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The ARRL Experimenters’ Exchange

Agreement on Packet Radio Standards

By Hank Magnuski, KA6M
with editorial contributions by Tom Clark, W3IWL

As part of the October 10th, 1982 AMSAT (Radio
Amateur Satellite Corp.) general meeting, presi-
dent Tom Clark, W3IWL invited a number  of
leaders of active packe% radio groups to come to
a gpecial working group meeting on Friday, Oe-
tober 8th, to discuss the future deve{opments
in packet radio activities; s ecifica%l ,  this
meeting was intended to discusg AMICON tge AMSAT
International Computer Network? for the Phase IIIB
spacecraft and to discuss a new project (tentati-
vely called PAGAT) involving a low-altitude or-

it ,8ll digital store-and-forward transponder.
To Tom's pleasure and surprise, the meeting was
well sugported and a number of people showed up,
representing these groups:

New Jersey - Phil Karn, KA9Q;

Tucson Area Packet Radio (TAPR) - Den Connors,
KD25 and Lyle Johnson, WA7GXD;

St. Louis Area Packet Radio (SLAPR) - Pete Eaton,
WBIFLW;

Washington, DC (AMRAD) - Paul Rinaldo, W4RI, Dave
Egﬁgen, KéMMO, Terry Fox, WB4JFI and Eric écace,

Pacific Packet Radio Society (PPRS) - Hank
Magnuski, KA6M;

AMSAT - Tom Clark, W3IWI, Jan King, W3GEY, John
DuBois, WIHDX and Bob Carpenter, W30TC.

Even more surprising is that this_ diverse
group managed to agree on aome things. In fact,
the agreement reached on adopting a common link-
level protocol ma% prove to be extremely signi-
ficant in forming the foundation for U.S. packet
radio networking. The meeting which originally
was supgosed to iron out some AMICON details
managed to have much more of an impact.

Here's some background on what happened:

A year ago, in conjunction with the '81 AMSAT
ﬁenera meeting, Paul Kinaldo organized the first
RRL Amateur Radio Comxuter Networking Conference
hosted by AMRAD and AMSAT in Washington (photo-
copies of the excellent conference proceedings
are still available from AMRAD§. Many ideas and
some real and paper networks were discussed. In
the months which followed quite a few people got
their packet radio controllers running and had a
chance to experiment, read, discuss and think
about various problems involved in implementing
acket radio networks. The situation  became
iscouraging. It seemed like a new protocol was
grogosed or each new set of Terminal Node Con-
roller TNC) hardware that came on the air.
Each group started heading off in a somewhat dif-
ferent direction. The promise of compatible sys-
tems was growing remote. But in this dispersion
of effort, people also found out how difficult it
wags to implement private protocols and how diffi-
cult the interconnection would be if common ground
weren ¥ found soon. The different groups also

came to realize that there were a common set of
roblems to be solved and that one area's asolu-
ion couldn't ignore the requirements of other
users. The summer doldrums saw very little acti-
vity and not much ﬁgo ress, and provided the back-
ground for the AMSAT meeting. This inevitable
diversi during the R&D phases for each of the
‘groups ad to be reconciled with the impending
aunch of the Phase IIIB satellite in early 1983,

The AMICON Network

Three major areas of concern filled the agenda
of the AMICON meeti g: the usage of the Special
Service Channel ? SC) earmarked for digital
experimentation and called "AMICON" in MS AT
planning documents; the recommended modulation
methods and bit rates to be used on the Phase
IIIB SSC; _and the detailed link protocol to be
%ggd for 1linking ground stations via the satel-

ite.

There was general agreement that standards
accepted today must be regarded as developmental.
It is too premature to ordain any single scheme at
thig time. The AMICON concept is not yet a de-
tailed network design, but rather an opportunity
to develop a new service for amateur radio. In
the developmental phagses we may well see many
diverse techniques being <tested. The meeting
discussed the concept <that +the use of _high-
altitude satellites for packet radio would be
sufficiently complex that it was unlikely that
many individual users would be able to muster the
resources for individual access. Rather, AMICON
would  probably evglve as a chamnel for linking
local "concentrator” nodes around the world.

There was a lot of discussion on suitable
modulation methoda _and bit rateg that could be
sgﬂported by Phase III3B. Den Connors and Lyle
Johnson of TAPR Paul Rinaldo of AMRAD, and
Tom Clark and John DuBois of  AMSAT presented
their research findings. Many different modem
types were reviewed and international require-
ments were digcussed. After all the debate the
following conclusions were reached:

1. The AMICON SSC usage should be restricted to 5
kHz bandwidth (at the =26 dB points). Modem
performance must be a primar¥ consideration for
any ground station, and the modem used will
probably be of a rather advanced desigm.

2. The use of 202-type modems using nbfm-afsk
will not work.

3. The use of 202 modems using ssb-fsk will
produce marginal results.

4., A 400-1200 b/s channel speed is probably
optimum, as this range of speeds satisfies a
variety of different constraints and requirements.

5. The gsk modulation techniques developed for
Phase IIIB telemetry should be explored at both

400 and 1200 b/s.

6. The AMRAD and TAPR groups are going to pursue
development of modem which - employs =minizum-
shift keying (msk), also known as fast frequency-

{continued on page 2)
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shift keying (ffsk). = Msk and psk are considered
to be the most promising methods at this time.

7. The 33C will have to be open for different
experimental approaches until there is geperal
agreement and experimental validation of the

optimal method.

Considering all the alternatives which were
discarded, the above resolutions represent a sig-
nificant narrowing of focus. If that wasn t
enough, more was yet to come!

Sric 3cace reviewed the work which had been
done b the N% & AM§AD packeteers to adapt the
-international (CCITT) X.25 protocol +to amateur
needs. The amateur subset, called AX.25, has
been specified in link- and network-level docu-
ments by Terry Fox, WB4JFL and Gordon Beattie,
d42DSY, respectively. Hank Magnuski distributed a
tutorial gocument on connectionless protocols and
described work which had been done to develdp
Revision 4 of the TIPM and LIPM software. This
is the first implementation of TNC software
Utilizing only amateur call signs (and not firm-
ware encoded) Tor addressing.

By the evening of the October 8, the group
began to recognize that only very minor differen-
ces separategn the AX.25 and LIPM.04/TIPM.04 ap-

roaches. The TAPR protocol users were willing
go implement an interface based on the recommenda-
tions which would come out of the meeting. The
differences were resolved and led to the unani-
mous adoption of a subset of an  internationally
recognized link level protocol (%Eecifically it
is called ANSI X3.66 CP-HDLC Class, with
options 2, 4, 7, 8, & 11},

Why is this important? First, this link-level
protocol allows two AMICON ground stations to
construct a packet pipeline. This same protocol
can be used between two stations in a terrestrial
backbone net. The same protocol can also be used
for terminal-to-terminal connections, whether di-
rect or via a simplex acket repeater. It
represents only a slight extension of the CCITIT
K.BS LAPB link level protocol. And fipally, it
does not restrict future development of ISO Level
3 virtual-circuit or datagram protocols.

The key feature of the new design is the adop-
tion of a scheme for using call—sifnkaddre531ng in
i

a packet. The frame format looks e this:
! [ (T S R I 2570 B j
i PLAG1 | CALL | CALL | CTL |, INFO , FGS | FLAGZ |

where:

FLAG!  3tandard opening HDLC flag byte (01111110)
TOCALL The destination call-sign (6 characters
lus sub-station i-d co?e
FMCALL The source call sign of (6 characters plus
sub-station i-d codeg

CTL Standard HDLC control byte

PID Protocol Identification byte for
information frames.

LNFO Information field in information frames

G Frame CRC check se%uence
FLAG2 Standard closing HDLC flag byte

Frames to be repeated by a local-area network
simplex packet repeater also contain a third
address gield followin% the FMCALL field. This
third field is the call sign of the repeater.
ore details on this protocol will be published in
the revised AX.25 gpecificiation document.

Collectively, the group considered that nearly
every link design starts out with a statement
something like this: "Holy 807's, look at all the
overhead bytes you have 1n using call signs as
addresses. I can do it with Jjust 4 bits. We
nave found that these other schemes have their
own defects and that the penalty for the call sign
overhead 1is relatlveig small 1in comparison ]
other delays on the 1li and in view of the other
venefits. In addition, both amateurs and their
regulatory authorifies are particularly defensive
that the individual's call sl%n ig sacrosanct and
tantamount to being a2 personal name.

The AMICON session ended with promises from
various representatives to try to implement the

2

required versions of this new protocol. In the
inferim, LIPM.04/TIPM.04 will be available for
use by AMICON ground stations until the new
sof tware is ready.

PACSAT -- A New AMSAT Satellite Project
By Den Connors, KD2S and Tom Clark, W3IWI

A new type of amateur satellite was proposed
by Tom Clark, W3IWL at the gacket radio working
Toup meetings ~held October 8-11 1982 at the
MSAT laboratory in conjunction with AMSAT s an-
nual general meeting. The working group meeting
was also npteworthi in that it provided a focus
for the various packet radio groups to coordinate
their activities and resulted in" a new unifed
rotocol which 1is described by Hank Magnuski,
A6M, in a companion document. The new satellite
roject has been tentatively dubbed PACSAT -- a
inal name is yet to be chosen, pending resolu-
tion of some potential trademark conflicts. This
satellite would build upon AMSAT's exgerience in
low-cost spacecraft development, he current
upsurge of interest in digital and computer tech-
niques, and the technolo being developed for
amateur packet radio apglica iong. The basic idea
is to implement an orbiting digital packet radio
repeater with store-and-forward capabilites. Thig
satellite would allow amateur “"electronic mail"
service with a few-hour-deliyery time to_ anywhere
in the world -- a virtual "flying mailbox" for
amateur radio and computer enthusiasts.

The “straw man" system progosed by Tom and
discussed during the three ays of meetings,
would have one or more high-sgeed packet radio
channels, and possibly other ASCII or Baudot RTTY
input/output channels. An on-board computer sys-
tem would control a large amount of memory stor-
age -- perhaps as much as one megabyte for mes-
sages. Access to the message system would be
somewhat like using a more-traditional computer-
based message system (CBMS) using landline dial-up
capability, sych the Computerized Bulletin
Board 3ystem ?CBE ztm Ward Christensen). . Usjng
a Phase LI type of low-earth  orbit ("LEO ?,
the satellite would be available several times a
day for up to 15 minutes worth of message reading
and writlng. Although the LEQ satellites are
limited in fheir coverage, the store-and-forward
cagabllity could extend an AMSAT-OSCAR-8  type
satellite to provide global coverage.

One of the major problems with such a concept
is that packet radio represented new technology to
most amateurs, although we see a marked rise in
amateur interest in computers. In order to make
a PACSAT be a yiable concept, the current packet
radio “experts" will have go devote considerable
efforts to making reliable ground-station hardware

-and software available to AMSAT's user community,

and they will have to embark on a concentrated
educational program to explain these new concepts
-- some of the attendees at the workin% grou
meeting noted that they were around when the ss
vs. a-m "wars' were raging in the early 1950 s.

One of the major technical problems that will
have to be golved before a PAGAT (or the AMICON
channel for Phase IIIB) is viable involves modems.
None of the standard commercial modems seem suita-
ble for noisy channels with doppler shift. Seve-
ral alternatives were discussed during the
meetings. The modulation techniques mentioned
included phage~shift keying psk) and minimum-
shift keying (msk). Discussions of data rates for
up- and = down-links ranged from 400 baud up to 56
kilobaud; the technical constraints associated
with accptable bit error rates and practical con-
straints of implementation cost and difficulty
glus available spectrum space led to a consensus
hat likely rates were_in the 400-2400 baud range.
Although ‘the Phase IIIB telecommand group have
implemented state-of-the-art 400 baud psk modems,
and W4RI has been workin§ on msk designs, the use
of either technique will require considerable
work 1in order to develop high reliability modems
usable by the amateur community. For any digital
usage of amateur satellites it ia clear that
modems will be more complicated that the tradi-
tional fre%uency-shift- eyed systems currently
used for RTTY.

The straw man design that Tom presented in-
volved multiple wuplinks and a single downlink
(e.g-. one calling uplink channel and per=-

(continued on page 3)
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haps four working channels). This built _upon
tygical amgteur net experience with the satellite
acting as 'NG” on a calling-and-answering fre-
%uency. After the user calls in and establishes
hat he has uplink traffic (or that the satellite
has a message for him he would directed to
QsY to a working message"chanpel where the space-
craft's computer would "poll" the user until both
he and the spacecraft are QRU. This design is
baged on the use of ALOHA-type protocols where the
multiple users cannot hear each other, leading to
possible collisions on the uplink chgmnels; this,
combined with Tom's assumption that "what goes up
must come down" (i.e. the Eotal messa%e traffic up
and down are about equal), led to the multiple
uplink, single downlink proposal. Tom's proposal
?ag that the uplink and downlink were full duplex
gimultaneous = trgnsmission and reception) in-
volving two bandg (probably a 435-MHz uplink and a
145-MHz downlink). The design assumed that 0.5-
1.0 megabyte of storage was available on K board
which could be treated as a "virtual disk"” for
lanning. ALl megsages would be "bit regenerated”
i.e., no direct channel exists befween the
ugers except through the satellite), and control
of the communications would be by an active, on~
board computer. Other functions to be performed
by this computer woild include the access mecha-
nism to manage the ’virtual disk" storage, hand-
ling of the protocols to allow multiple wusers
to "get their messages up and down during a single
ass, and possibly intersgersing of 'QgT" bulle-
tins in the downlink data stream during moments of
inactivity.

On 3aturday, the AMSAT members attending the
technical forum were allowed to hegr packet radio
in action on AMSAT's W3ZM (146.235/.835 MHz) re-

eater. W3IWI brought a icroprocessor-based
erminal Node Contoller (TNC?ldevelo ed by the
Vancouver Amateur Digital Communications “Grou
VADCG), a "202A-type” afsk modem, and a standari
<-meter fm transceiver. Some 50 miles away in
Sterling, VA, Dave Borden, K8MMO had his 280 CP/
{(tm's, Zilog and Digital Research respectively
computer hocked to a similar tNC “and modem.
Amidst normal talk-in activities, the two packet
radio terminals were sending brief data packets
through the repeater sg that thoge attending the
meeting saw a game of "Adventure" being played in
the squelch tails. This impressive demonstration
was the firgt exposure for many AMSAT members of
ghg' capabilities of digital techniques in amateur
adx 0.

. As the weekend proceeded, a number of informal
discussions on packet radio continued. Among
the experts there grew a general agreement on__the
data link protocol, with the AMSAT AMICON ADDCP-
HDLC definition emerging as being the best for the

LEQ PACSAT too. rguments for and against
Tom's proposal for multiple uglinks {su porting a
single downlink) centered on the estimaged rela-~
tive traffic loading on satellite uplink and down-

link. These discussions included the observa-
tions:

-~ CBMS  experience shows that users "browse"
through stored information much more than generat-
ing new Information. If the PAGAT is to be
operated as a flying CBMS, then the design should
be reconsidered.

-~ The "QST" bulletin transmissions will be a very
important PACSAT function for the users.

On Sunday, a proposal was made by Den Connors

and Lyle Johnson which included a number of the
above concepts. Different mechanisms for access
using fulR-duElex uplink/downlink pairs were
presented. The AMSAT AMICON (AX.25) HDLC logi-
cal link protocol was discussed in as a PACGSAT
standard and a number of network-related issues,
including message classifications and buffer allo~-
cation/deallocation mechanisms were raised.
Lyle presented another possible system block dia-
gram, showing different input/output channels,
including command, multiple CPU's and different
memories for program store, file directories,
buffers and message mass storage. The tasks of
the CPU were further detailed, and the different
algorithms needed were identified.

During this discussion, Tom Clark artlined the
ossibility of a truly international implementa-
ion stategy. Tom described one scenario with

the system design and user education/interfacin
being the prime U.3. responsibility, on-boar
hardware constructed in South Africa satellite
integration performed in the United kingdom and
actual launch handled by the commercial oup in
Texas w?ich has recent flown a successful " test
mission (gsee AMSAT Satellite Report No. 41, Sep-
tember 13, . .Y garf of the discussion in-
volved the possibility that part of the US role
might also include a new role for AMSAT in being
responsible for the distribution of the hardware
unique to packet radio unless commercial interest
is 'seen soon; this could serve as a method for

enerating much-needed revenues to support all of
MSAT's activities. To help get this activity
moving, Den Connors agreed to act as interim
PAGAT coordinator.

The general PACSAT concept was presented at the
AMS AT neral meeting, and the AMSAT membership
welcomed the jdea, with the onlx caveats Dbeing
expressed as Can we afford it? re we stretching
ourselves too thin?" Tom indicated that these
were AMSAT management concerns too but that the
key individuals were very enthusiastic about, the’
concept. He stated that without a dedicated "hard
core” of technmical volunteers, AMSAT loses its
vitality.

Since no further opposition was raised, Tom
indicated that further development of the PACSAT
concept can be expected.

Since the meetings at Goddard, Den has accepted
the gosition of Project Manager for the U.3. part
of the PAGSAT project, and several developmental
efforts are in the formative stages. ZS1 has
confirmed the South African interest in pursuing
the project, and G3YJO has begun gelling the
rest ~of the gayload (which mag well be called
U AT-2). Key developments in the next few months
will include ground station design technology
investigations to identify large fiya le memo-
ries and modem (both msk and psk design

lanning for maximum utilization of the Phase I 1B
esigns, concegtual designs of the on-board com-
munications and processing hardware and software
and coordination of the roles between the various
groups that can contribute to this project.

It is hoped that this satellite will not only
give the packet radio experimenters a much-awaited
international linkiang capability, but also provide
a new, challenging and unique outlet to the many
thousands of new hams who are quite savvy in
computer techniques and utilization. The  AMSAT
team solicits “your indicationa of interest and
agsistance. This, as with all AMSAT projects,
is a volunteer effort -- can we serve as a focus
for yoar creative ideas?

Watkins-Johnson Tech-notes: Mixers

If you're interested in state-of-the-art rf
mixers, you should see a copy of "Mixers: Part 1
and "Mixers: Part 2," Vpls. 8 No. 2 and 3 in the
Watkins-Johnson Compang s Tech-notes series.
Tech-notes is a bi-monthly peTiodical circulated
To €ducational institutions, engineers, managers
of companies or government agencies, and
technicians. Individuals may receive issues by
sending their subscription request on company
letterhead, statin position and nature of
business to the Editor Tech-notes, Watkins-
gghgigg400mpnay, 3333 Hillview Avenue, Palo Alto,
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Controller Chip for EPSON Matrix Printers

The trade magazines have advertised the EPSON
M-150/160 geries of dot-matrix printers which are
degsigned for pocket devices. Now there is a
single-chip microcomputer, to provide serial and

arallel data interfaces for these Erinters. The
EP—150 chip is pagked in a io—péntD P,'use% a +5;¥
suppd, sypports  seria ata _ inputs
$185388,120875560 baud.  and prints 64 ASCIT char-
acters. Single-quantity prices are U.K.£15.20

lus extra for crystal, Jjumper, pc board and data.
gontact: Frida, artnershlgl 22, Wentworth Close,
Rudhea?h Nortzwieh, Cheshire, WC9 TEE, England,
phone (0506) 47366.



Real-Time Satellite Tracking
on a Programmable Calculator

By Roy D. Welch,* W@SL

There are numerous computer programs available
for use on the various popular personal computers
for antenna tracking of artificial earth satel-
lites. They ' are ver¥ extensive in capabilities
and do a fine job. hey all have one drawback
however. They are run on machines that are not

ortable enough to carry around conveniently.
ost, if not all, require a source of ac power.

Enter the personal programmable hand-held cal-
culator. They are very portable. They run on
batteries. Until a little over a year ago, how-
ever, they lacked the large memory storage capaci=-
ty needed to handle the programs required for
satellite tracking. One of these calculators is
the HP-41C/HP-41CV.

The ?P-4TC basic calculator comes with 63 reg-
isters 441 bytes% of storage that can be allo-
cated by the user for either program or data
storage use. A plug-in_ program card reader/writer
is also available for loading programs stored on
small magnetic cards. Memo for the HP-41C is
expandable to 319 registers f¥233 bytes) with the
HP-82170 Quad Memory Module which " simply plugs
into one of the four vacant ports on the HP-41§.
The HP-41CV is a later version of the HP-41C with
<319 registers already built into the calculator.
Also available for use with either the HP-41C or
HP-41CV  is the HP-82182 plug-in Time Module which
seivzs as a real-time calendar/clock for the cal-
culator.

Described here are two versions of the same

atellite tracking program, Satellite Orbits I
SO1) and Satellite Orbits it (s02). s01 requires
197 registers of storage and is the basic ?rogram.
302 produces exactly the same outgut ag 301 but is
designed to make use of the HP-82182 Time Module
for various date and time functions. S02 requires
185 registers for storage.

Both programs will grovide tracking coordinates

for satellites in either circular or elliptical
orbits. The programs were adapted from a BASIC

program written by Tom Clar’- W3IWI and published
n Orbit magazine for March April, 1981, p.6. The

HP-41 versions, however, provice a real-time out-
ut option which is not available on the original
ASIC program.

The programs require storage of the classical
Keplerian orbital Rarameters for each satellite
tracked. Each satellite will consume approximate-
ly 13 storage registers for +these parameters.
Sources for obtaining updates to these parameters
are covered in the program documentation.

To initiate a grogrem run, one has only to
enter XEQ ORBIT. he programs will automatically
gromgt wlth‘algha messa%es for other input such as

or the desired satellife, data, time, etc. The
user 1is also grom ted to indicate whether real-
time output or batch output is desired.

*908 Dutch Mill Drive, Manchester, MO 63011

Real-time output will produce azimuth and_ ele-
vation coordinates (i.e., AZEL = AAA, EE) and
automatically up?ate these coordinates at one-
minute intervals (less with 302). Using this mode
the user can periodically refer to the calculator
for new antenna-aiming coordinates. Coordinates
are displayed even when the satellite is below the
horizon, by showing a negative elevation. Anytime
the elevation is positive an alerting tone will
sound at each update.

The batch mode is designed for the user who
wants to write an itemized 1list of output. The
batech mode produces time, azimuth, elevation,
range to the satellite in kilometers, height of
the satellite in kilometers, lazitu e and longi-
tude of the subsatellite point (SSP) and orbit
phase. Orbit phase is an arbitrary numerical
value used to indicate in what part of the orbit
the satellite 1lies at a given time. The SSP
latitude and longitude are useful in constructing
a plot of the satellite path on the surface of the
sarth. The user has the option of specifying an
increment in minutes to be used in each time
update for batch output.

Both programs will run in either mode. In
real-time mode, S02 will obtain date and time
information from the HP-82182 Time Module. 301,
however, utilizes a manually entered clock time
and will internally increment this time in one-
minute intervals. The program will calculate and
displa{ a set of coordinates in about 25 seconds.
It will then waste the remainder of the minute by
executing a timing loog before startin§ a new
calculation. The “display remains visible during
this time. The timing loop is adjustable by the
user 1o match the internal execution speed of his
own caleulator. Accuracy is quite gpod and stays
within about ten seconds over an hour's time. Use
of 502 and the Time Module eliminates the above
loop and loop adjustment, reduces storage require-
ments and expedites initiating the run by elimi-
nating _the ate and time prompts used in SO1 in
the real-time mode.

Coxies of either program can be obtained from
the AMSAT Software Library, P.0. Box 541,
Willenie, MN 55090. An s.a.s.e. sent to this
address will brin§ details. These programs have
been made available to the library on the basis
that any proceeds in excess of reproduction costs
will go Eo AMSAT. Documentation covers about
twenty pages for each program and contains equa-
tions, =sample runs, procedures, program listing
and other igems of interest to the user.

I have used these programs extensively on mg
HP-41C with OSCAR 8, USAT OSCAR Y and the R
satellites. They will really be useful, however,
when the eliptical-orbit Phase III satellites aré
up. As AMSAT coordinator for Missouri I receive
requests for talks from interested groups. I find
the calculator to be a real help and a point of
interest in most groups. It goes where you want
to go, whether to field-day sites or on a DX~
gedi ion. I hoge that you can benefit from one or

he other of these programs and that you have as
much fun with them as I have had.
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How to Design Wide-Band
RF Quadrature Network

By G.W. Horn,™ I4MK

Passive wide-band quadrature networks, oper-
ating at »rf for the generation of ssb signals
using the phasing method, as well as for other
kinds of signal processing, have been seldom and
barely treated by the technical literature.

In many phasing rigs the rf carrierg were de-
Fhafed b% means of two opposite reactances (Fig.
)1 e all know that this phase-splittin
method, as _ well as that based on the “typiea
behavior of two under-coupled tuned circui%s,fZ
suffers from many serious drawbacks. In fact:

These circuits operate gsatisfactorily over a
small percentual bandwidth ?1% or sog and are thus
limited to fixed-frequency operation. Besides,
they need periodic realignmen as they are sub-
ject to thermal drift, componen%s aging, etec.

The upper frequency limit does not go beyond
15 MHz at best, degending mostly on strays, compo-
nent performance, layout, and so on.

Rf phasing for ssb-signal generation by means
?f_coaxi?l cable gections has also been suggested
Fig. 2){3]: The rf signal is aplit by a coax-
line T arrangement, one branch o? the T being
1/8th electrical wavelength of RG-62/U and the
ther 3/8ths. By using terminated line sections
R sub L = Zo), instead of a sin%le quarter-wave
line, the rf amplitudes at the oufput ends of the
T remain within a certain bandwidth, and the VSWR
is low.  As it is well known, the coaxial cable
technique 1is extensively used in antenna-array
phasing equipment.

A more efficient wide-band rf quadrature net-
wgrf has_been designed by R. Taylor, WIDAX (Fig.
3).14] I haven t checked Mr. Taylor's design, but
sincerely sgeaking, I feel that it was the result
of a cut-and-try Erocedure, rather than the result
of a theoretica investigation. Anyway, this
network seems to be much better than the above-
mentioned ones; however, the achieved bandwidth
(13.8 - 14.6 MHz) is not enou%h for equipment such
as general-coverage transmitters and " receivers
using some kind of orthogonal modulation.

A %uadrature rf phasing network operating over
an octave or more in frequency was 9esi ed some
years ago by Jim Koehler, ~VESFP VK2§8X (Fig.
4).15] [ “Unfortunately, he did not disclose the
network ' s theory nor did he ﬁive any useful detail
about the procedure followed for determining the
component values.

It 1s quite evident that the two bridges
(bridge a and bridge b_of Fig. 4) each provide a
phase shift, thus resulting at the output ends,
in a differential phase shi Y of 90 degrees over a
wide freguency_band. Mr. Koehler states that

hase error is less than 1 degree, and the ampli-
ude difference between the two outputs is Eess
§h3n1o>5 dB over the whole 3 - 30 MHz range (i.e.,

Now, having engaged in the development of a

general-coverage direct-conversion receiver with

electable sideband and carrier-lock provisions,

E6 1 ,decided to go deep into the theor¥hof Mr
e

oehler's design, in order to ascertain net-

*17, via_ Pio IX, 40017 S. Giovanni Persiceto,
Bolognr, Italy
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work's behavior as well as to find out how to
calculate the component values for different band-
width and frequency ranges.

To tell the truth, the theory of this network
revealed 1itself to be rather involved (see Appen-
dix). Thus, Table I shows the circuit parameters
{‘gﬁ‘ a set of bandwidths (ratios ranging from 5 to

In designing the network, the starting point is
therefore N = fmax/fmin. This gives o and k,
i.e., the network s parameters. ?he you have to
choose a convient basic reactance Xog, making it
equal to Ro; Ro is the load resistance as seen by
the brid%e i.e. the actyal RLoad transformed
into Ro by the ou{put balun). The value of Ro
cannot be too low; it must be much larger than
thet series loss resistance of the two tuned cir-
cuits.

At this point parameters @ and k allow you to
determine tge inductances and capacitances in the
legs to the two bridges. The schematic diaﬁram of

i shows how the final value o the

Fig.
,inguctances and capacitances are related to Xo by

o and k. Moreover, the diagram, clarifies the
physical meaning of a and k. k2 (read k squared)
is the ratio between the inductance of the
parallel-tuned circuit and that of the series one.
@«’'is the ratio between the frequency ffoa) at
which must resonate all the tuned circuits of
bridge a and the center frequency fo fgeometrlc
mean between fmax and fmin, il.e., o =

max fmi 3, as well as Dbetween fo and the
frequency fob) at which all the tuned circuits of
bridge b must resonate.

Regarding Xo, the theory proves that Xo"2 = -X1

X2, where §1, %2 are the equivalent reactances of

the series- and parallel-tuned circuits. Since Ro

= Xo and Xo = +/Lo/To (see Fig. 5), it is well
justified to d&fine Ro as the network s charac-
erigtic impedance.

Table I also gives the phase error dfmax (i.e.,
the deviation from 9P degrees) for the different
frequency ratigs. As shown, at N = 10, dfmax = 1
degree 4,9 , in good agreement with Mr.
Koehler's statement.

Differing from what Mr. Koehler says, the out-
put signal's (Ea, Eb of Fig. 4) amplitude does not
vary with frequency, provided that the load resis-
tance is exactly matched, i.e., Ro = Xo. AnywaK,
a slight mismatch does not degrade too much the
constancy of the ocutput signgl s amplitude; as the
diagram of Fig. 6 shows, a 2% deviation of Ro from
its nominal “value Ro = Xo causes an amplitude
variation not greater than 0.18 dB. In additionm,
the diagram of Fig. 7 shows how Ro tolerance
affects the phase error d¢: when Ro differsg from
Xo, the phase response becomes unsymmetrical with
respect o fo and, dP being the same, the net-

work’'s bandwidth becomes narrower.

Surprisingly enough the theory shows that the
source resistance Rs (as seen by the bridge)(for
conventience made equal to Ro) does not interfere
with the phase/amplitude response, always provided

that Ro = Xo.

The general phase resgonse of the network is
shown in Fig. 8, where the fre%uency scale has
been ormalized wit resgect to fo set equal to
uni i.e., fo =1}. he aczu 1 frequencies at
whic the phase error is zero da = 0) respec-
tively max ?d¢ = tdfmax) are then easily ~deter-
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mined by multiplying the actual fo b{ xa...xd, adjusting inductances and capacitances by means of
able

respectively x!...x5 as reported in T I. a Q meter or an impedance bridge. Obviously, a
network analyzer would make the task much easier.
The two output f{ransformers should be built as If this test equipment is not available (as
wide-band balungs (1:4 for RLoad = 50 ohms x Ro = certainly happens in most ham shacks the
00 ohms). Small toroids or dual-hole balun cores inductors may be adjusted, by means of a dipper,
for examfle Neosid 1050/1/F14§ are well suited. to resonate with their capacitors at the relevant
If dual-hole baluns are used, twist together three frequency (i.e., bridge a : foa; bridge b :
lengths of 26- or 30-AWG enameled copper wire at fo/ ?. To do this, each series arm can be
about two twists every 3/8 inch. Three turns will temporarily connected as a parallel-tuned circuit
be enough. to allow adjustment. As Mr. Koehler states, even
) with this simple test procedure, reascnable
Although  the input resistance of the two accuracy may be obtained.
parallel-connected brld§85 is one half the output
resistance of the single bridge (Ro), the input An obvious question is: could the investigated
transformer can be built like the output trans- network operate at vhf too? If assembled with
formers. As previouslg stated, this 1s Dbecause lumped-constant components, as shown in Fig. ,
the ,source resigtance Rs does not affect the net- the upper frequency limit would grobabl lie
work's behavior (except for attenuation). around gO MHz; beyond this limit, strays, losses
and layout should obviously degrade tKe system
It is of paramount importance to abgolutel performance. Begides, the inductances would be
avoid coupling between the tuned circuits in eac impractically small.
leg of the bridge, as well as that between the two )
bridges. In addition, the Q of each coil must be ‘However, there is no reason why the tuned cir-
at least 100. Consequently, toroids gre su%gested cuits could not be replaced by coaxial-cable sec-
there, even if stan%ard coild forms (with ferrite tions or even strip lines. An investigation in
cup cores) are shielding cans might be used suc- this direction is beyond by objective, but it
cessfully. wg:ld be worthwhile to be carried out by someone
else.

Each leg should be assembled separately by

Example
You want to build a network operating between 3.0 and 30.0 Mc/s.
Then :
fmin = 3.0 Mc/s fo = 9.486833 Mc/s
fmax = 30.0 Mc/s Ry, = 200 n
N = 10 X, = 200 a
Therefore Lo = 3.355 mH
Co = 83.882 pF
From Table I we get
dfmax = ¥ 1° 4,985"
o = 1.985821
k = 3.626855
Then, as per fig.4 and 5
Lga = Lo/ka = 0.466 uH Lgp = Lo x/k = 1.837 uH
Csa = 0o k@ = 153.200 pF Csh = Co ko = 604.142 pF
Lpa = Lo kA = 6.128 uH Lpb = Lo kX = 24.166 mH
Cpa = Co/ke = 11.647 pF Cpb = Co ®%/k = 45.928 pF

The frequencies at which the phase-error is max (1° 4,985') are
given by the xj reported in Table I

x1 = 0,316 f; = 3.000 Mc/s (i.e. fin)
xg = 0.459 £y = 4.354 Mc/s

x3 = 1.000 f3 = 9.486 Mc/s (i.e. fy)
x4 = 2.179 f4 = 20.668 Mc/s

x5 = 3,162 fg = 30.000 Mc/s(i.e. fpax)
while that at which dff = 0 are

x; = 0.350 f, = 3,322 Mc/s

xp = 0.664 f, = 6.298 Mc/s

Xe = 1.506 f. = 14.290 Mc/s

xg = 2.855 f4q = 27.090 Mc/s

The frequencies at which resonate the tuned circuits are

180779578 MC/S
4.762178 Mc/s

foa = fod
fob fo/a

6 QEX November 1982



Appendix

The data of Table I bave been computed by means of the
following equations :

N fmax/fmin
x = f/f,
y =x+ 1/x
=W + 1/¥N
y =t 1/%
o 2 3
12 = o) + {(2yp? + 2 2 [tyour2)? + Syuu] + Sybw(y""‘“”}
(Vybw + VE)Z
k2 = 2 ypy + (a+1/a)?
4 - [(a-1/a)2(k2+2) - 2(62-4)] + Ybu?
tg dfmax =

2 k (a-1/«) (ybwt2)

Ydf = dfmax = Y2 Ybw

1
Ydg=0 = T%{(d—l/¢)2(k2+2)-2(k2-4) fV[(ct—l/ol)2(k2+2)—2(k2—4)1316ybw2}2
x; = % (yi Y in - 4}

K< Ke

B T
3

ge b 90* R{

Tl Uy
1 @ ]
’ ;

i

»

il i
L —

Lt=R/wC C=1/wR Cs1/wR L 1/w?
90.‘—
Fig. | - Slm le rf quadrature networks as employed
he ear%y phasing exciters

O.43u O 4

R« 24

Iaao
Fig. 2 - Rf quadrature done
by meags ogltwo
%giiéa -gasuz §§$;d Fig. 3 - Rf quadrature network de-
by W2HZR and R2qCK signed by W1DAX
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©

eaadiil WAL
eg ep
- 90° -
Fig. 4 - 3-30 MHz quadrature network designed by VESFP/VK2BOX;
the original component values Lsa = 0.46 ,
Csa = 153 pF, Lpa = 6.13 uil, Cpa = 12 pF, Lsb = 1.84,
Csb = 604 SF' Lpb = 24.2 ul, Cpb = 46 gF, Ro = 200 ohms
are in good agreement with the theory developed by the
author.
BmLJse a B\ldaq b
T Co k/& Cok Cok%
§ Lo/Ka lo/K Loa/K
o
Pty
I ¢ Lo l | Lowo *Xe
Wo g 7Ly I | 1/weloXo W,p e Wod
} Co| | worZMVina fmin
A Il xo ~Ra
[
Lok/d Ic,,/xd. Lok Cofk Loka —_L
P —_— r:r Coat/K
Fig. 5 - Diagram showing how Ls, Cs, Lp, Cp, a and b
are related to Xo by parameters a and k
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x=flf,

Fig. 8 - Network's typical phase response. Frequencies are norsalized
o.

with reapect to f

" teble 1 - Network's parsmeters computed for a set of frequency ratios

L] 2 3 4 s 6 7 8 [} 10 1" 12
dffmax |0°0,947721' 0°4,441720' 0°10,343673°' 0°18,540194' 0°17,330935' 0°36,449334° 0°45,918199¢ 0°55,464431" 194,988340¢ 1°14,421117° 1°33,724067
o 1,847572 1,869479 1,890590 1,90996S 1,927693 1,943939 1,958937 1,972839 1,98583¢ 1,99799¢ 2,009463
K 3,154232 3,224885 3,394603 3,359859 354206811 3,477308 3,%30149 1,579901 3,626855 3,671143 3,713643
LY 0,707107 0,577350  0,500000 0,447314 0,408248 0,177964 0,15355) 0,333333 0,116218 0,701511 0,788675
xg 0,783591 0,661250  0,618034 0,5731792 Y.seoc1z ?'SIAISC :.4!3506 ?.474498 :.450009 :.445314 :.4:1974
x 1, 1, 1 1, B ’ ’ , B ?

xi 1,276176 1,467890 l:claosd 1,743793 1,850234 1,945019 1,030103 2,107491 2,178608 2,244498 2,369814
x5 1,414214 1,733051 3,000000 2,236068 1,449490 2,645751 2,828427 3,000000 3,162270 3,316618 3.464102
Xq 0;726311 0,603079 Q,%277486 0,478118 0,440231 0,410738 0,186873 a,367035 0,350197 0,335671 0,322964
xy 0,876860  0,813806  ©,894708 0,743563 0,721331 0,703132 0,687971 0,675068 0,663878 0,654013 0,645230
xe 1,140433  1,726794 1286969 1,144877 1,386336 1,422218 1,453549 15481332 1,506301 1,529023 1,549835
x4 1,376821 1,658158 1,894708 2,09153S 2,271537 2,434643 2,584830 2,724537 2,855534 2,97910§ 3,096322

Modifications to

A Secondary Time Standard- Clock

By John R. True,* N4BA

Based on 6 months more experience
Secondary Time Standard - Cloc
8, I recommend the following:

1. Be sure to feed the 560-ohm heater
from the regulated side of the 10-volt regulator
rather than the filter side. The frequency of the
cgcillator is several cycles more stable on that
side because the filter side is subject to power-
line fluctuations.

2. Reduce
power

with the
described in QBEX

resistor

the current-limiting resistor in the
supply to 100 ohms vice 1,000. This will

*10322 Georgetown Pike, Great Falls, VA 22066.

boost the battery quickly when power returns, yet
not waste too much of the regulated outgut
voltage. The internal resistance of he
transformer helps to 1limit this current on
relatively high loads.

3. The Nicd (8.4-V) transistor-type battery
reguire a Beak charging voltaﬁe of 7 ?cells X
1.% zvg = 10.5 (V) to completely load it for

mAh discharge. So set your uA 713 outgut to
provide 10.5 V at the battery plus terminal when
completely charged, or it will not be able to
geliver full 100 mAh when ower fails. On

batte onli, my load is 13 5 it should 1last
for 7 to 8 hours if fully loaded. A new battery
may need 2 or 3 charge/discharge cycles.

Radio Shack Educational Grants Program

Shack is setting the
proposals in the fourth submission cycle of the
company's Tandy TRS-80 ?tm) Educational Grants
Program as "Uniques and Inngvative Microcomputer
Apg ications in Education. The deadline” for
submisgsions is March 31, 1982.

The program
agplication
educational
courseware

Radio subject for

is designed to
of microcomputer technology in 4U.S.
institutions. Hardware, software

and related products totaling $500,000

encou rage

10

per year will be awarded to individuals and non-
profit organizations whose proposals are selected
in four quarterly cycles as providing the greatest

benefit "to the American educational community
under selected proposal themes. Equipment 1is
allocated based on the recommendations of an
impartial Educational Grants Review Board

comprised of a number of distinguished educators

Information kits are available bg written
request only from: Tandy TRS-~80 ducational
Grants Program, Radio Shack Education Division,
400 Tandy Atrium, Fort Worth, TX 76102.
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Preamp in a Pipe

By John L. McDonald,* W6SDM

_ Here is a gadget, which is nothing unusual in the end of the tube so that it will surround the
circuitry but is off the beaten path in packaging, flange of the Teflon feed-through. Be sure that
being some place between laboratory and atomic the

. > ou adapter fits snugly over the threads of the
submarine in its adaptability to the real world. %ﬁ“pt‘%cﬁ ai'ldththaggt%e tubg s%ideshfieelyd tover
- ) . e outside o e adapter. rill a hole and tape
1 ot botauss T ventod Shasity amels Temy 1%, %0.ihet @ sev acrek wiil contast the. flat o
easily connected and disconnected. I had built up the receptacle, approximately in the middle.

my _own battery pack, so the placement of the Solder the Corning capacitor to the pin of the
Teflon feed-through seemed optimum as shown. El“@ 8o that the body of the capacitor is against

he solder well of the pin. Insert the pin the in

It worked very well over the vhf and uhf the plug to the proper depih, and solder the loose
g et bl agsip ol s Snlon v fur o T TR UGEE  h Ale 2ie
gut it head of a 433-Miz converion. f through. Tin the edge of the g}ug well where the

could not .
elieve how well it worked. then ingert the

Likewise at 144 MHz - emitter leads are to be soldere

oeven better at hf ~ clear on down to 2000 kHz. 10512?.16&1;!1 ggﬁ"'R lﬁﬁg “,123‘;;';’%},;5.1““3%1532“‘ Eﬁ’ﬁ
) . emitter leads to the well edge collector and one

I went so far as to take it to a uhf gathering end of the 10-k resistor togtfxe pin of the feed-
and had someoge run a noise figure measurement on through. Temporarily connect R Nom to the base of
%t (as a joke). The 01'18151&1 noise figure yas 2.0 the ﬁﬁmm and plug well. Adjust the value of R
later corrected to 2.5) dB, which isn't too Nom until the MR1§901 draws '5 mA, with the

shabby for such a gadget. 1=k collector resistor as shown, making sure that
It will not replace the GaSFET, nor even the the lead between the resistor and the feed-throufl;

. " ¢ . y v in is_not over O, in. to prevent possib
high-priced bipolars, but if you have a situation Enstability. After 15;he proper vglue of R Nom has
where a little more rf gain is nice, it sure does been determined insert i¥ down in the well,
work well. soﬁder one end to the base of the MRF9O1 andI t}ge
I built 5, two for me and the rest for others e Bons tgfthgh:dgﬁll%ofh°a:3n'thes T S e
égglugigg ;Ega]z:gc%l ‘i?ht’fnﬁ"%‘éﬁinn“ﬁgﬁg“:?}g receptacle, Slide the tube over tge complete
gf‘l“;’-“’d %n atgagvaegdgal anii werg use For df assembly and tighten the set screw.

ackin or is article. n my own case ; ;
fqénd i% much easgier to insﬂ::alltdc' locléingf_cépa— Material Required
citors on my receivers than tryin o find_ a in~ ; .5 i
capacitor small enough to get down gnside the BNC Th%gvgﬂi?ﬁe giaigbb;ugﬁooésiin1 %?lgy leggiﬁs)l”g
plug. BNC fittings per sketch (be sure that the flange

To insure a snug press fit of the tube over the 1 %Fég? gachs)iggég' is not over 0.5 in diameter
p%ug, ;c:%.n one sidelgf the rear portion Dof"llthe Resistors per sketch

ug en remove solder as necessary. ri a i .
Rols’ for the feed-throagh near the bottom of the ! Gorning CIK O1 BT 103 or equal (0.01 @ 50 V)

well, but clearing the taper at the bottom. Notch Teflon push-in feed-through, smallest
oD 3

1

1

1 Adagter, metal, 0.5 in 8 in ID

1 Contact from miniature tube socket (push-on

*24 N Glenbrook AVB, Camari.llo, CA 93010- connector for pin of feed-through)

‘v

FOR AV Suphy USE Ske

Hay
13 I

¢l
Bushing DRuL AND TAP 01 |
sl Tuge — FOR 49% SET scRew —

«xET RECEPTACLE
Secxt LET. Mef /
b

T PN A R-NOM

= - ] o * 1K

To

. . I 2K

0K
Usg25B C1. Dis¢
R-Nom l}gsmu‘ C.0. CORNING CYK of
i THIN WALL T 00 BT 103
P Beass Tole (D

ug8scu 1 1D, ADJ R-NoaM To GET

P,
6To?v AT A
WIDE BauD (2- 432 Mc) ’

' ’ ASSEMBLY
PREAMP 1IN A PIPE 10-15-82 BEFORE ASSEM

(ArrRox S maA I)
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Data CommMUNICATIONS  wew sanrms

HF Networking

I received a letter proving that someone ac-
tually reads this column. This person wrote and
suggested that I really did not have a legal
gro lem on 10 meters with my networking scheme as

he simplex repeater could be construed as_a_relay
and not a repeat. I wish he were right. W3IWL in
Maryland and NS5AHD in Texas have been holdin
weekend QSOs in packet on 10 meters with goo

success, I could activate my two-port device and
any cne alling in on two meters ~on the AMRAD
machine 8147.8 /21 Mz, McLean, VA) would go out
on 10 meters and vise versa. DBut, alas, the FCC
thinks the simglex machine is a repeater. I think
the answer is to ask the FCC for an Special Tempo-
ra Authorization (STA) to use the cross~band
technique. My two-port 8273 S5-100 wire-wrapped
acket board is coming along well. When it is
inished I will be wanting to tri it on some
worthwhile pro%ect like hf-vhf. To hegin it could
fust link he two local packet machines,
47.8%/.21 voice/packet repeat and 147.585 packet
repeat.

Host Mode

I have been doing some additional work with the
Host Mode project where anyone on the packet re-
peater can use my 3-100 computer to ru rograms
of various kinds. I have changed the CP/M 2.2 BIOS
to accomodate the host mode. The packet port is
used for the console I/0, and the local %terminal
is used to disglay what the computer is doing so I
may monitor it. I have proviged two demonstra-
tions of the Hoat Mode to date, and both have
worked well. The last demonstration at the AMSAT
annual meeting was the best. I practiced playing
chess with the computer. This revealed two prob-
lems. First, 1200 baud on the packet side of the
TNC is too slow. Putting up the dinitial chess
board on the H-19 terminal takes a mipute and a
half. Ugdates (moving one chess piece) are fairly
fast, but the initial drawing is slow. The termi-
nal runs at 9600 baud, but the agfarent speed of
drawing is what is_evident. It will certainly be
desirable to go 56 kbaud on the packet side as
soon as gossible. Waiting for a noisy packet to
be repeated is annoging also. After some practice
the night before the demonstration, I determined
that_chess might not make the best demonstration,
so I gwitched back to Adventure the day of _the
demo. I need to make a modification to the BIOS.
It became evident that the TNC on the computer
aide of the link was sending the line feed, 6 that
terminated the packet to the computer. CP/M in
the command mode would use the line feed as a
terminator character (stop whatever you are doing,
computer) and thus doing a intrinsic DIR command
in CP/M or a TYPE command did not work correctly.
The command would be started, but then the line
feed character would be noticed and the execution
terminated. So0, I must trap the line feed after
carriage return in the BIOS. I am convinced that
modification of the BIOS is the correct method to
ugse for Host Mode with the only TNC software
change required being to end the monitor mode for
the "host and to termi?§§e a packet on 223 CP?M
. r

forward arrow prompt ,question mark and

*Route 2, Box 233B, Sterling, VA 22170
T03=5 028288 hanar Steriing, VA 22170,

12

colon (:). If anyone reading has Host Mode experi-
ence, please write and share it with me as
expect this addition to the local repeater will
cause the largest packet radio growth in this
area. A better site may have to be chosen for the
computer, but the concept is sound.

File Transfer

After the initial thrill of the Hogt Mode has
worn off am sure that geople will want to
remove fiies from my system. Jon Bloom, KE3Z and I
have been discussing how best to do this and have
concluded we need even more new software. The
gimple first aggroach ig to use the GP/M PIP
prograp to send e file out the console (actually

acket) port and thus use PIP at the receiving end

o catch the file. The problem with this is there
N ] o error checking except what the TNCs do
%CRC?. I suspect we will tr% thig very soon, and
maybe no error checking will be required. Ah, you
say, why do not you uge the old Ward Christensen
modem transfer program 'MODEM7"? It was basically
a BISYNC protocol, the first packets. It would
send out 128 byte packets and use a simple addi-
tive checksum to error detect. The program could
be modified to work I suppose, but what we really
need is a good file~transfer protocol. The sender
must open a disk file for reading and send the
file out to the TNC board, handshaking as required
when the TNC buffers fiil up. The receiver must
open a disk file for writing and receive the file
segments from the TNC board, handshaking as re-
uired. There must be user interaction to start
he transfer on the sending side and user interac-
tion to start the catch on the receiving side. 3o,
the receiver for example must activate a program
like MODEM7 which is a smart terminal emulator.
Using the program, the receiver must activate a
rogram on my host to send the desired file to

im. Then, he must switch his terminal emulator
program into catching mode to grab the file as it
comes across. The program on his comfuterAapd the
rogram on my computer should actually initiate
ghe transfer and comglete it unaided. The pro-
rgms should allow both ASCII transfers (like a
éP?M .HEX file) and object code transfers (a CP/M
.COM file). If any one reading has ideas on this

subgect, am open for suggestion. It looks like
a fun groject, and you could assume that the
packet oards would take care of the error check-

ing and concentrate ¢n making the wuse of the
programs "user friendly".

Mailbox

I am still looking for a good mailbox program.
I do not want a Ward Christensen/Randy Seuss CBBS.
Our packet mailbox should be different. A |user
houlg end_a request for his mail and receive it
if any?. If he wants to leave new traffic for
gsomeone, he should have a_cogy of this mail pro-
gram on his computer and just activate it sup-
plying the name of the file with the message 1in
it. The ro&ram would then contact the mail pro-
gram in tge ost computer and effect the transfer
unaided. If anyone has a program like this_run-~
ning on 8080/z80 CP/M, donate it and we will try
it on our Host. Hank Magnuski, KA6M has a similar
program runninﬁ on his San Francisco host, but it
runs only on Data General, and most hos%lng will
be done on more personal computers. Think about
the problem and write me at the above address.
This mailbox program should be ready to run_ when
the Phase II?-B satellite is launched so I can
come home from work and read my mail someone left
me on the local mailbox.
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Correspondence

Connector Standards
I am told that you are loocking for a 13.5-Vde
(power? plug standard.

I sugg%est you look at the standard that our

group adopted.
Advantages: Low cost; (Elug $O.93;EP 308 CCTg
{sockets $1.04)(S 308 CCT

Ease of assembly

Dependability: in service over 10
¥ears in a wide range of applica-
ions with no failure.

Flexibility: high current (7 amp)
contact are able to handle most
amplifiers--a re%uirement for real
interchangeability of equipment.

This plug standard allows our grou to mate
components %swap at willg from a alf dozen
repeaters with each other or with many of our
users. We can power the repeaters from
motorecycleg--power amplifiers or test equipment
from many 13.5-Vdc sources.

We have the maximum number of optiocns because
of  compatjibility. ~ "JQ" Lahtinen, W6TTU,
Chairman, Two-Twenty User," 1360 Danby Ave, San
Jose, CA'95132, 408-251-1407.

Ed. note:

See below:

Puua SranDARD Re

More on Connector Standards

Have
I like
interesting.
Mine are usually fu%l of
circuits ?lack of parts) but I

been enjoying QEX since the first issue.
the format, and the articles have been
Hope to have one for you someday.

hard-to-duplicate
enjoy home-brewing.

Your article connector standards is why I'm
writing. For 110/220 ugse the CEE-22 glug is the
only way to go. I've been ripping the cheap zi
cords out of my ham rigs and replacing them wit
these for some time. I highly recommend using the
EMI filter modules too. My 13.8=V  supply kept
shutting down when usin§ my 100-W 2-m " amplifier
until I got both of them filtered properly.

I suspect that you'll have difficulty with
microphone standards. Some mikes have amplifiers
in them; some don t. At times the Vcec is run on
the audio line and sometimes noj. I rewired my
whole station using the 4-pin (Radio Shack 274-
001 0013 connectors. Pin 1 audio, pin 2 PTT, pin
3 Vec and Pin 4 ground.

For dc connectors our local slub derived a
standard after finding out that 2-m fm rigs
couldn t be switched from vehicle to vehicle in an
ﬁmergegcg. We are uSinf the Radio Shack two-pin

Molex T4-222. The + Iead is the pointed side
of the connector with the ground on the flat side.
The male connector goes on the rig. The female
block connects to car battery. he female block
protects the leads better, an? thus you are not a

- continued on page 3

GRouP 3 =External

Transceivers pin(

Scanners

Sotwer: $ 30@Q CCT
In 1ine plug standard 5/30/81.
y Ares Two-Twenty Group
pin(1)025volt . RMS (600.)Touch-Tone =
Pin(Zguggou:d common with pin(4)
1keyed 413.5 VDC on Transmitx
Counters pln(B)IGRound common with pin(2) g
PAn(5)1+13.5 VDC common with pin(

Tie GRY AReA Toie-TosenTy ) Speakers

CRoul ="' BATT- GRuP"

TRW - CINCH ( %
fluc ! 308 CCT =S

Shield NOT GHOUNDED'!

1 to all rs)yiesother

Lights - to all Js)
pin(6)1413.5 VDC common w.

Amplifiers pin(7) 18hiela audio 3’5’35533-{3

Solderine I NOT GROUNDED ) -

2 ng iron Pin(8)1Audio to external i\ a §ﬂ :

HP Bigs speakers(8 ohm). > 5 8 a

Input for 3 termi- Notae :Touch Tone 2 o (8 : h> e

prptl R S | N AR I L
17506, '5i c 1s reference - 2 S| SR w

VDC power supplles) tone fowf)Svolt. 3 |88/ i =

GRouP 2 AND/oR
GRoup ¢ may
Be on ong

VREMS 1in

b
PLy & S
GRoupP ‘( lxz;:ml ::;

Davices:
TGuch-Tone,
"PL* or
CTS3, any
other
audio
input

pin(2) GRound

pin(3) keyed DC and/or
pin(s) +13,5 VDC

TRANSMITTED AUDIO
External CTSS and other
levels are relative to
reference: Touch-Tone
digit “S5"  VRMS, 6004)

o025
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popemeedf two and four
% devices, Socksts

IWELVE VOLT DEVICE INTO EVERY OTHER TWELVE VOLT DEVICE
HELD BY ANY COOPERATING BATT-GROUP MEMBER.
W6TTU “Two-Twenty User”

Note: Plugs
have at least
18 inches of
wire to the
assorted group|

are laid to such
a point as to make
the 18 tnch leads on
the plugs convenient
and dress well,

THIS IS AN LN
SYSTEM INTENDED TO
ALLOW YOU TO PLUG EVERY

GROUP L :112.5 Vic

QUroe 1

Generator, Car, Battery,
Ragulated Power Suvpolv.
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Correspondence (continued from page 2)

likely to accidentally short your battery and blow
a fuse at critical time. his_ standard could
eagily be adapted nationwide. It sure has made
life simpler in Sonoma Co. - Stephen T. Lund,
WABLLY, 1055 Jennings Ave, Santa Rosa, CA 95401.

Programmable Calculator Info Sought

Please consgider ublishin% a short 1letter or
call for info in QEX from fthose hams who own
programmable calcul@3tdrs such as_the HP-33E and
newer HP-11C for routines that relate to Amateur
Radio, or even engineering math, etc. I realize
that many own home gersona computers, and those

rograms are great. I really feel there i1is a

arge number of hams still utilizing HP-11C and
HP-%}C units simply because of price alone.

QEX is super - I really like the data on newer
comporients. - Hilary McDomald Jr., NSAX, 2749
Apollo Drive, Barstow, CA 92311.

Receiver Measurement Validation

I have read recently in several publications of
receiver measurements taken on MDS, dynamic ragge
and third-order intercept which do not agree with
measurements taken b¥ myself on similar receivers
of the same model. n one publication at least,
reports of dynamic range exeed that theoretically
possible in the bandwidth specified.

Some time ago I  measured in an extremel
expensive receiver, dynamic range numbers whic
were "too good to be true.” Consideration of the
error mechanism praved, alas, that they were
indeed too good to be true.

If MDS is defined as that signal level
resulting in a 3-dB increase in output of the
receiver and dynamic range bein% the difference
between that M¥DS and a mathematical function,6 of
input for third-order generation, D.R. = 2/3 (Pi-
MDEY we must be careful to determine that MDS
remains a constant. In my case at least, and I
suspect in the others referred, reci rocal m;x1n§
of oscillator noise with the high-level signa
inputs far removed in frequency raises the noise
floor of the receiver to the _ point where
optimistic third orders are measured.

One receiver, using a phase-locked ogcillator
was 80 noisy that in measuring the third order
the MDS 20 kHz removed from the nearest test
signal rose from -126 dBm to -107 dBm before the
third order could be detected in the -107 dBm
noise. Substitution of a "elean" oscillator for
the PLL reduced the dynamic range from an
unbelievable 116 dB to a good bu much more
mundane 94 dB. How the manufacturer ever came up
with a third-order intercept figure under these
conditions is beyon me. Obviously a check for MDS
change in the presence of signals strong enou to
generate detectable third order measured a kHz or
iwo removed from the third-order frequenc¥ ia
necessary to validate the two-tone test results.
Harold &. Johnson, W4ZCB, 2617 Pinewood Dr,
Dunedin, FL 33528.

Pi-Network Pormulas

This comment refers to Mr. Wingfield's letter
in the September issue on the subject of Pi-
Network Formulas.

I have no quarrel with, nor (am I) taking issue
with his exercise. I do, however, object to his
Slacmng such an undeserved status to the consatant,

Undefinable, unavailable, unmeasurable, parasi-
tic elements exist in all ractical dinductors,
and, in many cases, effect the value of measured
or. calculated Q. The "apgarent" value of Q _is
often the best that can be done, and is wusually
entirely satisfactory in guiding design, proto-
typing, and production. The Q-Meter is a very
useful instrument but has serious limitations when
called ugon to furnish_ data for wuse in the
referred-to exercise. It is suggested that the
inductagce be measured at a_ low frequency (e.g.,
1000 Hz), and at a very low level.

14

In closing, let me comment briefly on the au-
thor's comments about limiting math levels in
discussions directed to hams. I objeect empha-
tically to any suggestion of this nature, particu-
larly in items ugfished in QEX. - George J. Maki,
W6BE, 1417 Pacific Drive, Santa Barbara, CA 93109,
805-965-7330.

TRS-80 Modem I for Radio Communications

Randy Brink ?D¢HNF pases along this info to
use the TR5-80 tm - Radio Shack) Modem I to
transmit and receive 300-baud ASCII via the radio.

Refer to catalog number: 26-1172 for the TRS-
80 Modem I, Fig. 5, schematic diagram.

1. Cut the trace between U7, Pin 3 and J1-5.

2. Insert a switch across the cut.

3. Connect J4-3 to radio spesker and J4-4 +to
transmitter microphone input.

4. Half-duplex mode.

Mode Switch Position Originate/Answer
Transmit Open Answer
Receive Close Originate

~ Robert W. Gervenack, W7FEN, 19701-320 Avenue NE,
Duvall, WA 98019.

3.579545!

Just a comment on John True's (N4BA) excellent
article on a "Secondary Time Standard-Clock," QEX,
September '82.

The time base for the clock is based on the
widely available color-burst crystal. Broadcast
and cable television color subcarrier (NTSC¥) uses
a fre%uenﬁﬁ of 3.579545 MHz. The author refers to
3.579540 z as the standard. The author uses an
MM5369 to divide oscillator by 59659:

3.579545/59659 = 60.00008
3.579540/59659 = 60.00000

The clock will, I am sure, run on time, due to
the ability to set the oscillator frequency by

means of the 20~-pF variable_ capacitor. Just note
the oscillator will run at 3.539540, not 3.579545

%sl is marked on the NTSC* color subcarrier crys-
als.

Thank you and I look forward to future issues
of QEX.

*NTSC:  National Television Standards Committee
set the color subcarrier frequency at 3.579545.
Reasons include compatibility with older black-
and-white TV sets. - Bill Bradford K7EA, 3891
Seagull Drive, Salt Lake City, UT 84120.

Repairing 9-volt NiCd Batteries

As you know the small NiCd batteries are made
up_of smaller cells. In particular the little 9-
volt jobs are vulnerable to one cell either
shorting or venting, thus drying out and becoming
non-conductive. Also, being in series, they are
grone to _get charged in backward golarity as the

irst cell to discharge has current forced throufh
it from the other series group. In the good old
American throw-away economy we just throw out five
ood cells with the bad one of the 9-volt group.
sharg instrument and a bit of atience can
remove the top terminal strig of the S-volt size,
and the six cells gull right out. A m lgimeter
can right away etermine <which cell(s need
replacing, and another "bad’ battery can furnish
the rep acement(sg. The welded tabs can be cut
nearest to the bad cell, leaving lon% enough
ieg¢es to allow soldering the tfabs fogether.
on t attempt to solder to the cell can, it nmay
explode. The six dollars saved for the 15 minutes
of fun seems worthwhile to me; 24 dollars er
hour, A few drops of magic glue will hold the
1id" back on. - Rowland Medler, W4ANN, 1041 N.E.
20th Ave, Gainesville, FL 32601.

Ed note: Wear safety glasses, check your insur-
ance, then proceed at your own risk.
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Components

Conducted by Mark Forbes,* KCSC

The column this month is a potgg%€§&l£§ itegg uses in Amateur Radio such as telephone isolation

from many interestin§ areas.
ra

and CORs in repeater sygtems. Thege relays from

coverin% areas that verse-the wide range of Hamlin are housed in 6-pin mini-DIP packages to
interests held by you readers. If I _ have allow maximum usage of board space. he contact
been OVePlOOKinf something that I should be current ratings og the relay range from 150 to 375
covering, please let me know. One of the items in mA for de¢ models and 100 to 250 mA for the ac
this month s _column is indicative of a trend that cireuits, Operating current is 15 mA for these
I am seeing in the trade journals; that is, low- 33Rs and the OFF—s%ate leakage is 10 uA. The de
cost mags-produced microwave devices. These models are the 790 series, and the ac models are
should yield some interesting articles from you as the 7900 series. All of the relays can be
they will make some sophisticated microwave paralleled to increase drive capabilities. Price
equlgment affordable enough for the average ham to is about $5.00, and Hamlin's address is: Hamlin
construct. Inc., Lake and Grove 3ts., Lake Mills, WI 53551,
— , 414-648-2361.
Piconics Microwave Choke 6
Standard Microsystems COM 2661 EPCI
The Piconics geries M chokes are available in + yatens

values from 18 nH up to 1 uH and are capable of The 3tandard Microsystems EP(I (Enhanced
operating in frequency ranges of 200 MHz to 15 GHz Programmable Communication Interface) is really a
depending on the value. These are broad-band air- USART with a Bro§rammabla baud-rate generator. on
core chokes congtructed of 47 AWG wire. The self- board. The 2667 is capable of synchronous or
resonant frequencies range from to Hz asynchronous operation at full or half_duplex.
minimum. The chokes are capable of handling 100 Synchronous features include selectable 5~ to 8-
mA and have a Q of 4 to 28. The price of most bit characters, internal or external synchroniza-
valuisblisf less Ehan ) $1i00. ggecugﬁpﬁzs Rgre tion, odd, even, g{ nﬁ parity, agd a ocalflog ~
avallable from: iconics Inc. ings ) back mode for troubleghooting. eatures o e
Tyngsboro, MA 01879, 617-643-7501. &

Telemos CMOS Gate Array

The TM5001 gate array uses a combination of

technologies to realize a circuit with low-voltage

us parity), programmable baud rate, local loop

ack and automatic gerial echo-back mode. The

baud rates are programmable from dec to 1 Mbaud.

ic The device is housed in a 28-~pin gackage and draws
only 150 uA from a sin%le 5-volt power supply.

?Schhronous mode include 5~ to 8-bit characters
p
b.

CHMO3 1o%ic controlling 300 Vdc lateral-DMOS output Purther details and data sheets may be obtained
transistors. The chip contains 169 uncommitted 2- from: Standard Microsystems Corporation 35
input gates and 169 uncommitted 3-input gates plus Marcus Blvd, Hauppauge, NY 11788, 51 -273-3100.

40" prewired flig—flops and 8 open-drain DMOS
e

transigtors capab
also 18 CMOS or TTL buffers, pairs of g— and
channel high-impedance transistors, up to

of sourcing 25 mA. There are Avantek Microwave Components

50 1/0 Aventek  offers a full line of microwave

channels and silicon suitable for use as up to components, many of which could ‘be of use to the
nundreds of resistors. The price of _the gate experimenter. %hile details on every component
array 1is only $25.00 in hundred-piece lots, and are not possible to squeeze into the “Components'
information can be obtained from: Telemos Inec., column, % will list them, and information can be

?gg? Coronado Dr., 3anta Clara, CA 95051, 408-727- obtained directly from the magufacturer on the

Hamlin Miniature Solid-State Relays

Solid-state relays (33Rs) have a variety

1000 Shenandoah Dr, Lafayette, IN 47905, 317~447~ fro 2
2, 2300~0230 UTC weekdays, until 0230 weekends, 95051, 408-496-6710.

specific component of interest. In no particular

order, some of the components that they hgve are:

3.7-4.2 GHz downconverter, line extenders/booster
amplifiers, 3.7-4.2 GHz preamplifiers, miniature

of 87300 Miz' transistor amplifiers, 400-9600 Miz
varactor-tuned oscillators, and other satellitfe-
receiving peripherals. batalogs can be obtained
rom; vantek 175 Bowers Ave, Santa Clara, CA

For a frienpd...
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Newington, CT 06111 USA
telephone 203-666-1541

Victor C. Clark, W4KFC
President

David Sumner, K122
General Manager

Paul L. Rinaldo, WUY4RI
Editor

The purposes of QEX are to:

1) provide a medium for the exchange of ideas
%nd information between Amateur Radio experimen-
ers,

2)' document advanced technical work in the
Amateur Radio field, and

3) support efforts to advancé the state of the
Amateur Radio art.

Subscriptions are available to ARRL members at
the special rate of $6 for 12 issues, For non-
members, the rate is $12 for 12 issues. The
foregoing rates agplg oan to subscribers with
mailing addresses 1ln the .S. and possessions;
Canadian and Mexican subscribers must add $1.74,

JQEX: The ARRL
Experimenters' Exchange
1524 springvale Avenue
McLean, VA USA 22101

and will be serviced by First Class mail. Over-
seas subscribers should add $6.78 for air mail
delivery or $2.34 f6r surface mail. Because of
the uncertainty of postal rates, prices are sub-
ject to change without notice.

Applications for subscriptions, changes of
address and reports of missinﬁ or damaged copies
should be sent to the American Radio Relay League,
Newington, CT 06111. Members are asked to include
their membership control number or a label from
their QST wrapper when applying. :

QEX 18 edited in, and mailed from, McLean,
Virginia. -Authors are invited to submit articles
to Editor, QEX, 1524 Sgringvale Avenue, McLean, VA
22101, Both™' theoretical and practical technlcal
articles are welcomed. Manuscripts should be
tyged and double spaced. Please use the standard
ARRL abbreviations found on page 67 of the Decem-
ber 1981 1issue of QST. Authors should supply
their own artwork using black ink on white paper.
When essential to the article, Ehotograghs may be
included, Photos should be g ossg lack-and=-
white positive prints of good defini fon and con-
trast.

Any opinions expressed in QEX are those of the
authors, not necessarilg tho3&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, Material
may be excerpted from QEX without prior permission
provided that the oriéinal contributor is given
credit, and QEX is identified as the source,
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