
and use the values of antenna resistance and
reactance for the second harmonic frequency,
then calculate the power in the resistive compo-
nent. I calculated the following example values
(using a SPICE simulation program) of second
harmonic reduction, assuming ideal transmatch
components and circuitry:

3.5 MHz 26 dB
7.0 MHz 38 dB
14.0 MHz 63 dB

The main error source with this method is
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Figure 13. Low-pass filter response.
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that the transmitter output impedance, as trans-
formed by the length of the 50-ohm coax, can
be much different than 50 ohms resistive,? and
this affects the low-pass properties (but not the
input impedance) of the transmatch. For exam-
ple, if the output impedance of the coax is very
large (a current source), the coil is less effective
in reducing harmonics. If the output impedance
is very small, the coil will have greater influ-
ence. Solid-state PAs tend to have low output
impedance; but the length of coax to the trans-
match could transform this value considerably.
Vacuum tube PAs can have a wide range of
output impedance values. The 50-ohm test is
the best attempt at estimating harmonic reduc-
tion, without further information.

There is one potential problem with this
transmatch and a long-wire antenna. Using my
scalar network analyzer, scanning from 2 to 30
MHz, and looking at return loss on the coax, at
almost any tuneup setting I could see certain
other frequencies, both higher and lower, where
attempts at impedance matching were occur-
ring. The antenna impedance and LC values
have the right combination to produce at least
some small degree of match at these frequen-
cies. Furthermore, these frequencies are sepa-
rated by approximately the half wave frequen-
cy. An examination of Figure 9 shows similar
L and C values for frequencies separated in this
manner. This explains why the second harmon-
ic attenuation of 3.5 MHz, calculated above,
isn’t larger. If the wire were a few feet longer,
I’m sure this number would improve.

If the transmitter happened to have a spuri-
ous output at one of these frequencies, you
might experience some interference. When
using a long wire antenna with a low Q trans-
match such as this one, verify transmitter purity
across a wide frequency range. In a collocated
environment where transmitters at these special
frequencies may be present, some receiver
types may be a little more vulnerable.

I also evaluated a borrowed transmatch of
the SPC (Series-Parallel-Capacitor) type.4
Because of its much sharper bandpass selectivi-
ty, this transmatch was free of the superfluous
responses mentioned above. It requires frequent
razor sharp retuning, especially on the lower
frequency ham bands. Still, I stayed with the L
network because I had no problems with trans-
mitter nonharmonic outputs, as verified on my
spectrum analyzer. I didn’t experience any dif-
ficulties while preparing a tuning table. The
settings for 1:1 VSWR were unique and unam-
biguous. My L network is simple and easy to
build from easy to obtain parts, it’s very easy to
tune and does a good job if you choose the
antenna length properly, as discussed before.

An alternative approach

In the previous discussion, I used antenna

impedance measurements obtained from spe-
cial test equipment. Figure 11 shows another
method for obtaining measurements. By
employing this setup plus a hand-held digital
capacitance meter and a grid dip meter to deter-
mine inductance values by resonating with a
known value of C, it’s quite feasible to find the -
right values of L and C for the ham bands using
small receiving-type components like trimmer
capacitors and slug-tuned coils. Most amateurs
can find values of adjustable C between 15 pF
and several hundred pF and values of
adjustable L between 0.2 yH and 50 uH can
usually be found in their parts collections. Tune
the network for minimum signal into the
receiver. Locate the experimental setup at the
position where the final transmatch will be
located. Once you know the values of L and C,
you can use a Smith Chart to find the antenna
impedance values, if desired. Also, once you
know the range of values, it’s just a matter of
collecting the right transmitting components.
The final transmatch should have very low
stray C and L in the layout.

Llow-pass filter

To enhance the reduction of VHF/UHF har-
monics, I mounted a low-pass filter, shown
schematically in Figure 12, adjacent to the
transmatch input (see Figure 1). This seven-
section elliptic filter is listed in the catalog? as
CC0702, 8 = 40 degrees. This filter has a
VSWR of 1.04 or better (35 dB return loss)
below 30 MHz and at least 55 dB attenuation
above 50 MHz, as shown in Figure 13. The
measured response, with 50-ohm source and
load, was within a few dB of theoretical. As
mentioned before, the in-system VHF/UHF
response can be modified by the source and
load impedances of the system, which at VHF/
UHEF are seldom 50 ohms and can vary unpre-
dictably. The compromise procedure is to pick
the textbook capacitor values with a digital C
meter and then adjust the coils to resonate at the
indicated frequencies using a grid dip meter,
frequency counter combination. This optimizes
the filter passband input VSWR (if the trans-
match is tuned to 50 ohms). We then accept a
certain amount of stopband inaccuracies.

Additional thoughts

There are three main motivations for this
project. One is the learning experience of de-
signing, understanding, and building the com-
plete antenna system, including the transmatch.
Another is to optimize the performance of the
antenna despite its simplicity and handicaps.
The third is to obtain adequate amounts of har-



monic reduction with a very simple circuit,
which is desirable in a long-wire antenna. The
antenna wire itself should have a length that
will tune nicely in the ham bands. In a long-
wire antenna system, if resistive losses and
ground losses are minimal, there’s no reason
for the wire length to be exactly resonant at
some particular frequency—as long as it can be
tuned easily. In fact, if it’s a half wavelength on
the lowest ham band, the RF voltage at the
transmatch becomes quite large, as happened in
my case. It’s preferable to keep maximum volt-
age out in the back yard somewhere, and maxi-
mum current up as high as possible. Also try to
avoid lengths that provide maximum current in
the RF ground connection resistance, in order
to improve efficiency. The antenna simulation
program is an excellent tool for prelocating
voltage and current maxima and minima.

If the circuit is modified so the capacitor can
be switched back and forth between input and
output, this transmatch will also transform any
point inside the Smith Chart to 50 ohms. Some
end-fed wire antennas may require this at their
lower frequencies.
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Appendix A

I used the ELNEC program® (based on
MININEC?) to get a “feel” for the behavior of
my long-wire antenna at various angles of ele-
vation. Because these programs don’t model
“real” ground directly underneath the antenna, [
couldn’t obtain close agreement with measured
impedance values or dependable values of radi-
ation strength at high angles of elevation for an
antenna of such low height.

The aluminum siding on my house was mod-
eled as a gridwork of noninterconnected hori-
zontal and vertical “wires,” each 10 inches in
diameter. The effects of the structure in attenu-
ating the signal toward the house and in reflect-
ing toward the far end of the antenna were evi-
dent (but less pronounced than I expected)
when I compared results with and without the
presence of this gridwork.

The effects of the sloping vertical component
of the wire were also apparent. At frequencies
where the current in the vertical portion is sig-
nificant, it contributes a considerable amount of
vertically polarized radiation—especially off
the ends of the horizontal antenna axis. This
helps to improve the general coverage proper-
ties, so the radiation from this segment isn’t

really wasted. If the height of the flat top seg-
ment can be increased, the length and effective-
ness of the vertical segment can be improved,
especially at the lower frequencies. Simulations
also show that putting another sloping segment
at the far end not only enhances low angle radi-
ation at the higher frequencies, but also extends
the low frequency limit.

In general, the patterns for my installation
(Figure 1) agree pretty well with handbook
patterns. The patterns at 25 to 30 degrees eleva-
tion are strong enough to enable some DX
work, with fairly deep nulls in various direc-
tions that are improved somewhat by the verti-
cal component, which has been amply verified
in practice (but of course things could be a lot
better). The patterns at 35 to 50 degrees are
stronger and have shallower nulls for E-layer
work in domestic contests and general operat-
ing. For the DX-minded operator, an additional
10 feet of antenna height would be helpful.

Appendix B

From Figure 8:

AT = (Ra2 + X,2) J[RA2 + X,2)
G+jB =Gy +jfwC+B,):G=

G,andB = «C + B,

For any point on the 50-ohm circle of a 50-
ohm Smith Chart:

0.02 = G? + B? _ G, + B?

G Ga

Solve Equation 3 for B (use the positive
root so B is a positive [capacitive] suscep-
tance), insert the result into Equation 2 and
get:

G + j/0.02G, - G2 = G, + {wC + B,);

if 0.02 G, 2 G,2

Equate the imaginary parts of Equation 4
and solve for the value of C that translates the
antenna impedance to the lower periphery of
the 50-ohm circle:

1)

@

3

@

y0.02G -G,2 -B
C= A ~ A A . J0.02G, - G,® > B, (5)
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Next, also from Figure 8:

1 1
R iX = jwL _ = wL + ——— (6)
iR =Wt B G, +jB

Set the imaginary part of the right side equal
to zero and solve for the value of L that gives a
50-ohm pure resistance input impedance:

m[(}d‘2 + le 0.02 &G,

Ls

To find the capacitor voltage at 100 watts
output:

Vi = (100) (50) = 70.7 V 8)

IVe| = 70.741 + (wL / 50)° 9)
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Harris Introduces Multi-Waveform Serial
HF Radio Modem

Harris RF Communications has unveiled a
new serial modem providing data communica-
tions up to 4800 bps.

The RF-5710 is for use in naval broadcast
and ship-shore data communications, long-
range point-to-point data communications,
secure digital fax, narrow-band secure voice
and digital video image transmission (DVIT).

The RE-5710 uses a patented data directed
equalizer to eliminate the effects of intersym-
bol interference due to multipath. The modem
tolerates large multipath spreads and fast fade
rates. The modem also includes convolutional
coding, bit interleaving and Viterbi soft deci-
sion decoding.

The waveform, data rate and other modem
parameters are selectable using the front-panel
keys and LCD display, or by way of a remote
control interface,

For more information, contact Harris
Corporation, RF Communications Group, 1680
University Avenue, Rochester, NY 14610; or
phone 716-244-5830.

Larsen switches to polycarbonate/PET
(polyethylene terephthalate)
Larsen Electronics, Inc., manufacturer of

PRODUCT INFORMATION

Larsen® Kulrod® mobile antennas for citizens
band, amateur, commercial radio, and cellular
phones, was having a problem with antenna
bases cracking. To increase the base’s chemical
resistance, the company identified Makroblend
polycarbonate/PET resin, manufactured by the
Polymers Division of Miles Inc., Pittsburgh, as
a possible substitute. The Makroblend UT-
1018 resin resisted chemicals and ultraviolet
tests. Larsen is now using the resin on a wide
variety of their Kulrod antennas.

For more information about Makroblend UT-
1018 polycarbonate/PET resin, write: Polymers
Marketing Communications, Miles Inc., Mobay
Road, Pittsburgh, PA 15205-9741 or phone:
412-777-2000.

For more information about Larsen Kulrod
mobile antenna bases, write: Larsen
Electronics, Inc., 3611 N.E. 112th Avenue,
P.O. Box 1799, Vancouver, WA 98668 or
phone: 206-944-7551.
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DUMMY ANTENNAS

Eliminate onthe-air tune-up sessions

dummy antenna is intended to behave
Ajust like a real antenna in all respects,

but one. It does not radiate. Any power
fed to a dummy is dissipated as heat in a resis-
tor. Also, any incidental fields the dummy
antenna produces are blocked by shielding, so
no power escapes. In the same way, it does not
pick up external signals.

The dummy loads we use for transmitter test-
ing are not dummy antennas, because they are
designed to behave as a matched section of
transmission line. Most are for “50 ohm” line,
and are a 50-ohm low inductance power resistor.
Some may use the more exact value, 51.5 ohms.
Other values include: 75, 290, 350, 400, and 600
ohms—the first for coax and the others for open
wire lines. Since these have no reactive compo-
nent, they cannot simulate an antenna—except
for one that has resistance of 50 ohms at reso-
nance (or any of the other design values). Proper
dummy loads do not radiate, although it is some-
times instructive to reply to a CQ using a
dummy load instead of an antenna.

The difference between dummy loads and
dummy antennas is illustrated by the resistance
and reactance curve of the antenna in use.
Figure 1 shows the resistance and reactance for
two dipoles as a function of frequency, from
very low frequency to past the fourth or full-
wave resonance value. The two curves repre-
sent a thin wire antenna and one with a large
conductor diameter. The pattern of change
repeats at each additional resonance point, with
some difference in the R, X values.

The duplication of such impedance variations
over any desired frequency range in a small non-
radiating package is theoretically possible, but
requires at least one LCR combination for each
resonance point. Such a network is no great
problem at the low power levels of receivers, but
is physically difficult at transmitter power lev-
els. For this reason, dummy antennas are usually
designed to cover only a part of the possible fre-
quency range of an antenna. A typical simple

design may be useful at the low frequency end,
or at a point close to the first resonance. Slightly
more complex designs may simulate the antenna
from a low frequency up to first resonance, or a
bit beyond. These cover most needs, and are the
only type considered here.

Historical dummy antennas

A look in most of the older Radio
Engineering handbooks or textbooks will show
some dummy antenna designs that have been
used in the past. Figure 2 presents two of these,
the one at A specified by the IRE (1948) for
broadcast and shortwave receivers, and that at
B for auto receivers.! Both are intended to be
placed in series with the line from the signal
generator used to the receiver.

In that period, most receivers were designed
for a simple L antenna operating against
ground. The dummy reflects this use. At low
frequencies, around 600 kHz, the dummy is
essentially the 200-pF capacitor, with a reac-
tance around 1000 ohms. At frequencies above
4 MHz, the dummy is essentially the 400-ohm
resistor. Minimum series impedance occurs at 2
MHz, where the dummy resistance and reac-
tance are equal to about 150 ohms each.

The auto antenna is intended to represent a
short whip antenna, and is essentially a resistor
in series with a leaky capacitor. The capacitor
is larger than the capacitance of the antenna
alone, since the normal auto installation uses a
length of “low capacitance” shielded cable to
connect the antenna to the receiver. This has
very little effect as an impedance transformer,
but does add capacitance plus a little loss
across the antenna base. Other dummy antenna
designs that have been used are 100 pF in series
with 20 ohms, and merely a 40-pF capacitor.

The broadcast type dummy is useless with
coax input equipment, or with ferrite loops. The
auto type is still useful, but rarely found.
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Figure 1. Dipole resistance and reactance. Impedance variation of two dipoles of the same length, but different diam-
eter. (A) is the feedpoint resistance, and (B) the feedpoint reactance. Note the insensitivity of feed resistance to diam-
eter at the quarter wave resonance points, and the shift in resonant frequency with diameter. The patterns repeat
each additional half wave, with both resistance and reactance reaching a constant value..

Today, almost all of the auto receivers are
installed at the factory, and there is little repair
required. Consequently, dummy antennas are
rarely found today—even in well equipped sta-
tions or labs. However, they still have a useful
place in design, experimentation, and even in
normal station operation. Some designs and use
notes follow.

Small dummy antennas are occasionally
found on hamfest swap tables. The most com-
mon are World War II surplus types, intended
for tune-up of the ARC series of airborne trans-

mitters while the aircraft is sitting on the
ground. They are of the simple type—a resistor
and capacitor in series—simulating an aircraft
trailing a wire antenna.

Single band dummy antennas

In most antenna systems, the impedance at
the feedpoint for the band of interest is defined
by the linear relations shown in Figure 3. The
reactance component is zero at or near the point



of minimum SWR, and changes linearly with
frequency change, or nearly so. The resistance
component increases with frequency, again
nearly linearly. These curves are for a dipole.
Multiple element antennas may show more
complex variation, especially if complex
matching elements are used. (See Maxwell,2
for more examples of measured values for
dipoles and a beam.)

A first-order dummy antenna for antennas
with this pattern of impedance variation
requires only three components in series: Ld,
Cd, and Rd, as shown in Figure 4. Ld and Cd
must resonate at the antenna resonant frequen-
cy, and be sized to give the same reactance
variation as the antenna as frequency changes.
Rd is the antenna resistance, less the RF resis-
tance of the coil used. This simple approach to
resistance is exact at only one selected frequen-
¢y, usually chosen to be the resonant frequency.
The simulation error will increase for frequen-
cies away from resonance, but will not be seri-
ous across the design amateur band

To design a dummy antenna (system) to
match your own antenna system, you need two
or preferably three or more measurements of R

and X at the antenna feedpoint. An RF bridge is

the ideal measurement method, but low cost
“antenna bridges” will provide useful data.
Correct the measured values for any transmis-
sion lines used (Maxwell,2). Plot the measured
points on a graph, and draw the best fit straight
R and X lines, as in Figure 3. Choose a value

of resistance that is the average of the measured

resistance at the band limits, or the frequency
range of interest. This is Ra. Note the frequen-
cy of resonance, Fr, in MHz (zero reactance),
pick a point on the reactance line, say at the
band edge, and note the frequency F, MHz, and
reactance X ohms, which may be positive or
negative. Let B equal F/Fr. Then, from a rela-
tion in Terman, the coil inductance is, in com-
puter notation:

XL = X/(B/(B*2-1)) ohms

L = XL/(2*PI*Fr) microhenries

The value of C is:

XC =-XL ohms

C = /2*P1*XC) pF

Based on coil construction, measure or at
least estimate the coil Q. For a small coil for a
receive-only dummy this may be around 100,

and for a large coil for transmission, around
250. The coil resistance is:

Rec = XL/Q
and the value of the series resistor is:

R =Ra-Rc

A) SHIELD
200 pF 20 uH
SIGNAL ¢ / AP RECEIVER
GENERATOR y f
400 pF 4008

(8) SHIELD
100 pF
78
SIGNAL |
GENERATOR § RECEIVER
80 k

Figure 2. Historical dummy antennas. (A) IRE standard dummy antenna
for radio receivers, 1948. (B) Simpler dummy used to simulate short auto
antenna whips. Both are intended to be used in series with the signal gen-
erator to receiver connection.

For example, for the dipole of Figure 3, L =
35 uH and C = 50 pF. The average Rd is 64
ohms. For a Q of 250, R = 60 ohms (values
rounded to available component sizes).

For a receive-only dummy, these compo-
nents may be a small air or slug core coil, a sil-
ver-mica capacitor, and a 1-watt carbon resis-
tor, or combinations to obtain the exact value.
For transmitting, they must withstand the
power used. For a 100-watt transmitter, the cur-
rent will be about 2 amperes. Number 16 wire
is ample for the coil. The capacitor may be a
transmitting ceramic, or several of the large
(about 1-inch square) mica capacitors in paral-
lel. Mount the assembly in a shield box with a
connector as used in the station.

If you are developing equipment, an assort-
ment of these dummy antenna boxes for the
bands you are using is invaluable.

Simulating the antenna-
transmission line system

These simple dummy antennas are fine, but
they simulate the impedance at the antenna. For
use in tuning up the transmitter and tuning unit,
the simulation must be for the impedance at the
feed end of the transmission line. In other
words, what is needed is a “black box” that will
simulate the combined effects of the antenna
and transmission line.

Any of the reference books on RF circuit
theory will show the technique of constructing
a network to simulate a known impedance.
While this is not really difficult, there is a
drawback. If either the antenna or transmission
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Figure 3. Measured dipole impedance. Measured values of an 80-
meter dipole at 40 feet elevation, across the 80-meter band (data
from Maxwell, 1989). If the antenna being measured has high
SWR at the band edges, the reactance curve will develop curva-
ture, noticeable at the band edges.
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Figure 4. Narrowband dummy antenna. Simple CRL network to simu-
late a dipole or monopole antenna across an amateur band. Simulation
error can be ideal at only the design frequency, usually at or near band
center.

line is changed, the black box is no longer cor-
rect, and the sequence of measure, design, and
construct must be repeated. Separate simulation
of antenna and transmission line reduces the
work involved.

As shown in Figure 5A, the simplest simula-
tion of a transmission line is another line of the
same characteristics and length. For receiver or
low transmitter power, the line can be RG-
174/U. This line is small enough to fit into a
small shielded box, even though fifty or a hun-
dred feet is needed to equal the station trans-
mission line. The box connects to a low power
type of dummy antenna. For high power, the
simulator should be the same type and length as
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the regular transmission line. The difference is
that this unit terminates in a power type of
dummy antenna.

There is a way to avoid the extra transmis-
sion line if only a single-band antenna is con-
nected to the line. This is to make the regular
transmission line a multiple of a half-wave in
length at the center frequency of the band.
Make the measurements of R, X at the feed end
of the transmission line. Use these in the above
equations with no correction for line length.

To use, switch to the dummy antenna (plus
the “dummy line” if you’ve included one), tune
up, then switch to the regular antenna and start
operating. If the reflected power at the trans-
mitter input is appreciable, touch up the anten-
na coupler tuning to bring it to zero. Do the
same if'you QSY. The benefit? No QRM to
other stations, and good performance for you.

The experimentally inclined might like to try
a true artificial line of the type shown in Figure
5B. These are a series of PI sections, each
designed for a different frequency. (See
Henney,! for design relations.)

Wide band dummy antennas

A dummy antenna of the type shown in
Figure 4 can be used at higher or lower fre-
quencies in addition to the band for which it is
designed. However, the matching error
becomes very large. More components are
needed to improve the match simulation.

Of the designs in the literature, a four-com-
ponent dummy developed by computer simula-
tion seems to be best for amateur use .3 It is
intended to provide a very close match to a
dipole for frequencies below resonance, and a
reasonably good match through resonance and
up to about 1.2 times resonance. This covers a
lot of antenna situations—including the mobile
whips, verticals, and dipoles used on lower
bands.

The connection diagram is shown in Figure
5. In essence, the series R and L of Figure 4
has been transformed to R and L in parallel,
then bridged with a small capacitor. All values
have been adjusted for good overall simulation.

Calculation for design values are based on a
cylindrical dipole antenna of radius a meters.
The distance from center to end (half height) is
h meters. The design equations are, again in
computer notation:

C31 = 12.0674*h/(LOG(2*h/a)-0.7245) pF

C32 = 2*#h*((0.89075/((LOG(2*h/a)*0.8006)
-0.861)-0.02541)) pF

L31 = 0.2%h*(((1.4813*LOG(2*h/a))*1.012)
~0.6188) uH
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Figure 5. Artificial transmission lines. Simple and complex emulation of a transmission-line dummy antenna-to-
transmitter connection, to present the same conditions as the real systems. (A) shows the simple system, a small
diameter line of the same impedance and length as the regular one. (B) shows emulation by a series of PI sections.
The accuracy of the simulation increases as the number of sections increases.

R31 = (0.41288*(LOG(2*h/a))*2)+(7.40754*
LOG(2*h/a)*~0.02389)-7.27408 kilohms

For a monopole (vertical), use h as the over-
all height, divide the L and R values by two,
and multiply the capacitor values by two.

For checking, the data and calculated imped-
ance of the dummy antenna of Figure S are:

h =0.9 meters
a = 0.00264 meters

h/a =341
C31 =5.149 pF
L31=0.6537 pH
R31=2,380k
C32 = 1.067 pF
Length 2h Frequency Z, R+jX
Wavelengths MHz Ohms
0.125 20.83 3.15+j1397
0.250 41.67 13.50 +j563
0.373 62.5 34.27 +j218
0.500 83.33 73.13) +39.29

The simulation error compared to a dipole is
about 10 percent at the half-wave point, less at
lower frequencies (see Figure 6).

If you are working on phased verticals to
take advantage of the lower sunspot numbers, a
set of these wideband dummies can be a big
help in setting up the phase shifting networks.
Use a good oscilloscope for measurement of
phase and amplitude.

Concluding comments

It is easy to see why dummy antennas have
fallen out of favor. The need for a dummy for

SHIELD

L3l
e aan

R31

c31
FEED 1 cL——I

Cc32

&FEED 2

Figure 6. Wideband dummy dipole antenna. Dummy antenna to emu-
late the impedance of a dipole from very low frequencies to about 1.2
times its resonant frequency. For coax, feed 2 would be grounded.

each amateur band as compared to the conve-
nience of a 50-ohm dummy load is probably
the major factor. Then too, the current lack of
interest in home construction is a factor. And
note that manufacturers of antennas never offer
a dummy antenna version to aid in tuneup of
the system.

Despite these factors, the dummy antenna
merits more use. The major gain can be the
elimination of those tune-up sessions heard on
all bands.
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QUARTERLY DEVICES

New narrowband 10./-MHz ceramic

filters from Murata

pen the case of almost any entertain-
Omem or communication FM receiver,

and you'll find at least one 10.7-MHz
ceramic filter. Over the past two decades, these
tiny piezo-electric devices have taken over as
the IF bandpass filter of choice in consumer-
grade radios. One reason for their popularity is
price. In quantity, most ceramic filters cost less
than a dollar. Another reason is performance:;
easy-to-install three-terminal filters deliver
impressive selectivity, while lowering parts
count, eliminating tuneup, and providing a con-
venient interstage matching impedance.

The one drawback normally associated with

these filters is bandwidth; 10.7-MHz piezo-

electric devices with passbands narrower than
100 kHz have been somewhat difficult to pro-
duce. This characteristic has prevented their use
in many medium and narrow-bandwidth appli-
cations. However, Murata recently perfected an

7.0+2.0

I’
-

-

N

E10.7T
™ FE)

7.0x2.0

£0.2] +0.2
l2.s 125 |
Sl

3) (@ )

Qutput Ground [nput

rJ

o Lo

8.
9.

Specification of Ceramic Filter

Type: SFE10.7MT

. Nominal Center Frequency (fn)
. 3 dB Bandwidth

. Selectivity at fn £ 100 kHz
. Insertion Loss
. Spurious Response (within 9 MHz

to 12 MHz)

. Ripple (within 3 dB Bandwidth)
. Temperature Coefficient of

Center Frequency

Temperature Range: -20°C to +80°C
Input and Output Impedance
Withstanding Voltage

: 10.700 MHz
: fn + 25 kHz min.

Total 60 kHz min.

: 20 dB min.
:65+25dB

: 30 dB min.
: 1.0 dB max.
o 420 ppm/°C max.

: 330 ohms
: 50 Vdc max. 1

minute max.

Figure 1. Spec sheet, mechanical drawing of SFE10.7MT.
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Specification of Ceramic Filter

Type: SFE10.7MVS5S

1. Nominal Center Frequency (fn) : 10.710 MHz
2. 3 dB Bandwidth : fn + 13 kHz min.
3. 20 dB Bandwidth : 135 kHz max.
4. Insertion Loss : 6.0x2.0dB
5. Spurious Response (within 9 MHz
to 12 MHz) : 35 dB min.
6. Ripple (within 3 dB Bandwidth) : 1.0 dB max.
7. Temperature Coefficient of : % 20 ppm/°C max.
Center Frequency
Temperature Range: —-20°C to +80°C
8. Input and Output Impedance : 330 ohms
(3) (2) (1) 9. Withstanding Voltage : SQ Vdc max. 1
Qutput Ground Inpul Mminute max.

Figure 2. Spec sheet, mechanical drawing of SFE10.7MVS5.

alternative process that allows production of
narrow filters inexpensively.

Inside ceramic filters

To understand how narrowband ceramic fil-
ters were developed, let’s look at how these
devices work. The outer case, which is epoxy,
provides a protective shell and tuned cavity for
the vibrating ceramic element instde. The cen-
ter operating frequency of this element is deter-
mined primarily by wafer thickness.

Passband characteristics are the product of
several vibration modes that occur simultane-
ously within the filter’s piezo-electric material.
Design engineers can selectively control differ-
ent modes by varying filter composition and by
manipulating the shape of the electrode pattern
deposited on the ceramic wafer. To optimize
performance, vibration modes yielding the
de-sired results are enhanced and modes that
degrade performance are suppressed. The shap-
ing of passband characteristics can become a
complex process because altered variables tend
to interact.

In the past, designers relied solely on prima-
ry vibration modes to produce usable 10.7-
MHez filters. This approach yields the broad and
relatively flat passband characteristics we nor-
mally associate with them (popular bandwidths
range from 110 to 480 kHz to cover a variety of
WBFM and other applications).

However, Murata engineers recently perfect-

ed a technique that uses harmonic vibration

modes to produce filters with a much narrower

passband response. This innovation has
allowed them to expand the popular SFE10.7

product line into the medium and narrow-band-

width filter category.
Presently, the newly developed harmonic-

mode SFE10.7 filters come in two bandwidths.
Complete specifications for each are shown in

Figures 1 and 2. The SFE10.7MT provides a
-3 dB bandwidth of approximately 50 kHz.
The narrower SFE10.7TMV35 provides a -3 dB

passband of around 26 kHz. Both filters feature

similar case size, pinout, I/0 impedances, rip-
ple, and insertion loss characteristics as other

wideband SFE10.7 devices. Both may be used
as drop-in replacements for other SFE10.7 fil-

ters where appropriate.

Narrowband ceramic filters (like all ceramic

devices) are very easy to incorporate into IC-
based receiver designs. This is because most
semiconductor manufacturers now design the
IF ports on their mixer and “receiver-on-a-
chip” ICs for direct connection to standard
piezo-electric devices. This practice virtually

eliminates the need for adding external match-

ing circuitry (see Figure 3).

Practical applications

The passband requirements for high-speed
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Figure 3. Typical interface schematics with 2 or 3 common ICs.
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Figure 4. Dual-conversion passband, wide versus narrow Ist-IF filter.
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data, FAX, digital audio, and a host of other
new communication modes do not necessarily
fit within the boundaries of traditional mes-
sage-channels we’ve used in the past. For this
reason alone, the new MuRata devices should
enjoy immediate popularity (they fill a huge
product gap that presently exists between stan-
dard 12.5-kHz NBFM crystal filters and 100-
kHz-plus WBFM ceramic filters). In addition to
facilitating new modes, they should help us
solve some lingering narrowband filtering
problems in low-cost NBFM/FSK/AM/SSB
designs (see below). Here are just a few ideas
for immediate applications that come to mind:
1. Dual-conversion receivers. A huge number
of scanners, handheld transceivers, and 2-way
mobile radios employ dual-conversion IFs oper-
ating at 10.7 MHz and 455 kHz. To lower pro-
duction costs, designers frequently specify a
broad ceramic filter rather than a more-expen-
sive narrow-band crystal filter to establish the
1st-IF passband. Unfortunately, this tradeoff
places the total burden for message-channel

selectivity on the 455-kHz 2nd-IF filter; a prac-
tice that degrades the receiver’s adjacent-chan-
nel selectivity in strong-signal areas (see Figure
4). Substituting a 50-kHz wide SFE10.7MT in
the 1st-IF would decrease the severity of this
problem—-and installing a 26-kHz wide
SFE10.7MV5 might virtually eliminate it!

2. Single-conversion receivers. There are a
number of excellent single-conversion receiver
chips on the market that, when paired with the
right IF filters, offer new product opportunities.
For example, the 50-kHz-wide SFE10.7MT
should work very well for 136-MHz WEFAX,
high-speed data links, telemetry, and WBFM
wireless mics—to name only a few possibilities.
The narrower 26-kHz SFE10.7MV5 should
work well for single-conversion NBFM (voice
and 9600 baud packet), airband AM, spread
spectrum, and a host of other digital or analog
applications.

For more information

You may obtain additional information on
the SFE10.7MT and SFE10.7MVS5 directly
from the company. For full specifications, pric-
ing, nearest distributor, and sample requests
write: Murata North America, 2200 Lake Park
Drive, Smyrna, Georgia 30080; or call: Casey
Saunders at (404) 436-1300 or Harry Moore at
(404)436-1300.

Designers should be aware that Murata man-
ufactures a very wide range of communication-
type piezo-electric filters, including 455-KHz
narrowband ceramic filters and discriminators,
several types of 10.7-MHz ceramic filters in
lead and surface mount packaging, and a very
attractive line of inexpensive SAW (surface
acoustic wave) filters with popular VHF and
UHF passbands. For information on the full
line of Murata filter products, call 1-800-831-
9172 and request the Piezo-electric Devices
catalog number P-05-A.

Conclusion

The SFE10.7MT and SFE10.7MVS5 are
available now and they fill a rather large prod-
uct gap in the current 10.7-MHz filter market.
Hopefully this will open up new opportunities
for some innovative receiver designs.
Harmonic mode ceramic filters should work
especially well in conjunction with many of the
newer single-conversion receiver ICs. The
SFE10.7MT and SFE10.7MV5 are available
now, and I can’t wait to try them out!

If you come up with a novel application or
interesting construction project using this (or
any) Quarterly Device, we’d like to hear from
you. Please contact us by phone at (603) 664-
2515, or send your manuscript to Communi-
cations Quarterly, P.O. Box 465, Barrington,

NH 03825-0465. n
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RANSMISSION

The Medium is the Message and

Vice Versa

with his statement “the medium is the mes-

sage.”! He meant that it is the existence of a
communications medium, rather than the infor-
mation it carries, that shapes how it’s used and
perceived. Early in the century, when movies
were new, people would pack the halls regard-
less of what was being shown. Just seeing mov-
ing pictures was reason enough to go. The early
days of amateur radio were similar. Then, using
the new radio technology was an end unto
itself. Being able to build and use the equip-
ment to contact distant places was sufficient
Justification for operating. Sure, we’d occasion-
ally do something useful like providing emer-
gency communications, but in general the con-
tent of our transmissions was less important
than the ability to make them. As communica-
tions technology matures, things are changing.
Working DX is no longer very difficult and no
longer impresses people. In fact, non-hams are
usually amazed only by how unsubstantive our
contacts are. With the novelty wearing off,
we’ll be less likely to use radio for its own
sake, making random contacts just to see what
locations we can reach. We'll need new things
to do with our radios that take advantage of the
exciting new technologies available, while still
being interesting. The use and content of our
medium will decide what amateur radio
becomes, or, whether there’s any reason for it
to continue at all. McLuhan’s dictum has been
reversed—now “the message is the medium.”

What we choose, or are allowed, to send will

determine the technology we use, which trans-
mission modes become part of our operations,
and what types of equipment we develop and
operate. Federal regulations restrict what and
how we transmit. There are prohibitions,

In the ‘60s Marshall McLuhan caused a stir

among others, on commercial content, broad-
casting, and on the modes and formats we can
use. These rules are necedlessly limiting the
evolution of amateur radio. I would like to talk
about why some of them are no longer required
and should be modified.

To go from the abstract to the specific, let
me give a personal illustration of what [ mean.
1 use personal computers at work and at home.
I carry a floppy disk back and forth with me to
transfer files between the two machines. In
spite of this, I often find the information I need
is on the other computer or, that I’m not sure if
the file [ have on the machine in front of me
represents the latest version of the data. I con-
sidered solving the problem by setting up a
radio data link over the line-of-sight, five-mile
path between the two sites. Then I realized how
little of my data could be transmitted legally
under the current amateur rules. The docu-
raents, programs, or spreadsheets that I produce
for work clearly can’t be sent. My checkbook
files are probably OK, but, since it’s illegal to
encrypt them, transmission could involve shar-
ing my personal finances with the world (simi-
larly for copies of postal or E-mail correspon-
dence). 1 couldn’t even send this article if it
was something for which I might get paid.
Setting up the data link might be an interesting
technical project, but it’s relatively useless for
the purpose I had in mind. I'm sure others have
also been prevented from exploring ways of
using our bands by these obstacles.

Of course, the content of our radio channels
depends on what we’re trying to do. Many tra-
ditional ham activities, such as message han-
dling and DXing, are becoming either irrele-
vant or less interesting than they were. The ser-
vice we’ve provided as a backup communica-
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tions system for emergencies is being super-
seded by cellular phones and the coming satel-
lite-based telephone networks. Ham contesting
as we know it will ultimately be doomed by the
diminishing pool of CW operators. The ham
experimenters developing our digital networks,
protocols, and TNCs are doing interesting
work, but they are more concerned with build-
ing the equipment than the way in which it may
be used. The appropriate question isn’t only
“What new technologies can we use?” but also
“What can we do with radio technology that
will get people enthusiastic and involved in
using it?”, If amateur radio is to survive as any-
thing more than glorified CB or a refuge for
nostalgia buffs, we’re going to have to find
some new purposes and goals.

I think our most important function is an
educational one: providing a motivation to
explore technology and a vehicle for doing so.
This need will remain as long as having techni-
cally literate people is important. The obvious
place to aim this effort is at young people. The
flow of kids into ham radio has slowed to a
trickle. There are probably several reasons for
this, but apparently neither the activities nor the
culture we present is of much interest to them.
Let’s face it, we’re a pretty staid and conserva-
tive group—not exactly the most appealing
combination to teenagers. We should look for
new approaches to using radio, keeping what’s
still appropriate but being willing to incorpo-
rate changes as well.2

One potential role for us is as an adjunct to
the coming “‘information superhighway” we
hear a lot about. We could provide the “on and
off ramps” either for low-cost access or for
access at sites not wired into the network.
Another possibility would be to change long
term policy and allow non-commercial amateur
broadcasting. To do either we’d have to change
the rules. Already, packet networks are being
limited in their ability to serve as Internet gate-
ways by content restrictions. [ think that the
prohibition on broadcasting and limits on what
you can send is a major reason why amateur
television (ATV) is used by only a small num-
ber of hams. As the information networks move
on to handling a full range of multimedia for-
mats—video, music, animation, or whatever
manifestations of cyberspace ultimately arise—
we in the ham community will be left behind if
we’re not allowed to handle them.? The exist-
ing content and format restrictions will prevent
amateur data networks from ever being more
than a pale shadow of non-amateur networks
like Internet and its descendants.

Many of the restrictions date back to the
early decades of amateur radio. Then, those in
the existing wire-based telephone and tele-
graphic services, as well as in the emerging

commercial broadcast industry, were legiti-
mately worried about competition from unpaid
amateurs. Format restrictions were partly the
result of government fears about encrypted
messages from foreign spies, first German and
later Soviet. 1 doubt that executives of modern
communications companies lose much sieep
worrying about radio amateurs stealing busi-
ness from them now, and the changed geopolit
ical situation, together with the sheer impossi-
bility of tracking all the possible espionage
channels, make the case for these regulations
less compelling. Yet, not only are we still gov-
erned by these rules from sixty or seventy years
ago, they’ve become so much a part of the
amateur tradition that we accept or even wel-
come them. They’ve been internalized to the
extent that you may even feel angry and threat-
ened when I suggest we be given more free-
dom. Some of the restrictions are still valid, but
we should start from scratch and see which
ones are relevant and why.

The major need for any content and format
restrictions now is to protect amateur instead of
commercial users. [ certainly wouldn’t want a
pizzeria or taxi company deciding to use two
meters for dispatching their drivers (with an
overly cooperative VE on the payroll “helping”
employees get licenses). Similarly, I wouldn’t
want to see someone transmitting wideband
ATV on twenty meters. Nothing I'm recom-
mending would alter the essential, non-com-
mercial nature of amateur radio. but there are
changes that could be made that would broaden
its attraction,

The prohibition on broadcasting seems par-
ticularly unnecessary and limiting. Being able
to broadcast is something that seems to excite
and empower people, particularly kids. Recent
movies like Pump Up the Volume, about a
teenage pirate radio broadcaster, or even
Wayne's World demonstrate this appeal. Let me
make a controversial suggestion: that broad-
casting and the transmission of music be per-
mitted on one UHF band, say, 13 cm (2.3
GHz). This may sound like an absurd and scary
idea evoking images of teenagers emulating
their favorite MTV Vs and playing Mega-
Death videos, or worse. While it’s true that
some would use the opportunity to do things of
questionable social value, at least it might get
kids psyched up enough to learn about and use
radio (and related technologies) and pull them
within the framework of amateur radio. Some
might go on to develop digital networks. Some
might become HF operators. Some would go
on to careers in technology-based industries,
like many of my teen ham friends of thirty
years ago. Broadcasting implies having listen-
ers or viewers. They’d also be introduced to
ham radio, in a form to which they would



relate. Ham broadcasting could also provide a
real service, true public access to the air waves.
We have more commercial broadcast and cable
channels now, but most offer variations of the
same programming. Even the re-quired public
access cable channels are available only to par-
ticular groups (which groups depend on the
biases of the specific community). Ham broad-
casting would, for the first time, give access to
all. Maybe none of these positive things would
happen; but, what’s the harm in letting interest-
ed parties transmit with a watt or so and an
omnidirectional antenna, on an un-derutilized
band we’re in danger of losing anyway?

I’ve described a series of paradoxes and
dilemmas that characterize where [ think we
amateur radio devotees stand. Communications
technology has matured to the point that merely
making contacts is no longer very interesting.
Advanced new techniques and systems are
coming along, but we haven’t discovered any-

thing to do with these systems that will appeal
to many beyond those directly involved in cre-
ating them. We’ve failed to adapt our mission
to the new circumstances and. as a result, we're
not attracting bright kids as we have in the past.
I think that the current regulations needlessly
inhibit exploring new roles. Maybe I'm wrong.
Maybe radio has progressed to being a tool or
appliance, like a dishwasher or telephone, and
no longer warrants having a hobby based on
using it. Maybe hams are inherently so shallow
and unimaginative that, even given all the free-
dom in the world, we still wouldn’t do anything
interesting. For now, I won’t be that cynical.
What we need are some creative ideas on
where to go from here in using our medium. W
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Who in the World is Peter X2

At the end of the sidebar *“The Planet Mars
QSO Cup” that appears in the article “HF
Radio on Mars” by Craig Fry and Robert
Yowell (Spring 1994), you'll notice that the
author’s name is given as Peter X. Of course,
the author is really no other than our Senior
Technical Editor Peter Bertini, KIZJH, and he
informs me that he hasn’t changed his name
recently to become a pirate radio station opera-
tor, or anything of the sort! Sorry Peter, I'll try

Corrections

to keep my fingers in the right “pew” of the
keyboard next time I type in your name! Ed.

Problems With Parts Placement

In “A Gyrator Tuned VLF Receiver,” by
Arthur Stokes, N8BN, (Spring 1994), there
were some errors in parts placement in Figure
4 on page 26. Capacitors C7 and C§ should be
connected to the groundplane of the board, and
diodes D3 and D4 should be interchanged. A
corrected drawing is included here. Ed.

Communications Quarterly

Q7



TECH N OTES (from page 8)

RFC 2

J2
PHONES

Figure 1. Circuit diagram of the dual FET dip oscillator.
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PRODUCT INFORMATION

Tektronix Expands DMM Line

Tektronix Inc. introduces three new hand-
held digital multimeter (DMM) products for
use in applications ranging from industrial
design and service to education and the general
hobbyist.

The three instruments are the DM255,
DM256, and DM257 general-purpose multime-
ters, priced at $65, $75, and $85 respectively.
Each is designed and manufactured to comply
with safety standards established by UL and
IEC and conform to Mil-T-28800, Class 2
standard for shock and vibration.

The DM255 features a 3-1/2 digit display, 0.7
percent accuracy, autoranging or manual selec-
tion, data hold and current measurements.
Where current measurements are not needed,
the DM256 offers testing of voltage, capaci-
tance, resistance and diodes with 0.5 percent
accuracy, a fast continuity beeper and memory
offset. The DM257 offers current and capaci-
tance measurements with 0.5 percent accuracy,
autoranging and manual selection, and a low
battery indicator.

For more information, contact Tektronix
Electronic Service Tools, Tektronix, Inc., P.O.
Box 1520, Pittsfield, MA 01202 or cail Tek
Direct, the Tektronix national order desk, at 1-
800-426-2200, extension 183.Rail-To-Rail

AEA Satellite Tracker

Advanced Electronic Applications, Inc. intro-
duces their ST-1 Satellite Tracker. The ST-1
offers hands-off control of antennas and tran-
ceiver tuning to make satellite operation easier.
Features include a completely resident program
(TSR) that runs concurrently with other pro-
grams without interfering with foreground pro-
grams; automatic control of Yaesu 5400/5600
Azimuth-Elevation rotors. The ST-1 also has
A/D converters, precision power supply, and
relays to control two independent rotors. Works
with InstantTrack, QuickTrack, and RealTrack
software; tunes FT-736, TS-790, IC-970, and
the 1C-475/2785 combination transceivers.
Hardware uses one serial port and paralle! port
from the host computer. Auto-matic switching
provides easy access to ports when the ST-1 is
not in use. Works together with other satellite
software, like PG_AEA, PB, and PG. Allows
your satellite packet station to be fully automat-
ed and run the PACSATS unattended.

Suggested retail price for the ST-1 is $399.
The ST-1 is available from your favorite ama-
teur radio dealer.

For more information, contact Advanced
Electronic Applications, Inc., P.O. Box C2160,
Lynnwood, WA 98036, Phone: 206-774-5554;
Fax: 206-775-2340.




Coil Number of turns SWG
A 3 22
B 10 22
C 20 22
D 35 26
E 100 26
F DC antenna coil on 9x40 mm

All coils wound on 16 mm OD formers.

Length Coverage (MHz)

4 mm 23-60

12 mm 13-29

10 mm 6.6-14.5

12 mm 3.6-7.5

32 mm 2.04.1
1.1-2.2

ferrite rod; remove turns to adjust.

Table 1. Coil data.

grounding point “H” (see Figure 3). This fea-
ture is very useful when checking receivers.

Construction Notes

The circuit shown in Figure 1 covers from
10 to 60 MHz and there is very little change in
meter reading as C1C2 is tuned across the
band. The size of C1+C2 determines the cover-
age of each coil. [ originally used a 360+360 pF
gang from an old receiver which was fine for
the lower frequencies, but the scale was too
crowded on the higher frequencies. The
2204220 pF gang (also from an old radio)
offered a good compromise; it also had an inte-
gral reduction drive, and I consider a slow
motion dial a must for dip oscillators.

Coil winding details are given in Table I, but
they are only a guide. Start with the lowest fre-
quency band and adjust the winding of each
coil so as to provide some overlap at the higher
end of each range. I used some two-pin tormers
from an old Eddystone wavemeter, but coil for-
mers can be made from narrow PVC conduit,
discarded plastic syringe barrels, or even pur-
chased!

Obtaining an observable dip on the lowest (1
to 3 MHz) range proved to be difficult until I
hit upon the idea of using a short (30 mm)
piece of ferrite antenna rod in the coil. The
original broadcast antenna coil was carefully
“pruned” until [ obtained the right coverage.
This low frequency coverage, not usually found
on most dip oscillators, has proved very useful
for my interests in restoring old communica-
tions receivers.

I constructed my dip oscillator on two scraps
of Veroboard (see Figures 3 and 4 for layout).
Alternatively you could use tag boards, but do
ensure that the RF oscillator section has a sym-
metrical layout. Make sure that the leads
between the coil socket, tuning capacitor, and
oscillator section are short and rigid—I used 1
mm wire. The meter amplifier was build on a
miniature tag-strip mounted on the positive
meter terminal; the meter may be anything
from 100 pA to | mA—surplus VU meters are
very suitable.

Figure 2. Function switch (3-pole, 4-way).

\>GND

Figure 4. DIP oscillator board..
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H

Figure 5. AF oscillator/modulator board.

If the unit fails to oscillate over the entire
range, try increasing coupling capacitors C3
and C4 and/or altering the values of the two
RF chokes to somewhere between 100 uH
and 1 mH.

The modulation transformer is a miniature
input circuit type and should have reasonably
high DC resistance across both windings (not

Parts List

Oscillator Section

CLC2 2204220 pF (tuning, see
text)

C3,C4 8.2 pF

C5 1000 pF

cé6 SpF

R1 470

R2.R3 330k

R6.R7 470k

RS 1 M linear (sensitivity)

R9 1k

TRI,TR2 2N5486, MPF102 or similar

TR3 BC 177 (pnp) or similar

D1.D2 0OA91 or OA85

RFC1,RFC2 100 pH

AF Oscillator/Modulator

c10 0.039 uF

C11,C12 0.01 pF

Cl13 0.05 wF

R1l1 I'M

RI2,R13 56k

R10 39 k-56 k (adjust for
modulation level)

TR4 BC108 or similar

All transistors are 1/8 watt.
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less than 50 ohms). Jack J1 serves to couple a
short pick-up antenna for use as a field strength
meter in the DIODE mode. It is also used to
couple to a digital frequency meter for accurate
frequency measurements.
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Captions:

In our final note for this issue, Marv Gonsior,
WG6FR, offers a modification to the Titan 425
power amplifier that provides additional over-
drive protection.

Titan Overdrive Protection
Marv Gonsior, W6FR

Ten-Tec, manufacturer of the popular Titan
425 power amplifier, recognized the necessity
for overdrive protection to preserve one’s
investment in the expensive 3CX800A tubes
that have a grid dissipation of only 4 watts.
Prudent operators will surely do the same, since
obviously, modern exciters are easily capable
of decimating those fragile grid structures. Ten-
Tec has incorporated a red warning LED, ALC,
and a foldback circuit internally, but these fea-
tures may be overcome by sheer power along
with the failure to observe the warning light
and/or the grid current meter. Here is a simple
way to augment the existing features that will
more effectively warn an operator of overdrive.
The modification is extremely modest in cost,
and doesn’t involve any cutting or disruption of
the existing circuitry.

The manufacturer-installed red warning LED
has a measured 1.6 pulsating DC volts on its
anode when conducting. This provides a suit-
able voltage source to actuate any number of
warning devices and lock-out relays.!
However, I felt that the combination of a
“screamer” plus an optional flashing red LED
would be a relatively cost-effective means of
warning to preclude overdrive—especially
when it’s blasting away and blinking in my
face, or when the amplifier is situated out of
my field of vision.

The circuitry, shown in Figure 1, requires
only two alkaline 9-volt cells for power. These
batteries will easily last their shelf life, assum-
ing you’re a fast learner! All components are
off-the-shelf at Radio Shack. Before beginning
any work, a word of warning. High voltage



kills! Be sure the high voltage cable is discon-
nected from the amplifier, and that the high-
voltage capacitors have had sufficient time to
discharge. Take this opportunity, while you
have the lid off the cabinet, to clean out any
dust or debris that may have accumulated
inside the amplifier.

Now, connect a wire that’s soldered to the
anode of DI on the Display Board # 81220, and
shown in the owner’s manual in Figure 5-25.
The anode connection is easy to recognize, as
the cathode is grounded to the foil. [ used a
small Teflon™ insulated wire that I slid easily
through the wiring harness to the rear of the
chassis and out through one of the unused
phono plugs on the rear panel. If you don’t
wish to use the 9-volt cells, you can steal the
plus 28 volts DC from the power cable at the
rear of the cabinet. Use it accordingly with a
suitable dropping resistor, as I first did.
However, I decided that an internal battery
power supply was preferable to avoid any
potential complications. The common lead is
attached to the ground lug at the rear of the
amplifier cabinet and the two leads are termi-
nated in a RCA type phono plug for connection
to the rear of the unit.

In my particular application, I used an
extremely small double-pole, double-throw her-
metically sealed surplus relay from my
junkbox. [t is actuated by a control voltage of
approximately plus 0.8 volts DC; (see Figure 2
for the schematic.) The relay obviously con-
tains just an ordinary NPN switching transistor.
The schematic shown in Figure 1 performs the
same function and is probably much easier
to duplicate.

The Radio Shack “magnetic buzzer” doesn’t
sound like one at all because its frequency is
given as 3.4 kHz and is specified to operate
from 6 to 16 volts DC, drawing about 10 mA.
Of course, its output level is dependent upon its
supply voltage. The price was very attractive,
the performance was adequate, and the part was
readily available. For very intermittent service
such as this, a plus V of 18 volts won’t harm
the unit and, of course, provides a desirable few
extra dBs of output!

I mounted my “squawk box” in a small alu-
minum enclosure, but any type will do because
there’s nothing critical about any of the compo-
nents. Radio Shack’s # 270232 might be a suit-
able candidate if you start from scratch. Mine
came from the junkbox.

To test the unit, give one quick whistle with a
bare amount of overdrive, as verified by diode
D1 in the amplifier, and stapd by for an instanta-

TO ANODE OF DIODE D1 J7
ON DISPLAY BOARD #81220

* SELECTED FOR D1 AT APPROX.10mA
Q1- 2N2222A

D1- RADIO SHACK 276-020 OR 276-066
T1- RADIO SHACK 273-026

(®- TEST POINT; SEE TEXT

Figure 1. Overdrive warning circuit.

TELEDYNE RELAY #412-T12

|

*ADAPTABLE TO
(=) MANY COMPONENTS

,;, +18V %:

—g» D1 ON 425 DISPLAY BOARD

v

Figure 2. Alternative overdrive warning circuit.

neous response! Alternatively, place a plus 1.5
voltage source to point “A™ as a bench test.
This device is an extremely inexpensive
insurance policy with a very small, one-time
premium. It’s one that you don’t ever want to
hear or see, but awful comforting to know you
have around! A final note, if you use batteries,
don’t forget to check and/or replace them once
a year, or so, when you do your smoke alarms.
I placed two small pin jacks on the box, so the
plus V can be checked with ease periodically.
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_ LETTERS

Loop transmission is older than originally
described

Transmission using loop antennas is even
older than that described in the 1928 clipping
sent in by L.B. Cebik, W4RNL.

The oldest reference that I can find is from
the February 1920 issue of QST. This describes
a portable transmitter, spark of course, used by
the army during WW-1. It used a three turn
loop one meter square. It was manufactured by
the Wireless Specialty Apparatus Co.

There are several articles about loop trans-
mission for hams scattered through various
issues of QST through 1923.

Harry R. Hyder, W71V
Tempe, Arizona

Thanks! ... and by the way . ..

I wish to thank you for publishing my article
on the QRP rig. I hope it will be of interest to
many of your readers. [ did notice one thing
that probably should be noted.

The panel layouts on page 34 were drawn to
a 1:1 scale but printed at approximately a 2 to |
reduction (1.94:1 to be exact). No indication
was given as to the scaling but one could deter-
mine this from the chassis drawing. One has to
copy this on a copy machine onto the trans-
parency. I am sure builders can figure this out
on how to increase its size.

Thanks again.

Jim Pepper, W6QIF
Orinda, California

Anvone wishing to build WO6QIF's deluxe
QORP station can obtain printed circuit boards

Sfrom FAR Circuits. 18N640 Field Court,

Dundee, lllinois 60118. Prices are as follows:
receiver board, $5.60; transmitter board,
$4.40; counter board, $3.50; side-tone board,
$3.50. A set of boards is $14. Please add $2
shipping and handling per order.— Ed.

Let’s get real

I just received the winter 1994 issue. Eeee.
Leaning forward! Bryan Bergeron’s articles
have always had a “progressive air” about
them, but combined with other things I'm see-
ing in CommQ, I begin to wonder.

I read with trepidation your editorial in the
same issue. My GLR (Gut Level Response)?
Everything is turning into virtual this or virtual
that! Notice even the photograph in Bryan’s
article on virtual tools is virtual. In fact, the last
year of CommQ has shown Bryan’s surrealistic
unrealities on each issue’s front cover. Have
you seen Midnight Engineering’s recent cov-

ers? Same stuff, this time with a theme of frac-
tals. You mention virtual reality mobile opera-
tion. But [ thought the anxiety, adrenaline,
sideshows, camaraderie, and successes were
what made an expedition, or a Field Day!
Where has real reality gone?!

Communications Quarterly seems to be
increasingly leaning toward a sci-fi future. [
guess somebody needs to do this to get the
practical people thinking. Is this drift in style
and content intentional? I'm not against move-
ment in the computerized direction. [ met
Howie Cahn, WB2CPU, over the Internet prior
to his publication in CommQ. I looked forward
to his article in the Fall issue (“Connecting
Computers to Radios.” page 13) and was not
disappointed. His sense ot balance is keen. The
article was well done and I told him so.

Pages 52-55 of the Winter "94 issue also sur-
prised me. Robert Witmer used four pages to
say what could have been communicated with a
handful of formulas. Didn’t a reviewer question
this? For example, consider the first half of the
table on page 52/53:

increment = (freq-222) * 100
set = int (increment/10)
EPROM address = increment/2 = 3 * set

The sidebar on page 56 does a good job of
covering the hex<>decimal conversion process.
So why did we need two columns of decimal
and hex numbers in all four tables?

See also Michael Gruchalla’s article in the
Fall 1993 issue. Twelve pages of plots were not
necessary. If he summarized what he found
with maybe two or three plots as examples, I
would have believed him, really. I trust an
author to look at the gory details and present to
the reader a consolidated summary of the work
s/he did.

I am not advocating that the bare minimum
is best for understanding (ever read an APL
program)? I've tried to keep a balance. Do you
still have copies of Ham Radio around? Look at
pages 34 and 38 of the November 1987 issue. |
tried to show construction details in Table 1,
and convey understanding with Table 3.
Maybe I, too, went overboard with Table 1 and
could have just described it in text. I did better
on pages 60 and 61 of the April “88 issue. The
formula conveys all that’s going on, while
Table 2 gives the quick reference for those
who want to just get on with operation.

I think it’s important for the authors them-
selves to get feedback on their work. 1 know 1
appreciate it. I normally send copies to all rele-
vant parties when I write a letter like this, but



because, in this case, it’s more of an overall
impression of where CommQ is heading. [ sent
it only to you. Pass on any information you feel
is appropriate.
Brian Mork, KA9SNF
Fairchild, Washington

I liked it, but please make this correction

I found the short article on *Yagi Gain ver-
sus Boom Length™ by David Barton, AF6S
(Tech Notes, Winter 1994) very interesting!
However, the boom length for the HG215DX
should be 4.03, not 8.40. This will also make a
difference in his graph. We agree totally on his
conclusions.

Also, Brian Beezley uses a gain figure of
merit based upon one of three formulas to
determine the maximum possible gain. I like
the K1GQ formula for HF beams:

G =3Ln(B) +9.85

This formula produces excellent results for

most HF antennas. Exceptions are those with
radiation resistance less than 10 ohms and those
with high F/B (>30 dB).
Roger Cox, WBODGF
Telex Communications, Inc.
Lincoln, Nebraska

Thanks for the assistance

I am afraid that this is a very late letter of
thanks and acknowledgement for the additional
information you provided in response to my
request of earlier this year to Peter Bertini.

I had hoped to construct the meter by this
time so that I might have included some com-
ments about operating it in my letter to you.
Sadly, however, the parts are still in their box,
other pressures having intervened.

My thanks once more to you and your col-
leagues. Keep up the good work. The Quarterly
is first rate.

John Teague, G3IGT)
Somerset, England

Now from CQ, the Leader in Innovative Amateur Radio Products . . .

THE CQ 1994 AMATEUR RADIO ALMANAC

Get in on the action! With over 500 pages of facts, figures, tables and information on Amateur

Radio, the 1994 Amateur Radio Almanac is the authority.

GET YOUR COPY OF CQ’S 1994 AMATEUR RADIO ALMANAC AND FIND OUT. .
Who has the world’s largest QSL card collection.

* What propagation was like in the month and year you were born.
* Why 1919 was the most important year in the history of ham radio.

* How many hams live in your town.

* Where the world’s largest amateur antenna systems are located.
* The location of the world’s HF/VHF radio beacons.

* The names and callsigns of famous amateur radio personalities fromaround the world.
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$19.95

Qry TITLE UNIT PRICE TOTAL PRICE
o ; 1994 Amateur Radio Almonac $19.95 $
= Yeomx in Reyiow Please add $4 S/H Shipping/Handling
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¢ Rules & Regs *

The Source :x=

* The Biggest. Fastest, Furthest * Geographic

$50.

Total

FREE shipping for orders over

Check/Money Order Enclosed (make checks payable to CQ Communications)

Stats * Propagation * Awards * Contests ¢ Chargetomy: __MC __VISA _ AMEX ___ Discover

Space * Postal Regs * Useful Tables * Silent Account # = - Exp. D

Keys * Thousands of Facts & Figures r:f':"e 9
ORDER TOLL FREE City State Zip

Please mail your orders to: CQ Communications, Inc.
76 North Broadway, Hicksville, New York 11801-9962 FAX: (516) 681-2926

(800) 853-9797

Also available from your local dealer
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EDITORIAL (from page 4)

tors to install screening software into their sys-
tems that will flag and pigeonhole messages
from certain amateur callsigns. The sysop can
read these messages later, pass them on if they
aren’t in violation of the rules, or drop them
from the system if they are. Unfortunately,
because the operator tells the software which
callsigns to flag, this system will only hold up
transmissions from known offenders, so it’s not
foolproof. Messages in violation of the rules
may still get into the network, despite the
sysop’s precautions.

What’s a ham to do? Amateur radio has a
history of being a self-policing fraternity. If the
operator of the first forwarding station delays
the transmission of information through the
automatic packet system until he has time to
review all the messages, he will be able to
intercept any inappropriate messages. On the
other hand, those down the line will have to
wait for their mail until the sysop has a chance
to screen it, and technology takes a back seat.

How, I wondered, do devoted packeteers feel
about the latest steps taken by the FCC? To
find out, I polled a few packet operators for
their opinions.

The majority of people I spoke with felt that
the FCC still hadn’t gotten it quite right with
their latest ruling on automatic packet. The
consensus was that even though the originating
station would be held responsible for his
actions, an essentially innocent party—the
operator of the first forwarding station—might
still have to pay for the transgressions of anoth-
er. At the same time, however, the control oper-
ators of voice repeater systems were absolved
of their responsibilities in similar situations. A
double standard?

The feeling still lingered that the FCC rules
concerning message-forwarding systems con-
tinue to put a hold on amateur packet radio
research and development. The need to put
messages on hold, said one operator, takes
away one of the most important niceties of the
automatic packet network—the immediate
transfer of information throughout the system.

There was, however, one operator who was
unfazed by all the hoopla. She contends that it
doesn’t take too long to review the messages
left on her board, and all messages are held
until they are read. Furthermore, users of the
board are identified by callsign and zip code
when they log on; so if someone sends a mes-
sage in violation of FCC rules, he can be
reported to the authorities and tracked down
with ease. My lone, unworried operator feels

that most board users don’t want to hurt their
sysop, so chances are that most users will obey
the rules and avoid business communications
and obscenities. “I think it’s important to keep
the networks clean in order to encourage young
people’s participation in packet. Controversial
information is fine. I don’t want to be a censor;
however, I think offensive material and vulgar
language doesn’t belong. The way I interpret
the rules, if I receive a message that violates
FCC regulations, I can help the commission
track the originator down.” For this amateur,
the new rules become a way to help maintain
the integrity of the airways and not a hindrance
to operation.

The new rules on automatically forwarded
packet transmissions are a step forward, it’s
true. No longer will many pay for the sins of
one. However, one person (the sysop of the
first forwarding station) still must share the
blame for any illigal transmissions he lets pass.
The number of messages in violation of FCC
rules should decrease—if those in charge of
first forwarding stations do their part. However,
given the hectic lives most of us lead, it’s a safe
bet that many BBS operators may choose to
just let the mail flow down the information
superhighway, unread.

Down the years, as amateur radio has
changed and incorporated new technologies,
there has been an ongoing need to redefine the
rules governing the way hams operate. The
FCC has taken a first step towards placing the
blame for automatically transmitted packet
messages that contain rules violations where it
belongs; but they haven’t gone far enough. Yes,
with the exception of a stop at the first forward-
ing station, information is free to flow through
the network. However, it would be a real step
forward if the commission were to recognize
that amateurs—as individuals, clubs, or infor-
mal collectives—should be allowed to serve
their hobby as “common carriers” of informa-
tion—much like the U.S. Postal Service or the
telephone company.

When mail fraud is committed, we don’t
prosecute the postman for delivering the mail.
When someone makes an obscene phone call,
we don’t prosecute the operator for putting the
call through. We blame the perpetrator! Why
then should the automatically controlled packet
network be any different? It’s time to ask the
FCC to put the blame where it belongs—
squarely on the shoulders of the person whose
message is in violation. The new rules are a
beginning, but we need more!

Terry Littlefield, KA1STC
Editor



GET MORE OUT OF VHF
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with CQ, of course.

Getting Started in VHF

AND
The VHF “How To” Book
A Guide for All Amateurs

CQ’s newest additions to our Video and Book Library

bring the world of VHF to you . ..

Get in on the excitement that awaits you in the world of VHF — all with the practical “how-to™

format that you’ve come to expect from CQ.

Send for your video
and book today —there’s a whole

new world of amateur radio
awaiting you!

CQ's Getting Started in VHF tape offers the visual
immediacy that you can only get from video. And,
with The VHF “How To" Book, you'll have an
expanded reference filled with practical advice, tables,
pictures, and sources of additional information that
you can't be without. Together, there's simply no
better resource on VHF!

Whether you're a new Technician or have been an
Extra for years, there's plenty of excitement in VHF
operating. Our new VHF series can introduce you to a
part of our hobby you've never experienced or show
you how to have even more fun!

FOR FASTEST SERVICE CALL OUR
ORDER DEPARTMENT AT

(800) 853-9797.

CQ's VHF series is a fantastic addition to your
club's library too!

HERE’S WHAT YOU'LL DISCOVER:
* Descriptions of YHF/UHF bands and operating activities
* How to find and use FM repeaters
* Exotic operating modes like ATY, Meteor Scatter,
Aurora, Moonbounce, Satellites and more.
* Helpful operating hints
* Packet Radio basics
* Nets and emergency communications
* Propagation made easy
* YHF contesting

I YES' | want to receive Getting Started in VHF and/or The VHF “How To"
® Book. I've filled in the information below.
copies of GETTING STARTED IN VHF video at $19.95, plus $3.50 shipping and handling.

]
] copies of THE YHF “HOW T0" BOOK at $15.95, plus $4.00 shipping and handling.
1] complete video and book set ONLY $33.95, plus $4.00 shipping and handling.

Name
Address

City State ZIP
ble in PAL format.

Include $7.00 for overseas ship

[ Visa [J American Express
[0 Money Order/Check

its. Tapes akso

Payment: [] Mastercard
[ Discover
Card # Exp. Date
Mail orders to: CQ Communications, Inc., 76 North Broadway, Hicksville, NY 11801
Fax (516) 681-2926. Club quantity discounts available.
ALSO AVAILABLE AT YOUR LOCAL DEALER.
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PRODUCT INFORMATION

New Soldering Iron/Torch Kit From
Philips ECG
Philips ECG announces that its Butane-
Powered Soldering Iron/Torch is now available
in a 10-piece kit (J-500KT) complete with carry-
ing case. 4 different tips and other accessories.
The ECG® J-500 Soldering Iron/Torch is a
hand-held tool that features a see-through refill-
able butane tank, a temperature control for
accurate adjustment of tip temperature, and a
built-in igniter.

The kit includes the J-500 soldering iron/
torch, a solder tip, blow torch tip, hot knife tip,
heat blower tip. metal safety stand, a cleaning
pad, spare flints and a half-ounce of 60/40 rosin
core solder. Everything is encased in a heavy-
duty, fitted carrying case. Additional tips are
also available. Suggested list price for the
J-500KT is $35.50 and is available from partic-
ipating Philips ECG distributors in the United
States and Canada,

For more information. contact your local

Philips ECG distributor.

Custom Software Rights In New Software
Legal Book

Paul S. Hoffman, the author of The Software
Legal Book, is a software lawyer and CDP with
more than twenty five years of experience with
software related contracts.

The book covers all major aspects ot sofi-
ware ownership and contracting including such
topics as ownership of copyright in software
modifications: what software copyright pro-
tects: tools for analyzing ‘rights’ situations and
determining who has the right to license; and
form language examples for allocating custom
software rights between parties. Also covered
are: employee agreements: “work for hire:”
“joint works:” “derivitive works;” international
software protection; bundled system contracts;

disclosure agreements; software distribution
agreements: and handling software contracts in
buying or selling businesses. A comprehensive
separately tabbed index provides easy access to
text discussion and sample clauses.

The appendix includes software-relevant
portions of the copyright law and regulations
and the Uniform Trade Secret Act, international
copyright treaty tables, the Uniform
Commercial Code, the 1988 bankruptcy law
changes and the 1991 European Software
Directive. Forms provided range from employ-
ee agreements to agreements for disclosure,
custom software development, beta test. soft-
ware distribution, teaming, and source code
escrow. All form examples include some expla-
nation or context information. As an option,
selected forms are available on 3 1/2 inch disk
in WordPerfect® format.

The 1994 book may be ordered from Shafer
Books. Inc., P.O. Box 40, Croton-on-Hudson,
NY 10520-0040 (phone 914-271-6919 or FAX
914-271-5193) at a cost of $185 (US): $225
with Forms on Disk: plus shipping. (10% dis-
count on prepaid orders.)

Voltronics RS Series Ceramic Trimmer
Capacitors

Voltronics Corporation RS series ceramic
trimmer capacitors are now stocked in depth to
meel increasing delivery demands.

The RS is 0.2 inch in diameter with two axial
leads on (.15 inch centers. It has three capaci-
tance ranges 0.6 to 3.0pF, 1.0 to 5pF and 2 1o
10pF. Its DC voltage rating is 50 with 100 volts
DC withstanding voltage. TC is =500
+1000ppm/°C. Q is over 250 at | MHz.

Prices are 46¢ each at 10,000 quantities with
delivery from stock for quantities up to 5,000.

For more information, contact Nicholas J.
Perrella, National Sales Manager. Voltronics
International Corporation, 100-10 Ford Road,
Denville, NJ 07834. Phone: 201-586-8585;
FAX: 201-586-3404.




ELNEC

Advanced Antenna
Analysis Program

Fast to learn and easy to use, ELNEC lets you ana-
lyze nearly any type of antenna in [ts actual operat-
ing environment. Describe your ml-nnl wtth
ELNEC's unique menu structure and sp

like entry system and walch it make nzlmuth and
slevation plots, report beamwidth, /b ratio, lakeoft
angle, gain, and more. Save and recall antenna
flles. Print plots on your dot-matrix or laser printer.

ELNEC uses the full power of MININEC code but
makes description, analysis, and changes worlds
easler and faster. With ELNEC there's no messing
with *pulses” - just tell it where on a wire you want
a source or load lo go, and ELNEC puts it there.
And keeps it there, even If you change the anten-
na. ELNEC has a host of other features to make
analysis fast and easy. The MaxP option extend

ATV CONVERTERS » HF. LINEAR AMPLIFIERS

UMIVERSAL DIGITAL FREQUENCY READOUT

TH-1 (Wiredtestod) £140 85

DISCOVER THE WORLD OF

H‘F.IMPLJ'FJERS per HO'-"DROLA BULLETINS
FAST SCAN TELEVISION i

HEAT SINK MATERIAL

0O CM

E W
New!! 1K WATT 2- 50 MHI' Ampllﬂnr
PGH‘ER SPU:I"YERS nm:f CDIIBM'.ERSJJWH‘J‘

‘M‘TEUR TELEVISION CONVERTERS
5 u(.ﬂ.lih £ 40.95 Kit

2-528 (GaAS-FET 5

2 METER VHF AMPLIFIERS

35 Watt Model 3154 S 7005 Kt

75 Watt Model 875A

in kit of wirdt

att PEP 4-Port

100 WATT 420-450 MHz PUSH-PULL
LINEAR AMPLIFIER - 558 - FM ATV

$159.85 Low Pass Fillers
51 for Harmonics (Up Lo J00W)
$ . N

Comnmunication
Concepts Inc. m
508 Millstone Drive = Beavercreek, Ohlo 45434-5840 i

& handling (513) 426-8600 = FAX (513) 429-2811

o5 Kit

KEBBT-PK (Kil)
KEBR&7-PCA [PC B
KEBG7-1 (M

ELNEC's capabllity to very complex antennas (up
to 260 “pulses”).

ELNEC runs on any PC-compatible computer with
at least 512k RAM, CGA/EGA/VGA/Hercules, and
8/9 or 24 pin Epson-compatible or HP LaserJet/
DeskJet printer. (The MaxP option requires a hard
disk, coprocessor, and 640k RAM.)

There’s no copy-protection hassle with ELNEC —
It's not copy protected. And of course there's ex-
tensive documentation.

ELMNEC Is only $49.00 postpaid. MaxP |s $25.00.
(Please add $3.00 per order for airmall outside N.
America.) VISA and MasterCard orders are accepl-
ed ~ pl Include card ber and expiration

date. Speclfy coprocessor or noncoprocessor type.
Order or write for more Information from:

Roy Lewallen, W7EL
P.O. Box 6658
Beaverton, OR 97007

DOWN EAST MICROWAVE

i

MICROWAVE ANTENNAS AND EQUIPMENT
= Loop Yagis « Power Dividers » Dish Foads
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NO-TUNE TRANSVERTERS AND
TRANSVERTER KITS
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SHF 902K
SHF 1296K
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DOWN EAST MICROWAVE
Bill Olson, W3HQT
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(207) 948-3741 FAX: 207-948-5157

TO ORDER
CALL TOLL FREE
1-800-292-7711
1-800-445-3201 (Can.)
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“..my wife
said, if I didn’t|
get off the radio,
she’d leave me|
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Here are some new additions
to our T-Shirt Library! ===

\Foews/
VIBROPLEX @

Yes! Rush my CQ T-Shirt(s) to me right away! Here's my order below
Hame Callsign | Oty | Mem#| Size | Price |

Address

City ) State Zip I }

Please allow 4-8 weeks delivery Grancl Total

Available sizes: L, XL, XXL (add $2) Please add $2 shipping and handling per item O(I:T(,r(!j Order 4 or more and receive free shipping “ m
Make your check or money order payable to: CQ Communications, Inc., 76 North Broadway, Hicksville, New York 11801 g
Please charge my:

MC/VISA/AMEX/Discover # Expires Signature
To Order TOII Free Call (800) 853-9797 or FAX (516) 681-2926




ANTENNA W2FMI BALUNS AND UNUNS
AMIDON. e TRANSFORMERS
OPTI M IZERS HIGH POWER (2Kw - 10Kw) BALUN TO MATCH g%%o (_'.‘OAXI'AL p{g

AOG6.0 automatically optimizes antenna designs

for best gain, pattem, impedance. SWR. and 1250  Balanced Direct Connect Yagl Beam 4.1-HB50 $39.95
resonance. AOD oewmzes cubical quads, phased 500 Balancod 1/25. Dipole or Yagi Beam 1:1-HBH50 $39.95
amays, interlaced Yagis, or any other arrangement 7502  Balanced 1/2». Dipole ot 0.223, above Ground 1.5,1-HVB75 $50.95
of wire or tubing. AO uses an enhanced, corrected 1000  Balanced 1725, Dipole at 0.225, 0,33, & Quad Loop  2:1-HB100 $59.95
MININEC algonthm for improved accuracy and 2000 Balanced Folded Dipole, Log Periodic Beam 4:1-HBMZ200 $39.95
assembly language for hig jlh speed. AO features 20061 Balonced & Unbalanced  Off Center Fod Antennas 4:1-HB/U200 $59.95
S eoon pettam p(ﬂatnu:{mfi'ar:qﬁl‘g ;g;rs 2000 Balanced 10Kw Antonna Tuners & G5AV 4:1.HBHT200 $50.95
eor Lo = : 2 Log Periodic Beamn

Wah oweave. Stomaic Wi sepraatiion. 3000 Balanced 3000 Ribbon Folded Dipole 1 18300 55095
symbolic ex WESSIONs. skin-e.ﬁ'evcl modeling cuTent 3000  Balanced & Unbalanced Off Center Fed Antennas 6:1-HB/U300 $89.95
SOUrCes, arization analysis, near-field analysis, 4504} Ealmlrjml Twin Lead/Ladder Line 9:1-HB4ak0 $89.95
and pop-up menus. NEC/Wires 1.5 accumm? 6000 Balanced Rhombic & V-Beam Antenna 12:1-HB60O $199.95
models true earth losses and complex arrays with UNUN: for ground fed antennas, verticals, slopers, inverted L Put MORE pOWBl' into you'-
the sophisticated Numerical Eégctmmagnglrs PAAT NO IMPEDANGE MATCH PRICE

Code. Analyze elevated radials, Beverages, delta 2 p i

loops, wire beams, giant quads, LPDAs, or entire 2 g?:i?f-.. $49.95 A7NTENNA and get better and
Ml:jmifw‘:. 3D geﬂl'l!:;lf\' dis| : Zhﬁn pcill}]f {connecring 500 coaxial to junction of two 500 paraiiel coaxiall hlgher slgna‘ streﬂgfh_ Use
capacity: AO, 225 pulses; NEC/Wires, 100 2:1-HDU100 125500 54095 W2FEMI Bal.

capacity: AQ, pulses; NEC/Wi (2 Ratios) 100500 2FMI Balun & Ununs by
segments (450/2000 for symmetrical, free-s, ncn i : = e

designs). AO or NEC/Wires, $100; both, $ N T s JERRY SEVICK. | -

YO 5.0 automatically optimizes monoband Yagi 4:1-HCUS50 50:12.5Q $49.95 B 98% (Avg) Efficient -

designs for maximum forward gain, best pattern, 9:1-HUS0 50:5 5602 $49.95 <0.2dB Loss

and minimum SWR. YO models stocked Yagis, 1.78:1-HDUIS0 50:2851 $49.95 { "

dual driven elements, tapered elements, nluunhlr;a 12 Ratics) 5012 602 B 1Mhz to 50Mhz

brackets, matching networks, skin effect, grou 1.56:1-HDLISO 50:320 §49.95 ® Up to 10Kw

reflection, and construction tolerances. YO optim

. x - . Ratio 5
izes Yagis with up to 50 elements from HF to i< Hatios) s

8 Current & Voltage Type

microwave. YO uses assembly lar ge and runs 1.78:1-HMMUSO MUL ”M““"_"”N”N “’9 oo
hundreds of times faster than NE% or MININEC. (3 ciRarvot rasios; can be ueed for Beverage Antenna
l\j‘O is :ahbmmdl to f\llgc !a’r high nccuﬁ:lry and has Unconditional manay back guarantes fol 1 year on completed unit ALSO AVAILABLE:
een extensively validated against real antennas. e according fo istruct P
YO is highly graphical and easy to use. NEC/Yagis AR Obmgns; Jmﬁ b . are Iron Powder and Ferrite Products
2.0 prowides reference-accuracy Yogi analysis and Comparisons with other hing transh e invited. Millions of Parts in Stock for Immediate Delivery
easy modeling of large arrays of Yagis. A special — - D 3 Low Cost Experimental Kits
feamm instantly changes array pattems and gain o LA NSO ILARE. oS SN0 Call for our FREE tach flyer
gou adjust amay sl“ucln.] : 100.0 Segments ;w:uus( 1;1‘[:1':-4n-;.ln|.‘u....lu‘. Line Transtormars Design Handbooks” T

(20 0 in free space). YO with NEC/Yagis, $100 by Jarry Savick, W2FMI, Amidon Associstes, Inc
AO and NEC require a 386 + 387 or better and 1981, 5200 o s Y, i,
VGA; YO runs on any PC. Visa, MasterCard, U.S. e oo e AANITE QN ING, [m— [“
check, cash, or money order. Add $5 overseas. - smmitted to Excelience Since 1963 — |

Brian Beezley, KESTI UNUN SPECIAL KIT PRICE $28.00! 2216 East Gladwick Street, Dominguez Hills, CA 90220
507" Taylor, Vista, CA 92084 - (619) 945-9824 CALL TODAY! TEL: (310) 763-5770 » FAX: (310) 763-2250

m 310 Garfield St Suite 4
PO Box 2748

ElecTRONICS €ugene, Oreqon 97402

TxID-1
Transmitter
FingerPrinting Space to virtually every ham through:
Bl o S",smm .'Hil;tﬂit'l" ptm.'er transmitters )
il i b Now Shippingl Higher gain antennas
FWAM radlec transmitters have a Three axis stabilization
unlque &mmu versus, time Stt-up More bil”d\"

characteristic--even radlos of the some

make and model. This *fingerPrint* can Downlinks on 10 Meters, 2 Meters; 70, 13, 5, and 3 Cm.

be captured, stored and analyzed. Our Uplinks on 70, 23 and 5 Cm.
exclusive TxID Software and the Woafior O

patented technology of the TxID-1 IBW Higher Orbit: _ _ - _
Compof:lble clreult d can help you 48,000 Km. (29,000 mile), 16 hour orbit for increased coverage, and visibility
Identify the abusers on your repeaterl - fours pach ' " :
Or iolp'ipou heep brack of ths number for many hours each day.

of radlos per account on commerclal I

repeaters. CICSS, DCS and DTME de- Phase 3D Needs Your Help!

coding, Osn‘:’”" as De“""—‘“mom”“"‘ A contribution of just a few dollars from EVERY active amateur will insure
?:;tumsres f‘:rd'ler mﬁxﬂm sy:ct‘;pr:.mv that this new marvel gets into orbit.

Call or unite For o full brodiing taith full debails. Make Your Contribution Today!

odditional examples, and tedhnical specifications ) e earH L ) . . . s .
You are also invited to join AMSAT and receive the AMSAT Journal so that you

':'D.' "ih s°m“ S‘”.no too, can follow the progress of Phase 3D and other exciting amateur satellite
LPS Ground USA: $8.00 activities. Dues are just $30 annually in the US. and $36 in Canada and Mexico

Visa/MC and AMEX, ond Govemmant Purchase oxmmw — 845 elsewhere

COD on Cash o Money Order bas P.O. Box 27

Washington, D.C. 20044

Orders: (800) 338-9058
(301) 589-6062, FAX: (301) 608-34 Iv

Info: (503) 687-2118 Fax (503) 687-2492




TIRED OF PLAYING GAMES?
Finally, a practical use
for your sound card!

Passband
monitoring

Signal
identification
and tuning

3-D surface
plots
. & color
\ spectrogram
track
\ | frequency
| changes
| over time

~ Multiple open windows

aear time audro spectrum ana’yzers Full con!ro-‘

over FFT size, sampling rate, scaling, gain, and
averaging. Requires 386 or better, indows 3.1
and any Windows compatible 8 or 16 bit soundcard.
“-A stroke of brilliance...a groundbreaking and
valuable program."-Monitoring Times
“~Knock-your-socks-off quality!"- Harold Price,
QEX Magazine, Dec. '93

Spectra Spectra

ision lus
Modes
Real time ® L[]
Recorder &
Post process @
Price 89> M79%

All display formats Included with either package.
60 day money-back guarantee.

MI 3472 faxivoice 206-697-3472

Visa, MasterCard, Check or Money Order

24460 Mason Rd., Poulsbo, WA 98370
S & H included, foreign delivery add $10.00
Demo disk $4.00 (credit toward purchase)

In Austraiia: ME Technologies

PO Box 50, Dyers Crossing NSW 2429, +61 65-50-2200
In Swaden: PICS Corporation

PO Bax 37, 440 41 Nol, +46 303-42995

ORGANIZE AND PROTECT
YOUR COPIES OF
Communications Quarterly

Now there's an easy way to organize and keep copies of your
favorite magazine readily available for future reference.

Designed exclusively for Communications Quarterly by Jesse
Jones Industries, these custom-made titled cases and binders pro-
vide the luxury look that makes them attractive additions to your book-
shelf, desk or any location in your home or office.

Whether you choose cases or binders, you'll have a storage sys-
tem that's durable and well organized to help protect your valuable
copies from damage.

» Cases and binders designed e+ Cases V-notched for easy
to hold a year's issues (may  access.
vary with issue sizes). * Binders have special spring

* Constructed of reinforced
board, covered with durable
maroon leather-like material.

mechanism to hold individ-
ual rods which easily snap
in. This allows magazines to

be fully opened for easy
readability.

* Title hot - stamped in gold.

* Free personalization foil for
indexing year.

Communications Quarterly Quantity Cases  Binders
Jesse Jones Industries, Dept. CQ One $ 7.95 $ 9.95
499 East Erie Avenue, Three $21.95  $27.95
Philadelphia, PA 19134 Six $39.95  $52.95

Add $1 per case/binder postage

Please send ____cases; ____ binders and handling. Outside USA $2.50
per case/binder. (U.S. funds only)
Enclosedis $
[C] Charge my: (Minimum $15)
[] American Express [] Visa
[] Mastercard [] Diners Club
Card # Exp. Date
Signature
Print Name - . S
Address . SO
No P.O. Box Numbers Please
City/State/
Zip ___

PA Residents add 7% sales tax
Call TOLL FREE 7 days,
24 hours 1-800-825-6690




DIGITAL FIELD STRENGTH METER
FS 73

“SIGNAL CUBE”"

High Performance, Precision Instrument
measures inrelative and absolute units

+ Relative measurements from 60 Hz to the GHz
range and absolute measurements from 1 MHz to
100 MHz. (Broad band with no tuning adjustment)

Adjustable length dipole antenna sels required
sensitivity (At high gain settings, ambient R.F
fields from local sources will indicate on the display)

Dipole antenna eliminates need lor a counterpoise
(A single antenna type field strength meter utilizes
the person holding the unit as the counterpoise)

+ Consistent and repeatable readings can be obtained
with the Nye Engineering unit since it is not neces-
sary for the observer to hald or be in close proximity
to the metar

* A heavy duty casl aluminum, gasketed cubical
enclosure is used. It does not easily lip over

The TX RX Systems Inc. patented Vari-Notch filter
circuit, a pseudo-bandpass design, provides low
loss, high TX to RX, and between-channel isolation,
excellent for amateur band applications. TX RX
Systems Inc. has been manufacturing multicoupling
systems since 1976. Other models available for
220 and 440 MHz, UHF ATV and 1.2 GHz.

92 dB ISOLATION AT 06 MHz SEPARATION

MODEL 28-37-02A
144-174 MHz

400 WATT POWER RATING

TX RX SYSTEMS INC.
8625 INDUSTRIAL PARKWAY, ANGOLA, NY 14006
TELEPHONE 716-549-4700 FAX 716-549-4772 (24 HRS)

19" RACK MOUNT

e 68 H BB &
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* The “SIGNAL CUBE"®is factory calibrated to a stan-
dard for both absolute and relative measurements

e $169

plus $5.00 shipping
NYE ENGINEERING CO. INC.
4020 Galt Ocean Drive Suite #606
Ft. Lauderdale, FL 33308

Phone: 305-566-3997 Fax: 305-537-3534
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Antenna Software Engineering » Custom Yagi Design and Analysis
Low VSWR Products 502 & 75 €2+ Driven Element Impedance Matching

VHF/UHF Antenna Components
Custom Cut Aluminum (6061-T6 & 6063-T832) Rod and Tube
Radial Element Supports « End Caps / Plugs * Driven Elements
Premium Dielectrics » Custormzation & Alignment Tools
ADVANCED SYSTEMS ENGINEERIN(}
P.O. Box 261 » Theodore, Alabama 36590
(205) 450-0806 « Fax (205) 450-0729

AMAT TELEVISION

only $89

Made in USA

SEE THE SPACE SHUTTLE VIDEO

Many ATV repeaters and individuals are retransmitting
Space Shuttle Video & Audio from their TVRO's tuned to
Spacenet 2 transponder 9 or weather radar during signifi-
cant storms, as well as home camcorder video. If it's being
done in your area on 420 - check page 501 in the 94-95
ARRL Repeater Directory or call us, ATV repeaters are
springing up all over - all you need is one of the TVC-4G
ATV 420-450 MHz downconveters, add any TV settoch 2,
3or4 and a70 CM antenna (you can use your 435 Oscar
antenna). We also have ATV downconverters, antennas,
transmitters and amplifiers for the 400, 900 and 1200 MHz
bands. Infact we are your one stop for all your ATV needs
andinfo. We ship mostitems within 24 hours afteryou call.
Hams, call for our complete 10 page ATV catalogue.

(818) 447-4565 m-t Bam-5:30pm pst.  Visa, MC, COD
P.C. ELECTRONICS Tom (W6ORG)

2522 Paxson Ln Arcadia CA 91007 Maryann (WB6YSS)




K V G CQ Has a Video
« ¥V - for You!
CRYSTAL Getting Started in
P 0 Packet Radio
e Connectors
* Adapters
» Cable Assemblies
e Coaxial Cable CQ makes the “nuts and bolts" of packet
radio easy. This video will help de-mystify
the exciting but sometimes confusing
Manufacturer Of Custom world of packet radio. Learn how to get
Electronic Wire And Cable. started using your computer “on-the-air."
9 MHz CRYSTAL FILTERS * Low Minimums * Quick Delivery This video will provide step-by-step
instructions on making packet contacts
Appli- Band- CALL US AT and using packet bulletin boards, net-
1-800-522-2253 works and satellites.
BpEL  fesien W s B OR FAX YOUR REQUIREMENTS TO
XF-9A SSB 24 kHz 5 $ 75.00 1-305-895-8178 Send for your video today and watch how
XF-9B SSB 24 kHz 8 105.00 easy it is to connect into the fascinating
XF-9B-01 LSB 24 kHz 8  145.00 Call for your copy of our new 44-page world of Packet Radio!
Cable & Conneclor Selection Guide
XF-9B-02 USB 24 kHiz 8 145.00 More than 2,500 commercial and QFL Call our order department today at
XF-98-10  SSB 24 kHz 10 185.00 cable and connector products in stock
XF9C  AM  3.75kHz 8  110.00 (800) 853-9797
XF-9n AM 50 kHz 8  110.00 (Fax: 516-681-2926)
Ao A o 8 1w | |NEMALELECTRONICS, INC.
XE-M cW 500Hz 4 80.00 12240 N.E. 14th AVE., N. MIAMI, FL 33161 or write to: CQ Communications, Inc.
XF-ONB oW 500Hz 8  165.00 (305) 899-0900 76 North Broadway, Hicksville, NY 11801.
XF-9pP cw 250 Hz 8 199.00 CQ videos are now available in PAL format
XF-910  IF noise 15kHz 2 o f——

% QUALITY % SERVICE | )&nccd Sysems Engincering ... 1]

20.00
10.7 MHz CRYSTAL FILTERS AEA/Adv. Elec. Applications .............cc... 5

XF-107A 12 kHz $105.00 AlINCo ElECLIONICS vuvvverrieeieeessvnisnrsisees y
XF-107B 15 kHz 105.00 * PH’CE Amidon Associates ..
XF-107C 30 kHz 105.00 - : AMSAT. _
XF-1070 36 kHz 120.00 WE’VE GOT IT ALL! ASTON COIPOTBLION w.ccvvvovssoresssonssessne 12
XF-107E 40 kHz 125.00 i Beezley, Brian, K6STI......cccociiiiiiinnns 109
. . - - >
XF-1075139 100 kHz 175.00 Our Bandpass-Reject ¥ G S SABEL..cocoosssnormsssanssmmmstsmisimisisinn 107
Dup]cxcm with our A Communications COoncepts ......oomemine 107
: - CQ AIMANAC.....coireremrssessammasmasessamnmmssissses 103
patented BB — CQ Books & Videos 6.7
41 MHz CRYSTAL FILTER (et | CQ T-Shitts o 108
provide superior CQ VHE Products.......ceeueeeserecssemmssansons 105
XF-410 199.0 Y
S0z $190.00 performance. . . CQ VHEO ..o creevrresossmessssmsssnsssesins 112
Write for full details of crystals and filters especially at Down I“]‘:' Microwave «107
Shipping $8.00 dacn fantiptioy Hewlett Packard ..........ooimmnimmssesines: 11
Prices subject to change without notice. ("IO?L Ir!.qumq Kenwood ......ccovuenne ..Cov.lV, 2
q 2R separation. Lewallen, ROY, WTEL ....covevivssssmmmmmassnes 107
@ Motron Electronics... ...109
s Nemal Electronics........... 112
. Nye Engineering ............. 111
OPTOelectronics...... el
) PC Electronics............. 11
. Pioneer Hill Software......... w110
PHONE 817-848-4435 Spectrum International, Inc.....cooocvveniienns 112
FAX 81 7,8484209 TX RX Systems Inc ...ceveiiiniinniiiiiasnnnins 111
WBCOMY cismsisssimmssssapaesiamrsanseenss 112
Spectrum International, Inc. N/ g YOO, emmsmisiiniscs v Cov.IIl

P.0.Box 1084 Dept.Q
Concord, MA 01742 U.S.A. Ny e
Phone: 508-263-2145 PRODUCTS, INC (516)681-2922 or FAX at (516)681-2926

FAX: 508-263-7008 PO. BOX 21145 * WACO, TX 76702 to work out an advertising program o suit

We'd like to see your company listed here
too. Contact Arnie Sposato, N21QO, at

your needs.
———l ’
e I i —_—




“200 watts, real cross band receive,
even two flywheel-weighted
main knobs!"

“Yaesu did it again!”

FT-1000

one real performer -
by ol All Mode
HF Transceiver
,h ,.’ m

eard

¥)ure a competitor. You want optimum rercewer
performance and you want “muscle” on transmit. First

with 200 watts — more power than any competing
transceiver — and “hand warm” at maximum RE It's
easy to see why the FT-1000 has been judged * ‘best
overall” by top DX'ers worldwide.

For elite-class contesting and DX operation,
exclusive features maximize your score. Dual Ref:eive
Watch a multiplier or new country on one frequency,
run QSOs on another. Diversity Reception — Use/two
antennas at different heights or opposite polanétnon

Extensive Cascaded IF Filtering — For “low end” battles.

Hear signals
lylfou Ve never

efore.

Accessories
SP-5 Externa
MD-1C8
YH-TTST 5t
FL-7000
DVS-2 Digita

Dramatic front panel design features two flywheel-
weighted tuning knobs, RX antenna selector and two
large displays.

A perfect blend of electronics and human engi-
neering, the FT-1000 is the Best of our Best!

To hear signals you've never heard before and get
the competitive edge, see your Yaesu dealer today.

YAESU

Performance without compromise.™
© 1993 Yaesu USA, 17210 Edwards Road, Cerritos, CA 80701 (310) 404-2700

Specifications subject 1o change without notice. Specifications guarantesd only within amateur bands. Some accessories and/or options are standard in certain areas. Check with your local Yaesu dealer for specific details
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FM DUAL BANDER

Information at your fingertips. Everything you need to kjow about operating
the new TH-79A FM dual-bander (144MHz/440MHz) dan be viewed in its
unique dot-matrix LCD with alphanumeric display. No nieed for the manual.
In addition to this innovative guide function. the TH-79A sports a user-
friendly menu system, providing easy access to the many powerful features
of this slim-line handheld transceiver. Such as 82 non-volatile memory chan-
nels with ID, DTSS and page functions, and a DTMF memory function for
auto-dial operation. Full-crossband duplex operation is available, as is the
ability to receive two frequencies on the same bapd (VHF+VHF or
UHF+UHF) simultaneously. And thanks to the FET power module, long
hours of operation are possible on one charge. With the [TH-79A, transceiv-
er technology enters the 21st century.

KENWOOD COMMUNICATIONS CORPORATION
AMATEUR RADIC PRODUCTS GROUP
Bt., Long Beach, CA 90B01-5745
Y/Broch (310) 639-5300
sRepair Locations/Parts (800) KENWOOD #Bulletin Board Service (BBS) (310) 761-8284
KENWOOD ELECTRONICS CANADA INC.

8070 Kestrel Roac. Mabiusauga. Ontano, Canada LST 188

PO, BOX 22745, 2201 East Dominguez
*Ci

94ARD-0970

KENWOOD
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