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THE AMERICAN RADIO
RELAY LEAGUE, INC
The American Radio Relay League, Inc, is a
noncommercial association of radio amateurs,
organized for the promotion of interest in Ama-
teur Radio communication and experimentation, for the
establishment of networks to provide communications in
the event of disasters or other emergencies, for the
advancement of the radio art and of the public welfare,
for the representation of the radio amateur in legislativematters, and for the maintenance of fraternalism and a
high standard of conduct .
ARRL is an incorporated association without capital

stock chartered under the laws of the State of
Connecticut, and is an exempt organization under Section
501(cX3) of the Internal Revenue Code of 1986. Its affairs
are governed by a Board of Directors, whose voting
members are elected every two years by the general
membership The officers are elected or appointed by the
Directors . The League is noncommercial, and no one who
could gain financially from the shaping of its affairs iseligible for membership on its Board .

"Of, by, and for the radio amateur," ARRL numbers
within its ranks the vast majority of active amateurs in the
nation and has a proud history of achievement as the
standard-bearer in amateur affairs .

A bona tide interest in Amateur Radio is the only
essential qualification of membership ; an Amateur Radio
license is not a prerequisite, although full voting member-
ship is granted only to licensed amateurs in the US .

Membership inquiries and general correspondenceshould be addressed to the administrative headquarters at
225 Main Street, Newington, CT 06111 USA .
Telephone : 203-666-1541 Telex: 650215-5052 MCI .
MCI MAIL (electronic mail system) ID : 215-5052
FAX : 203-665-7531 (24-hour direct line)

Canadian membership inquiries and correspondence
should be directed to CRRL Headquarters, Box 7009,
Station E, London, ON N5Y 4,19, tel 519.660-1200 .

Officers
President: LARRY E . PRICE, W4RA
PO Box 2067, Statesboro, GA 3045B

Executive Vice President : DAVID SUMNER, K1ZZ

Purposes of QEX:
1) provide a medium for the exchange of

ideas and information between Amateur
Radio experimenters
2) document advanced technical work in

the Amateur Radio field
3) support efforts to advance the state of

the Amateur Radio art .

All correspondence concerning QEX should
be addressed to the American Radio Relay
League, 225 Main Street, Newington, CT
06111 USA . Envelopes containing
manuscripts and correspondence for publica-
tion in QEX should be marked : Editor, QEX.

Both theoretical and practical technical
articles are welcomed . Manuscripts should
be typed and double spaced . Please use the
standard ARRL abbreviations found in recent
editions of The ARRL Handbook. Photos
should be glossy, black-and-white positive
prints of good definition and contrast, and
should be the same size or larger than the
size that is to appear in QEX.

Any opinions expressed in QEX are those
of the authors, not necessarily those of the
editor or the League . While we attempt to
ensure that all articles are technically valid,
authors are expected to defend their own
material . Products mentioned in the text are
included for your information ; no endorse-
ment is implied . The information is believed
to be correct, but readers are cautioned to
verify availability of the product before
sending money to the vendor .
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Looking to the Future
Mobile and Amateur
October 23 through November 8, 1989,

the International Radio Consultative Com-
mittee (CCIR) Study Group 8 (Mobile and
Amateur Services) held its final meeting for
the 1986-1990 study period in Geneva . The
results of the final meetings of all the Study
Groups will be published in the CCIR
"Green Book" sometime in 1990 when all
the editorial work and translations are
completed .

A significant part of the recent round of
final meetings was devoted to CCIR
preparation for the 1992 World Ad-
ministrative Radio Conference (WARC-92) .
Some of the eleven Study Groups will have
Interim Working Parties (IWPs) to consider
the needs of invidual radio services as part
of CCIR WARC preparation . In addition,
several Joint Interim Working Parties
(JIWPs) have been set up to discuss
frequency-sharing and other concerns bet-
ween radio services. At the end of the pro-
cess will be an overall group called
JIWP-WARC-92 to complete the report of
the CCIR to the WARC .

Bear in mind that the CCIR is the part of
the International Telecommunication Union
(ITU) charged with considering technical
and operational characteristics of different
radio services . It plays only an advisory role
in WARCs, which are the bodies usually
given the power to reallocate the radio spec-
trum. Nevertheless, CCIR is well respected,
and its reports are taken seriously by
WARCs. While the CCIR is not empowered
to allocate spectrum and must be careful not
to overstep its bounds, it is competent to
state the need for n kHz, MHz or GHz of
bandwidth for a new service or a new
system within an old service . The CCIR can
even say where in the overall radio spec-
trum that bandwidth would best be located
to satisfy propagational considerations .

A case in point is the Future Public Land
Mobile Telecommunication System
(FPLMTS). As an aside, it's customary to
agree on a pronounciation for abbreviations,
so this one came out as "flumpts," for short .
There's a 99 .9% certainty that the CCIR
report to WARC-92 will say that FPLMTS will
need 200 MHz of spectrum in the 0 .5-3 GHz
range. There are three amateur bands
within this range : 902-928 MHz in Region
2, 1240-1300 MHz worldwide, and
2300-2450 MHz worldwide with a 2310-2390
MHz chunk removed in the US . Obviously,
the ARRL is monitoring this one closely, as
are other services, to see where FPLMTS
might find the 200 MHz of their desires .

Public Land

Just to put FPLMTS in context: The
present system serving this requirement is
(analog) cellular telephone. Its replacement
will be a digital cellular system maybe going
on the air in the next few years . Then
FPLMTS is expected to replace that system,
toward the end of the century. At the
moment, FPLMTS is a piece of paper which
outlines a system concept and a description
of services that such a system can provide
for the public . It is at least one, possibly two,
generations away from the level of specifica-
tions needed to engineer the system . Never-
theless, the concept is so compelling, and
has gathered such strong international sup-
port, that there is little doubt it's going to
happen .
Some lessons can be drawn from

FPLMTS: (a) the system conceptual
engineering is well done and the brain child
of many of the world's best qualified
telecommunications engineers ; (b) it is
possible to generate a broad international
consensus on a new revolutionary telecom-
munication concept, but the jury is still out
on whether the implementations in North
America, Europe and Japan will be the
same; and, (c) it seems almost certain that
WARC-92 will take seriously the stated re-
quirement for 200 MHz of spectrum for this
new system, although FPLMTS is simply a
concept and not a field-tested system .

FPLMTS is only one, perhaps the best,
example of new digital radio systems likely
to be seen early in the next century. The
Amateur Services have a number of
developments underway or under discus-
sion . Packet radio, small satellites, geosta-
tionary satellites, digital signal processing,
spread spectrum, some neat bells and
whistles for existing systems, and other
developments can be cited as state-of-the-
art . Nevertheless, there's nothing as power-
ful as an overall plan representing a broad
consensus of both the creators and pro-
spective users . That's what FPLMTS ap-
pears to be within the land mobile industry .

Wouldn't it be nice to have such a plan
for what the overall Amateur Radio "system"
will look like early in the next century?
Wouldn't a plan help to convince other radio
services that hams (a) are technically com-
petent, (b) are pushing the state-of-the-art,
(c) have a robust system capable of operating
during disasters when other services are
down or seriously overloaded, and (d) are
effectively using the spectrum allocated to
us?-W4RI



Searching for Information
By Ray Mote, W6RIC

3610 Oartish Lane
Oxnard, CA 93035

D
oes this sound familiar? You find
a really interesting technical article
in an amateur magazine and want

to know more . The only problem is that
the references at the end of the article are
either books that are older than you,
references to obscure government tech-
nical reports, or cryptic notes in some sort
of gibberish like "Proc IRE June 1935!"
The references to amateur articles are
easy, but the rest suddenly seem very
remote and inaccessible and your
enthusiasm quickly disappears . Don't
give up! With a little persistence, you can
get access to this material .

References generally fall into three
major areas : books, periodicals, and
industry or government reports . You will
be going to different sources for each
type, but the approach is always the
same. If you can't get it from the original
publisher, try all of the potential alternate
sources . I've included my own list of
major publishers, reprint houses, book
search firms, used book stores, govern-
ment agencies, the IEEE, and several in-
dustry information sources. Don't
overlook the obvious local sources, such
as bookstores, libraries, and even ham-
fests. Some of my better "finds" were
purchased at the monthly TRW Amateur
Radio Club swapmeet in Los Angeles .

Books
The obvious first step here is to try the

publisher, but you're not likely to find
these people listed in your local phone
directory. A better approach is to call or
visit your local book store . They should
have a copy of Books In Print, which will
tell you if the book is still available through
normal channels. They should also have
the addresses and telephone numbers of
all the major publishing companies. If the
book is out of print, you need to call the
publisher and ask if they have any copies
left in the warehouse . If that fails, ask if
they have a reprint agreement on that
book with one of the publishing houses
specializing in reprints, and get the name
and phone number. The next possibility
is the used book stores . If you still have
no luck, you need to try one of the book
search firms. These folks are usually
interconnected by a national telex net-
work, and can query similar firms to see
if anyone has that title. If you are unable
to find a copy that you can buy, it's time
to consider the libraries . A large univer-
sity library is your best bet, but even the

local public library may surprise you
occasionally by having just what you're
looking for . You can then read it at your
leisure, and photocopy the information
you need . (Hint: If your local public library
is part of the national network of libraries,
they can often search out a copy of the
book for you and borrow it from the library
where it was found .)

If you insist on owning your own copy,
you last resort is the Library of Congress .
If they have it, their photoduplication
service can copy it for you . This service
is expensive (45 to 50 cents per page),
and they normally lay the book flat on the
copying machine so you get two book
pages for each fifty-cent page. There is
also a $7 minimum charge . 'You need to
write them a letter, asking for availability
of the book and a cost estimate . When
you receive this information they will
require prepayment before duplicating
the book .

Periodicals
Articles published in any amateur

magazine are usually easy to obtain from
the publisher for a nominal fee . Articles
from technical journals can be purchased
from the society that published them, or
you can try the university library route or
the Library of Congress . Another good
source is University Microfilms Interna-
tional (UMI) . They can provide microfiche,
microfilm, or printed copies of most such
material, and I've even obtained a soft-
bound photocopy of a book from them in
the past .

References to IRE, IEE, and IEEE
articles are a common occurrence in
amateur articles. The Institute of Elec-
trical and Electronics Engineers (IEEE)
was formed through a merger in 1963 of
the American Institute of Electrical
Engineers (AIEE) and the Institute of
Radio Engineers (IRE) . For IRE, AIEE, or
IEEE articles, you need to contact the
IEEE directly at the Engineering Societies
Library in New York . They have a number
of special interest groups which publish
"transactions" in each area of interest,
plus the normal IEEE "proceedings" and
symposium records . They require a writ-
ten request for the article, with a minimum
fee of $11 per article covering up to ten
pages, and an additional fee of 40 cents
for each page beyond the ten-page
minimum . (Articles rarely run more than
ten pages in length .) The Institution of
Electrical Engineers (IEE) is the British

equivalent to the IEEE, and their articles
are available from UMI .

Government and Industry Reports
Industry technical reports can normal-

ly be obtained only from the company
which produced the report . If you don't
have the company's address, check with
anyone you think might have it, including
friends, electronics supply houses, the
League, etc. My best source of addresses
has been the company listing in either the
Electronic Engineers Master Catalog
(EEM) or the Gold Book. Both contain
advertising from many companies, plus
listings of company addresses and sales
representatives. The EEM is published by
Hearst Business Communications, and
the Gold Book is put out by Hayden
Publishing Company as an adjunct to
their Electronic Design magazine . These
multivolume sets are normally provided
free to engineers who specify or select
components, but can be obtained (for a
fee) on request .

Government reports can be acquired
from several sources . If the report is
relatively recent, you will probably be able
to get a copy by contacting the agency
which produced it. Older reports can be
purchased through the National
Technical Information Service (NTIS),
although you may have to contact the
publishing agency to get the "NTIS order
number," which is quite different from the
publishing agency's document number .
If you encounter confusion during the
search, remember that all of these agen-
cies have undergone dramatic changes
over the last few decades, including
changes in functions, personnel,
organization names, etc .

The Government Printing Office has lit-
tle to offer those searching for electronics
information, except for their Department
of Defense telephone directory. The
District of Columbia telephone informa-
tion operators have always been able to
provide me with the number of any
agency I needed to contact . The informa-
tion desk for that agency can then pro-
vide the number for the particular group
handling the documents .

One more resource exists and should
be mentioned . If you wish to know of ad-
ditional work done on a particular topic,
NTIS maintains a bibliographic data base
(title, author, date, agency, etc) on all
government reports published since
1964. This data base is not kept loaded
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in NTIS computers, but is provided on
computer tape to companies which
subscribe to the service and who provide
access to users wishing to search the
data base on-line . These companies are
DIALOG Information Services, Pergamon
ORBIT Infoline, and BRS Information
Technologies. Costs of this on-line search
capability are quite high, usually around
$70 per hour plus a fee for each title
found by the search . If you don't have a
computer and modem, there are com-
panies that will search the data base for
you, based on your search criteria .

Summary
Lack of knowledge concerning the

available resources is the greatest factor
which limits our ability to acquire informa-
tion . I've listed the sources encountered
in my own quest, but there must certain-
ly be many more which are unknown to
me. If you know of a good source of used
technical texts, professional journals, or
government publications, you should con-
sider informing the League . I'm still look-
ing for copies of Earth Conduction Effects
in Transmission Systems, by E. D. Sunde,
Van Nostrand, New York, 1949 ; Anten-
nas, Theory and Practice, by S. A .
Schelkunoff and H . T. Friis, John Wiley
and Son, New York, 1952 ; and Radio
Antenna Engineering, by Edmund A .
Laport, McGraw-Hill, New York, 1952 .

Publishers
Addison-Wesley Publishing Company
1 Jacob Way
Reading, MA 01867
617-944-3700

	

800-447-2226
Artech House
685 Canton Street
Norwood, MA 02062
617-769-9750
Harper & Row, Publishers, Inc
10 East 53rd Street
New York, NY 10022
212-207-7000
Interference Control Technologies
State Route 625
PO Box D
Gainesville, VA 22065
703-347-0030

	

(EMI/RFI texts only)
McGraw-Hill Book Company
Princeton Road
Hightstown, NJ 08520
609-426-5254
Book Clubs: 800-262-4729

Prentice-Hall, Inc
Route 9 West
Englewood Cliffs, NJ
201-767-5937
Radio Publications, Inc
Box 149
Wilton, CT 06897
Howard W. Sams & Co, Inc
4300 West 62nd Street
Indianapolis, IN 46268
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Van Nostrand Reinhold
135 West 50th Street
New York, NY 10020
212-254-3232

Orders/information : 606-525-6600
John Wiley & Sons, Inc
One Wiley Drive
Somerset, NJ 08873
201-469-4400

Reprint Services
Krieger Publishing Co, Inc
PO Box 9542
Melbourne, FL 32901
305-724-9542

	

(Reprints)
University Microfilms International
300 North Zeeb Road
Ann Arbor, MI 48106
800-521-0600

(Reprints, Microfiche)
Werbel and Peck
PO Box 1274
Gracie Station
New York, NY 10028-9990
212-794-1508 & 673-1758

(Wiley reprints only)
Book Search Firms

Lincolm Out-Of-Print Book Search
Mt Hygeia Road
Foster, RI 02825
401-647-2825
Book Look
51 Maple Avenue
Warwick, NY 10990
914-986-1981

Technical Book Stores
OpAmp Technical Books
1033 North Sycamore Avenue
Los Angeles, CA
213-464-4322

(new and used book seller)
Powell's Technical Bookstore
32 NW 11th Street
Portland, OR 97209
503-228-3906

	

800-225-6911
(new and used book seller)

Technical Book Company
2056 Westwood Boulevard
West Los Angeles, CA
800-233-5150

(new and used book seller)
Government Sources

Library of Congress
Photoduplication Service
Washington, DC 20540
202-707-5640
Superintendent of Documents
Government Printing Office
Washington, DC 20402-9325
202-275-3054
Government Printing Office Bookstores

(There are around 24 bookstores ;
ask the Washington, DC office for the
one nearest you .)

National Technical Information Service
Springfield, VA 22161
703-487-4650

Agency publication order desks :
Government Printing Office
202-783-3238
National Institute of Standards and
Technology
301-975-3572

Professional Societies
Institute of Electrical and Electronics
Engineers
Engineering Societies Library
345 East 47th Street
New York, NY 10017
212-705-7611

Industry Sources
[Electronic Engineers Master Catalog]
Hearst Business Communications, Inc
645 Stewart Avenue
Garden City, NY 11530
516-227-1300
[Gold Book]
Hayden Publishing Company, Inc
50 Essex Street
Rochelle Park, NJ 07662
201-843-0550
[Microwaves & RF Product Data
Directory]
Microwaves & RF
Ten Holland Drive
Hasbrouck Heights, NJ 07604
201-393-6000
[Electronic Industry Telephone

Directory (EITD)]
Harris Publishing Company
2057-2 Aurora Road
Twinsburg, OH 44087
216-425-9143

Access to NTIS Data Base
DIALOG Information Services, Inc
800-334-2564
Pergamon ORBIT Infoline, Inc
800-421-7229
BRS Information Technologies, Inc
800-833-4707
Colorado Technical Reference Center
Campus Box 184
University of Colorado
Boulder, CO 80309
303-492-8774

(will search data base for you)

IONSOUNDT'" BY W1FM
An extraordinary high-quality, low-cost HF (1 .8-30 MHz)
propagation forecasting and link quality assessment software
tool for predicting Signal/Noise Ratio, Receive Power, S/N
Availability, Path Availability . Total End-to-End Link Reliability .
Radiation Elevation Angles, E and F Layer Hop Modes (includ-
ing mixed modes), Propagation Delay, Path Distances and
Beam Headings . Provides independent TX and RX antenna
selections (Vert . Monopole, Horiz . & Vert, Dipole, Yagi-Uda,
Log-Periodic/Rhombic . Isotropic) with elevation angle gain
weighting functions simulating real performance . Completely
Menu driven with easy-to-use prompts . Hardcopy Tabular
Summary printout and Simulated Oblique Incidence Ionos-
pheric Chiro Sounder graphic output plot provide an under-
standable prediction of hand openings tailored to youroperat-
ing conditions . Complete with printable operating manual on
disk. For IBM PC's and compatibles, 320K RAM minimum,
CGA/EGA/VGA, DOS 211 or greater . Coprocessor (8087/
287/387) and non-coprocessor versions both included in 5'i"
DSDD disk
$24 .95 in U .S . . Canada and Mexico/$2 .50 Shipping & Handling

$24 .95 Elsewhere/$5 00 Shipping & Handling
MA residents add 5% Sales Tax
(Write of Call for Group Rates)

Jacob Handwerker / W1 FM
17 Pine Knoll Road, Lexington, MA 02173 USA

Tel: (617) 862-6742



ARTE Amateur Radio Tracking Experiment
By David Babulski, WBOUKK

2677 Colony Cir
Snellville, GA 30278

Investigation of high-altitude tropospheric radio propagation in the
Amateur Radio 2-meter band .

T his proposal was written to
solicit comment and support for the
ARTE project from the Amateur

Radio community and to propose inclusion
of the ARTE project into the University of
Alabama/Weber State College SOAR (Sub
Orbital Academic Research) program .

introduction-In 1937, Van der Pohl and
Bremmer published their smooth-sphere
theory of UHF radio propagation. This
theory postulated that the strength of
VHF/UHF signals drop off rapidly beyond
the optical horizon . The theory was based
on the assumption that the earth is a
smooth sphere surrounded by a homo-
geneous atmosphere . Given these con-
straints, the radio radius of the earth is
equal to 4/3 of its true radius . This theory
of radio propagation proved accurate
under standard conditions, but under
nonstandard conditions many deviations
to this theory were observed .

In 1934 (four years before Van der Pohl
and Bremmer published their work) W1 AL,
located near West Hartford, Connecticut,
aimed a 56-MHz antenna toward Boston,
Massachusetts-over 100 miles away .
Using a medium-power transmitter, he
was able to contact stations in the Boston
area almost at will . Although W1AL's
signals often faded rapidly, the signal was
still copyable and at times was even
stronger than stations closer to the city!

After much research and correlation of
thousands of measurements, W1AL
established that temperature inversions
and stratified layers of air at different
temperatures, and moisture content in the
troposphere could refract or bend VHF
signals around the curvature of the earth .
Today we know the effects observed by
W1AL as tropospheric propagation or
simply as "tropo ." The majority of
research on tropospheric propagation has
been conducted with ground-based
transmitters by both the professional and
Amateur Radio communities. However,
very little research has been conducted
with transmitters placed high within the
troposphere .

This proposal is for such a high-altitude
radio propagation experiment . One of the
determining factors in tropospheric prop-
agation is the angle at which the radio
signal strikes the tropospheric anamoly .
This angle is called the "grazing angle ."
One of the primary objectives of the

ARTE project is to investigate the effects
on radio propagation of different grazing
angles within the same tropospheric air
column. By placing the transmitter high
within the troposphere, grazing angles
will change as a function of the descent
rate of the transmitter instrument
package. The basic hypothesis of ARTE
is that reductions in grazing angle will
enhance reflection from tropospheric
temperature and/or moisture anomalies
and possibly extend the useful range of
tropospheric propagation .
The purpose of the experiment is twofold :
to investigate the use of VHF tropospheric
propagation in the Amateur Radio
2-meter band to deduce the fine structure
of the lower troposphere, arid ; to involve
selected high-school and college
students in the Amateur Radio commu-
nity and the Sub-Orbital Academic
Research Group (SOAR) in a joint educa-
tional exercise which could be used as a
model for future cooperative educational
endeavors .
The hypothesis for the Amateur Radio
Tracking Experiment is as follows :
"By placing a 2-watt VHF FM
transmitter operating on a frequen-
cy of 145 .55 MHz, within the lower
troposphere at an altitude of 3-4
miles, tropospheric propagation will
be enhanced by at least one order of
magnitude, due to a reduction in the
grazing angle of the radio wave, as
compared to a 2-watt VHF FM
transmitter on the same frequency
located at ground level . The effects
of increased line-of-sight com-
munications to be factored out."

The primary objectives of the ARTE
project are :

•

	

to investigate enhancement of tro-
pospheric radio propagation by
placing a low-power VHF FM
transmitter at high altitude within the
troposphere,

•

	

to investigate the logistics, engi-
neering and administrative channels
necessary to conduct high-altitude
radio propagation experiments in
conjunction with the Amateur Radio
community,

•

	

to provide a unique educational
opportunity for high-school and
college students at both the under-
graduate and graduate level, and,

• to investigate the application of high
altitude radio propagation opera-
tions to the study of the structure
and dynamics of the lower tropo-
sphere .

A small sounding-rocket, carrying a
2-watt, 145 .55-MHz FM telemetry
beacon, will be launched to an altitude of
3-4 miles (4.8-6 .4 km) above ground level
on a prespecified day in April 1990, from
the Huntsville, Alabama, area . During
parachute descent from peak altitude, a
300-baud digital telemetry beacon signal
will be transmitted to ground-mounted
receivers tuned to 145 .55 MHz. These
receivers, spread out over a 500-mile
radius from the launch site, are to be
manned by volunteer Amateur Radio
operators . In addition to the VHF beacon
signal, all the volunteer Amateur Radio
operators will be networked to the launch
site via a 40-meter (7 .155 MHz) SSB
HF link. The 145.55-MHz beacon launch
will be preceded and followed by a
10-minute transmission of a similar
beacon format from a ground-mounted
2-watt 145.55-MHz FM transmitter. Each
volunteer radio amateur will record the
output of their VHF receiver, for both the
flight and ground level transmissions, on
supplied log sheets . The students par-
ticipating in the experiment will analyze
the data from all the collected signal logs .
Project Directors are Mr David Babulski,
WBOUKK (General Class) and Mr J
Wayne McCain, KSOS (Extra Class) . Mr
Babulski holds a BA in Earth Science
from California State University at
Northridge and an MA in Education from
the College of St Thomas, St Paul,
Minnesota. He has over 20 years of ex-
perience in small sounding-rocket
technology, specializing in electronic and
scientific payloads . Mr McCain holds a
BAE in Aerospace Engineering from
Auburn University and an MAS in Admini-
strative Science from the University of
Alabama, Huntsville . He has over 20
years of experience in small sounding-
rocket technology .

For more information and specific re-
quirements for this project, please con-
tact Mr Babulski at 2677 Colony Circle,
Snellville, GA 30278, telephone
404-985-1020, or Mr McCain at 4209
Nolan Avenue SE, Huntsville, AL 35801,
telephone 205-536-2241 .
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Design Team Integrates Microsats

Photos courtesy of Bob McGwier, N4HY
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Microsat solar panels . The panel at the
upper left is on top of the satellite, with
the receive antenna mount in the center
of the plate . The upper-right panel is for
the bottom of the satellite, while the
other panels are two of the four side
panels .

The LUSAT module .

Jose Machao displays the LUSAT beacon/telemetry module .

6 QEX

A CPU board . The cables connect the board to the mass-
memory boards .

The power-control module . At the rear are the eight NiCd
batteries, mounted to the 1/8-inch base plate .

Harold Price, NK6K, working on Microsat software .



A close-up view of a transmitter module . The circular struc-
ture in the center of the module is used to connect the bolt
that attaches the satellite to the launcher, as well as the
spring that ejects the satellite when the bolt is cut .

Clockwise from top : transmitter module,
power-control module, LUSAT module,
receiver module .

Dick Daniels, W4PUJ, testing one of the receiver modules .

Close up view of a receiver module,
showing the five channels . The silver
rectangular box near the top of the
module is a helical filter in the receiver
front end .

Jan King, W3GEY . It has been a long
project for Janl Blessing the hardware
helps .

Jon Bloom, KE3Z, testing one of the
power control modules .

Bob McGwier, N4HY, cleaning one of the
modules in the clean room at the
Microsat Lab in Boulder .

Jeff Zerr of AMSAT, and Chris Williams, WA3PSD, of Weber
State College, test one of the power modules .
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Correspondence
I was extremely pleased by the publica-

tion of Mike Grierson's, G3TSO/KD3CL,
article "Modular Multiband Transceiver"
in the September 1989 QEX. The design
reflects careful use of modern com-
ponents to meet the needs of home con-
struction . In reviewing the design, I had
some thoughts to share with you .
The modular design makes improve-

ment easy. One thought is to replace the
classic VFO with a synthesized design .
I believe the chips to do this have been
available for some time . The key problem
was the high cost of the digital shaft
encoder needed as the input device .
Now, low-cost shaft encoders are avail-
able, so a synthesized design may be
practical .
Another alternative is to design the

band-pass and low-pass filters to cover
the frequency range by half octaves . In
this manner, almost continuous frequen-
cy coverage of the 1 .5- to 30-MHz range
may be obtained . For the current design,
selection of the crystal-oscillator frequen-
cy would be made independent of the
frequency-range selection . If a frequen-
cy synthesizer is developed, it would
probably replace modules 2 and 3 . Cle-
verly done, it would also select the cor-

Bits
Artech House Books
Available from Artech House .
GaAs MESFET Circuit Design. Combines
theory, practical tips and design ex-
amples in a how-to format . Hardcover .
580 pages. 1988. Order # D01267
$79.00 .

Modern Microwave Measurements and
Techniques, by Thomas S. Laverghetta .
Hardcover. 300 pages. December
1988. Order # D01307 $72 .00 .

Microwave Measurements and Techni-
ques, by Thomas S. Laverghetta .
Hardcover. 395 pages . 1976 . Order #
D01039 $60.00 .

Microstrip Antenna Design, K.C. Gupta
and Abdelaziz Benalla, Editors . Soft-
cover. 384 pages . November 1988 .
Order # D01155 $66 .00 .

Computer-Aided Design of Microwave Cir-
cuits, by K.C . Gupta, Ramesh
Garg and Rakesh Chadha. Hardcover.
410 pages. 1981 . Order # D01081
$79.00 .
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rect filters in modules 4 and 5 . The only
compromise would be to avoid operating
near the 9-MHz exciter frequency or its
harmonics.- Ken Heitner, WB4AKK/
AFA2PB, 2410 Garnett Court, Vienna, VA
22180

Notes on the G3TSO Modular
Transceiver
My "Modular Transceiver" article, August
and September 1989 QEX (which original-
ly appeared in Radio Communication),
contained a number of unfortunate errors
due to a variety of reasons . As a result
of the large amount of interest shown in
the UK, I have produced an errata list
containing all the errors found to date . If
in doubt, the circuit diagrams should be
regarded as the master references, as
they are correct . The PCB layouts are
also correct, but have suffered from ink
run in the original printing . I have also pro-
duced a list of modifications required to
cover the WARC bands .

So far, approximately 130 amateurs in
the UK are in the process of building the
Modular Transceiver . I have worked seven
myself and there have been few problems
in reproducing the design .

Microwave Transmission Design Data,
by Theodore Moreno . Hardcover . 256
pages. January 1989. Order # D01346
$50.00 .

Microwave Filters, Impedance-Matching
Networks, and Coupling Structures,
by G. Matthaei, L . Young and E.M .T .
Jones. Hardcover . 1096 pages . 1980 ;
7th printing, 1985 . Order # D01074
$79.00 .

Microwave Integrated Circuit Design
Handbook, by Reinmut K . Hoffmann,
English translation edited by Harlan
Howe. Hardcover. 527 pages. 1987 .
Order # D01140 $74 .00 .

Microwave Mixers, by Stephen A . Maas .
Hardcover. 357 pages . 1986 . Order
#D01148 $66.00 .

Microwave Transmission Line Couplers,
by J .A.G. Malherbe. Hardcover . 225
pages. September 1988. Order #
D01300 $72.00 .

Nonlinear Microwave Circuits, by Stephen

In view of the high demand, I have had
complete sets of PCBs professionally
made. They are tinned and drilled on
glass fiber board, the set comprising five
single-sided and two double-sided (con-
tinuous ground plane on upper side) as
per the drawings in the article . The cost
of the PCBs in the UK is £34, approxi-
mately $53. For larger quantities I could
get a reduced price . If there is a require-
ment for PCBs in the United States, I
could probably transport them personal-
ly on one of my visits .

If I can provide you with more informa-
tion, such as the original article on the PA
kit, or photographs, please let me know .
The ideas put forward by WB4AKK

regarding a synthesiser are something I
am considering, but the production of a
good home-brew synthesiser is still a lit-
tle complex. As I do not have a digital up-
bringing, I am looking at analog ideas
such as the Barlow Wadley loop .-Mike
Grierson, G3TSO, Woodlands, 9 Coneygar
Road, Quenington, Cirencester, GL7 5BY
Great Britain
For a copy of G3TSO's errata, send a
25-cent SASE marked G3TSO errata to :
ARRL, c/o Lori Weinberg, 225 Main
Street, Newington, CT 06111 .

A. Maas . Hardcover. 600 pages. 1988 .
Order # D01251 $72 .00 .

Mail orders to Artech House, Inc, 685
Canton Street, Norwood, MA 02062 USA .
Telephone orders accepted 9 AM to 5 :30
PM EST Monday-Friday. Call toll free in
USA 800-225-9977, ext 4002 . In
Massachusetts and outside USA, call
617-769-9750, ext 4002 . In USA, add $4
for shipping and handling for the first
book, $3 for each additional book .
Canada, add $5 for the first book, $4 for
each additional book. MA residents add
5% sales tax . Free 1989 Artech House
Catalog available .

Low-Priced Workstation
Hewlett-Packard Company, Apollo Divi-
sion, has introduced a new low-priced
desktop graphics workstation. US list
price is $3,990 . For more information con-
tact: Hewlett Packard, Inquiries, 19310
Pruneridge Avenue, Cupertino, CA
95014 .



ARRL Morse Code Shaper
By Ed Hare, KA1CV

ARRL Laboratory Engineer

W hen the ARRL staff decided to
produce the latest version of
Tune in the World with Ham

Radio, we decided to produce a new set
of Morse code training tapes to go along
with it . We received a few comments from
the field about the harsh and "clicky"
sound of the old tapes, so we needed to
devise a way to use our existing IBM ©PC
software to produce better sounding
tapes. I designed the hardware to proper-
ly shape and filter the rather raucous
sounding audio output of the IBM com-
puter. The resulting circuit is shown in
Fig 1 .

The circuit is designed to work from the
cassette port of an IBM computer, but it
works well with about 100 mV of audio
from any source . The frequency is not
critical ; audio from about 200 Hz to 5 kHz
works just fine with this circuit . The line
output is suitable for driving the input of
a tape recorder or amplifier . A 1-W power
amplifier was added to this circuit to allow
the use of an external speaker . Each out-
put has a level control .

U1a functions as a preamplifier and
squaring circuit . The input network of R1,
R2, C1 and C2 was added to eliminate
the high frequency pulses that were
present on the output of the IBM cassette
port. U1 b and the 1N914 diodes are a full-
wave rectifier, turning the audio envelope
into a dc keying pulse . Utc is a clipper

160 . PANEL
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I ."F
6V

,00 k
CLIP
B AS

10NF
16

50 k
WAVE
SHAPE
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I

LJ

tOpF
18 V

z

Parts placement component side view .

that removes the filtering ripple from the
waveform. Uld and U2 shape the dc
keying pulse into a dc envelope with con-
trolled rise time and fall time . A front-
panel control (R5) allows a wide range of
adjustment of keying characteristics . U3
is a free-running 725-Hz oscillator . U4 is
the keyed stage . The shaped dc keying
envelope is applied to the 2N5486 FET .
U4 shapes the signal from the free-
running oscillator, from full "off" to full
"on ." The resulting keyed audio has a
nicely shaped keying characteristic . It is
run through the 1 N914 diodes to improve
the signal-to-noise ratio . The keyed audio
signal is connected to the output level
control and to the speaker amplifier .

The power supply is straightforward,
using 3-terminal regulators to obtain
± 12-V dc. The 10-µF capacitors have
been placed at various locations on the
printed circuit board . To obtain the best
bypassing, tantalum capacitors should be
used, but standard electrolytic capacitors
will work .

The circuit is somewhat tricky to adjust.
R7 and R8 set the frequency of the free-
running oscillator. They should be set to
approximately the same value. R6 sets
the waveshape of the oscillator . The three
controls interact, so it will be necessary
to alternate adjustments until the desired
frequency is obtained with no clipping of
the waveform . R6 can be adjusted to stop
the oscillator, so if the oscillator does not

10,.F
AV

7M
CLIP
LEVEL

1N91J

L07

1 0002

10 u F-{ 47
T 6V W4

00

~ V V V
I00 .

0I

LINE
OUTPUT

OUT 'Ii! ~
V1 I

oscillate, set R6 for maximum resistance .
TP1 can be used with a high-impedance
oscilloscope or frequency counter to
facilitate adjustment .

A keyed source of audio should be ap-
plied to the input . If necessary, the wave-
shapes shown on the schematic can be
used as a guide if signal tracing is used
to troubleshoot a problem . R2 sets the
clipping bias for Utc . Set it to the mid-
point of the range that shows square
waves of the keying envelope on the out-
put of Utc . R3, R4 and R5 all are adjusted
to give a properly shaped envelope at
TP2 . I set R5 to about 25% rotation, and
adjusted R3 and R4 until I saw a proper
and symmetrical rise and fall time . These
adjustments interact, so be prepared to
do quite a bit of tweaking .

A parts-placement diagram and a 1 X
copy of the printed circuit artwork is
shown. The components are readily ob-
tainable, either as specified or as
replacements (ECG, SK, etc) . Consult
Chapter 35 of the ARRL Handbook for a
list of possible parts sources .

This project can make for some very
nice-sounding code practice tapes or ses-
sions . The ARRL is using this box to pro-
duce its new code tapes, and the ARRL
VEC is using it to make the new code
tests . Your club can construct this device
to greatly improve the sound of most
computer-or keyer-generated code .
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Components

Spectrum Digital Signal Processing

Last month we briefly looked at digital
signal processing. This month I'm fea-
turing the tools necessary for a PC to
develop circuits using DSPs . Spectrum
Signal Processing, Inc has an extensive
product line for the most popular DSPs .
Their products comprise complete
development systems, DSP system
boards, DSP processor boards, and
peripheral boards-all embodied in
IBM" PC-compatible plug-in boards .
The development system is for Texas

Instruments TMS 320C1 x first-generation
DSPs. It will support the TMS320C10,
TMS320C15, TMS320C17, and the new
TMS320C14 microcontroller. Features in-
clude a window-based software develop-
ment system with debugger, monitor,
assembler, editor, and simulator. Hard-
ware includes an in-circuit emulator, and
an EPROM programmer is also available
for the EPROM versions of the DSPs .
The DSP system boards are a com-

plete single-board signal processing

12 QEX

system with on-board analog I/O, DSP,
and memory. DSP link peripherals can
also interface to the system boards .
Available system boards cover the Texas
Instruments TMS320C25, Motorola
DSP56001, and Analog Devices ADSP-
2100. A block diagram of the DSP56001
system board is shown in Fig 1 . Prices
range from $2500 to $3500. There are
special prices available for universities .

The DSP processor boards are a lower-
cost option to developing signal pro-
cessors on the PC. They are similar to the
system boards, but do not have the
analog I/O and may have a smaller
memory. I/O can be added with the link
peripherals. The processor boards are
available for the TMS320C25 and the
DSP56001 . Price is $1500 to $2000 .

The link peripherals allow expansion of
the system or processor boards. These
devices include 4-, 16-, and 32-channel
analog 1/O boards, Pro-audio boards (with
and without MIDI interface), dual pro-

By Mark Forbes, KC9C
PO Box 445
Rocklin, CA 95677

cessor comm module, and a prototyping
wire-wrap module .

Additionally, you can buy a speech syn-
thesis/recognition board and a 40-MIPS
dataflow processor . For complete infor-
mation on the Sprectum line, contact
Spectrum Signal Processing, Inc, 264
H Street, PO Box F110-25, Blaine, WA
98230. Phone 800-663-8986 .

MuRata/Erie Crystals and Oscillators
Many of the traditional crystal suppliers

from the past are no longer with us .
However, there are some newer
manufacturers that have taken their
place. MuRata/Erie has an extensive line
of crystals, as well as oscillators and
ceramic resonators . Crystals and
oscillators range from 10 kHz to 500 MHz .
Crystal filters range from 100 kHz to their
"Gigafil" filters for microwave and cellular
phone applications .

To get information on any or all of their
products, contact MuRata/Erie North

Fig 1
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America, 1900 W College Avenue, State
College, PA 16801, or call 800-356-7584 .

American Microwave Attenuator and
Pulse Modulator
American Microwave Corporation of-

fers a number of microwave modules,
among them attenuators and modulators .
The voltage-controlled oscillator, AGT
series, operates from 300 MHz to 18 GHz,
and provides up to 60-dB attenuation
range. The attenuation flatness is ± 3 dB
for 50 dB of attenuation, the slope is
10 dB/volt (nominal), and VSWR is 2 .2 :1
maximum .

The pulse modulator is capable of pro-
ducing modulating pulses as short as
2 ns. Operating range is 300 MHz to
18 GHz, and isolation ranges from 45 dB
at 1 GHz to 85 dB at 12 GHz. Typical
VSWR is 1 .9:1 or less .
For more information on these and

other products, contact American
Microwave Corporation at 7311 -G Grove
Road, Frederick, MD 21701 . Phone :
301-662-4700

DOWN EAST MICR WAVE
Amateur Microwave Antennas and Equipment

TROPO, EME, WEAK SIGNAL,
OSCAR MODE L, MODES,

ATV, REPEATERS
LOOP YAGIS, POWER DIVIDERS . COMPLETE ARRAYS

KIT FORM OR ASSEMBLED AND TESTED
SOLID STATE LINEAR AMPLIFIERS FOR 902 & 1296 MHz

902, 1269, 1296, 2304,
2320, 2400, 3456 MHz

Write for Free Catalog to:

DOWN EAST MICROWAVE
Bill Olson W3HQT, Box 2310 RR1
Troy, ME 04987 (207) 948-3741

PLUG INTO PACKET!
Simple and Easy .
Here's the easiest packet radio yet,
you don't even have to buy a TNC
to join the digital revolution . Just
let your PC do the work . Plug a
PC*Packet Adapter into any ex-
pansion slot and get on the air in
minutes, just like an expert . And
you'll still be able to use the PC for
other work! The complete VHF
system is only s l39 .95!

Sophisticated, Too .
When you've mastered the basics,
use the PC*Packet Adapter for
simultaneous dual-band HF/
VHF, multiconnect, BBS, TCP/
IP, DXer's PacketCluster, 2400
baud (and higher). Even use the
Developer's Package to write your
own packet application .

Software Included .
Unlike others, DRSI includes all
the software you need . The THS
terminal package has split screen,
file save/send, binary file transfer,
print, scroll, review and more .

2400 BAUD
Many areas are upgrading their
packet nets to this higher speed .
DRSI's M-24 modem for 2400
baud connects simply with no
modifications to your rig and lets
you operate both 1200 and 2400
simultaneously with your present
radio . Step up to this new speed
for just $79 .95, today!

Call or Write
for complete

Product Catalog

~DRBI
2065 Range Road

Clearwater, FL 34625
ORDERS: 1-800-999-0204
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VHF + Technology

State-of-the-Art : 2300-2450 MHz
Even though the FCC not too long ago

removed a sizable chunk out of the center
of our 13-cm band, by the weight of the
evidence, the 13-cm band is presently the
most dynamic VHF + band, at least in
North America . What evidence? In addi-
tion to the number of VHF/UHF contest
entrants reporting band-by-band usage
and the number of QSOs made by
several multioperator contest groups in
this band, I took a scale to my "Articles
Saved Boxes" (big cartons in which I
save printed materials by subject
matter-one box per band, in this case) .
Not only was the poundage higher for
2304-MHz materials, but a brief reading
seems to show that a much larger percen-
tage of the total articles published each
year is coming from North American
writers, as opposed to former years in
which very high percentages originated
in Europe . That's right, up until a very few
years ago, 90% of the 2304-MHz articles
published each year came from England
and Germany . Thus, it should not be par-
ticularly surprising to note that, until this
year, the only commercially available
transmitting transverter and receiving
converter units were made in (you gues-
sed it!) Europe .

Now there are basically three suppliers
in the US of 2304-MHz equipment, and
one of these suppliers (Hi-Spec, Jupiter,
FL) makes only power amplifiers of the
vacuum-tube (3CX100A7/7289) type . The
other two suppliers that I am aware of are :
SSB Electronics (K3MKZ, 124 Cherry-
wood Drive, Mountaintop, PA 18707),
and; the duo of Down East Microwave
(W3HQT, Box 2310, RR 1, Troy, ME
04987) and SHF Systems (WA3ETD, PO

Fig .1
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666, Nashua, NH 03061) . SSB Elec-
tronics apparently imports the European
line of amateur microwave equipment
(solid-state transverters and a single-tube
amplifier) offered by a company of the
same name. The company has been
around for a while and I have seen,
although never used or tested, their 2304,
3456 and 10,368-MHz solid-state trans-
verters. They also have a single-tube
2300-MHz power amplifier, again using
the ubiquitous 2C39 family of gridded
lighthouse tubes . The SHF Systems/Down
East Microwave group is offering solid-
state transverters (assembled or in
various kit forms) for the 902, 1296, 2304
or 3456-MHz bands . These are relatively
recent designs by Richard Campbell,
KK7B, (902/1296) and Jim Davey,
WA8NCL (2304/3456) . The pair are also
offering the WA5LUA preamplifiers (PC
boards, devices, assembled units, etc) for
2 .3/3 .4/5 .6/10.4 GHz . Down East
Microwave also has a line of solid-state
power amplifiers and loop yagi antennas
for (at least) the 13-cm band .
What kind of performance can you

expect from average equipment on 13
cm? One story I am fond of telling con-
cerns some early 1980s contest work
done by the W2SZ/1 group. The base sta-
tion was a 500-milliwatt output CW
transmitter, bolted to the back of a six-foot
solid dish, which was illuminated, off-axis,
by a simple coffee-can feed horn (details
follow). The result was, at that time, a fair-
ly respectable signal for 13 cm, especially
from the top of an isolated mountain .
QSOs over 200+ mile paths were dif-
ficult, with signals down in the noise, but
not impossible . The group built a number

FEILD STATION

MIXER

By Geoff Krauss, WA2GFP
16 Riviera Drive
Latham, NY 12110

of very simple field units, which are still
in use . A transmitter is set up at a
selected frequency higher in the band, ie,
offset from the main station frequency by
the field station IF frequency (see Fig 1) ;
manual switching is used between the
transmitter and receiver, which has a low-
frequency IF strip (we used 5.595 MHz
because we got a good deal on a bunch
of crystal filters at that frequency) and a
simple 3-dB hybrid mixer . The mixer, built
on G-10 PC board, has lots of loss (over
14 dB) and a very high noise figure ; it
received 7 dBm of transmitter power for
Local Oscillator use, and receive the in-
coming signal through six feet of
RG-58C/U (a bunch of dBs of attenua-
tion!) from a coffee-can antenna . Re-
sulting noise figure is high, and I've never
had the nerve to actually measure it .
But, . . . in any number of contests, in the
summer months, field stations out to 70,
80 or even 90-miles distant have received
the main station so strongly that a stan-
dard operating hint is : if the signal is too
strong, turn the can antenna over and put
the open end on the ground-if it's still
too strong, put the cantenna under the
field vehicle!

It should be possible to consistently do
SSB communications over a 100-mile
range with under one watt of output
power, about 20 dBi of antenna gain (up
in the clear) and a receiver noise figure
under 2 dB .

What, then, do you need to get on the
air on 13 cm? Today antennas are pretty
much separated into three classes : low
gain and very simple (eg, the coffee-can
antenna) ; higher gain, but not very big
(eg, one or more loop Yagis) ; and very
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high gain, but large (eg, a ten-foot plus
diameter parabolic dish) . The cantenna,
usable alone, or as the feed for a small dish,
is easily built from a one-pound coffee can .
By some stroke of luck, the standard US
one-pound coffee can has five grooves; the
groove nearest the closed end (in an empty
can, of course) is at just the right distance
for a probe (see Fig 2) . Drill a hole through
the can wall, in the first groove, to allow the
end of a BNC or N connector to pass . File
off the paint around the hole and solder the
connector to the outside of the can . Add a
length of no . 12 wire, extending into the can
a bit over half way across the can diameter
(if you have access to equipment for mea-
suring Return Loss, trimming the wire length
can get up to 30-dB RL, or less than 1 .1 :1
VSWR) ; at low power, a higher VSWR will
not matter and will let you get started on the
air. While this cantenna can be used as a
dish feed, the radiation pattern is not circular
and some portions of the dish will be under
illuminated . Since this will decrease gain
(which is the opposite of the basic reason
why you want to use a dish), a better feed
is needed. Choke flanges can be used on
the cantenna to even out the pattern, or a
splasher feed can be built (see any of the
amateur UHF + books currently available) .
I have seen at least one commercially built
splasher feed for 13 cm, but was under-
whelmed by its ruggedness ; I prefer to build
my own . Dishes are not normally affordable
on the new-equipment market, but 13-cm
loop Yagis and loop Yagi arrays are (Down
East Microwave). No matter what antenna
you use, a low-loss feed line is extremely
desirable. It cannot be over-emphasized-
more QSOs are lost, above 1 GHz, because
of feed line loss than due to any other single
factor. At a fixed medium-to-high perfor-
mance station, use of 1/2- or 7/8-inch hardline
is probably a minimum requirement .
A receiving converter/transmitting

transverter combination, such as available
from either of the above-listed sources, will
have a separate common oscillator module
for supplying LO power to the separate
mixers of a transmission up-converter and
a reception down-converter . Both use a
common 2-m (144-MHz) IF, so that a low-
side LO frequency of 2304 - 144 =
2160 MHz is needed . Unfortunately, the two
suppliers do not use a common scheme :
The European modules require the direct
2160 LO; and the US modules accept LO/4
(540 MHz) and each module has an ar-
rangement of quadrupler, filters and
amplifiers to finally obtain the internal 2160
signal. Thus, the US LO module can be
used with the European converters if a com-
mon 4 x multiplier/amplifier/filter/splitter is
built by the users; under normal cir-
cumstances, the European module cannot
be used with the conversion portions of the
US unit. Even worse for commonality, the
SSB Electronics units I've seen have
separate RX and TX modules, while the US
transceivers have a single up/down conver-
sion board . A lot of these differences are
due to the differences in semiconductors
and techniques which were available at the
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time when the units were designed . Some
knowledge of where the state-of-the-art has
been in the last ten years should be helpful
to anyone looking at 13-cm equipment in the
future . For at least the past ten years, the
only redily available vacuum tubes for 2 GHz
were the power triodes, so all low-level work
has been done with solid-state devices . Very
limited types of transistors and multiplier
diodes were available in 1979 with any sort
of reasonable efficiency . Because prices
were high, each stage tended to be a
separate module to allow replacement with
a more efficient stage as newer devices
became available . My 0 .5-watt TX/2-dB NF
RX CW station, mentioned above, had over
20 separate modules, all cabled together in
a 20 x 14 x 12-inch sealed box (an
another similar box for power supplies,
metering, etc) . It took four years (and several
thousand dollars) to get it all working . About
seven years ago (1982), better and more
uniform active (bipolar) transistors became
available and the Europeans found ways to
put several stages together in the LO, RX
or TX modules ; relatively high costs were
incurred, but relatively high module efficien-
cies resulted . Three years ago (1986),
monolithic microwave integrated circuits
(MMICs) started to become available to the
general public at prices that amateurs could
afford. The newer transceiver designs use
MMICs to reduce cost, stage parts count
and size, but require that you think about
SHF equipment with a slightly different
mind-set because overall efficiency may be
somewhat less than in the past .

While communications can be carried out
with a basic transceiver module, even better
results can be achieved by upgrading with
the addition of low-noise receiving
preamplifiers and/or higher-power transmis-
sion power amplifiers . One problem still to
be addressed properly is the RF switching
necessary to allow proper introduction of
add-on stages, but this can be negated if
you set up your transceiver with separate
2304 RX input and TX output. Some version
of each of these add-on stages is available
commercially, and others are written up in
the literature . A reception noise figure of
under 0.5 dB is possible, as is a transmis-
sion output power in excess of 20 watts from
a solid-state PA and in excess of 40 watts
from a single-tube unit (one very nice
example, often selling in the $100 range, is
from the military surplus TRK : 29, a 1 .7- to
2 .4-GHz unit with a 7289, in the almost

1)
universal grounded-grid configuration) .
Another highly desirable power amp is any
of the TWTAs occasionally available as
surplus; most have the added advantage of
being 2- to 4-GHz units (therefore usable
at both 2304 and 3456 MHz), and many
have rated output powers of 10 .20 or even
50 watts over the entire octave band, and
actual power output several times the rated
value at spot frequencies .

Thus, for the first time, not only is there
lots of information available but almost
everything in the way of hardware you need
to get on the air, from a low-power setup to
a state-of-the-art contest station, is available,
frequently as assembled equipment, if you
want to go that route . There are so many
alternatives of good, simple and cost-
effective equipment for the builder, with
easily available devices, that anyone with
the desire to get on 2304 today can . C U
on 13 cm soon .

Surface Mount Chip Component
Prototyping Kits-

Only
$4995 0*44

CC-1 Capacitor Kit contains 365 pieces, 5 ea . of every
10 0/0 value from lpf to .33µf . CR-1 Resistor Kit contains
1540 pieces; 10 ea. of every 5% value from /Oft to 10 meglt .
Sizes are 0805 and 1206 . Each kit is ONLY $49 .95 and
available for Immediate One Day Delivery!

Order by toll-free phone, FAX, or mail. We accept
VISA, MC, AMEX, COD, or Pre-paid orders. Company
P.O.'s accepted with approved credit . Call for free
detailed brochure .

FAnrWMMUNICATKWS SPECIALISTS, INC.
426 West Taft Ave. Orange, CA 92665-4296
Local (714) 998-3021 • FAX (714) 974-3420

Entire USA 1-800-854-0547
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