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ot Cycle 21 takes off. ..

Be there first with the ultimate...

KLM “661”

ALL MODE 6 METER TRANSCEIVER

® Complete, ready to operate. Micro-
phone is included.

® Covers 50-54MHz. (Crystals are
supplied for 50-52MHz).

® All modes: SSB with USB and LSB,
CW, NBFM, AM.

@ Built-in VFO covers 50-54MHz
in 500 kHz increments.

® Four, crystal-controlled channels.
@ Built-in low-pass harmonic filter.

® Meets FC.C. 20777 specs.

@ 10W min. power output (2.5W AM).

@ Built-in power supply for
115 VAC and 13.8VDC.
@ Clarifier.

©® Noise blanker.
@ Squelch.

@ Triple conversion receiver with
better than 0.25uV sensitivity.

@ Built-in loudspeaker. Provision
for external speaker.

@ 100 kHz crystal calibrator and
VOX options (soon available).

Soon at your
favorite dealer.
Write for
information. Exceptional audio
both transmit and receive.
Outstanding AGC
and sensitivity
on receive.

KLM electronics, inc.

1725 Laurel Road, Morgan Hill, CA 95037 (408) 779-7363.



The new VALUE-STANDARD in per-
sonal computing systems! You can put
a system In your Shack for automatic
CW operations, automatic antenna
tracking for Cscar satellites and DX,
complete station monitoring and log-
ging, lots more. And play fascinating
computer games, store and retrieve
personal reco-ds, taxes, budgetls, create and execute
your own programs — literally thousands of fascinating,
exciting and practical applications! The Heathkit com-
puter systems are low-priced, versatile and reliable —
they're the ones to have for REAL power and performance!

Heath Company, Dept. 011-331
Schlumberger Benton Harbor, Michlgan 49022

Please send me my FREE Heathkit Catalog.
| am not on your mailing list.
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That's all, Folks!

All you need for All Mode Mobile, that is.

All Mode Mobile is now yours in a superior ICOM radio that is a generation ahead of
all others. The new, fully synthesized IC-245/8SB puts you into FM, SSB and CW
operation with a very compact dash-mounted transceiver like none you’ve ever seen.

® Variable offset: Any offset from 10
KHz through 4 MHz in multiples of
10 KHz can be programed with the
LSI Synthesizer.

® Remote programing: The IC-
245/8SB LSI chip provides for the
input of programing digits from a
remote key pad which can be com-
bined with Touch Tone* circuitry to
provide simultaneous remote pro-
gram and tone. Computer control
from a PIA interface is also possible.
* a registered trademark of AT&T.

SPECIFICATIONS

VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT

® FM stability on SSB and CW:
The 1C-245/8SSB synthesis of 100
Hz steps make mobile SSB as stable
as FM. This extended range of oper-
ation is attracting many FM’ers who
have been operating on the direct
channels and have discovered SSB.

The IC-245/8SB is the very best and
most versatile mobile radio made:
that’s all. For more information and
your own hands-on demonstration see
your ICOM dealer. When you mount
your IC-245/8SB you’ll have all you
need for All Mode Mobile.

ICOM WEST, INC.

Suite 3
13256 North-up Way
Bellevue, Wash. 98005 Dallas, Texas 75234 Canada

(206) 747-9020

Distributed by:

ICOM EAST, INC.
Suite 307 7087 Victoria Drive

ICOM CANADA
3331 Towerwood Drive Vancouver B.C. V5P 3Y9

(214) 620-2780 (604) 321-1833
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A FAAR-OUT DXpedition — airborne
VHF and OSCAR!

WAGYOB

So You Want to Get Into RTTY?
“Call For Papers” winner

WOIF

Design An Active RTTY Filter — elim-
inate CW QRM and noise

K20AW

Moving Display RTTY Readout — just
like Times Square

WB8SWH

RTTY SWLing — new horizons!
WA2MOT/WT2AAG
RTTY Local Loop
ners

WBSIRY

Try the RTTY Reader
display goes ham!

W3JJU, Cannon

Organize Your RTTY Pix
tooth is desirable

W2PSU

Build A RTTY Message Generator — jt’s
programmable!

WBICNE

FSK for the Drake — easy
wB8DMC

Baudot to ASCIl Converter
OSCAR RTTY

VE4ACM

perfect for begin-

computer

a sweet

use it for

AQB Digital Group RTTY Micro

A 104 RTTY Test Station

natural team

K2AQU

complete
pattern generator

W2FJT

108 The World’s Cheapest Calibrator —

works on 2m!
Wass

A 110 RTTY With the KIM
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features
built-in display!
K4GCM
Build A Meter With Class — simple field
strength device
WA4LJL
FSK for the FT-101
for RTTY
W60JF
Build A Drift-free T.U.
RTTY demodulator
VE7DBK
Noise Rejector — great for CW or
phone receivers
WB6ZYK
RTTY CRT Tuning Indicator
best method
WAIF

Cassette- Aided CW and RTTY — jnex-
pensive message storage
Staff

A Practical 2m Synthesizer — who said
it can’t be built?
WA3SY!

Buying Surplus — how to remain sane
waoLu

a simple mod

a quality

still the

How To Buy Surplus Parts — pick a
good supplier

McClellan

RTTY RKB-1 Revisited! auto ma

chine functions

WOIF

Mobile Antenna Tips — for the begin-
ner

W2FEZ

Super Wilson — several useful modifica
tions

KAaTwWJ
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NEVER SAY DIE

THOSE FCC DOCKETS

One of the big problems with the
FCC is that they are trying to work in
a vacuum, particularly now that they
are having to function under the
“Home Box Office’” gag rule which
prohibits FCC officials from dis-
cussion with anyone of rules currently
under consideration.

A couple of months ago, the ham
press got a panic call from the FCC —
part of the staff at Gettysburg were
temporary workers and the federal
money for paying them was running
out, with no signs that Congress
would refill the money hopper. With-
out those workers, there was no way
4he hard-working crew at Gettysburg
could continue to give hams and
CBers that fast service on license
applications.

After looking over the operation at
Gettysburg, there is no question in my
mind that it is indeed efficient —
probably a model that a lot of other
government agencies (federal and
state) could review for ideas. How-
ever, the question in my mind was: Is
all of this really necessary?

To my pointed questions about the
need for any licensing at all of CBers,
the answer seems to be that no, there
is no real need. The psychology is that
the need for an FCC license is sup-
posed to impress CBers and thus
perhaps encourage them to be more
law-abiding. Also, in cases of illegal
operation, such as out of band (called
HFers) or over-power, the FCC would
have jurisdiction. Without an FCC
license, the FCC currently can't do a
thing but ask the FB| to do something

and the FBI has enough of its own
stuff to do, so they have kind of
laughed at requests to shut up CBers.
When | suggested that there was a lot
to be said for not getting a CB license,
| was met with wry smiles.

Since the FCC is almost totally
unable to cope with the CB "prob-
lem,” and since this problem doesn‘t
seem to be causing anything more
than TVI miseries (with which the
FCC is also unable to cope), perhaps
Congress would have done a lot of
people a favor by letting the tempo-
rary workers at Gettysburg move out
and thus give the FCC increased
pressure to stop bothering with CB
licensing of any kind. The staff at
Gettysburg could easily handle the
amateur licensing and the other ser-
vices they handle once the weight of
trying to issue a half to one million
CB tickets a month was removed.

Not that | think we need the FCC
very much for amateur licensing,
either. | would prefer to see amateur
radio even more self-regulating than it

EDITORIAL BY WAYNE GREEN

is at present. One psychological con-
cept that interferes with self-regu-
lating and self-policing is the idea that,
heck, it isn‘t my job to do anything
about a problem . . . the FCC will take
care of it. So when someone comes on
the repeater with foul language, every-
one wants to call the FCC monitors.
Then they are astounded when the
FCC seems disinterested . . . and they
get mad at the FCC for not taking
care of the band for them.

CBers also are led to believe that
they have but to turn to the FCC
when a problem arises. | suspect this is
the bad side of licensing. CB clubs
could go a long way toward cleaning
up CB operation if they weren’t under
the screwy notion that the FCC is
watching and will step in. The FCC is
not watching and has no foot to make
the step.

No, | don’t think Congress should
pour a bunch of money into more
monitoring engineers and vans. | think
both hams and CBers should be lev-
eled with about the real situation so
they can get to work themselves to
provide the service they are expecting
the government to provide. Most CB
clubs would love to get high power
amplifiers off their channels. A good
high power station wipes out almost
all 40 channels on nearby junk re
ceivers . .. and most of the receivers
are made as cheaply as the FCC will
permit, so they don’t reject much
except weak signals.

Ham ciubs could do a lot toward
cleaning up our bands if they under-
stood that there is no one else re
sponsible but them. When the un-
known voice appears on the repeater,
reach for a direction-finder rather
than a telephone line to the FCC . . .
etc.

In the process of discussing all of
this with the FCC people at Gettys
burg, my next question was: Why are
we getting all these incredibly rotten
rule proposals of late? Isn’t there
some way that the people who are
coming up with things like linear bans
could get together with some knowl-
edgeable amateurs before they go off
half-cocked?

This concept struck a sympathetic
cord and resulted in a “Media/FCC”’
meeting in mid-July. Whether that
meeting was of any value or not
depends mainly on whether the FCC
people present were listening.

The FCC fellows spent a lot of time
explaining their side of things, with
charts and slides. I’'m afraid | was kind
of a pest, continually asking them to
pinpoint the problems they were
trying to solve. Time after time they
would explain that they had problems

with this and with that . .. and here
was the proposed solution. The solu-
tions didn’t seem tied to any specific
problems that | could see.

| was reminded of the most serious
disaster in amateur rule making his-
tory — a bomb called “‘Incentive
Licensing.” This all came about when
the editor wrote an editorial in QST
saying that the fellows at ARRL
Headquarters had been looking over
the ham bands and were very upset by
what they had found. In order to cure
these problems, they proposed a re-
turn to the old Class A and Class B
type of licensing, thus removing all of
the lower class licensees from most of
the phone bands.

The actual intent of this whole
exercise was to present a controversial
editorial, but in short order it had
escalated and the ARRL had to back
up the editorial with a vote of the
Board of Directors. Never at any time
during the process which led up to the
passing of the rules was any attempt
made to say specifically what the new
rules were supposed to cure. Never.
This left the opponents of Incentive
Licensing with little but hot air to
fight, and, as usual, amateur apathy.
1 don’t want to be bothered with
politics” won out, and the ARRL got
their rules through ... General class
hams lost about half of their phone
bands, and amateur licensing growth
stopped cold for over ten years.

So here we are again with rule
changes being proposed with no clear
idea of what they are supposed to
accomplish. | repeatedly tried to pin
down the FCC people on this, trying
to get them to make some sort of
statement as to the problem they were
trying to solve with the proposed rule
changes on linears, type acceptance of
ham gear, etc. | asked them if the
main problem was television inter-
ference from CBers and | got a lot of
waffling. Okay, if that isn’t the main
problem, then is it interference to
other services from the HFers oper-
ating in the channels above 40 and
below 28 MHz? No, while that irri-
tated them, that wasn't a serious
problem. Okay, maybe we were
getting somewhere. Was it TVI caused
by the HFers, virtually all of whom
are running ham power levels rather
than CB powers? Again, waffling and
a general yes and no answer. Well, if
the rules changes aren’t aimed at
curing TVI problems from CBers or
HFers, and HFers are not causing
interference to other services, what
the hell are we talking about?

| suggested a strong need to tackle

Continued on page 16
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Kenwood has done it again! We’'ve combined the fine, time-proven character-
istics of the original TS-700A together with many of the ideas and comments for

improvement from amateurs worldwide. Check out the new ‘’built-ins’’

: digital

readout, receiver pre-amp, VOX, semi-break in, and CW sidetone! Of course, it’s still
all mode, 144-148 MHz and VFO controlled.

Features: Digital readout with
*<enwood Blue’’ digits ¢ high
gain receiver pre-amp ¢ 1 watt
low power switch ¢ built in VOX »
semi-break in on CW « CW
smetone * Operates all modes:
SSB (upper & lower), FM, AM
and CW ¢ Completely solid state
cwcuitry provides stable, long
Izsting, trouble-free operation
AL and DC capability (operate
trom your car, boat, or as a base
s~ation -hrough its built-in power
supply) * 4 MHz band coverage
1"44 to 148 MHz) « Automati-
cally switches transmit frequency
600 KHz for repeater operation.
Simply dial in your receive fre-

TRIO-KENWOOD COMMUNICATIONS INC.
1111 WEST WALNUT/COMPTON, CA 90220

quency and the radio does the
rest. . . simplex, repeater, reverse
* Or accomplish the same by
plugging a single crystal into
one of the 11 crystal positions
for your favorite channel * Trans-
mit/Receive capability on 44
channels with 11 crystals.

The perfect companion to the TS-
700S! This handsomely styled unit
provides you with extra versatility
and the luxury of having a second
VFO in your shack.

Great for split frequency operation
and for tuning off frequency to check
the band.

The function switch on the VFO-
700S selects tha VFO in use and the
appropriate frequency is displayed
on the digital readout in the TS-
700S. In adcition,a momentary
contact ‘‘frecuency check’’ switch
allows you tc spot check the fre-
quency of the VFO not in use

) o

PKENWOOD



... pacesetter in amateur radio
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TS-520S

FULL COVERAGE TRANSCEIVER

The TS-520S provides full cover-
age on all amateur bands from
1.8 to 29.7 MHz. Kenwood gives
you 160 meter capability, WWV
on 15.000 MHz., and an aunxil-
iary band position for maximum
flexibility. And with the addition
of the TV-506 transverter, your
TS-520S can cover 160 meters
to 6 meters on SSB and CW.

DIGITAL DISPLAY DG-5 (option)

The Kenwood DG-5 provides
easy, accurate readout of your
operating frequency while trans-
mitting and receiving

OUTSTANDING RECEIVER
SENSITIVITY AND MINIMUM
CROSS MODULATION

The TS-520S incorporates a
3SK35 dual gate MOSFET for
outstanding cross modulation and
spurious response characteristics
The 3SK35 has a low noise
figure (3.5 dB typ.) and high gain
(18 dB typ.) for excellent
sensitivity.

NEW IMPROVED SPEECH
PROCESSOR

An audio compression amplifier
gives you extra punch in the pile

vFO
25 KMs, VFOR

FIX.R

2
285 | amrl 1
9.1 Fix FIX
ux
CAL
FUNCTION

ups and when the going gets
rough.

VERNIER TUNING FOR FINAL
PLATE CONTROL

A vernier tuning mechanism
allows easy and accurate adjust-
ment of the plate control during
tune-up.

FINAL AMPLIFIER

The TS-5208S is completely solid
state except for the driver (12B-
Y7A) and the final tubes. Rather
than subsitute TV sweep tubes as
final amplifier tubes in a state of
the art amateur transceiver



Kenwood has employed two
husky S-2001A (equivalent to
6146B) tubes. These rugged,
time-proven tubes are known for
their long life and superb linearity.

MIGHLY BFFECTI 01
BLAMKES

An effective noise blanking cricuit
developed by Kenwooc that vir-
tually eliminates ignition noise is
built into the TS-520S

TENUATO

The TS-5205 has a buit-in 20
dB attentuator that can be acti-
vated by a push button swich
conveniently located on the
front panel.

A special jack on the rear panel
of the TS-520S provides receiver
signals to an external receiver for
increased station versitility. A
switch on the rear panel deter-
mines the signal path . .. the
receiver in the TS-820 or any
external receiver.

The VFO-520 remote VFO
matches the styling of the TS-
520S and provides maximum
operating flexibility on the band
selected on your TS-520S

The TS-5208 is completely self-
contained with a rugged AC
power supply built-in. The addi-
tion of the DS-1A DC-DC
converter (optional) allows for
mobile operation of the TS-520S

The TS-5205 has 2 convenient
RCA phono jacks on the rear
panel for PHONE PATCH IN and
PHONE PATCH OUT

The CW-520-500 Hz filter can be
easilly instatled and will provide
improved operation on CW

The AGC circuit has 3 positions
(OFF, FAST, SLOW) to enable
the TS-520S to be operated in
the optimum condition at all
times whether operating CW

or SSB

The TS-5205 retains all of the
features of the original TS-520
that made it tops in its class: RIT
control « 8-pole crystal filter «
Built-in 25 KHz calibrator * Front
panel carrier level control * Semi-
break-in CW with sidetone
VOX/PTT/MOX » TUNE position
for low power tune up * Built-in
speaker * Built-in Cooling Fan ¢
Provisions for 4 fixed frequency
channels « Heater switch

_ |/ TS-520
(&Jpecifications

Amateur Bands: 160-10 meters
plus WWY (recewve only)

Modes: USB, LSB, CW

Antenna impedance: 50-75 Ohms

Frequency Stability: Within + 1
kHz duning one hour after one
minute of warm-up, and within
100 Hz during any 30 minute
period thereafter

Tubes & Semiconductors:

Tubes 3
(S2001A x 2, 12BY74)

Transistors 52
FETs 19
Diodes 101

Power Requirements: 120/220 v
AC, 50/60 Hz,13.8 v DC
(with optional DS-1A)

Power Consumption: Transmit:
280 Watts  Receve: 26 Watts
(with heater off)

Dimension: 333(134) W x 153 (6-0)
H x 335(13- (13-3/16) D mm(inch)

Weight: 16.0 kg(35.2 Ibs)

TRANSMITTER

RF input Power: SSB: 200 Watts
PEP CW: 160 Watts OC

Carrier Suppression: Better than
-40 dB

Sideband Suppression: Better
than -50 dB

Spurious Radiation: Better than

40 dB
Microphone Impedance: 50k Ohms
AF Response: 400 to 2,600 Hz

RECEIVER

Sensitivity: 0.25 uV for 10 dB
(S+N)/N

Selectivity: $SB:2.4 kHz/-6 dB
4.4 kHz/-60 dB

Selectivity: CW: 0.5 kHz/-6 dB
15 kHz/-60 dB (with optional
CW-520 filter)

Image Ratio: Better than 50 dB

IF Rejection: Better than 50 dB

AF Output Power: 1.0 Watt (8
Ohm load, with less than 10%
distortion)

AF Qutput Impedance: 4 to 16
Ohms

DG-5

SPECIFICATIONS

Measuring Range: 100 Hz to
40 MHz

Input Impedance: 5 k Ohms

Gate Time: 0.1 Sec

Input Sensitivity: 100 Hz to 40
MHz ... 200 mV rms or over, 10
kHz to 10 MHz .. 50 mV or over

Measuring Accuracy: Internal time
base accuracy 0.1 count

Time Base: 10 MHz

Operating Temperature: -10° to
50° C/14° 122° F

Power Requirement: Supplied
from TS-5208 or 12 to 16 VDC
(nominal 13.8 VDC)

Dimensions: 167(6-9/16) W x
43(1-11/16) H x 268(10-9/16) D
mm(inch)

Weight: 1.3 kg(2.9 Ibs)

Race ve
antenna
s=vitch

DG-5 connections

Phone
patch
connections

Transverter jack

120V/220V switch

DISPLAY
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Following are a few of the
TS-820S’ many exciting
features.

PLL * The TS-820S employs
the latest phase lock loop
circuitry. The single
conversion receiver section
performance offers superb
protection against unwanted
cross-modulation. And now
PLL allows the frequency to
remain the same when
switching sidebands (USB,
LSB, CW) and eliminates
having to recalibrate each
time

DIGITAL READOUT -« The
digital counter display is em-
ployed as an integral part of
the VFO readout system.

Counter mixes the carrier VFO,

and first heterodyne frequen-
cies to give exact frequency
Figures the frequency down
to 10 Hz and digital display

FWCTION H!AT!R POWER
on

SeB TRANSCEHIVER

reads out to 100 Hz. Both
receive and transmit frequen-
cies are displayed in easy to
read, Kenwood Blue digits.
SPEECH PROCESSOR « An
RF circuit provides quick
time constant compression
using a true RF compressor
as opposed to an AF clipper.
Amount of compression is
adjustable to the desired
level by a convenient front
panel control.

IF SHIFT * The IF SHIFT
control varies the |F pass-
band without changing the
receive frequency. Enables
the operator to eliminate
unwanted signals by moving
them out of the passband of
the receiver. This feature
alone makes the TS-820S

a pacesetter.

‘The TS-820 and DG-1 are still avail-
able separately.
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Experience the excitement of 6
meters. The TS-600 all mode trans-
ceiver lets you experience the fun
of 6 meter band openings.

This 10 watt, solid state rig covers
50.0-54.0 MHz. The VFO tunes the
band in 1| MHz segments. It also
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has provisions for fixed frequency
operation on NETS or to listen for
beacons. State of the art features
such as an effective noise blanker
and the RIT (Receiver Incremental
Tuning) circuit make the TS-600
another Kenwood ‘'Pacesetter’’.

0N

T

An easy way to get on the 6
meter band with your TS-520/
5298, TS-820/820S and most
other transceivers. Simply plug
it in and you're on . . . full band
coverage with 10 watts output
on SSB and CW.

Experience the luxury of 450 MHz
at an economical price

The TR-8300 offers high quality
and superb perfecrmance as a result
of many years of improving VHF/
UHF design techniques. The trans-

ceiver is capable of Fa emission
on 23 crystal-controlled channels
(3 supplied). The transmitter out-
put is 10 watts.

The TR-8300 incorporates a 5
section helical resonator and a

two-pole crystal filter in the |F
section of the receiver for improved
intermodulztion characteristics.
Receiver sensitivity, spurious
response, and temperature
character stics are excellent.
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4580885

@ KENWOOD 2m ALL MODE TRANSCEIVER

POWER SEND CEN NB RIY R-DX

Features: Digital readout with “’Kenwood Blue'" digits °
High gain receiver pre-amp « 1 watt lower power switch ©
Built in VOX * Semi-break in on CW ¢ CW sidetone *
Operates all modes: SSB (upper & lower), FM, AM and CW
» Completely solid state circuitry provides stable, long last-
ing, trouble-free operation * AC and DC capability (operate
from your car, boat, or as a base station through its built-in
power supply) * 4 MHz band coverage (144 to 148 MHz)
Automatically switches transmit frequency 600 KHz for
repeater operation. Simply dial in your receive frequency
and the radio does the rest. .. simplex,repeater, reverse * Or
accomplish the same by plugging a single crystal into one
of the 11 crystal positions for your favorite channel
Transmit/Receive capability on 44 channels with 11 crystals.

Handsomely styled and a perfect companion to on the VFO-700S selects the VFO in use and
the TS-700S. This unit provides you with the the appropriate frequency is displayed on the

extra versatility and the luxury of having a digital readout in the TS-700S. In addition a
second VFO in your shack. Great for split momentary contact "‘frequency check’’ switch
frequency operation and for tuning off fre- allows you to spot check the frequency of the

quency to check the band. The function switch  VFO not in use.
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TR-7400A

@ KENWOOD
DC POWER SULPPLY PS-8

TRIO-KENWOOD CORP.
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TR-7500

$ KENWOOO

DC POWER SUPPLY wmoper PS-6

Features Kenwood's unique Zontinuous Tone Coded
Squelch system, 4 MHz band coverage, 25 watt
output and fully synthesized 800 channel operation.
This compact package gives you the kind of perform-
ance specifications you've always wanted in a

2-meter amateur rig.

Outstanding sensitivhy, large-sized helical resonators
with High Q to minimize undzsirable out-of-band
interferance, and give a 2-pole 10.7 MHz monolithic
crystal filter combine to give your TR-7400A outstand-
ing receiver performance. Intermodulation character-
istics (Better than 66dB), spu-ious (Better than —60dB),
image rejection (Better than —70dB), and a versatile
squelch system make the TR-7400A tops in its class.
Shown with the PS-8 power supply

(Active filters and Tone Burst Modules optional)

This 100 channel PLL synthesized 146-148 MHz
transceiver comes with 88 pr2-programmed channels
for use on all standard repeater frequencies (as per
ARRL Band Plan) and most simplex channels. For
added flexibility, there are 6 diode-programmable
switch positions. The 15 KHz shift function makes
these 6 positions into 12 channels. 10 watt output,
+600 KHz offset and LED digital frequency display
are just a few of the many fin2 features of the TR-7500.
The PS-6 is the handsomely styled, matching power
supply for the TR-7500. Its 3.5 amp current capacity
and built-in speaker make it the perfect companion for
home use of the TR-7500

The high performance portable 2-meter FM
transceiver. 146-148 MHz, 12 channels (6
supplied), 2 watts or 400 mW RF output.
Everything you need is included: Ni-Cad
battery pack, charger, carrying case

and microphone.
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Kenwood developed the T-599D transmitter and R-599D
receiver for the most discriminating amateur.

The R-599D is the most complete receiver ever offered. It is
entirely solid-state, superbly reliable and compact. It covers the
full amateur band, 10 through 160 meters, CW, LSB, USB,
AM and FM

The T-599D is solid-state with the exception of only three
tubes, has built-in power supply and full metering. It operates
CW, LSB, USB and AM and, of course, is a perfect match to
the R-599D receiver.

If you have never considered the advantages of operating a
receiver/transmitter combination . . .maybe you should.
Because of the larger number of controls and dual VFOs the
combination offers flexibility impossible to duplicate with a
transceiver.

Compare the specs of the R-599D and the T-599D with any
other brand. Remembet, the R-599D is all solid state (and in-

cludes four filters). Your choice will obviously be the Kenwood.
3 -

Dependable operation, superior specifications and excellent # -
features make the R-300 an unexcelled value for the '
shortwave listener. It offers full band coverage with a

frequency range of 170 KHz to 30.0 MHz » Receives AM,
SSB and CW -« Features large, easy to read drum dials
with fast smooth dial action * Band spread is calibrated for
the 10 foreign broadcast bands, easily tuned with the use
of a built-in 500 KHz calibrator * Automatic noise limiter «
3-way power supply system (AC/Batteries /External DC)

. take it anyplace * Automatically switches to battery
power in the event of AC power failure
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820 Series

TS-820S...T7S-820 with Digital

j Installed

TS-820....10-160 M Deluxe
Transceiver

DG-1...... Digital Frequency Display
for TS-820

VFO-820. . .Deluxe Remote VFO for
tor TS-£20/820S

CW-820... 500 Hz CW Filter for
TS-820/820S

DS-1A.. ..DC-DC Converter for
520/820 Series

520 Serias

TS-520S...160-10 M Transceiver

DG-5...... Digital frequency Display

tor TS-£20 Series
VFO-520.. .Remote VFO for TS-520
and TS-5208
SP-520. .. . External Speaker for
520/820 Series
CW-520... 500 Hz CW Filter for
TS-520/520S8

DK-520. . .Digital Adaptor Kit for
TS-520

599D Series

R-599D....160-10 M Solid State
Receiver

T-589D....80-10 M Matching
Transmitter

S-599..... External Speaker for 5990
Series

Fine cquipment that belongs in every

well equipped station
CC-29A. .. .2 Meter Converter for TR-7500. .
R-599D
GG69. .. .. 6 Meter Converter for TR-8300. .
R-599D
FM-599A .. FM Filter for R-599D TV-506. . ..
R-300 General Coverage SWL Receiver
HS-4 o5 . v
MB-1A. . ..
TS-600....6 M All Mode Transceiver MC-50
TS-700S...2 M All Mode Digital PS.5
lransceivier -« = o W o N S
VFO-700S . Remote VFO for TS-700S zg'g ~~~~~~
SR O Matching Speaker for VO-X-.3 """

TS-600/ 700 Series

TR-2200A. 2 M Portable FM
Transceiver

TR-7400A. 2 M Synthesized Deluxe

FM Transceiver

Trio-Kenwood

.100 Channel Synthesized

2 M FM Transceiver

.70 CM FM Transceiver

(450 MHz)
6 M Transverter for
520/820/599 Series

Headphone Set

.Mounting Bracket for

TR-2200A

. Desk Microphone

Power Supply for TR-8300
Power Supply for TR-7500
Power Supply for TR-7400A

. VOX for TS-600/ 700A

stocks a complete line of

replacement parts, accessories, and manuals

for all Kenwood models.

Description
Rubber Helical Antenna
Telescoping Whip Antenna
Ni-Cad Battery Pack (set)
4 Pin Mic. Connector
Active Filter Elements
Tone Burst Modules
AC Cables
DC Cables

The Kenwood HS-4 headphone set adds
versatility to any Kenwood station. For

‘ extended periods of wear, the HS-4 is comfort-

ably padded and is completely adjustable. The
frequency response of the HS-4 is tailored
specifically for amateur communication use.
(300 to 3000 Hz, 8 ohms).

TRIO-KENWOOD COMMUNICATIONS INC.
1111 WEST WALNUT/COMPTON, CA 90220

Model = For use with
RA-1 TR-2200A
T90-0082-05 TR-2200A
PB-15 TR-2200A
E07-0403-05 All Models
See Service Manual TR-7400A
See.Service Manual TS-700A; TR-7400A
Specify Model All Models
Specify Model All Models

y ’ The MC-50 cynamic microphone has been

designed expressly for amateur radio operation
as a splendid addition to any Kenwood shack.
Complete with PTT and LOCK switches, and a
microphone plug for instant hook-up to any
Kenwood rig. Easily converted to high or low
impedance. (8OO or 50k ohm).

P KENWOOD



New Products

REVIEW OF FLESHER RTTY
TERMINAL UNIT (DM-170)

The heart of any RTTY station is
the demodulator, or terminal unit
{TU), the device that converts fre-
quency shift modulation into current
pulses on the loop. In basic form, the
TU is nothing more than two tuned
filters driving a discriminator. How-
ever, on today’s QRM-filled bands,
there are few clean RTTY signals to
copy. CW, fading, and overcrowded
bands are only a few of the problems
the teletype operator must face. A
good terminal unit should have several
stages of filtering before the discrimin-
ator to reduce QRM, some type of
tuning indicator, and provision for
“locking” the loop in a mark condi-
tion should conditions warrant.
Several years ago, the only method of
achieving the necessary front-end
selectivity involved the use of LC-
tuned circuits, employing bulky 88
mH toroids. The tuned discriminator
also required toroids — which have
become the traditiona! identifier of
RTTY equipment. However, there are
problems when designing bandpass
filters with LC components. Interstage
loading effects are a major problem,
requiring very careful design. The size
and weight of the 88 mH inductors
are also considerable; thus, a minia-
ture, high performance TU was
difficuit to build.

Enter the operational amplifier {op
amp). The op amp allows designers to
create bandpass filters at will, using
only resistive and capacitive compo-
nents. Filter tune-up problems are
eliminated, as pots can be used to
center the components of the band-
pass filters. | can clearly recall
building my ST-5 TU, and spending an
entire evening removing turns from 88
mH coils, a turn at a time, to adjust
the discriminator. At best, a junk box
full of capacitors was required to tune
the TUs of yesterday. Several com-
mercial TUs have adopted the op amp
as gain-producing devices, but few
have utilized the device in its most
natural application as an active
filter.

This month | had the pleasure of
testing a new terminal unit that is
definitely state-of-the-art. This device
is the Fiesher Corp. DM-170, a com-
plete TU on a single 3" x 5" PC

board. The DM-170 employs six-pole
active filters in the bandpass filter,
and may be tuned simply by varying
resistive components. The TU is de-
signed for 170 Hz shift, with mark
and space tones being 2125 Hz and
2295 Hz respectively. An input audio
signal of 100 mV is required. The
input impedance of the DM-170 is
1000 Ohms. (1 used the output of a
600 Ohm transformer already in use
with no problems.) The Flesher TU
requires power supply voltages of +15
V and -15 V, at 50 mA per side. All of
the connections to the device are
brought oyt to a 12 pin edge connec-
tor, on standard .156"° centers. The
DM-170 also has autostart, provision
for a tuning meter {1 mA movement),
scope connections, and ‘‘lock on
space.”’

Flesher Corp. was kind enough to
provide the DM-170 in both kit and
complete form. | built the kit first. |
was impressed by the quality compo-
nents used in the TU. The op amps are
Motorola MC1468s. There is no com-
promise with quality in this unit.
Building the kit only took one hour,
and consisted of soldering the compo-
nents into the board. Flesher provides
photographs, schematic, and x-ray
shots of the PC board to assist the
builder. There is nothing tricky about
this kit!

Tune-up was next. Since the
DM-170 employs active filters, adjust-
ment is simple. Flesher provides the
necessary miniature potentiometers
and resistor selection to accomplish
the procedure. An audio oscillator {or
existing AFSK generator) is required,
as well as a VTVM or oscilloscope.
The tuning operation consists of
adjusting the trim control for maxi-
mum filter output, as observed on the
scope connected to the mark or space
outputs. Once the stage in question is
aligned, the value of the trimmer must
be checked with the Ohms scale on
the VTVM. The nearest value fixed
resistor is then inserted permanently
into the circuit. This procedure is
duplicated for each stage in the mark
and space filter. It is not necessary to
adjust the bandwidth of the active
filter, as this has been done in the
original design. In all cases, the re-
sistor required was very close to the
standard value of the supplied resis

Flesher RTTY terminal unit.
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tors. The entire tune-up procedure
took about an hour.

Operating the DM-170 is as easy as
building the kit. The TU does not
have an internal 60 mA loop supply,
so this must be provided, as well as a
printer. | used my Model 19. A meter
can be used for a tuning indicator if a
scope is not available. The meter
peaks on either a correctly tuned
mark or space signal; thus, when a
RTTY signal is tuned in, the meter
will indicate about half scale, and not
fluctuate. If desired, an oscilloscope
can be used for tuning, which consists
of tuning for the familiar crossed
ellipse pattern. | connected the 15
volt supply, loop supply, and meter,
and was ready to go.

Twenty has been open in the eve-
ning lately, and there was plenty of
RTTY to choose from. A couple of
nice features were immediately evi-
dent. The DM-170 holds the loop in
mark when no signal is present, so the
printer does not run open. If a space
only signal is present, the TU opens
the loop for about one half second,
and then returns to mark! The signal
must be correctly tuned for the print-
er to operate — decent! | tuned across
and printed several QSOs with no
problem — the DM-170 worked fine.
Tuning is accurate and the six-pole
filter cut out most of the QRM and
nearby CW signals. | have a home
brew active filter module that | use to
front-end my ST-5 and other home
brew TUs. This filter duplicates the
bandpass of the HAL ST-6 TU, which
has superior QRM rejection capability.

| connected the DM-170 and my
filter to the same source, and used the
ST-5 with another'Mode! 15 printer.
Thus | could copy the same signal on
two completely separate systems. In
short, the DM-170 could copy exactly
what my existing station could, under
exactly similar QRM conditions. | was
almost ready to clear out the ST-5 and
outboard filter to free some space in
my admittedly cluttered shack!

Next, | ran a bandpass check on the
DM-170 filter, using a counter,
VTVM, and oscillator. The DM-170 3
dB bandwidth was about 280 Hz,
centered at about 2250 Hz. Not bad!
(For a well-researched discussion of
RTTY filters, see “Design An Active
RTTY Fiiter,”” by Pete Stark, in this
issue.)

All in all, | was very pleased with
the performance of the Flesher
DM-170. The tiny size of the unit
allows it to be built into a small
enclosure with power supply and loop
supply with considerable size-saving
over other commercially available
TUs. It has enough features to please
most RTTY operators. The autostart
feature requires about three seconds
of steady mark to activate the output
line, and it holds for about fifteen
seconds after mark has disappeared.
These time constants are variable,
requiring only resistor changes. The
DM-170 should be an attractive device
for the newcomer to RTTY. It elimi-
nates most of the tedious tune-up
required of other kits, and offers
superior performance on either HF or
VHF. Flesher Corp., Box 976, Topeka
KS 66601. Kit — $39.95, factory
assembled — $59.95.

John Molnar WA3ETD
Executive Editor

NEW DIRECTIONAL
WATTMETER HAS
VARIABLE RF QUTPUT

Model 4431 is a new THRULINE®
rf directional wattmeter for the
measurement of forward or reflected
CW power with the additional feature
of an adjustable rf sampling output
for frequency analysis on a scope,
spectrum analyzer, or frequency
counter.

The wattmeter is designed for +5%
power measurement from 100 milli-
watts to 5000 Watts from 2 to 30
MHz, and up to 1000 Watts from 30
to 1000 MHz, using the same standard
plug-in elements in discrete bands and
power levels as catalogued with the
famous model 43. No plug-in elements
are needed for rf analysis. The sample
signal is adjustable from 15 dB to over
70 dB below the main line signal,
offering all-important protection from
overioad for high sensitivity instru-
ment inputs.

THRULINE model 4431 has a low
insertion VSWR of 1.07 at most
settings. A major feature resulting in
this low VSWR value is the use of the
patented QC quick-change connectors,
which permit mating with male or
female N, BNC, TNC, UHF, C, SC,
HN, GR type 874 and 7/8" EIA lines
without the need for performance-

Bird’s Model 4431 rf directional wattmeter.



degrading adapters.

Model 4431 price is $175. Plug-in
elements range from $36 to $42.
Delivery is 90 days ARQ. Bird Elec-
tronic Corporation, 30303 Aurora
Road, Cleveland (Solon}, Ohio 44139.

PS-170 RTTY BANDPASS
PRESELECTOR

The PS-170 bandpass preselector
has now joined the rapidly growing
family of solid state RTTY products
from Flesher Corporation. Designed
with an optional bandpass for 170 Hz
shift, the unit features selectable filter
output or limiter output. Unwanted
signals and noise are filtered out,
providing the demodulator with the
optimum signal to dramatically
improve performance.

This preselector uses four stagger-
tuned, cascaded stages to achieve a
flat-topped, steep-skirted response
with a rolloff of 80 dB per decade.
The bandpass preselector has unity
gain within the passband, with 3 dB
cutoff frequencies of 2040 Hz and
2385 Hz, and 20 dB cutoff fre
quencies of 1925 Hz and 2560 Hz. It
is available assembled and aligned or
in kit form, with detailed instructions
to assure easy assembly and align-
ment. Quality components are used
throughout to insure high reliability.
Ali components are mounted on a
small 2 x 2-3/8 inch photoetched,
plated, glass epoxy board. Typical
power requirements are t 15 V, mA.
The power supply is not included.

The price is $11.95 in kit form
$18.95 assembled and aligned. Prices
include first class postage. Bank-
Americard, Master Charge, and phone
orders accepted. Flesher Corp., PO
Box 976, Topeka KS 66601.

PALOMAR ENGINEERS
VLF CONVERTER

Most amateurs are familiar with the
frequency spectrum from the
commercial broadcast band (540 kHz)
up through the HF bands to VHF.
Even though all those frequencies are
not available for ham use, the owners
are easily identified. Let’s see, there is
commercial television, FM, police,
and, of course, CB. However, not
many of us are familiar with the
so-called VLF frequencies — the area
below the bottom of the broadcast

band.

3. 5-4 MKz
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PALOMAR ENGINEERS

I first became exposed to VLF last
winter, when my friend Rich
WB1ASL converted a surplus military
R-23 receiver picked up at a hamfest
for a buck. The old R-23 tunes from
190 to 540 kHz, and it is amazing
what can be heard down there. There
are weather services, beacons, and
high speed CW stations all over the
range of 200-500 kHz. We found a
Coast Guard station transmitting clean
CW at about 20 wpm — great practice
for the old Extral The only problem
with the R-23 is that it is large, has
tubes, and requires an external power
supply for filament and plate current.
Needless to say, | still purchased an
R-23 from Fair Radio Sales, and
tuned in on the world of VLF.

Several days ago, a small package
arrived from Palomar Engineers in
Escondido CA. It contained the
Palomar VLF converter, measuring
4% x 2% x 1%". A far cry from the
R-231 This VLF converter has no real
“‘amateur” application at the present,
however; it falls into the category of a
““fun” accessory. Perhaps Palomar,
best known for their famous RX
Noise Bridge, has predicted the out-
come of WARC, as it is possible that a
VLF amateur band will be created. At
any rate, it is legal to communicate on
some VLF frequencies without i
cense, if power and antenna guidelines
are followed.

The Palomar VLF converter is a
broadband device powered by a single
9 V transistor battery. It requires no
tuning, covers the range of 10-500
kHz, and uses any amateur 80m re-
ceiver as a tunable i-f. All that is
required to use the VLF converter is a
longwire antenna or loop, a battery,
and a receiver capable of tuning the
range 3.5-4 MHz. A bfo is desirable, as
many VLF signals are CW.

Since it was WB1ASL that orig
inally introduced me to VLF, | took
the converter to his shack, and
connected the same longwire used
with our old R-23 receivers. We used
the Heath 1680 receiver as the tunable
i-f. It is easy to determine when the
VLF receiver is on; a beat note will be
heard at 3.5 MHz. Tuning up toward 4

MHz starts the VLF scan. It is
recommended that a short coax
connection be used between the

converter and receiver, to eliminate 80
meter feedthrough.

10-500 KHx
ANTENNA

VLF converter from Palomar.

The VLF converter is fun to use!
We were able to copy the same signals
we heard with the R-23, and much
more. In the evening, especially on a
clear cool day, it is possible to hear
international broadcast stations in
Europe and Africa. These stations
employ high power transmitters, yet
the effects of QSB are obvious. Often
stations will fade completely away for
no reason, only to reappear minutes
later. There are beacons and CW sta
tions, providing specific weather and
shipping information. The very low
frequencies contain primarily CW and
beacon stations. A bfo is required to
copy these outlets. Signals sounding
like RTTY were also heard — | plan to
demodulate and print these signals in
the future. We tried to copy the WWV
timebase at 60 kHz with no success.
Perhaps conditions were not right, or
our antenna was incorrect.

Do not attempt to copy VLF if
there is a thunderstorm nearby, as the
QRM is brutal. Listening is much
better in the evening, as propagation is
similar to that of the broadcast band
— good DX at night!

The Palomar VLF converter is solid
state, of course, and employs three
toroids in the broadband circuit. The
device is supplied with standard
SO-238 UHF connectors, a battery
clip and connector, and a power
switch. It is foolproof and is a classic
example of a “black box’* — turn it on
and use it! Have funl Palomar Engi-
neers, Box 455, Escondido CA 92025.

John Molnar WA3ETD
Executive Editor

NEW KITS
FROM HEATH
Heath Company, the world’s largest
manufacturer of electronic kit prod-
ucts, has introduced three new fre-
quency counter kits: The IM-4110,
the IM-4120, and the 1M-4130. Input
frequencies of the three counters are 5

Hz to 110 MHz, 5 Hz to 250 MHz
and 5 Hz to 1 GHz, respectively.

The manufacturer says the new
counters offer excellent accuracy and
resolution for a wide variety of
counting jobs including: CB, AM and
FM, hi-fi equipment, marine and air
craft radio, military applications, land
mobile, and more. Additionally, the
counters can be used for events,
period and period averaging.

A large, bright red eight digit LED
readout indicates the frequency
counted. A switchable attenuator on
the 110 MHz input divides the input
signal x1, x10 or x100 to facilitate
measurement of large amplitude
signals. The timebase switch selects
the gate time and the resolution of the
display. The 4120 and 4130 timebases
are controlled by a TCXO (temper
ature-<compensated crystal oscillator)
with a temperature stability of +1
ppm and an aging rate of < 5 ppm/yr.
{The 4110°s crystal oscillator has
temperature stability of +10 ppm and
an aging rate of < 10 ppm/yr.)

The IM-4110 is priced at $189.95,
the IM-4120 at $329.95, and the
IM-4130 at $529.95. The counters are
also available fully assembled and
tested at slightly higher prices. For
complete details on these frequency
counters and other Heath instruments
write for a free catalog from Heath
Company, Dept. 350-24, Benton
Harbor, Michigan 49022.

NEW SWITCHCRAFT AUDIO
PLUG PERMITS EASY
DISASSEMBLY OF
GOOSENECK/MIKE SYSTEM

A new audio plug shown by Switch-
craft, Inc., Chicago, at the 1977 CES,
permits microphone gooseneck stems
to be plugged directly into a recep-
tacle on audio console, lectern, or
podium.

Continued on page 67

Heath's new frequency counter kits — IM-4110, IM-4120, and IM-4130.
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EDITORIAL BY WAYNE GREEN

NEVER SAY DIE

from page 4

whatever problem they were having
{and | hadn’t been able to get them to
admit to what it was) by first stating
the problem and then seeing if the
mere statement of the real problem
wouldn’t suggest some solutions.

If the HFers are the big problem,
even though the FCC doesn’t want to
admit it, then there are several possi-
ble ways of tackling the problem. One
would be to use the historic FCC
approach to solving difficult problems

. legalize the illegal activity. This
worked fine with CB. Another ap-
proach would be to try and close
down HFers with FCC monitoring
agents, but since the FCC is out-
numbered about 500 to one, and even
the most determined efforts at
stopping HFers haven’t achieved any-
thing significant, this doesn’t seem a
reasonable way to go.

If there were any justifications for
closing down the HFers, | suspect that
the FCC might be able to get the
enthusiastic aid of amateurs and
CBers. But, with the situation of their
being illegal, yet not doing any great
harm, it is difficult to work up much
of a program. Not a few hams may
take a good look at the HF band and
wonder if the time might not be
coming when this will be the only
high frequency band left for using
ham gear ... unless there is some
major change in the prognosis of the
coming disaster at Geneva. Do we
really want to participate in helping to
shut down a band we ourselves may
desperately need someday?

Next | wanted to know if CB TVI
complaints were tied in with illegal
amplifiers. 1t seems that there is some
agreement on this. Since the ampli-
fiers have been made illegal, manu-
facturers have been making them as
cheap and dirty as possible, with the
end result that the linear ban has
greatly increased TVI problems. The
FCC answer to this is to make the
laws even stronger banning amplifiers
— a typical government approach to a
problem.

Several manufacturers at the
meeting testified that prohibition had
rather conclusively proven that laws
are not going to stop people making
something that is wanted by the
public. | suggested a try at getting the
public not to want amplifiers ...
some education which would en-
courage CB groups to move against
any local CBers using amplifiers. After
all, the chap with 4 Watts output and
a lousy receiver which collapses when
anything over 4 Watts comes on the
band {and most of the receivers are
lousy) has a vested interest in keeping
amplifiers off the air ... so he can
operate. Getting his own amplifier
won't help his receiver.

Another approach to the linear
amplifier problem on CB is to change
the rules and allow 1000 Watts. if that
gets out of hand, raise it to 5000
Watts. The cost of 5 kW amplifiers is
such that this could be a limiting
factor for a while. With the coming
sunspots and the more constant
opening of the CB channels for skip, a
bunch of kW signals should be most
interesting. Remember that the FCC
has no mandate whatever to provide
interference-free bands for CB.

Legalized amplifiers would make it
easier for the FCC to make sure that
the moonshine linears we are seeing
these days would be killed off. Making
something illegal doesn’t stop it — it
just makes it attractive and forces
people to buy junk instead of goods
which have withstood the test of the
marketplace.

If the FCC stopped licensing CBers,
they could cut the staff at Gettysburg
in less than half. | realize that this is
contrary to every law laid down by
Parkinson and thus can’t happen . ..
but | like to dream. Just because it is
serving no useful purpose is no reason
to stop it.

Let’s take this even further. While |
accept that we do have to have li-
censes and license exams for amateurs,
| don’t agree that the tests have to be
given by the FCC. The ARRL would
dearly love to take over giving the
license exams, and 1’'m sure this would
work out as it has in several countries
where the national club issues the
licenses ... no membership in the
club, no license. And to a club whose
main source of income is advertising
from a magazine, government-en-
forced subscribing to their magazine is
most attractive.

Even though the FCC found what
amateurs had long known, that the
Conditional class license was being
cheapened by cheating, that doesn’t
mean that there is no possible way for
hams to self-administer the exams. i'd
like to see ham clubs with enough
interest to run classes be permitted to
give exams and issue licenses. With
any exam supervised by a minimum of
three licensed amateurs of an equal or
higher grade than the examinee, we
should have little trouble with
cheating. A club’s reputation would
be on the line.

The FCC could require a fairly
tough training course and make the
clubs toe the line. It would still take
far fewer people than they are using
today to examine tens of thousands of
applicants. The FCC could then take
some of the people released from
examining us and issuing us licenses
and use them for monitoring, etc. I'm
sure the FCC will find a way to spend
the money saved.

Continued on page 64
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John Molnar WA3ETD
Executive Editor

RTTY

This issue of 73 is dedicated to
amateur radio teletype, or RTTY.
Even if you are not a RTTY enthusi-
ast, the special articles should be of
interest to the technically inclined.
The winner of the Call For Papers
competition of a few months ago is in
this issue. The article, "So You Want
To Get Into RTTY?”, by Richard
Parry, contains information for begin-
ners and experienced operators alike.
A fine article, “Design An Active
RTTY Filter,” by Pete Stark, is also
presented. This article is not only for
RTTY operators, as it describes basic
design techniques for active filters
also used by CW operators and audio
enthusiasts. Enjoy!

There is always some trepidation
about starting out on a new mode,
such as SSTV, RTTY, or OSCAR. In
the case of RTTY, it's not really that
hard, and the advantages are many.
Believe it or not, many hams have
mike fright, and conversations over
the air often degenerate into a tire-
some routine of signal strength reports
and local weather information. Typing
on a teletype machine is slower paced
than talking — it gives you time to
organize your thoughts, just like writ-
ing a letter to a friend. And, of course,
there are always those pictures (pix}
to exchange. RTTY art is enjoyed by
many operators; just tune in on 20
meters on Saturday morning about
14.09 MHz and see. Some of the pix
are masterpieces and take over an
hour to print!

| was introduced to RTTY by a
friend and fellow ham, Ken W2PSU.
He said that “there is always some
thing to do” when operating teletype.
Think about it; on phone, most opera-
tors just sit and listen during a QSO,
having tuned up and organized before
answering a call. Could get boring,
unless you‘re locked in a pileup. There
is always something to fiddle with
while “printing” a QSO. You can
pretype your response to questions on
paper tape with most systems, prepare
picture tapes, adjust your printer, or
whatever! Never a dull moment — just
watching the QSO type out in front of
you is better than listening, in my
opinion.

It really does not take a roomful of
gear to gain an introduction to the
world of RTTY. If you already have a
transceiver (HF or VHF), it can be
done for less than $100. First you will
need a page printer and keyboard.
There are a multitude of these avail-
able; a common device is the Teletype
Corporation Mode! 15. The larger
Model 19 stations with paper tape
equipment are based on the ubiqui-
tous Model 15.

Printers are available for under $50.
| picked up a classic Model 15 with
answerback and internal loop supply
for S35 at a flea market this summer
— they can be had for less. Check flea

markets, or ask a ham who is into
RTTY, as he may bhave a second,
unused printer around.

After obtaining and converting the
printer, a terminal unit, or TU, is
required. The TU converts the re-
ceived frequency-shift tones into dc
pulses that drive the printer. TUs can
be very simple. A good one is not all
that expensive. This month, almost by
accident, | obtained a TU kit from the
Flesher Corporation in Topeka KS.
Dubbed the DM-170, this $39 kit
outperforms much more expensive de-
vices. It takes an hour to build, and is
on a 3" x 5" PC board! (Check my
review in this issue.} So let’s see, we're
up to about $80 for a TU and printer
— add a loop supply to drive the
printer {definitely a junk box project)
and you are ready to copy RTTY
signals off the air! In order to trans
mit, a method for keying the trans
mitter from the keyboard is required.
The practice today is to use audio
frequency shift keying, or AFSK. This
technique involves generating two
tones which, when shifted back and
forth, provide a means of coding the
keyboard characters. In most cases,
the audio tones can be fed directly
into the microphone input of an SSB8
transceiver. A suitable AFSK genera-
tor can be built with one 88 mH
toroid and about S5 of new parts.
That’s it! A basic RTTY station is
guaranteed to produce hours of oper-
ating pleasure, and may be expanded
as time and money permit. RTTY
lends itself to computerization like no
other aspect of hamming, and there
are loads of digital operating aids that
can be added. Some of these special
projects are described in this issue.

NOTE TO CORRESPONDENTS

| have been receiving volumes of
mail lately, requesting everything
from writers’ guides to conversion
information on 1934 receivers. As |
have said, we do our best to answer all
correspondence, especially from
authors. A problem exists, however.
Many of the requests for information
come with no return postage or SASE.
Most publishing houses immediately
file such correspondence in the circu-
lar out basket. In the future, | will not
respond to unsolicited requests for
information unless an SASE is pro-
vided. Manuscripts rejected with no
return postage will be saved, but not
returned unless postage is provided by
the author. | don’t think you would
bear such expense as postal rates
spiral; why ask your friendly amateur
publication to do it? Thanks!

NEW TRENDS

My experiments on 10 GHz with
the Gunnplexers slowed down this
month for several reasons. | am re-
fining my system with the VHF
Engineering receivers, and ran into a
parts bind. The mail advertisers in 73
are fast, but not that fast! The details
of my experiments will be along soon,
however. Who knows, RTTY on 10

GHz? | did construct a set of active
filters for my RTTY station, using
Pete Stark’s design guidelines. Some
type of filter is needed before the
discriminator in a RTTY TU, and
active filters are the way to go. Most
older designs use 88 mH toroids,
which require careful and tedious
tuning. With an active filter, a variable

trim control can be used to set each
stage in a matter of minutes. It was a
fun project — the filter is now em-
bedded in my terminal unit. | usually
get a chance to operate on weekday
evenings, especially when 20 is open.
Look for me between 14.090 and
14.1. Id like to print you!

Oscar Orbits

Oscar 6 Obitat fnformation

Oibit Date Time Longitude
{Sept}  (GMT) of Eq.
Crossing "W
N 22307 1 0132:03 860
NA 22319 8TN 2 0031:59 71.0
N 22332 3  0126:54 848
NA 22344 8TN 4 0026:50 69.8
N 22357 5 0121:46 835
NA 22369 8TN 6 0021:42 68.5
NA 22382 8TN 7 0116:37 82.3
N 22394 8 0016:33 673
NA 22407 8TN 9 0111:29 810
N 22419 10 0011:25 66.0
NA 22432 8TN 11 0106:20 79.8
N 22444 12 0006:17 64.8
NA 22457 BTN 13 0101:12 785
NA 22469 BTN 14 0001:08 635
N 22482 15 0056:04 77.3
NA 22495 8TN 16 0105:00 91.0
N 22507 17 0050:55 76.1
NA 22520 8TN 18 0145:51 89.8
N 22532 19 0045:47 74.8
NA 22545 8TN 20 0140:43 88.6
NA 22557 8TN 21 0040:39 736
N 22570 22 0135:34 87.3
NA 22582 8TN 23 0035:30 723
N 22595 24  0130:26 86.1
NA 22607 8TN 25 0030:22 711
N 22620 26 0125:18 84.8
NA 22632 8TN 27 0025:13 69.8
NA 22645 8TN 28 0120:09 83.6
N 22657 29 (0020:05 686
NA 22670 8TN 30 0115:01 823

Oscar 7 Orbital Information

Osbit Date Time Longitude
{Sept} (GMT) of Eq.
Crossing "W
127838 1 0122:33 748
12795 A 2 0021:53 59.7
12808 8 3 omne:n 73.3
12820 A 4  0015:31 58.1
12833 8Q 5 0109:48 717
12845 A 6 0009:08 56.5
12858 X 7 0103:26 70.1
12870 A 8 0002:47 550
12883 8 9 0057:04 68.6
12896 A 10 0151:21 82.1
12908 8 11 0050:42 670
12921 A 12 0144:59 806
129338 13 0044:19 65.4
12946 AX 14 0138:37 79.0
12958 8 15 0037:57 63.8
12971 A 16 0132:14 77.4
12983 8 17 0031:35 623
12996 A 18 0125:52 759
13008 8Q 19  0025:13 607
13021 A 20 0119:30 74.3
13033 8X 21 0018:50 59.1
13046 A 22 0113:08 727
13058 8 23 0012:28 576
13071 A 24 0106:45 na
13083 8 25 0006:06 56.0
13096 A 26 0100:23 69.6
13109 8 27 0154:40 832
13121 AX 28  0054:01 68.0
13134 8 29 0148:18 816
13146 A 30 0047:38 664

The listed data tells you the time and place OSCAR crosses the equator in an
ascending orbit for the first time each day. To calculate successive orbits, make
a list of the first orbit number and the next twelve orbits for that day. List the
time of the first orbit. Each successive orbit is 115 minutes later {two hours less
five minutes}. The chart gives the longitude of the first crossing. Add 29° for
each succeeding orbit. When OSCAR is ascending on the other side of the
world, it will descend over you. To find the equatorial descending longitude,
subtract 166 degrees from the ascending longitude. To find the time it passes
the north pole, add 29 minutes to the time it passes the equator. You should be
able to hear OSCAR when it is within 45 degrees of you. The easiest way to do
this is to take a globe and draw a circle with a radius of 2480 miles {4000
kilometers) from the home QTH. If it passes right overhead, you should be able
to hear it for about 24 minutes total. OSCAR will pass an imaginary line drawn
from San Francisco to Norfolk about 12 minutes after passing the equator.
Add about a minute for each 200 miles that you live north of this line. If
OSCAR passes 15 degrees from you, add another minute; at 30 degrees, three

minutes; at 45 degrees, ten minutes.

OSCAR 6: Input
145.90-146.00 MHz; Output
29.45-29.55 MHz; Telemetry
beacon at 29.45 MHz.

OSCAR 7 Mode A: Input

145.85-145.95 MHz; Output
29.40-29.50 MHz.

Mode B: Ilnput
432.125-432.175 MHz; Out-
put 145.925.145.975 MHz.

Orbits designated X" are closed to general use. ’ED” are for educational
use. “BTN" orbits contain news bulletins. ’Q"" orbits have a ten Watt erp limit.
"L indicates link orbit. ’N* or "’S" indicates that Oscar 6 is available onfy on
northbound or southbound passes. Satellites are not available to users on “NA"’

days.

CARF NEWS

SERVICE BULLETIN
In reply to a CARF request for a
special calisign prefix to commem-
orate Queen Elizabeth’s Jubilee year
(25th year of her reign), DOC has

announced that Canadian amateurs
may use the prefix ""CY" for VE and

Canadian Amateur Radio Federation, Inc.

"CK"” for VO station calls for the
balance of this year.

DOC announced third party traffic
agreement and reciprocal operating
privilege agreement between Canada
and Columbia, effective May 25,
1977.
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TRANSIENT SWR

| read with interest and disappoint-
ment a recent article by J.A. Murphy,
“*Transmission Line Primer,” 73, June,
1977.

It is unfortunate that instead of
enlightening your readership, the
author has simply succeeded in
muddying the transmission line waters
even further. After reading a dreary
succession of articles which attempted
to explain transmission line theory,
standing waves, and reflective power, |
have concluded that one of the
reasons that nothing definitive has
appeared in the amateur literature is
that a detailed understanding of the
physical mechanism involved simply
does not matter.

That is, most hams know that a
high vswr is undesirable, and that
efforts should be made to match
antenna to transmission line. By fol-
lowing these simple rules, in most
instances, a satisfactory amateur solu-
tion can be obtained without knowing
much more.

Nevertheless, Mr. Murphy, ap-
parently a professional engineer,
should know better. In substance, he
has simply confused the transient
solution with the steady state solu-
tion. His simple analysis is correct as
far as it went, but he incorrectly
generalized his result.

Mr. Murphy makes use of a dc step
function to describe what antenna
engineers would call a pre-cursor wave
front. (Initially, the transmitter
supplies a certain amount of extra
energy to the transmission line until
the first reflection makes the transit
from antenna load back to trans-
mitter. Until that time, of course, the
transmitter does not ""see’’ any change
in loading due to antenna/transmis-
sion line mismatch. A first reflection
does represent real power, and that
real power is used to establish a
standing wave. The presence of the
standing wave alters the input line
impedance so that the transmitter
now "‘sees’’ a different load condition,
and thereafter delivers less power to
the line.

Standing waves, by and large, repre-
sent a steady-state condition, but
standing waves do not represent a
continuous back and forth reflection
of real power. The phase relation
between current and voltage in a
standing wave pattern is indeed 90°,
with a consequent zero power factor.
You can see that this must be so if
you consider the case of a shorted
line. At the shorted end, current is at
a maximum while voltage is at a
minimum. |f you plot current and
voltage as sine waves, and superimpose
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a minimum point on one curve with a
maximum on the other, you will
appreciate that a 90° phase shift has
occurred at the load. The same reason-
ing, of course, applies to the case of
the open line — maximum voltage
with minimum current at the load.
The equations derived by Mr. Murphy
do not account for these conditions,
resulting only in trivial solutions when
the line is open or shorted.

The transient effect described in
the article is rarely observed in prac-
tice by amateurs. It would take an
almost lossless and relatively long
transmission line to produce notice-
able transient effects on transmitter
loading. However, when discussing
fast rise-time digital pulses in com-
puter circuits, distortion of the lead-
ing pulse edge (caused by reflection)
can be most important. But this exam-
ple merely serves to confuse the issue.
It is too bad indeed that the article
didn‘t develop the steady-state solu-
tion and avoid the usual mumbo-
jumbo about effects of loss, phase and
group velocity, and other relatively
arcane considerations which add little
to an understanding of standing waves
and reflected power.

| suppose what is really needed here
is a definitive article by a recognized
expert in the field who will, once and
for all, put some of this nonsense to
bed.

Martin R. Kramer K2KGF
New York NY

Comments, engineers? — J.M.

APPRECIATION

Kudos to Craig Anderton for his
fine article concerning mail order in
the July issue of 73. As someone in
that business, | can empathize with
the entire story. If everyone who
shops by mail would only read Craig’s
story, it would save many people time
and effort, not to mention money.

Al Smith WA2TAQ/WA4LDW
Merrick NY

HOW FAR WEST?

Most cases | don't like to complain
too strongly, but after waiting such a
long period of time, | can't hold off
any longer.

| have been a subscriber to 73 for a
few years now, and during that time |
have been reading a column entitled
"Looking West” by Bill Pasternak
WABITF. According to my definition
of the term, ""West” should include
many states in the western portion of
the country. | don’t believe the ama-

teurs in New Hampshire would con-
sider their state as the only state in
the ‘‘East.” Therefore, by the same
token, it seems a bit unfair to classify
California as the only state in the
“West.” According to my qualifica-
tions, | would say al! the states in the
““West’ would be those in the 6th and
7th call areas.

To the best of my knowledge, since
| have been a 73 reader, | have yet to
see any coverage of amateur activities
in any area other than California in
the “Looking West”" column. In fact,
within the past 8 to 10 months, we
have sent Arizona news to Bill. Before
| recently acquired my new trifocals, |
sure hope | haven’t missed any
western ham news in 'Looking West"’
(wherever that is) in your magazine.

Wm. Oliver Grieve WTWGW
Phoenix AZ

What say, Bill? — J. M.

SERVICE NETWORK

This is to inform you about the
activities and the existence of the
Guatemalan net, TG Amigos del
Mundo’’ (TG Friends of the World).

It was created in June 1976, on the
17th, to be precise, and this day was
the first day of labors. It’s already
been over a year since it was initiated,
and on June 17, 1977, we had a party
at the American Club of Guatemala,
to celebrate our first anniversary.

The net was created to thank the
many friendly countries in the world
that sent help and assistance to Guate-
mala during the past earthquake (Feb.
3, 1976), and also to correspond with
other countries which have nets that
have so many times helped Guate-
malan ham radio operators.

Until that date of June 17, 1976,
you had to try luck on the different
bands to be able to catch a TG
station, but now you know that on
7.085 MHz, from 02:30 to 03:30
GMT, Monday through Friday, and
from 16:30 to 17:30 GMT, Saturdays
and Sundays, you will be able to find
TG stations.

Since the initiation of the net, we
have handled about one hundred
emergency traffic messages. In Jan-
uary 1977, there was a need for
medicine in a hospital in Nicaragua,
and through the net we coordinated
to get the medicine. After approxi-
mately two hours, such medicine was
taken on a private plane from
Guatemala to Nicaragua.

There was another time, unfortu-
nately | don‘t remember the date,
when there were floods in Honduras.
For 30 hours the Guatemalan net
stayed QAP, working on different
shifts of one hour each, until we were
able to give the necessary help to the
Honduran people.

The founders of the net are:
TGOLN Mrs. Ana Maldonado, TG9VD
Mr. Rafael Maldonado, TG9QV Mr.
Ricardo de la Vega, TGI9RL Mr. Rony
E. Liang, TGIRC Mr. Rodolfo Casas,
and TGOLX Mr. Luis Stolz.

TG Amigos det Mundo
Rony E. Liang TGORL
Guatemala, C.A.

QUALITY OR QUANTITY?

Am | an old-fashioned snob? 1
never thought so, but apparently,
according to Mr. Magness’ letter (July
'77, “‘More Tech Debate’), | must be.

| have nothing against Technicians,
and certainly not Novices. | had as
much, if not more, fun as a Novice as
now. But come on!

I'm a 16 year old kid who sweated
my brains out to get my General
ticket. | got my Novice in Oct. of ‘75,
and after failing the General theory in
Dec. ‘75, | finally passed it (second
try) in Jan. ‘76. When 1 failed, did |
beg for an easier test? No/ | just went
home and studied a whole lot more.

At the present, |'ve failed the Ad-
vanced twice, but am | yelping for an
easier test? No!/ I'm a DXer, and | see
that the Advanced ticket is quite a
point in your favor for DXing. Some-
day, I'll pass my Advanced, and earn
new frequencies to use, but [/ sure
don’t want them given to me!

In explaining to my friends at
school some of the differences be-
tween CB and amateur radio (besides
power, frequencies, etc.), | tell them
how you get a CB license by filling
out an application and sending it in to
the FCC. However, in order to get a
ham ticket, you must pass an exam,
consisting of being able to copy the
International Morse Code, and then
you must pass a test on electronic
theory. They understand that ham
tickets aren’t given away, but do we?

OK. Say that the 13 wpm test is
too high. Has this stopped thousands
of determined persons from getting
their General tickets yearly? And
again, OK. So what if there is a high
rate of Novice and Tech dropouts? If
they don’t want to work for their
tickets, should we take it on ourselves
to give them to them? Do we want
quantity or quality of amateurs? If
{and when) they drop out, have we
lost anything?

| spent a lot of money on my
equipment, too. Out of my own
pocket (by my parents’ decision). |
know that since | had to shell out the
cash for my rig and antennas, I'm not
as likely to abuse it as someone who
had it given to them (because | know
what it's going to take to replace it).
But do | fuss because | can't use
frequencies allocated to Advanced or
Extra class licensees? No!

When 1| got my Novice ticket, |
knew exactly what | wanted to shoot
for (General and above), so | buckled
down and put out some effort. |
expected nothing to be given to me,
and it wasn’t! | had to pass the 13
wpm code test like any other guy
who went in for the test.

If we're going to start easing the
requirements on exams to encourage
CBers {and the public) to become
hams, then why not just give ‘em all
their Extra, and be done with it {and
amateur radio) in one big step.

Maybe nobody listens to kids, but
after all, I'm a ham just like you, and
we kids are the ones who are going to
have to live with the laws you grown-
ups make.

I‘'m sure, and | think you'll agree,



that if CBers had to pass an exam to
get their licenses, there wouldn’t be
the problem that there is today with
them. The ones who studied and
passed their tests in order to earn their
privileges would respect their right to
operate, and wouldn’t abuse it {or
allow anyone else to).

But look at us! We’re hams! We're
really above the problems caused (and
endured} by CBers. And what are we
doing? We're lessening the require-
ments for our licenses so that more
people can be hams!

I'm just as willing to welcome
newcomers into ham radio as anyone,
but if } had my choice, I'd rather be
welcoming hams who have earned
their new privileges.

Mark A. Clark WB4CSK
Fayetteville TN

WR7AFC

The idea was born over three years
ago, and on Father’s Day of this year,
a group of fathers made this reality
become true, when WR7AFC, Ari-
zona’s Finest Channel, began operat-
ing from Mingus mountain near
Prescott and Cottonwood, Arizona.
Operated by the Mingus Mountain
Repeater Group on 147.600 input and
147.000 MHz output, coverage
promises to be excellent from Phoenix
to Flagstaff and almost all areas of
Northern Arizona.

In fact, California repeater opera-
tors take note — many of the moun-
taintop (not bumps) repeaters are
being operated at elevations in excess
of 7000, B0O00, and even 9000.
Attention, Jack Anderson: Come out
to Arizona and see some of our
high-rise mountains, but don’t look
down.

Wm. Oliver Grieve WIWGW
Phoenix AZ

TRIAL SUB

Your comments about the ARRL
are particularly disturbing. Apparently
you do not have very good access to
the facts, since many of your com-
ments are out in left field. | realize
that you are trying to sell magazines,
but you would do better to stop
knocking the competition and join
with them to really do something for
amateur radio. Split factions never do
any good for the overall good. |
criticize the ARRL in letters to them
all the time, but | don‘t go around
saying things bad to other folks.

Your conflicting comments regard-
ing CQ in your last editorial make it
readily apparent that you are using
them to sell magazines. | have a
number of friends that do not sub-:
scribe to 73 simply because of your
lousy editorials. | think you would do
much better to join a common cause
to help promote amateur radio instead
of trying to sell 73 through your
editorials, especially when you don‘t
know the facts. (And how about
giving the new administration at
ARRL a break and stop bringing up

this old stuff from years ago?} They
make mistakes, but a look at the
annual report shows just how much
they are really doing for amateur
radio.
This subscription will be a trial one
for me.
D. Paul Gagnon N6MA
Camarillo CA

Thanks for the chance, Paul! — J M.

PUBLIC FIRE

The other night while talking over
beer and crackers with some amateur
friends of mine, we came to a horrible
prediction for amateur radio: Ama-
teur radio may no longer be a hobby
in the year 2000, due to public
opinion.

One of the fellows {an Extra) men-
tioned the fact that amateurs take
hundreds of frequencies for granted.
VHF and UHF channels have very
sparce activity, while only a few
kilohertz away commercial channels
are becoming overcrowded.

Think about this: You're watching
the six o’clock news and up comes a
story on the overcrowded conditions
with commercial two-way radio. A
telephone company rep tells how four
or five megahertz of space isn’t even
being used by “"hams’’ or “amateurs.”’
He goes on to say how many hundreds
of calls shouid be handled by their
microwave links. He finishes, saying,
““Amateurs are a stumbling block for
the advancement of the radio art.”’

We may laugh now, but this could
happen. Several co-workers are ex-
pressing displeasure in my hobby that
used to excite them. After the Jack
Anderson article, a few would say, “’ls
it true you hams have thousands of
frequencies while CBers have a frac-
tion of that?”” One comment really
hurt me: “What gives you guys the
right?”’

About a year ago, the ARRL made
a big noise on how they would pro-
vide Public Service Announcements to
broadcasters, new exciting movies,
and code kits.

Where are these magical materials
from the League when we need them?
The radio station | work for broad-
casted the PSAs five or six times,
hardly enough for any listener to be
convinced amateur radio is the “in”
hobby. | still have not seen any PSAs
on local TV.

Here’s my point. Hams are coming
under public fire. A few citizens have
realized we do provide a public ser-
vice, autopatching traffic accidents, or
passing traffic. But, the general public
can be turned against us, and so can
legislators.

Why can’t the League buy some
prime time commercials during a tele-
vision special? Why can’t local clubs
purchase commercials telling of the
upcoming hamfest? Why don’t hams
get off their asses and show the public
how exciting this space-age hobby can
be?

Now is the time to get a club
president of the local ham group to
speak to the Chamber of Commerce.
Insist on becoming a recognized

community organization. How about
an OSCAR setup at the shopping mall
for two days? Tell how local amateurs
have put the town on the map with
their contests, QSL cards, and ham-
fests. Enlist the support of the mayor,
the police chief, the City or Town
Council.

Recently at a club meeting, the
local group was having a field day on
Jack Anderson. ‘““He’s a clown,”
“"What a joker,”” were the comments in
the meeting hall. Then | mentioned
how amateurs should send letters to
the Office of Telecommunications,
White House, protesting comments
made about our hobby. Then follow
up with another letter to Congressmen
and the President. The bunch of
people didn’t even hear me. They just
went on complaining about the raw
deal hams got in a newspaper article.

| know that my next-door neighbor
doesn’t consider Jack Anderson as a
clown. | think most of the nation
would agree. | respect him as a re-
porter. So what’s the public supposed
to think when this man tells us hams
are getting special favors from the
ECGP

| love ham radio, enough to write
six letters to Washington, D.C., and
one that was printed in the local paper
about ham radio. | am handling more
traffic for reluctant neighbors, and
explaining my HT and autopatch to
anyone who wants to know.

Hams have to do a “'sell” job in
preparation for the WARC in ‘79.
Now is the time to become a com
munity leader and show off your
station to your neighborhood, to your
kids, your kids’ friends, to everyone.
Once they get a glimpse at your QSLs,
CB will seem like a toy.

If 1 have gotten the reader all fired
up, great! Grab some paper and ask
our President why an advisory agency
that is supposed to coordinate mili
tary radio frequencies is hinting at the
FCC for more CB frequencies. Presi
dent Jimmy Carter or Office of Tele-
communications, The White House,
Washington, D.C. 20030.

You might want to send a radio-
gram to your Congressman, and good
luck with the Chamber of Commerce.
Unlike most hobbies, ours is regulated
by the people, and for the people.

Dave Sweigert WB9VKO
Fort Wayne IN

You might drop Mr. Baldwin at the
ARRL a note endorsing Dave’s sug
gestions. | wonder what the effect of
100,000 letters would be? — J.M.

BELIEVER

| purchased your 13 wpm tape
approximately 1 month ago and spent
1% hours/day 7 days a week and
received my General ticket 6/17/77.
| have used 3 different makes of
code tapes besides yours, but they
always brought me to the mental
barrier of 10 wpm. | could not go
beyond this until | used your tape.
You made a believer out of me.
Keep plugging your method. It works!
Ed Hegyera WB9VZU
Kenosha WI

HERE SHE COMES

Please be advised that amateur
radio station K2BR (“Boardwalk
Radio”} will be operating from the
Miss America Pageant in Atlantic City,
N.J., from September 1 to 10, 1977.
Frequencies: CW 3560, 7060,
14060, 21060 kHz; phone — 3960,
7260, 14290, 21390 kHz; Novice —
3720, 7120, 2112 kHz.

The station is under the sponsor-
ship of the Southern Counties Ama-
teur Radio Association (SCARA).
Please QSL to N2NJ {(ex-K2JOX}).

Henry G. Rainville WB2QXX
SCARA/Miss America Pageant
Coordinator

Ventnor NJ

QRP

Hurrah for K6JAD! | just received
the June issue of 73 and am very
impressed with the letter from K6JQD
concerning power levels. | certainly do
agree with his views, but for other
reasons than those stated. | have been
living in Germany for several years
and am aware of how high-powered
American ham stations are affecting
the overseas ham community, and it
does not look good. | also am in about
the same position as many of the
European hams, in that | am not able
to run high power or a very efficient
antenna. | am afraid that not many
American hams appreciate what is
available to them at very reasonable
cost They are also giving American
hams a black eye, although it may not
be obvious that this is so.

Like many other hams in Europe, |
am only able to run 200 Watts or so,
and an inefficient antenna, and of
course this limits to some extent the
number of contacts | can make. This
situation is not really that disturbing
to me, except for the fact that when
the receiver is turned on, about the
only stations | can hear are lots of
high-powered stateside stations with
1000 Watts and a big multi-element
beam punching through with extreme-
ly strong signals which override many
of the other stations | might like to
work. Oddly enough, it is very difficuit
to work those strong stations; | sus-
pect they only listen for loud stations
and won’t come back to anyone who
does not have at least an S7 or S8
signal. It is very frustrating to call CQ
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for hours and not receive a contact
due to the stateside QRM or to hear a
desirable station but not be able
to work it due to the frequency being
overloaded with super-powered sta-
tions. Then, of course, in the back of
one’s mind is the fact that you know
you don’t have a chance with low
power (200 Watts) and a vertical
antenna. For me, this is merely frus-
trating, but for a native European (or
any other native for that matter), it
must be even worse, considering that
his knowledge of English is probably
limited {along with his understanding
of the American ham scene), and then
he’s limited in power and antenna and
hears nothing but strong stateside
stations on frequency. | speak German
fluently and have had many nice
eyeball QSOs and 2 meter QSOs,
during which various opinions have
been expressed, concerning the mess
on 20 meters primarily. Many hams in
my area hold a rather low opinion of
the American ham and simply do not
work HF anymore, or as little as
possible due to this situation. One
must realize that most foreign hams
have had to struggle for a long time to
scrape up the cash for a 200 Watt rig
and have done a lot of fighting to put
up any kind of antenna in the limited
space most of them have available. It
is then no wonder that many foreign
hams are resentful when so many
American hams on the air state, as if it
were nothing, that they are running
1000 Watts with a multi-element
beam high on a tower; such things are
only wild dreams to most hams over
here. | believe that the image of the
American ham is tarnished enough
without all of the high-powered sta-
tions rattling the ears of other hams
all over the world. | would not want
to introduce a blanket low power
limit; however, after all, as you stated,
there are cases where high power is
needed, but in most cases it is not
necessary.

| am afraid that many hams these

days are using high power to cover up
poor operating practices or laziness.
After all, it does take more effort to
dig a little for the weaker stations and
that is a shame, for many of those
weaker stations could carry on a good
QSO, too, if others would put forth a
little more effort. Those weak stations
out there are hams, too, although
some operators seems to think they
are little more than sources of QRM. |
believe that most of the hams running
high power could make do with less
power if they would put on their
headphones and sharpen up their
operating skills.

| believe with WARC coming up we
American hams cannot afford to give
other countries a bad impression of
ham radio in the US, but | am afraid
that is just exactly what we are doing.
We can do all the goodwill work there
is to do and still come up on the short
end of the stick if we do not watch
our manners on the air.

In closing, | hope that others will
respond on this subject and | am very
pleased that you offered to open the
letter forum to comment. This letter
will no doubt stir up a hornets’ nest,
but | believe that there are many hams
out there who will agree with me and
K6JaD.

Richard J. Molby WB7NZG/DA 1DB

HHB 3rd BN 84th Arty
APO NY 09176

| agree, Richard! It's a shame that the
kilowatt signal appears to be the norm
on the HF bands, at least in the phone
section. Why run 1000 Watts when
100 will do the job? Not only is this
practice discourteous to our foreign
neighbors, but it cuts the moderately
powered stateside stations “‘out of the
action.” Most of my low frequency
operating is on 20m RTTY. Very few
stations run over 200 Watts, and get
out just fine. | run 75 Watts out of
necessity, and work everything | hear.
Now, I’'m sure that there are those
who will point out that the RTTY

section of 20 is not as crowded as the
phone areas. True, but how much
more usable space would be available
on phone if much of the power-
induced QRM was eliminated? Think
about it. — JM.

ENJOY

| enjoy 73 Magazine immensely.
Pity that due to my lack of knowledge
of the technical end of it, | cannot
really absorb it all.

| did manage to pass the Novice
exam, due in part to the excellent
code tapes, and a great amount of
study.

Electronics really did not interest
me until the advent of CB SSB. Then |
decided there had to be a choice of
remaining or advancing. | will truth-
fully state that the knowledge does
not come easily, as first | had to
overcome my dislike of the electronics
bit, but in the very near future, |
intend to pass the Element Il exam. |
was extremely interested in the arti-
cles on conversion of 11 meter rigs to
10 meters, as | had a suspicion it
could be done. Keep up the good
work and fine articles.

Leon S. Greenwood WB3HEV
Philadelphia PA

Stay tuned for additional conversions,
Leon! — J M.

MORE MAIL

The mail-order article by Craig
Anderton (73, July 77} was unusually
warm to read. It was upbeat, informa-
tive, with empathy for both the seller
and the buyer. | hope that enough
readers paid the due that it so richly
deserved, and will benefit by the
insight Mr. Anderton provided to

enhance understanding in the cold,

detached world of consumer
economics.

Bob Grove WA4PYQ

Davie FL

WHO CAN LISTEN?

Have you noticed the item in the
Happenings column of the July QST
(p. 67) which states that hams in
Indiana have “won” something by
being exempted through legislation
from the prohibition in bill SB454
against the ownership of receivers
capable of copying the police bands
for mobile or portable use?

| have always understood that the
civil rights of American citizens in-
cluded the reception of any radio
transmission which is within the
ability of an individual to receive it.
Transmitted signals are within the
public domain, and it is the obligation
of the transmitting party to achieve
security of information through
codes, ciphers, cryptography, or what-
ever means are available. From this
perspective, it concerns me greatly
that a state agency can include legis-
lation and criminal punishment as
means of ensuring the security of its
radio communications.

What have hams in Indiana won if
they do not have the right of all
citizens to listen to any signal which
causes current to flow in their anten-
nas? Is this a police state? What do the
authorities have to hide? Can this be
done at the state level?

{ am writing to both the ARRL and
the Governor of Indiana. | hope that
the ARRL and you can come down
hard on Indiana, because this activity
is clearly out of the authority of state
government and is clearly discrimina-
tory if not applicable to all citizens.

Ted Edwards W1AJS
Sugarloaf PA

Ham Help

This is to request your readers to
help us with our “Project Lifesaver”
radio effort. We need parts and advice
to enable us to adapt an ARN-6
system for finding people caught in
blizzards.

We are solid stating the following
tubes: 2050, OD3, 6L6, 6V6, 6SJ7,
125K7, 128Y7, 128W7, 6SA7, 6SG7,
6AC7, 6J5, 26A7 — and we need a
manual or at the least a schematic for
ARN-6. Also, we need a 3-stack car-
bon pot {60k, 10k, 33k}.

Ellis County Volunteer
Emergency Services
Box 622

Hays KS 67601

| have a vibroplex key with which |
would like to become proficient (prior
to on-the-air use). However, after
scrupulously cleaning the contacts on
the key and installing new batteries in
the Heath transistorized code practice
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oscillator, I’'m still getting “dits’* that

are different in frequency {pitch} than

the “dahs” on a straight key. Anyone
have a ““fix" for this?

James R. Theby WBOHZX

4912 Brockwood Drive

St. Louis MO 63128

| am in need of a tube layout or a
schematic for a Jackson Model CRO
25" oscilloscope. It is manufactured
by the Jackson Electrical Instrument
Company of Dayton, Ohio, which is
now out of business. | am missing two
tubes which have 8 pin sockets — they
control the intensity. Any help would
be greatly appreciated.

John M. Matz
741 Schuylkill Ave.
Pottsville PA 17901

Many would-be hams don‘t know
where to turn for classes to help them
obtain their Novice tickets. Therefore,

we are compiling a list of people or
clubs conducting Novice classes
throughout the country. We would
appreciate it if these people or clubs
would send us the following infor-
mation about their classes: club or
person sponsoring the class (if club,
specific person who should be con-
tacted); address; telephone number;
whether classes are held year-round or
at specific times of the year;, any
additional information.

Please keep us informed of any
changes in your classes, so our list will
be as current as possible. We ask
anyone asking about information con-
cerning classes near them to please
enclose an SASE.

Bob Billson WA2TXY
837 Summit Ave.
Westfield NJ 07090

Bob Toegel WA2EGP
1775 Watchung Ave.
Plainfieid NJ 07060

| would appreciate hearing from
hams who might have improved the
AVC in the Galaxy V Mk. Il, to cure
the popping on the receiver's in-

coming signals’ audio, as well as the
attack time of the AVC,

R.R. King

9025 N. Division

Spokane WA 99218

| am at the mercy of a U.S. Govt.

0S-4B/AP oscilloscope (No.

N383-46496A) whose power supply

has ceased to function. | need a

schematic and any operating instruc-

tions for this model. Any information
will be greatly welcomed.

Carl G. Kramer WB3CYL

2525 Midpine Drive

York PA 17404

| was wondering if anyone in the

Hamilton-Burlington area could help

me with my code and theory. | am an

avid SWL and am also very interested

in amateur radio. | have been inter-

ested in amateur radio about 2 years. |

am 13 years old, and | am willing to
learn.

Keir Garber

75 Sharon Avenue

Hamilton, Ontario

Canada L8T 1E4



RTTY Loop

Marc I. Leavey, M.D. WA3AJR
4006 Winlee Road
Randallstown MD 21133

This month we will discuss the
connections required to interface a
Model 15 or 19 machine to a RTTY
loop. Once this has been accom-
plished, the machine can be used with
a terminal unit to receive and print
RTTY signals.

| will assume you have acquired a
Model 15 page printer or its big
brother, the Model 19. This is a useful
assumption for several reasons. First,
it gives me a chance to talk about
something | know. Second, the
Models 15 and 19 constitute the
foundation of ham RTTY. Setup of
other machines can be based on what
we cover here. Third, if you are rich
enough to afford an ASR-32, you
don’t need my help!

The Model 15 machine consists of
two major parts, a keyboard and a
printer. Separate electrical circuits are
provided for both devices; however,
they are driven by a common motor.
Some Model 15 machines have option
al goodies, such as built-in loop
supply, answerback, and assorted
control relays. In any case, all the
electrical connections are terminated
on a terminal block on the right side
of the machine, when viewed from the
front. The terminals are available
when connecting the keyboard and
printer. Normally, the selector mag
nets in the printer are connected in
series with the keyboard contacts;
thus everything typed will be printed
locally.

POWER
smrc%

@ E‘g@ 20 800k

There are three connections which
must be made to the Model 15 to get
it running: (1) 115 V ac for the
motor; {2) loop current for the selec-
tor magnets; and (3) keying circuit for
the keyboard. We will cover each of
these in turn.

To begin with, take a look at the
motor in your RTTY machine. If
there is a wheel with black and white
stripes on one end, with levers pro-
truding, you have a governor motor.
The first thing you will have to do,
after applying power, is set the speed
of the motor. Good luck! You need a
tuning fork and lots of patience. Most
motors are synchronous, and remain
accurate through the good graces of
the electric company. To get the juice
to the motor, connect the ac line to
terminais 21 and 23 on the terminal
strip located on the right side of the
machine. See Fig. 1. You should use
three-wire cable, and ground the
chassis of the machine. Now, when
you turn on the line switch, the motor
should start, and all kinds of levers
and gears should clatter. This is called
"running open.”” Now — turn off the
machine and unplug it.

Take an ohmmeter and lay it across
terminals 45 and 46. There are two
selector magnets, each with a resis-
tance of 105 Obms. If they are
connected in series, total resistance is
210 Ohms and operation is for 20-30
mA of current. Parallel connection,
with a resistance of 52 Ohms, is
designed for 60 mA loops. |f your
magnets are in series, change them; see
Fig. 2. A loop supply capable of
delivering 150 volts at 60 mA s
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needed. Fig. 3 shows a typical circuit.
Notice the series resistor. Hf it was

omitted, the current in the loop
would be:
E 150
= = = = 1
| R 52 about 3 Amps!

Don’t forget that resistor! Without
it, the selector magnets will burn
themselves up. By the way, required
wattage for the resistor:

W=Ex|=150x0.06 =9 Watts

Don’t skimp on size, either!

Now, take this power supply, which
we will call the “loop supply,” and
connect it to terminals 45 and 46 {see
Fig. 1 again). Plug the machine back
in and turn it and the supply on.
Things should run quietly now, with-
out all that clatter. This is not running
“closed”; it's just working as it
should.

One more hookup and you will
have yourself an electric typewriter.
Connect some leads onto terminals 32
and 34 (start to wear out Fig. 1).
Connect these keyboard leads in series
with the loop. Fig. 4 illustrates the
point. Now turn everything back on (|
hope you turned it off while your
fingers were in there), and everything
you type on the keyboard should
print on the page. Not exactly a
Selectric, but still neat, right?

Next month we will discuss how to
use the machine to receive signals.
Familiarize yourself with the key-
board and special functions. It might
be advisable to lubricate the mechan-
ical parts, paying special attention to
the oil cups on the motor and main
drive shaft. Under no circumstances
allow oil to contaminate the printer
contacts. To do so will result in erratic
transmission. See you next month!

! hope you are enjoying the RTTY
Loop. As you can see, this issue of 73
features RTTY operations, so if you
are into RTTY, keep readingl At this
point, a little pitch for the 73 RTTY
Handbook, edited by the 73 staff, is

in order. This book has information
for beginners and seasoned operators
alike, and is a must for all RTTY
enthusiasts. This reference is up-to-
date, featuring circuits based on op
amps, FIFOs, and UARTs. For $5.95
you can't pass it — order from the 73
Radio Bookshop. Another publication
will be of interest to RTTY enthu-
siasts: The RTTY Journal, published
about ten times a year, is exclusively
RTTY oriented. It features a classified
section loaded with teletype gear.
Subscription price is $3.50 (amazing)
a year, and subscriptions may be
obtained by writing RTTY Journal,
P.O. Box RY, Cardiff-by-the-Sea CA
97002. (This is not a paid commercial
just a helpful tip from one RTTY
afficionado to another!) — J.M.

Nice to read that you are finally
going to have some RTTY coverage in
your publication — it is about time. |
first got hooked on that mode many
years ago when Wayne Green ran his
series of articles in CQ.

Now that the RTTY Journal is
moving back to the West Coast, we
could use some coverage for the East
and Middle West.

Incidentally, | had always been
informed that RATT stood for Radio
Amateur Teletype. However, it is no
longer used in Navy MARS, although
it was ten years ago or so, when | first
joined.

Herb Draeger WBS5HVE
Mountain Home AR

I'm looking forward to the new
column. The timing couldn't be
better. | just was handed a Model 15
which is geared for 65 wpm.

| have an SB-303 receiver and an
SB-401 exciter. My receiver is already
set for FSK of the transmitter via
shifting of the vfo in the transceive
mode.

So, as you say, John, "'Let’s get
started.”’

Jack Gott WABKGI
Pleasant Hill CA

Tracking

the Hamburglar

PURLOINED: Standard SRC 826M 2
meter FM transceiver, SN: 104207,
Stolen on June 27, 1977 from Bill
Myers WBOMCS, 942 E. Mississippi,
Denver CO 80210, 303-777-3353. Has
the following frequencies installed:
146.94-94, 52.52, 16-76, 34-94,
28-88, 88-88, 31-91, 148.01-01,
3797, 19-79, 25-85, and 91-31. Has
KOKGA scribed on receiver board.
Receiver crystal board has been re-
built. Channel 12 — 91-31 transmit is
450 cps. high in frequency; transmit
trimmer for this channel is different
from others.

RIPPED OFF: Icom IC-22A, s/n 9900
with 12 sets of crystals. Call and SS
No. etched on back. Pete Jordan
WAT1AXK, 832 Temple Street,
Whitman MA 02382.

STOLEN: Clegg Mark Il1l, 2 meter
transceiver, serial 750,187 with
.52-52 from Dick Haskin WEKEC,
149 Mauna Loa Dr., Monrovia CA
91016.

STOLEN: Drake TR-4 SSB transceiver
#16491, AC-3 power supply #18572,
L-4B linear amplifier #1102, L-4PS
power supply #1124, Hallicrafters
SX-100 receiver #151257. These
items were stolen in a break-in on
April 27, 1977, at a local radio store
in Louisville KY, where they were
held on consignment for EV Ballard
WA4ACJ. Any information would be
appreciated. Contact him collect at
502-451-8923 or 812-294-4819, or
write 2438 Longest Av., Louisville
KY. {Also: Jefferson County Police
Department, 502-588-2111.)
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Editor:

Robert Baker WB2GFE
15 Windsor Dr.

Atco NJ 08004

FOUR LAND QSO PARTY
Starts: 1800 GMT Saturday,
September 3;

Ends: 0200 GMT Monday,
September 5

Sponsored by the Fourth Call Dis-
trict Amateur Radio Association of
the IARS, Inc. The same station may
be worked again on each band and/or
mode fixed, and repeated again if
operated portable or mobile and from
* each different county.

EXCHANGE:
RS(T), county, and state for 4th

call district; state, province, or
country for others.
SCORING:

4th call district stations score 1
point for W/VE QSOs and 3 points
per DX contact (including KH6 and
KL7). Final score is total points times
states and provinces; states and
provinces count only once, regardless
of band/mode. All others score 2
points per QSO and multiply by the
number of 4th district states and
counties; count each state and county
only once.

FREQUENCIES:

CW — 3575, 7060, 14070, 21090,
28090 (+10 kHz); phone — 3940,
7260, 14340, 21360, 28600; Novices
— 3710, 7110, 21110, 28110 (+10
kHz).

ENTRIES AND AWARDS:

Certificates to top scorers in each
state, province, and country. Second

CON

and third place when scores warrant.
Other awards to each 4th district
county, Novices, SWLs, etc. Logs
must be mailed with score within 30
days to Fourth Call District ARA,
Attn: Bob Knapp WA4OMW/WANP,
105 Dupont Circle, Greenville NC
27834. Include an SASE for results.

WASHINGTON STATE QSO PARTY
Operating Periods:

0100 to 0700 GMT September 10;
1300 GMT September 10 to
0700 GMT September 11;

1300 GMT September 11 to
0100 GMT September 12

Sponsored by the Boeing Em-
ployees’ ARC (BEARS), the contest is
open to all amateurs. All bands and
modes may be used. Stations may be
worked once per band and mode, and
may be worked again if they are a new
multiplier.

EXCHANGE:

WA stations send QSO number,
RST, and county; others send QSO
number, RST, and state, province, or
country.

FREQUENCIES:

CW — 1805, 3560, 7060, 21060,
28160; phone — 1815, 3935, 7260,
14310, 21380, 28660; Novice -
3735, 7125, 21150, 28160.
SCORING:

Score 2 points per QSO. WA sta-
tions multiply QSO points by total

Sept 3-5
Sept 10-11
Sept 10-11
Sept 10-11
Sept 10-11*
Sept 11
Sept 17-18
Sept 24-25
Sept 24-25
Sept 25-26
Oct 1

Oct 1-2
Oct 1.2
Oct 89
Oct 15-16
Oct 1517
Oct 22-23
Oct 22-23
Oct 29-30
Nov 5-6
Nov 12-13
Nov 12-13
Nov 13
Nov 19-20
Nov 19-20
Nov 19-20
Nov 26-27
Dec 3-4
Dec 10-11

CALENDAR

Four Land QSO Party
Washington State QSO Party
Pennsylvania QSO Party
ARRL VHF QSO Party
European DX Contest — Phone
North American Sprint Contest
Scandinavian Phone Contest
Detta QSO Party

Scandinavian Phone Contest
Fall Classic Radio Exchange
Open CD Party — CW
California QSO Party
VK/ZL/Oceania — Phone
VK/ZL/Oceania — CW

Open CD Party — Phone
Manitoba QSO Party

CQWE Contest

CARTG RTTY Sweepstakes
CQ WW DX Phone Contest
ARRL Sweepstakes — CW

IPA Contest

European DX Contest — RTTY
OK DX Contest

ARRL Sweepstakes — Phone
WWDXA International CW Contest
All Austria Contest

CQ WW DX CW Contest
ARRL 160 Meter Contest
ARRL 10 Meter Contest

*Described in last issue.
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number of states, provinces, and other
countries worked. All others score 2
points per WA QSO and multiply by
number of WA counties worked (39
max.). For non-WA stations only,
there is an extra multiplier of one for
each group of 8 contacts with the
same WA county.

Washington county checkoff list for
non-Washington State entries: Adams,

Asotin, Benton, Chelan, Clallam,
Clark, Columbia, Cowlitz, Douglas,
Ferry, Franklin, Garfield, Grant,
Grays Harbor, Island, Jefferson, King,
Kitsap, Kittitas, Klickitat, Lewis,
Lincoln, Mason, Okanogan, Pacific,

Pend Oreille, Pierce, San Juan, Skagit,
Skamania, Snohomish, Spokane,
Stevens, Thurston, Wahkiakum, Walla
Walla, Whatcom, Whitman, Yakima.
ENTRIES AND AWARDS:

Certificates to high scores in both
single and multi-operator classes. Five
BEARS awards are also available to
anyone working 5 club members. All
contest entries will be screened by the
contest committee for possible
Worked Five BEARS Awards. The
Worked 3 BEAR Cubs Award is also
available for working 3 Novice mem-
bers. Logs are available from the
contest committee upon request. Logs
must show dates/times in GMT, sta-
tions worked, exchanges, bands and
modes, and scores claimed. include a
check sheet for entries with more than
100 QSOs. Each entry must include a
signed statement that the decision of
the Contest Committee will be ac-
cepted as final. Logs will not be
returned. Results of the QSO Party
will be mailed to all entrants; an SASE
is not required. Logs and scores must
be postmarked no later than October
10th and sent to: Boeing Employees’
ARC, c/o Contest Committee, Willis
D. Propst K7RS, 18415 38th Ave. S.,
Seattle WA 98188.

PENNSYLVANIA QSO PARTY
Starts: 1700 GMT Saturday,
September 10;

Ends: 2359 GMT Sunday,
September 11

Sponsored by the Nittany ARC; all
amateurs are invited to participate. PA
stations may work both PA and non-
PA stations. Each station may be
worked once per band and mode.
EXCHANGE:

QSO number,
ARRL section.
FREQUENCIES:

CW — 1810, 3550, 7050, 14050,
21050, 28050, SSB — 1815, 3980,
7280, 14315, 21380, 28560; Novice
— 3715, 7160, 21115, 28115.
SCORING:

PA stations score 3 points per
out-of-state QSO and 1 point per PA
QSO. Multiplier is number of ARRL
sections, including EPA and WPA.
One additional multiplier may be
counted for DX QSO (limit: one).
Out-of-state stations score 1 point per

RS(T), county or

alls

PA QSO times the number of PA
counties worked {67 max.).
ENTRIES AND AWARDS:

Logs must include dates/times in
GMT, stations worked, RST sent/
rcvd., band, mode, and number of
new section or county as worked
{multipliers). Summary sheet re
quired, showing number of QSOs,
QSO points, total multiplier, and
claimed score. Also, include a check-
list of counties worked. Mail logs,
summary sheets, check sheets, and
any comments by Oct 15th to:
Douglas R. Maddox W3HDH, 1187 S.
Garner Street, State College PA
16801. SASE appreciated. Certificates
to section winners and outstanding PA
entries with minimum of 10 QSOs
required for awards.

NORTH AMERICAN
SPRINT CONTEST
0200 to 0600 GMT Sunday,
September 11

Sponsored by the National Contest
Journal, this contest is open to all
amateurs. Entry classes include: single
op (no helpers, one active xmtr,
multiple rcvrs, no spotting net assis-
tance); multi-single (multiple oper-
ators, one active xmtr, multiple active
rcvrs, no spotting net assistance);
multi-multi  (multiple operators,
multiple active xmtrs, one signal per
band). All contacts must be made on
CW only on any band from 160 to 20
meters. Stations may be worked once
per band. North American stations are
defined by the rules for CQ WW
contests.

EXCHANGE:

You must make sure the entire
exchange includes his call, your call,
serial number {starting from 001),
your nickname, state, province, or

country. Example: W60OAT DE
WB2GFE NR 27 BOB NJ K.
FREQUENCIES:

1800-1820, 3530-3550, 7030-7050,
14030-14050. Try 160m during the
last half hour of the contest.

SPECIAL RULES FOR NA STA-
TIONS.

If a station calling CQ NA is called
by another station and makes a valid
exchange with him, he cannot call CQ
again on that frequency, nor can he
solicit contacts by calling QRZ, etc.
He must move a minimum of 5 kHz
away from the frequency before
calling CQ NA again, or he may
answer a CQ NA on the frequency
and, following a valid exchange, call
CQ NA on that frequency.

CLUB COMPETITION:

Club competition is limited to a
maximum of 15 operators as a single
club entry unit. Clubs with more than
15 members may submit more than
one entry unit. In this case, members
of each unit must be drawn by lottery
from the pool of members who will
compete. To qualify as a club entry



unit, the name and call of each oper-
ator in the unit must be registered
with the Contest Coordinator
(W60QAT) before 6:30 PDT, Sept.
10th. Changes may be made in the
unit members up to that deadline.
This rule limits multi-multi entries to
a maximum of 15 operators if they
are a club entry. Multi-multi’s, multi-
singles, and singles can be combined in
a single unit, but the total number of
operators cannot exceed 15.

SCORING:

NA stations multiply total valid
contacts by the sum of states, VE
multipliers, and countries to get final
score. Non-NA stations multiply total
valid contacts by the sum of states,
VE multipliers, and NA countries.
KH6 is not counted as a state and is
not an NA country. VE multipliers
are: maritime (VE1, VO1, VO2, etc.),
and each VE call district (VE2 to
VES8).

ENTRIES:

Logging is to be done on separate
sheets for each band. Regardless of
the number of licensed callsigns issued
to a given operator entering, one and
only one callsign shall be used during
the contest period by that operator.
Logs should include GMT time as well
as complete exchange information.

Entries must be sent to Rusty Epps
W60OAT, 35 Belcher Street, San Fran-
cisco CA 94114, and be received by
Oct. 10th to be eligible for trophies
and awards. Each entry should include
a summary sheet showing valid con-
tacts by band, total multipliers, total
score, name and call of operator(s},
station callsign, location, and declara-
tion statement (| declare, on my
honor, that | operated in under-
standing and compliance with the NCJ
Contest rules as well as all regulations
for amateur radio in my country, and
that my summary and log sheets are
correct and true to fact.”’), followed
by the signature(s) of the operators.
Also required are a complete, legible
log of all contacts {(by band, with
indication by numbered sequence of
each multiplier claimed} and a sep-
arate check sheet for each band.

WA4LZR
WA4UFW
WB4PQB
WBA4IIN
WB4INC
W4zZTW
WAWKQ
WAA4EYR
WAKEB
N4EF

Top 10 FLA Phone Stations

RESULT

RESULTS OF THE 1977 FLORIDA QSO PARTY

Top 10 FLA CW Stations

94,135 points WAANFF 27,900 points
55,057 K4aBv 10,560
34,713 w400 10,098
32,067 K4KQ 9,180
29,040 K4DAS 9,030
20,586 K4IEX 7,896
19,400 wawy 7.524
18,069 WB4BMR 6,644
15,041 K4PB 5,740
11,136 WB4ZHU 3,600

Top 10 Qut-of-State Phone Scores

The top FLA club score was attained by NOFARS, with 126,860 points.

Top 10 Out-of-State CW Scores

K9DX 6,063 points WB4HYN/9 1,680 points
WB5STD 2,072 Ww8YL 1,550
W7KWC 1,512 W2RPZ 1,100
WB4HYN/9 756 K9DX 1,058
K2HLC 700 WBOLFY 1,012
WADQIT 642 VE3EJK 940
VE3RN 495 W5KLB 798
KIKKX 455 WA22Q8B 765
KSRPC Bil2) WIGYV 684
K9GTQ 240 W2WsS 630
DELTA QSO PARTY FREQUENCIES: stations may be worked, but do not

Starts: 1800 GMT September 24;

Ends: 2400 GMT September 25

Sponsored by the Delta Division of
the ARRL; all amateurs are invited to
participate. No time or power restric-
tions. Amateurs outside of the Delta
Division will attempt to contact as
many amateurs inside the Delta
Division ({consisting of Ark., La.,
Miss., and Tenn.) as possible. Stations
may be worked once per band/mode.
Portables/mobiles may be reworked
on the same band/mode if they
change counties.

EXCHANGE:

QSO number, RST, and QTH
ARRL section for non-Delta Division;
county and state for Delta Division.

Cw — 3550, 7050, 14050, 21050,
28050; SSB — 3990, 7290, 14290,
21390, 28590, Novice — 3725, 7125,
21125, 28125.

SCORING:

Delta Divisions take number of
QSOs times number of ARRL sections
(75 max.). Outside the division, take
number of QSOs times number of

count as multipliers.
ENTRIES AND AWARDS:

Logs must include date/time, call,
exchange, band, emission, and multi-
plier. Logs must be postmarked no
later than Oct 21st to be eligible for
awards. The Delta Achievement
Award is issued to all amateurs con-
tacting 5 different stations in each of
the 4 states in the Delta Division.

CT1EQ

9H1EL
ISWT
I5KPK
G3YYD
KS5ARH
SMEGVA
PJ3AR
W3FV
W2NZ

RESULT

RESULTS OF THE 1977 BARTG RTTY CONTEST

Top 10 Single Operator Stations {107 Entries)

The top multi-operator entry was from |1PYS, with 388,448 points.
WIMX finished third in the multi-op category. The top SWL entry was
from Cech Luhos (OK2-5350), with 278,820 points.

488,160 points
with 336 contacts
409,464 points
281,160
270,560
258,560
235,056
230,838
229,600
219,186
218,988

(625 QSOs)

(1,503 QSOs})
(1,263 QSOs)

counties worked (316 max.}. DX
RESULTS OF THE 1977 COUNTY HUNTERS SSB CONTEST

Mobile/Portable
WABRJJ 336,868 points
W6ANB 315,768
WBOELJ 101,376
WBoICP 69,300
WB2GFE 42,688
W5AWT 24,540
WATKKN 11,5620
WBIRCY 10,530
WI1EXZ 5,338
WIDIT 4,865
Fixed — DX
CT1vA 43,775 points
Fixed — W/VE
W7KWC 3,940,942 points
K1GSK 1,683,314
WB40OGW 865,358
W7sUY 365,472
WBWT 249,678
VE1RQ 204,200
W7GHT 156,520
W7KO| 103,360
WABASV 70,713
wiLQa 66,783
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Other certificates and plaques for high
scores. Logs will be returned if re-
quested. Send logs to Malcolm P.
Keown WS5H5RUB, 213 Moonmist,
Vicksburg MS 39180.

FALL CLASSIC RADIO EXCHANGE
Starts: 1800 GMT Sunday,
September 25;

Ends: 0100 GMT Monday,
September 26

Sponsored by the Southeast ARC
{(KBEMY) of Cleveland, Ohio, the
contest is open to all. The object is to
restore, operate, and enjoy older
equipment with like-minded hams. A
““classic radio” is any equipment built
since 1945 but at [east 10 years old
an advantage, but not required in the
exchange.

EXCHANGE:

Name, RST, state, province, or
country, receiver and transmitter type
(if home brew, send PA tube, e.g.,
“6L6").

MISCELLANEQUS:

The same station may be worked
with different equipment combina-
tions, and on each mode on each
band. No AM phone below 21 MHz.
CW call is “CQ CX"; phone call is
“CQ EXCHANGE". Non-contestants
may be worked for credit.
FREQUENCIES:

CW — up 60 kHz from low end of
band edges; phone — 3910, 7280,
14280, 21380, 28580; Novice/Tech —
3720, 7120, 21120, 28120.
SCORING (NOTE CHANGES FROM
LAST YEAR):

Add the numbers of different trans-
mitters and receivers, states/provinces/
countries contacted for each band.
Multiply by total number of QSOs.
Mulitiply that total by class multiplier,
the total years old of all transmitters
and receivers (three QSOs minimum
per unit). For transceivers, multiply
years old by two.

ENTRIES AND AWARDS:

Awards for highest scores, longest
DX, most equipment combinations,
oldest equipment, and “unusual
achievements.” Send logs, comments,
pictures, etc., to Stu Stephens K8SJ,
2386 Queenston Road, Cleveland
Heights OH 44118. Include an SASE
for a copy of the Classic Radio News-
letter.

CALIFORNIA QSO PARTY
Starts: 1800 GMT Saturday,
October 1;

Ends: 2400 GMT Sunday,
October 2

Sponsored by the Northern
California Contest Club. Of the 30
hour period, the maximum operating
time shall not exceed 24 hours. Times
on and off must be clearly marked in
the log, and each time off shall not be
less than 15 minutes. All amateur
bands may be used, and stations may
be worked once per band and mode.
Mobile or portable CA stations may
be worked in each new county on
each band and mode. CA stations may
work other CA stations.

EXCHANGE:
CA stations send consecutive QSO

numbers and county; others send QSO

number and state, province, or
country.
FREQUENCIES:

CW — 1805, 3560, 7060, 14060,
21060, 28060; SSB — 1815, 3895,
7230, 14280, 21355, 28560; Novice

3725, 7125, 21125, 28125. Try 10
meters on the hour and 15 meters on
the half hour between 1800 and 2200
GMT.

SCORING

Each QSO counts 2 points. CA
stations multiply QSO points by
number of states (including CA} plus
Canadian districts {8 max.). DX may
be worked for QSO points, but does
not count for multipliers. Non-CA
stations multiply QSO points by
number of CA counties worked (58
max.).

ENTRIES AND AWARDS:
Log information should include
date/time, band, mode, callsigns

worked, and exchanges sent/received.
Number each new multiplier as
worked. A summary sheet should be
included, showing your callsign, name,
address, number of QSOs per band,
total number of QSOs, total multi-
plier, claimed score, and indication of
whether single or multi-operator
entry. Summary sheets are available
from the NCCC. Certificates are
awarded to the highest scoring station
in each CA county, state, province,
and country. Portable stations must
make 20 QSOs minimum for county
certificate. There will be second and

third place awards if justified, as well
as special high score awards and a club
award for highest aggregate score. All
entries must be sent to the NCCC, c/o
Lew Jenkins N6VV, 1750 Eucalyptus
Ct., Concord CA 94521, and must be
postmarked not later than Oct. 31st.
Please include a large business-size
SASE with each entry.

ZONE 29 AWARD

Issued by the West Australian
Division of the Wireless Institute of
Australia to amateurs and SWLs
worldwide for contacts with 25 sta-
tions located within zone 29. Contacts
may be on any amateur band or
mode, but must have been made after
January, 1952. The following endorse-
ments are available when the award is
issued as confirmation of following
special conditions:

{a) All 25 stations on one band only;
{b) All 25 stations on phone (SSB,
AM, FM, etc.);

{c) All 25 stations on CW;

{d) All 25 stations on one band and
all on phone;

{e) All 25 stations on one band and
all on CW;

{f) 25 stations heard by SWL listener,
in (a} to {e) above.

Confirmation in writing of all con-
tacts must be submitted to: The
Secretary, WIA (WA Division}, Box N.
1002, GPO, Perth, W.A. 6001,
Australia. Include $1 or 5 IRCs for
postage and handling.

Corrections

There is an error in the article ““The
Morse Clock,” July, 1977. The table
in Fig. 7, page 57, has an incorrect
value. The ROM contents for digit 1
should be “11110”, not “10000" as
indicated.

John Molnar WA3ETD
Executive Editor

There are several corrections to
“‘Super DVM,” starting on page 108 in
the August, 1977, issue. The zener
diodes in Fig. 4 are incorrectly
designated. The two diodes marked
“INT53" should be 6.2 V 1N753
diodes. In Fig. 3, the op amp is shown
with incorrect pinouts. The 100 pF
capacitor should be connected
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between pins 8 and 1, not between 8
and 7 as shown. The power should be
connected to pin 7. This pin is not
numbered in the figure. The photo-
graphs in “Super DVM" were taken
by Bert Mau.
John Molnar WA3ETD
Executive Editor

There's an error in my article,
Build A Multiplying Prescaler,” in
the July issue. Fig. 9(b) on p. 136
should show [C2 pins & and 8
grounded, as in Fig. 8.

J. H. Everhart K3JE/2
Lancaster PA

The balun transformer illustrated in
Fig. 4 of “Satellite Zapper,” on page
83 of our May issue, is in error. The
RG-58 coax cable indicated should in
reality be RG-59 or RG-11 cable. The
balun transformer requires 72 Ohm
cable to properly match the 300 Ohm
twinlead.

John Molnar WA3ETD
Executive Editor

The article “‘Inside The Bird,” by
Robert Bloom, July, 1977, made
several references to the term THRU-
LINETM on page 44. This term is a
registered trademark of Bird Elec-
tronic Corporation, Solon, Ohio, and

was incorrectly used without the
identifying trademark symbol.

There are also three errors in the
article: The resistor in Figs. 2 and 3
has to be on opposite sides of the
loop, not in the left leg. On page 45,
column one, the formula for [ is
missing @ minus sign, and in column
two, 12R is printed as “12R". The
correct formulas are: |, = -E;/Zq and
12R = IE.

John Moinar WA3ETD
Executive Editor

My letter to you dated 19 May
concerning the conversion of certain
SSB CB rigs to 10 meters contains a
rather foolish statement which | wish
to correct. | had said that using a
12.6685 MHz crystal in place of the
X4 value given in the table would
yield six additional frequencies be-
tween 28.6 and 28.8 MHz. This is
obviously erroneous: The suggested
change would indeed produce six fre-
quencies different from the original
crystal frequency, but no more of
them would be between 28.6 and 28.8
MHz with either crystal. My apologies

this was an admittedly stupid error
which | made due to trying to do the
math involved in the conversion at
0230 hours.

Those who are involved in the
Ten-Ten activities, and have no partic-
ular desire to operate in the DSB full
carrier mode, may be interested in the
following set of crystal frequencies.
When substituted for the high oscilla-
tor crystals in the Cobra 138A/138,
Midland 13895, or Pace 1000 CB

transceivers, they will produce 23
operating frequencies between 28.510
and 28.800 MHz. X1 — 12,5485 MHz;
X2 — 12.5585 MHz; X3 — 12.5685
MHz; X4 — 12.5885 MHz.

If you calculate the operating fre-
quencies obtained with the above, you
will note that all of them fall on
frequencies which are evenly divisible
by 10 kHz. Since approximately one
third of the existing Ten-Ten local
nets meet on frequencies which are
not evenly divisible by 10 kHz, you
may want to change one or more of
the crystal frequencies by a few kHz
to accommodate your local net.

I will repeat my earlier caution that
the ‘‘delta tune’’ controls on most
SSB CB radios swing both the trans-
mit and receive frequencies. This is
accomplished in the abovementioned
radios by a varactor diode which
operates in the high oscillator circuit.
My experience has been that the
maximum frequency swing with the
original components is on the order of
one kHz plus and minus. It may be
possible to increase this range by using
a different varactor, but | don‘t know
of anyone who has tried it.

Finally, a brief comment on
WA4MFT’'s 10 meter bandplan —
fooey! As far as I’'m concerned, we
already have enough bandplans on the
VHF and UHF bands without
encumpering the HF bands with them.
Some cooperation among 10 meter
AM ops is indeed necessary, but Ray’s
plan is just too structured for my
taste.

Stan Modjesky WB3CJI
Woodlawn MD



n Saturday, September

17, 1977, the FAAR-
OUT Airborne DXpedition
will take to the skies over
California and Nevada.
FAAR-OUT (Five Airborne
Amateurs Reaching OUT)
will provide a unique
opportunity for VHF/UHF/
microwave amateur operators
to participate in a unigue
experimental DXpedition. We
will fly a 1085 statute mile
route over a period of nearly
eight hours, operating on 4
bands and using several
modes of communications.
We will be seeking a maxi-
mum number of contacts on
all bands and modes, and will
be looking for real DX
stations, as well.

We expect to make con-
tacts with stations in high
locations, with good anten-
nas, and with other airborne
stations. For pilots who
would like to know our exact
flight plan, here ’tis: San Jose
V334 Sacramento V6N Reno
V105 Las Vegas. Lunch and
refuel at Las Vegas, then via
V21 Hector VOR, V12
Palmdale, V137 Priest VOR,
V485 San Jose. We plan to
fly the San Jose to Las Vegas
leg between 1600 GMT and
2000 GMT, and the Las
Vegas to San Jose return leg
between 2100 GMT and 0100
GMT. This timing may vary
up to an hour each, or either
way, and the exact times will
depend on the weather and
upon OSCAR orbits. The San
Jose-Las Vegas leg will be
flown at 11,500 feet, and the
return leg will be flown at
12,500 feet.

We will be operating on
the following bands and
modes: 146.52 MHz FM,
145.1 MHz SSB, 223.50 MHz
FM, 432.0 USB, 446.0 FM,
437.25 ATV, OSCAR Mode
B, and 1296.010 USB. At
present, the inclusion of ATV
equipment is contingent on
getting the equipment work-
ing in time, and the OSCAR
shot will be made if mode,
orbit, and antenna installa-
tions on the aircraft permit.

The following operators
will be operating the follow-
ing bands, etc.: 146.52 MHz

Alan Christian WA6YOB
PO Box 5314
San Jose CA 95150

A FAAR-OUT
DXpedition

-- airborne VHF and OSCAR!

FM — Dave WB6KHP, 40
Watts ERP; 145.1 MHz SSB

Ray WA6VAB, 40 Watts
PEP; 223.50 MHz FM — Brad
WAG6REE, 10 Watts ERP;
437.25 ATV (if aboard)
Ray WA6VAB, 40 Watts peak
video; 432.0 USB — Paul
WA6UAM, 40 Watts PEP;
446.0 FM — Alan WA6YOB,
10 Watts ERP; 1296.010 USB
— Paul WAG6UAM, power not
specified; OSCAR Mode B
Paul WAG6UAM, 40 Watts
PEP.

In addition, if other air-
borne amateurs wish to con-
tact us and find the QRM a
bit much, call Cessna
N1522Q on 122.90. We'll fit
you in. Please call the opera-
tor listed above for the partic-
ular band/mode yau will be
using. We are not planning to
use a single call for the
DXpedition.

In order to provide an
opportunity for as many
amateurs as possible to con-
tact us, we request that when
you call us, give your callsign

and wait for an acknowledge-
ment. Keep trying. There will
be QRM and our own self-
generated intermod for us to
contend with, so if we seem a
bit abrupt in acknowledging
your contact, please be
patient. Be sure to log it, too,
and we will QSL 100% of
verified contacts with a
specially-printed photo QSL
card for the expedition. We
will also QSL all SWL reports
that indicate that you have
copied our transmissions.

If conditions permit, we
are also going to try some
propagation experiments
within the California coastal
duct. If the duct appears to
be forming, or present during
the latter part of our flight,
we will be flying up and
down inside it, in an effort to
discover what atmospheric
phenomena may be related to
various modes of propagation
within it. If we locate the
duct, we will be operating
primarily on 145.1 and 432.0
SSB.

Anyone wishing to sched-
ule a contact or contacts with
us can send a note requesting
the desired schedule time and
frequency(ies) to: Alan
Christian WA6YOB, PO Box
5314, San Jose CA 95150.
We will reply by mail and will
make every effort to keep the
schedule.

The SSB and ATV anten-
nas will be horizontally polar-
ized, and the FM antennas
will be vertically polarized in
an effort to maximize con-
tacts.

If inclement weather on
the West Coast causes post-
ponement of the flight on the
17th, we will fly the expedi-
tion one week later on
September 24.

If you have any questions
about the DXpedition, please
feel free to write. We would
appreciate an enclosed SASE,
but we will answer all queries.
It seems advisable for stations
near our proposed coverage
limits to write and schedule
their contacts in advance. ®
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NEW!
FM144-10SXRII

B KDK

All Solid State-PLL digital synthesized — No Crystals to buy! 5KHz steps — 144-149
MHz-LED digital readout PLUS MARS-CAP.*

® 5SMHz Band Coverage — 1000 Channels (instead of the usual 2MHz to 4MHz —
400 to 800 Channels) e Priority Channel ® Audio Output 4 Watts e 15 Watts Output
® Unequaled Receiver Sensitivity and Selectivity — 15 POLE FILTER, MONOLITHIC
CRYSTAL FILTER AND AUTOMATIC TUNED RECEIVER FRONT END — COMPARE!!
® Superb Engineering and Superior Commercial Avionics Grade Quality and Con-

struction Second o None at ANY PRICE.

* FREQUENCY RANGE: Receive: 144.00 to
148.995 MHz, 5 KHz steps (1000 channels)
Transmit 144.00 to 148.995 MHz, 5 KHz steps
(1000 channels) + MARSCAP.*

* FULL DIGITAL READOUT: Six easy to read LED
digits provide direct frequency readout assuring
accurate and simple selection of operating
frequency
AIRCRAFT TYPE FREQUENCY SELECTOR: Large
and small coaxially mounted knobs select
100KHz and 10KHz steps respectively. Switches
click-stopped with a home position facilitate
frequency changing without need to view LED'S
while driving and provides the sightless amateur
with full Braille dial as standard equipment
FULL AUTOMATIC TUNING OF RECEIVER
FRONT END: DC output of PLL fed to varactor
diodes in all front end R-F tuned circuits provides
full sensitivity and optimum intermodulation
rejection over the entire band. No other amateur
unit at any price has this feature which is found in
only the most sophisticated and expensive
aircraft and commercial transceivers

TRUE FM: Not phase modulation for superb

emphasized hi-fi audio quality second to none

FULLY REGULATED INTEGRAL POWER

SUPPLIES: Operating volgate for all circuits, i e.,

12v, 9v and 5v have independently regulated

supplies. 12v regulator effective in keeping
engine alternator noises out and protects final
transistor from overload

.

.

.

SUMMER SPECIAL
FM144-10SXRII

*389
VALUE $599.00
Regulated AC/PS

Model FMPS-4R ... $49.00 E‘"‘-’-m' |

NEW! 6 METER FM50-10SXRII

Same specifications as above except transmit /receive: 51 00-53.995 MHz. 600 channels

* MONITOR LAMPS: 2 LED'S on front panel
indicate (1) incoming signal-channel busy, and
(2) un-lock condition of phase locked loop

* DUPLEX FREQUENCY OFFSET: 600KHz plus or
minus, 5KHz steps. Plus simplex, any frequency.

+ MODULAR COMMERCIAL GRADE CONSTRUC-
TION: 6 unitized modules eliminate stray
coupling and facilitate ease of maintenance.

* ACCESSORY SOCKET: Fully wired for touch-tone,
phone patch, and other accessories

* RECEIVE: .25 uv sensitivity. 15 pole filter as well
as monolithic crystal filter and automatic tuned
LC circuits provide superior skirt selectivity.

+ AUDIO QUTPUT: 4 WATTS. Built in speaker

*HIGH/LOW POWER OQUTPUT: 15 watts and 1
watt, switch selected. Low power may be adjusted
anywhere between 1 watt and 15 watts, fully
protected —short or open SWR.
PRIORITY CHANNEL: Instant selection by front
panel switch. Diode matrix may be owner re
programmed to any frequency (146.52

. provided)

* DUAL METER: Provides “S” reading on receive
and power out on transmit

* OTHER FEATURES:
Dynamic microphone, mobile mount, external
speaker jack, and much, much more. Size: 2% x
6% x 7%. All cords, plugs, fuses, mobile mount
microphone hanger, etc., included. Weight 5 ibs.

......

Introductory Price $389.00

ENCODER/
DECODER

SCI12A 12 CHANNELS
Introductory Price $119 00

DUAL TDNE

Touch-Tone

Pad

MODEL FMTP-1
$59.00

Manulactured by one of the world’s most distinguished Avionics manufacturers, Kyokuto Denshi Kaisha, Ltd.

et < 00
]

Telephone (305) 233-3631 » Telex: 51-5628
U.S. DISTRIBUTOR

First in the world with an all solid state 2 meter FM transceiver.

AMATEUR-WHOLESALE ELECTRONICS

8817 S.W. 129th Terrace, Miami, Florida 33176 PLEASE ORDER FROM YOUR LOCAL
DEALER OR DIRECT IF UNAVAILABLE. West: Consumer Communications, Inc.
DEALER INQUIRIES INVITED.

Regional Sales & Service Centers:
Northeast: Buzzards Bay Electronics
Buzzards Bay, Mass.

East: Sanford Communications, Inc.
Colonia, N.J

Seattle, Wash,




NEW
SIGMA
XR-3000D
LINEAR
AMPLIFIER

e $789 | NES

2 DAY AIR SHIPMENT ANYWHERE IN U S $35 ALASKA AND HAWAI| GHTLY HIGH

® FULL BAND COVERAGE 160-10 METERS INCLUDING MARS

® 2000+ WATTS P.E.P. SSB INPUT. 1000 WATTS INPUT CONTINUOUS DUTY, CW
RTTY & SSTV

e TWO EIMAC 3-500Z CONSERVATIVELY RATED FINALS

® ALL MAJOR HV AND OTHER CIRCUIT COMPONENTS MOUNTED ON SINGLE G-10
GLASS PLUG IN BOARD. HAVE A SERVICE PROBLEM? (VERY UNLIKELY) JUST -
UNPLUG BOARD AND SEND TO US )

* HEAVY DUTY COMMERCIAL GRADE QUALITY AND CONSTRuCTION SEconoTo | NEW AM/FM ANALYZER
NO OTHER UNIT AT ANY PRICE! SIGMA AF-250L

* WEIGHT: 90 Ibs. SIZE: 9%" (h) x 16" (w) x 15%" (d) INTRODUCTORY PRICE $199

FEATURES Deviation/Modulation Meter - FM: 0-20 KHz,

CUSTOM COMPUTER GRADE COMMERCIAL COMPONENTS, CAPACITORS. AND TUBE SOCKETS AM: 0-100%. Size: 5% (h) x 10%" (w) x 7%" (d)

MANUFACTURED ESPECIALLY FOR HIGH POWER USE—HEAVY DUTY 10KW SILVER PLATED Weight 7 Ibs. Frequency: 1.8MHz-520MHz

CERAMIC BAND SWITCHES ® SILVER PLATED COPPER TUBING TANK COIL ® HUGH 4" EASY TO

READ METERS—MEASURE PLATE CURRENT, HIGH VOLTAGE, GRID CURRENT, AND RELATIVE e o Ao

RF OUTPUT ® CONTINUOUS DUTY POWER SUPPLY BUILT IN ® STATE OF THE ART ZENER DIODE CALIBRATED WATT

STANDBY AND OPERATING BIAS PROVIDES REDUCED IDLING CURRENT AND GREATER METER & DUMMY LOAD

OUTPUT EFFICIENCY ® BUILT IN HUM FREE DC HEAVY DUTY ANTENNA CHANGE-OVER RELAYS PRICE $289. PLEASE

* AC INPUT 110V OR 220V AC, 50-60Hz ® TUNED INPUT CIRCUITS ® ALC-REAR PANEL

- -
@ “ -._ =
\ip V g

SIGMA RF-2000 SWR & POWER METER
Introductory Price $29 Cal PWR Scales 200W-2000W
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Richard R. Parry W9IF
38W255 Deerpath Road
Batavia IL 60510

So You Want
To Get Into RTTY?

-- “Call For Papers” winner

S 0 you want to get into
radioteletype? Congrat-

ulations, you made the right
decision. Radioteletype
(abbreviated RTTY) is the
most interesting, fascinating
and rewarding mode of
communication around
today.

The burgeoning of integra-

ted circuits over the last
decade and the rapid decrease
in the cost of these circuits
have made it easier than ever
before to get into RTTY at a
minimum cost. It is this pro-
liferation that has also aided
the development of RTTY
systems that were heretofore
impossible or impractical. For

example, how would you like
to be able to turn your
friend’s teleprinter on and
leave a message for him when
he gets home? You can do it;
it's called a selective calling
system. Or how would you
like to turn on a transmitter
thousands of miles away to
get an idea of current propa-

Photo 1. The author and friends. The basic RTTY equipment includes a Model 15 teleprinter,
an ST-6 demodulator, and an AFSK modulator. The amenities include an electronic keyboard,
a CRT RTTY tuning indicator; a UT-4 for signal regeneration and electronic speed conversion,; a
digital date, time, and message generator for the Selcal and W-R-U system; and a cassette tape
recorder for storing and transmitting data. (Photo by Anthony R. Donaldson.)
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gation conditions? No
problem. If the other station
has an answer-back system,
all you need do is type the
station’s access code. The
transmitter is then auto-
matically turned on and a
short message is broadcast. If
you are of an artistic bent,
exchanging RTTY pictures
should fulfill your desires. If
you enjoy music, composing
songs to be played on the
teleprinter will prove fascinat-
ing. If building is your bag,
you have come to the right
place. While commercial
equipment is available, build-
ing your own equipment
should prove rewarding, not
to mention the pecuniary
savings. If contests are your
main interest, RTTY has
many throughout the vyear.
You say collecting award
certificates is your thing?
Then try working all states or
all continents on RTTY for a
challenge. If you like to rag
chew, you have come to the
right place.

RTTY is a very relaxing
way to communicate. Since
the conversation is printed on
paper, you can go gel that
cup of coffee or glass of soda
pop while the other feilow is
talking without missing any
of the conversation. It is also
possible to start answering
the other fellow while he is
still talking by punching your
message into paper tape.
When the other fellow is
finished transmitting, you can
send your prepared message
back.

If you want to keep
informed on different aspects
of ham radio, W1 AW broad-
casts RTTY bulletins daily.
Information on OSCAR
crossings, propagation, and
general comments about ham
radio are given. You say you
like to keep abreast of the
news and weather? No prob-
lem. Many commercial
stations such as the Associat-
ed Press broadcast news
bulletins throughout the day.
Other commercial stations
broadcast weather conditions.
This type of information
could be most useful during
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the tornado or hurricane

season.

If you are technically
oriented, the flexibility of
RTTY should interest you.
Many amateurs are connect-
ing microcomputers to their
stations. With one of these,
you are only limited by your
imagination. You say you
don’t like the dampened roar
of a teleprinter? Then an
elegant video display is just
what the doctor ordered. If
any of these facets of RTTY
intrigues you, then read on,
and welcome to the wonder-

ful world of RTTY.

While the history of tele-
printers goes back to as early
as 1906, when the first
American teletypewriter was
invented, amateur use of tele-
typewriters is relatively new.
Amateurs were involved in
radioteletype as early as
1946. But it was not until
1953, when the FCC removed
certain restrictions on
amateur radioteletype, that
the field of amateur RTTY
really began to grow.

The amenities of RTTY
are indeed myriad, but let's

Photo 2. The Teletype Model 28 ASR shown here is a highly
respected and sought-after machine. The unit includes a
keyboard, a page printer, tape reader, tape punch, and a stunt
box for adding special control functions. The Model 28 is built
for heavy duty, 24 hour per day operation and easily operates
at 100 wpm. Unlike the Model 15, the Model 28 is still
manufactured by the Teletype Corporation. (Photo courtesy

of the Teletype Corporation.)
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Fig. 2. The Local loop.

get down to basics. There are
actually only three compo-
nents necessary to get a
RTTY station on the air — a
teleprinter, a modulator, and
a demodulator. Fig. 1 shows
these three basic components
and their interconnection in a
typical RTTY station.

PART 1
THE BASICS

The Teleprinter

Before getting involved in
the technical aspects of tele-
printers, a clarification of the
word teleprinter is in order.
A teleprinter is often wrongly
referred to as a ‘‘Teletype.”
Teletype is a registered trade-

mark of the Teletype Corpor-
ation. As such, it should
always be capitalized and
used as an adjective rather
than a noun. The name Tele-
type has come to be used
erroneously due to the popu-
larity of the Teletype Corpor-
ation products. There are,
however, other manufacturers
of teleprinters including
Kleinschmidt, Lorenz, Mite,
and ITT Creed. Therefore, to
be correct, | will use the word
teleprinter to describe this
family of machines.

At the heart of every
amateur RTTY station is the
teleprinter. The teleprinter is
quite similar to a typewriter.

Photo 3. The Model 32 ASR, shown here, is the newest model
teleprinter using the Baudot code manufactured by the
Teletype Corporation. The machine includes a paper tape
reader and punch shown on the upper left side in the photo.
(Photo courtesy of the Teletype Corporation.)
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Table 1.

However, in a typewriter

there is a mechanical linkage
between the key the typist
depresses and the arm that
comes up and strikes the
paper. This is not the case in
the teleprinter. The teleprint-
er consists of two virtually
separate units the typing
unit, and the keyboard. When
one depresses a character on
the keyboard, the keyboard
encodes the character as a
stream of pulses. The exact
coding will be discussed later
in greater detail, but at this
time it should be noted that
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The Baudot code. M = mark, S = space.

each character has a particu-
lar code much like the Morse
code.

The purpose of the typing
unit is to convert the stream
of pulses back into a mechan-
ical motion. Typically,
the keyboard is also wired to
the typing unit so that in
addition to sending pulses to
another machine, the pulses
are received and printed
locally.

Fig. 2 shows what is re-
ferred to as a local loop. With
this circuit configuration, it is
possible to type on the key-

NS S RN SN AN

PR R RN

board and obtain local copy.
Current is flowing in the
circuit until broken by the
operation of the keyboard.
The selector magnet senses
the current pulses and prints
the requested character.

The condition in which
current is flowing in the loop
is referred to as the “mark”
state. The ‘‘space’ state is
characterized by the absence
of current flowing in the
loop. With these marks and
spaces (current and no
current), it is possible to
make a code in which a par-
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Photo 4. The Hal Communications Corporation is the most popular manufacturer of amateur
RTTY equipment. Shown here is the ST-6000. Other demodulators manufactured by Hal
include the ST-5000, the ST-6, and the ST-5. Of particular note is that most of the Hal
products can be purchased already assembled or in Rit form, or, for those with a well-stocked
Jjunk box, individual components such as printed circuit boards are available. For more
information write Hal Communications Corporation, Box 365, Urbana, Illinois 61801 or call
217-367-7373. (Photo courtesy of Hal Communications Corporation. )
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ticular combination of marks
and spaces represents a partic-
ular character. We will discuss
this code in greater detail
later. The important concept
to grasp at this point is that
the keyboard and the typing
unit are separate and not
mechanically attached. In
fact, some teleprinters do not
have a keyboard at ali, such
as the Model 28RO. The RO
indicates Receive Only. These
machines are used where only
one-way communication is
desired, such as in a commer-
cial newsroom.

While new teleprinters are
available from the Teletype
Corporation, the price is
rather high for the average
amateur. For this reason,
most amateurs use teleprint-
ers that have been retired
from commercial use. A tele-
printer may be obtained for
as little as $30. Hamfests or
advertisements in the amateur
radio magazines are good
sources for machines.

There are several models
of teleprinters that are
currently used in amateur
applications. However, Models
15 and 28 are the most
popular. These models are
called page printers. This
means the message is printed
on a continuous roll of paper
rather than a narrow paper
strip. The paper tape printer
is virtually gone from ama
teur use.

The Code

Before we get into the two
remaining basic units of the
RTTY station, the modulator
and the demodulator, we
must discuss the code used
for radioteletype communica-
tion.

The code used by the
teleprinter is similar in nature
to the Morse code. However,
where the Morse code uses
dots and dashes, the teleprint-
er code uses marks and
spaces. One important differ-
ence between the teleprinter
code and the Morse code is
the length of each basic
element or bit of .informa-
tion. For example, the length
of a dot or dash is determined
exclusively by the operator.



It would be difficult to design
equipment that would have
to copy correctly at all typing
speeds. Therefore, a special
teleprinter code, referred to
as- the Baudot code, is used.
This code was designed so
that each character contains
the same number of elements
or bits, and each element is of
a fixed duration. One other
important characteristic is
required of our teleprinter
code. When transmitting the
code, the receiving teleprinter
must be synchronized with
the transmitting teleprinter,
even though they may be
thousands of miles apart. To
accomplish this end, a start
pulse is added at the begin-
ning of the character, and a
stop pulse is added at the
end. These pulses are used to
insure synchronization of the
machines.

Table 1 shows the Baudot
code that is used by teleprint-
ers to communicate. All
elements of the code are 22
ms (22/1000 seconds) except
the stop pulse, whichis 31 ms.
Fig. 3 represents graphically a
teleprinter character. The
entire 7 bit word for this
character may be written as
SSMSMSM. Since the first
and last bits are the start and
stop bits respectively, the
character is reduced to the
following 5 bit code, SMSMS.
Referring to Table 1, we see
the character is the letter
“R"”, or the number ‘4”.
Why are there two possibili-
ties you ask? For those of a
mathmatical bent, you will
notice with a 5 bit code that
the maximum number of
combinations is 32
(25=2 x 2 x 2 x 2 x 2=32).
The alphabet and ten digits
require 36 (26+10) combina-
tions by themselves, and we
still haven't allowed for
punctuation and other special
functions. To obviate this
problem, the teleprinter is
equipped with a lower and
upper case character set. This
is analogous to the upper and
lower case of a modern
electric typewriter. However,
where the typewriter uses
“shift”” and ‘“‘unshift” to
control the case, the tele-

printer uses the “figures” and
“‘letters” command. The
upper case is attained by
depressing the figures key.
The teleprinter moves to the
lower case when the letters
key is depressed. Going back
to our example, if the tele-
printer is in the lower case
(letters), it will print the
letter ““R”. If a figures key
has been depressed previous-
ly, the teleprinter will be in
the upper case (figures) and
print the number “4”’.

Since each character is of a
finite duration, there must be
an upper limit to the number
of words that can be printed
in one minute. Adding the
duration of the 7 elements of
the code, we arrive at a total
time of 163 ms for each
character (see Fig. 3). Since
each character is 163 ms, the
number of characters that can
be printed in one minute is
368 (60 seconds/.163
seconds). One word is typical-
ly considered to be 5 letters
plus 1 space. Thus, the
number of words per minute
is equal to 61.3 (368/6). This
is then rounded off to 60. It
would be nice to. use
machines that operate at
higher speeds, but one should
remember that teleprinters
use mechanical parts that are
limited to relatively slow
speeds. Video display units
are obviously not mechanical
and hence are not limited to
such low speeds. Speeds of
several thousand words per
minute are not uncommon.
The 163 ms character length
sets the upper typing limit at
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Fig. 3. Graphic representation of the letter “R’’ or the number

1:4”

60 wpm (actually 61.3).
Since few amateurs are speed
typists, this does not usually
limit one’s typing speed.
While it is true that other
speeds are used, such as 67,
75, and 100 wpm, amateurs
use 60 wpm almost exclu-
sively.

It is important to note
that each and every character
is 163 ms no matter who is
typing or how fast. Contrast-
ing this with CW, even if all
operators sent CW at a
specific speed, each character
is of a different duration.
This is a characteristic
inherent in the Morse code.

We now know the code
that we must use to talk to
the teleprinter. Our next task
is to put these marks and
spaces in a form that can be
transmitted over the air. This
is the purpose of the modula-
tor.

The Modulator

Modulation refers to the
process of transmitting the
RTTY signal. Let's return

once again to our analogy
between CW and RTTY. CW
is transmitted by opening and
closing a telegraph key. Since

a telegraph key is nothing
more than a switch, and a
teleprinter’s keyboard is also
a switch, why don't we
substitute the keyboard
contacts for the telegraph
key? With this technique, the
mark may be thought of as
the transmitter’s ‘‘on”
condition, and the space the
transmitter’s “off”’ condition.
This is called make-and-break
keying and is sometimes used.
However, a problem arises
using this method. It occurs
while the transmitter is off.
Suppose a static crash occurs
during the space condition
(transmitter off); chances are
the static crash may be
misconstrued by the equip-
ment as a mark, when it is
really a space. The net out-
come under this method is
poor reliability, and thus a
wrong character may be
printed. We don’t have this
problem with CW because the
incredible machine, the brain,
can discriminate between a
static crash and a signal.

So now what do we do?
The answer is use frequency
shift keying (FSK). With this
method, the transmitter is on
during both the mark and
space states. If the transmitter

Photo 5. The Dovetron MPC-1000R is the Rolls Royce of terminal units. Some of the special
features of the unit are electronic speed conversion, signal regeneration, a character memory up
to 200 characters, error correction to erase misspelled words, Tee Dee inhibit, and variable
character rate. Front panel controls permit ‘‘signal’’ and “loop”’ speed selections of 60, 67, 75,
100 wpm Baudot and 110 baud ASCII. (Photo courtesy of Dovetron.)
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Photo 6. The TSR-500 is at the heart of all the special features of the Dovetron MPC-1000R
and may be purchased separately. The error correction circuit allows one to erase the last word
put in the memory by depressing a “‘blank” key. Information on this and other Dovetron
products may be obtained from Dovetron, 627 Fremont Ave., South Pasadena, California
91030 or phone 213-682-3705. (Photo courtesy of Dovetror.)

is on during both states, how
do we differentiate between
the two? Simple, we let the
transmitter transmit one fre-
quency during the mark
condition and transmit an-
other frequency during the
space condition. Thus, we are
shifting between two fre-
quencies, and hence the name,
frequency shift keying. The
difference between the two
frequencies is referred to as
the shift. While amateurs are
allowed to transmit RTTY
using any shift less than 900
Hz, the amateur fraternity
has settled down to two stan-
dards, 170 and 850 Hz shifts.
The 170 Hz shift is used
almost exclusively on the low
bands, while 850 Hz shift is
typically used on the VHF
bands.

Two methods are used to
shift the transmitter’s
frequency — carrier frequen-
cy shift keying (FSK), and
audio frequency shift keying
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(AFSK). With the first tech-
nique, the carrier frequency is
shifted by placing a capacitor
across the transmitter’s oscil-
lator tank circuit. This
capacitor is connected by the
contacts of the keyboard.
With the capacitor discon-
nected, the transmitter s
transmitting a mark signal.
When the capacitor is
connected by depressing a
key on the keyboard, the
transmitter’s frequency is
lowered, and this represents
the space condition. Typical-
ly, the keyboard is buffered
from the tank circuit because
the keyboard’s contacts can-
not efficiently control these
radio frequency signals, but
the idea of connecting a smali
capacitor for space and
disconnecting it for mark
remains unchanged.

With the second method,
audio frequency shift keying,
audio tones are generated
and fed directly into the

microphone jack of the trans-
mitter. For narrow shift, the

AFSK wunit generates
2125 and 2295 Hz signals
(2295 - 2125 = 170 Hz

shift). The 2125 Hz signal
denotes the mark signal and
the 2295 Hz signal represents
the space signal. When the
keyboard contacts are closed,
a 2125 Hz signal is fed into
the microphone jack. The
2295 Hz signal is generated
when the contacts are open.
Note that with this method,
the space frequency is higher
than the mark frequency.
When using carrier FSK, the
opposite is true; the mark
frequency is higher than the
space frequency. This
apparent contradiction can be
explained by noting that the
heterodyne system of genera-
ting a lower sideband signal
has the effect of flipping the
frequencies over. Therefore,
the final space frequency
generated by the transmitter

is indeed lower than the mark
frequency when using AFSK
as it is when FSK is used.

The AFSK method of
generating a RTTY signal
requires a stable audio genera-
tor. Its main advantage lies in
the ease of interfacing the
keyboard with the trans-
mitter. One need simply plug
the output of the generator
directly into the microphone
jack of the transmitter.

The Demodulator

At the receiving end, our
job is to decipher the tones
and reconstruct the informa-
tion in a form the teleprinter
can handle. There are basical-
ly two methods that are used
to differentiate between the
two tones. The old technique,
and still the most widely
used, involves demodulation
via two separate resonant LC
(inductor and capacitor) cir-
cuits. In the case of 170 Hz
shift, one LC resonant circuit
is tuned to pass the 2125 Hz
mark signal, and the other is
tuned to pass the 2295 Hz
space signal. These filter cir-
cuits, called discriminators,
pass only their respective
tones, mark or space, and
drastically attenuate all other
frequencies. Fig. 4 shows a
simplified diagram of this
type of demodulator. After
the two tones have been seg-
regated through the filtering
process, they are fed 10 a
stage called a slicer, which
drives the keying transistor.
When a mark signal is re-
ceived, the slicer turns the
transistor on, and we have a
closed loop. With a space
signal received, the slicer
turns the keying transistor off,
and we have an open loop.
Thus the keying transistor
acts as a switch. However,
more 1o the point, it is
simulating the keyboard
switch contacts of the station
transmitting.

A modernization of this
method employs active filters
to replace the passive LC
filters. The main advantage of
this technique comes from
the fact that fairly large
inductors (typically 88 mH)
are not required. Tuning the
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Fig. 4. Simplified circuit diagram of a RTTY demodulator

using passive filters.

active filters for the exact
frequency during calibration
is also simpler, since it
typically requires an adjust-
ment of a resistor rather than
the trial and error technique
used in trimming an LC filter
to the exact frequency.

The second method that is
used to demodulate a RTTY
signal uses a phase locked
loop (PLL) integrated circuit.
Despite its inferiority to the
method described above, it is
cheap and easy to build. As
such, it makes a great demod-
ulator to build to get on the
air in a hurry.

PART 2
THE AMENITIES

As previously stated, all
that one needs to geta RTTY
station on the air is a tele-
printer, a modulator, and a
demodulator. However,
several accessories may be
added to a station to really
increase the joy of RTTY and
operating ease. Amenities
available to the RTTY aficio-
nado include an electronic
keyboard, a vidio display,
tape distributor, tape reper-
forator, magnetic tape record-
er, a CRT RTTY tuning
indicator, a Selcal, and a
W-R-U answer-back system.

The Electronic Keyboard

Typing on a typical tele-
printer keyboard will require
some practice and patience,
especially if you are
accustomed to tlyping on a
modern electric typewriter.

Refering back to Table 1,
you can see that the alphabet
is printed if the typing unit is
in the lower case, and punc-

tuations and numbers are
printed if the typing unitis in
the upper case. Thus, typinga
station call or an address,
which contains both numbers
and letters, would require
extra operations to put the
teleprinter into the upper or
lower case as desired. An elec-
tronic keyboard, designed for
the Baudot code, automat-
ically inserts upper and lower
case commands to insure the
proper character is printed
without the operator directly
requesting the upper or lower
case.

An electronic keyboard
has other, more subtle,
advantages. In addition to
being attractive and quiet, the
action of the keys is much
smoother than a conventional
teleprinter keyboard. These
features decrease operator
fatigue and increase the ease
of operation.

The Video Display

For those who don’t like
the noise and maintenance of
a teleprinter, state of the art
technology has made video
displays possible. An old
black and white TV, coupled
with a video display interface
module, makes an attractive
display.

Two notes of caution.
Except for the Hal Corpora-
tion unit (see Photo 7), these
video display units require a
special code called ASCII.
ASCIl is the acronym for
USA Standard Code for
Information Interchange.
Therefore a unit capable of
translating the Baudot code
to ASCIl is required.

The second shortcoming
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Photo 7. The RVD-1005 visual display unit is the modern

answer to the teleprinter.

The unit accepts demodulated

Baudot signals at 60, 66, 75, and 100 wpm and displays the
information on 25 lines with 40 characters per line. (Photo
courtesy of Hal Communications Corporation.)

of a video display deals with
the maximum amount of
information that can be
displayed on the screen.
While the format of charac-
ters on the screen varies from
manufacturer to manufac-
turer, 1000 characters is
typical. This 1000 characters
may seem like a lot, but it
really isn’t. A typical QSO
consists of several thousand
characters. This means that
you cannot look back at the
content of a previous trans-
mission or leave the ham
shack for more than a few
minutes. Both are only slight
disadvantages, but, nonethe-
less, something to consider
before purchasing a video
display.

The Reperforator

If one wished to record a
message to be played back at
some later date, he would use
a reperforator. The reperfora-
tor records a message by
punching holes in a narrow
strip of paper tape. Messages
may be recorded either
locally, by typing on the local
keyboard, or straight off the
air. The Teletype Corporation
Model 14RO is areperforator
typically used by amateurs.
Of particular importance is
that once the paper tape has
been made, it may be trans-
mitted at full machine speed
(60 wpm), thus expediting

the transmission of informa-
tion. A tape reperforator is
used most often by amateurs
to make and record RTTY
pictures. More on this ex-
citing facet of RTTY later.

The Tape Distributor

The tape distributor is
used to read the punched
paper tape made on the tape
reperforator. The unit trans-
lates the holes in the tape
into pulses so that they may
be printed locally or sent to
another station. The Teletype
Corporation Modei 14TD isa
popular tape distributor used
extensively on the ham
bands.

The Magnetic Tape Recorder

Since the RTTY signals
sent to the demodulator are
in the audio range (2125 and
2295 Hz), why not record the
information on a magnetic
tape rather than on paper
tape? After all, a cassette
player is quieter, cheaper, and
more convenient than a
mechanical paper tape reper-
forator. The answer is that we
can do just that. In fact, this
technique is used extensively
by computer hobbyists to
record data. However, some
problems can arise. For
example, when wusing a
narrow shift (170 Hz), this
method becomes very
sensitive to fluctuations in
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Photo 8. Shown here is a small sampling of some of the RTTY pictures that are exchanged on
the ham bands. The small uncomplicated pictures require approximately 10 minutes to
reproduce at 60 wpm, while some of the large pictures with overlining can require an hour or
more. The RTTY Journal sponsors an annual RTTY art contest for those interested in this facet
of RTTY. The pictures were stored on the cassettes shown in the photo. (Photo by Anthony R.

Donaldson.)
the tape speed. The mark and
space tones will change

frequency as the tape player
changes speed. This problem
can be remedied by using a
high quality tape player with
a low wow and flutter specifi-
cation. There is still one
additional complication,
though. It would be difficult
to find two machines that
turn at exactly the same
speed. Therefore, the
cassettes could not be inter-
changed between machines.
Both problems are solved by
using a wider shift (850 Hz).
For a mark tone of 2125 Hz
to be misconstrued as a space
tone of 2975 Hz, the tape
player would have to be in
very poor shape indeed.
Photo 8 shows several RTTY
pictures, all of which have
been recorded on the cassette
tapes shown.

The CRT Tuning Indicator
Several methods for tuning
in a RTTY signal have been
tried over the years. However,
one of the oldest, and
perhaps the best, makes use
of a cathode ray tube (CRT).
The mark and space signals
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are depicted on the screen of
a small CRT (see Photos 4
and 5). The mark is typically
a line displayed horizontally,
and the space signal is a line
shown vertically. With such a
unit, the operator tunes the
receiver until the horizontal
and vertical lines are of maxi-
mum length.

The Selcal

The station equipped with
a selective calling (Selcal)
system can be turned on and
off by typing a predeter-
mined access code. While a
station may be programmed
for any access code, the
standard has become the use
of the last three letters of the
station's call. For example, if
your friend’s «call were
WI1lUV, typing the last three
characters of his call, UV, at
your station would turn on
the teleprinter at the station
of WI9IUV. You can now
leave a message. When you
are finished, typing four Ns
will shut your friend’s tele-
printer off. The four Ns at
the end of the message are a
universally accepted shut-
down code. Such a system is

a great way to keep in touch
with friends. Of particular
importance is that there is no
need for a person to be on
the premises. Therefore, the
equipment may be left
running continuously. | still
get a kick out of getting
home to a few notes sent by
friends. The distinct advan-
tage of this system is that
only notes addressed to you
are received. In an all-cail
system, you would receive
everyone’s notes.

The W-R-U

A W-R-U (who are you)
answer-back system is one
step beyond a Selcal system.
Leaving a note for a friend
can be a hit or miss affair
unless you are sure his equip-
ment is on. A W-R-U system
allows one to ascertain just
that. By typing a predeter-
mined access code, one can in
essence interrogate the
condition of the equipment.
Adding the three characters
figures, blank, and H after the
last three letters of the
station’s call has become the
customary code used to gain
access to the equipment. For

example, suppose you want
to leave a note for WIYPS,
but you are not sure if his
equipment is up and running.
To ascertain the condition of
the equipment, you would
type the six characters Y, P,
S, figures, blank, H. Typically,
the message sent after the
W-R-U is tripped has been
punched on paper tape and is
played back on a tape distrib-
utor. Having tripped the
W-R-U and, thus, confirmed
the status of the equipment,
you can now proceed as with
a Selcal system and leave a
note with the assurance the
note has been received.

PART 3
SOME UNIQUE ASPECTS
OF RTTY

For those of you who are

connoisseurs of art, you
should enjoy designing,
making, receiving, and

sending RTTY pictures. The
number and kinds are truly
prodigious, ranging from
angels to nudes. Making a
RTTY picture requires a
reperforator (paper tape
puncher) and a tape distribu-
tor (paper tape reader). For
those wishing more informa-
tion on this fascinating aspect
of amateur RTTY, consult
any of the RTTY handbooks
listed in the annotated bibli-
ography.

RTTY Music

I got home late one night
during the Christmas season
and thought | would listen to
a RTTY QSO or two before
retiring. Instead of hearing
the customary clatter of old
faithful (my Model 15), my
ears were treated to a chorus
of Jingle Bells followed by
Noe! and other Christmas
favorites. This aspect of
RTTY makes use of a tape
distributor and tape reperfor-
ator. Instead of printing a
character, the bell of the tele-
printer is actuated in time to
the melody.

Conclusion

It has been the purpose of
this article to give the reader



an introduction to the fasci-
nating world of RTTY and to
whet his appitite. For those
wishing to pursue this mode
of communication further, |
have accumulated an annota-
ted bibliography listing books
and articles to read for
further information on this
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ANNOTATED BIBLIOGRAPHY

Periodicals and Books Devoted to
Radioteletype

American Radio Relay
League. Specialized Communica-
tions Techniques for the Radio
Amateur. Newington, Conn., The
American Radio Relay League,

Only a portion of this book is
devoted to radioteletype. Other
topics include slow scan tele
vision, facsimile, and space
communication. However, the
approximately 70 pages that are
devoted to radioteletype are well
filled with useful information. |
recommend this book highly.
RTTY Journal. Beginners RTTY
Handbook. RTTY Journal, 1975,

least, this is it. As the title indi-
cates, the handbook is designed
specifically for the beginner. |
find it an excellent reference
book and recommend it highly.
Send $2.50 to RTTY Journal, PO
Box RY, Cardiff-by-the-Sea CA
92007.

RTTY Journal
This short but useful periodi-

subject. Good

AFSK

Answer-Back
(W-R-U) System

Autostart
(All-Call) System

ASCII

Baud

Baudot

Oiscriminator

FIFO

FSK

KB
KOX

Local Loop

and 1975.

If you want the most for the cal is devoted exclusively

GLOSSARY

Abbreviation for audio frequency
shift keying. With this method of
modulation, two tones {mark = 2125
Hz, space = 2295 Hz) are fed directly
into the microphone jack of the
transmitter,

A system capable of being remotely
controlled by another station. When
tripped by a unigue access code, a
short predetermined message is
broadcast.

An autostart circuit may be thought
of as a squelch circuit. If an authentic
RTTY signal is detected, the tele
printer motor is turned on and the
message is printed. Unlike a selective
calling system that turns the tele
printer on only when a particular
access code is received, autostart
circuits act as an all-call system and,
thus, print any RTTY signal. The
cessation of the RTTY signal causes
the teleprinter motor to turn off.
Acronym for the USA Standard Code
for Information Interchange. At
present, this code cannot be used on
the amateur bands without special
FCC permission. Unlike the 5 level
Baudot code, this is a 7 level code
used extensively in the electronics
industry.

The basic unit of speed derived from
the duration of the shortest code
element. For 60 wpm operation, the
baud rate is 45.45 {1/22 ms).

The code used by amateur RTTY
stations to exchange information. It
is a 5 level code plus one start and
one stop bit.

A discriminator, as used in RTTY
circuits, consists of a filter, either
passive or active, to pass one fre
quency and discriminate against all
others.

Acronym for first-in/firstout. A
special integrated circuit memory
device that will accept parallel data
and retransmit it on a first-in, first-
out basis.

Abbreviation for frequency shift
keying. With this method of modu-
lation, the frequency of the trans
mitter’s crystal or vfo is shifted.
Abbreviation for keyboard.

Acronym for keyboard operated
transmission. A station equipped
with a KOX system can turn on the
transmitter and turn off the receiver
simply by typing on the station’s
keyboard. When the operator ceases
typing, the transmitter automatically
turns off, and the receiver turns on
after some preset delay.

The circuit containing a power
source, the selector magnets and a
keyboard. This connection allows

Mark

Modem

PLL

RTTY

Selcal

Selector

Magnet

Shift

Space

Stunt Box

Tape Distributor
Tape Reperforator

TU

UART

W-R-U

local copy on the teleprinter (see Fig.
2).

In RTTY applications, the mark is
one of two states. The mark con-
dition is characterized by a closed
circuit. The space, the other state, is
characterized by an open circuit con-
dition.

Acronym for modulator, demodu-
lator. A modem is typically used in a
system where tones are transmitted
and received over telephone lines. it
may be thought of as the equivalent
to a RTTY station’s terminal unit.

Abbreviation for a phase tocked loop.
A PLL integrated circuit can be
employed in a RTTY demodulator to
discriminate between the mark and
space tones.

Abbreviation for radioteletype. Often
pronounced ‘ritty.”

Acronym for selective calling system.
This system allows the teleprinter to
be remotely controlled by a unigue
code.

An electromagnet that senses current
flowing in the local loop and picks a
character to be printed in response to
the current pulises.

The difference between the mark and
space frequencies. For example, if
the mark frequency is 2125 Hz and
the space frequency is 2295 Hz, the
difference of 170 Hz is referred to as
the shift. The 170 and 850 Hz shifts
have become two widely used stan-
dards.

One of two states describing the
condition of a teleprinter’s loop. The
space is characterized by an open
loop condition. The mark state
indicates a closed loop.

A mechanical unit that allows the
operator to add control features to
the teleprinter; for example, an auto-
matic ‘‘non-overline’” control
which prevents printing over a
message already typed. Controlling a
remote device is another use for the
stunt box.

A machine that reads prerecorded
paper tape.

A device that records data by punch-
ing holes in a paper tape.
Abbreviation for terminal unit. This
is the RTTY equivalent to a modem.
It contains a modulator, demodu-
lator, and loop power supply.
Acronym for universal asynchronous
receiver transmitter. A sophisticated
integrated circuit that accepts serial
data and retransmits it as paraliel
data and vice versa.

Abbreviation for who are you. See
Answer-Back system.

to
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amateur radioteletype. To
subscribe send $3.50 to RTTY
Journal, P.O. Box RY, Cardiff-
by-the-Sea CA 92007. Price
differs outside the U.S., Canada,
and Mexico.

73 RTTY Handbook

There are two RTTY hand-
books, both of which are, or have
been, distributed by 73. The old
RTTY handbook, while probably
a fine book several years ago, is
currently outdated. Being aware
of this shortcoming, 73 has re-
cently released a new handbook
called, appropriately enough, The
New RTTY Handbook.

Teleprinters
McNatt, M.S. "A Guide to Baudot

Machines: Part 1, Description of
Available Devices,”” Byte, April
1977, p. 12.

An excellent, interesting, and
succinct article describing many
of the Teletype Corporation
machines {i.e., Models 11, 12, 14,
15, 19, 20, 26, 28, 29, 31, 32, 33,
35, 37, 38, and 40). On page 158
of this article is a list of sources
for Baudot equipment.

Modulators
Roos, J.C. "Universal AFSK
Generator,’”” 73, July 1974, p. 37.
This article describes a RTTY
modulator using the AFSK
method of modulation. The unit
is somewhat advanced for the
beginner, but it does a very nice
job. This is the modulator | have
been using for several years, and |
can speak highly of its effective-
ness and reliability.

Demodulators

Grossman, B., and John S. Reid.
"'Building the Safari RTTY
Terminal,”” 73, August 1976, p.
122.

Unlike most demodulators
that use passive filters {inductor
and capacitor) to discriminate
between the mark and space
frequencies, this unit uses active
filters. Inherent in active filters is

their ease of calibration. A resis-
tor is used to trim the filter to the
exact frequency, rather than the

iterative method wused in LC
filters.
Hoff, I. M. “"The Mainline ST-6

RTTY Demodulator,”
Radio, January 1971, p. 6.

The author, lrvin Hoff, has
probably done more for RTTY
within the last 15 years than any
other RTTY aficionado. He is
responsible for many demodula-
tors, of which this article
describes the most advanced. This
unit has become a standard of
excellence in the RTTY
community. For the amateur who
is earnest about RTTY, this is the
demodulator to get.

Joffe, A.S. "Ridiculously Simple
RTTY System,” 73, September
1976, p. 70. For those who want
to get on RTTY in a hurry, this is
the article you want. The demod-
ulator, while lacking sophistica-
tion, works, and you can’t argue
with success.

Stinnette, N. “Phase Locked
Loop RTTY Terminal Unit,”
Ham Radio, February 1975, p.

Ham

This article describes a simple
demodulator using the phase
locked loop principle. This is
probably the best demodulator
for the neophyte to RTTY since
it is cheap and simple.

Selcal, Answer-Back, and Related
Equipment

Kelly, B. ""Monitor Receiver for
RTTY Autostart,’”” Ham
Radio, December 1972, p. 27.
This article describes a fixed fre-
quency receiver for the RTTY
aficionado interested in autostart
operation. Unattended autostart
operation requires more than just
a receiver with good sensitivity
and selectivity. It requires the
receiver to be ultrastable since, as
previously stated, the station is
unattended. For this reason, the
receiver described in this article is
crystal controlled.

Lichtenwalner, B.D. "The Com-
puter QSO Machine,”” 73, January
1976, p. 80.

TRAPS are quality-built

kw rated 4 or 5 band model
Copper weld equiv. to =12
cut to lenqth 1l7 feet

Check or MO to

MULTI-BAND ANTENNA TRAPS \

Having trouble finding air-space for an 80 meter dipole?
Restricted to 40 meters? Let PACE-TRAPS provide the
answer! Five-Band no<ompromise coverage in 105 feet! Four
bands n the same space as your 40 meter dipole' PACE
use proved, resonant circuits

$17.95 pr Stranded
handles like soft drawn
$6.50 + $1.00 UPS. Full
wstallation details provided. Use with or without a trans
match Shipped post-paid in USA. CT residents add 7% tax

BOX 234 Upland Rd.
PACE-TRAPS \yddiebury CT 06862
\ (203) 758-9228 (g

described in most hand-books and designed to make-up into S PL25Y UMF male $3.50
an all.band system Fow models available. NG-series 300 § SONY UKHF chassis
watt rated . 4 or § band model .., S14 95 pair FG series female $3.50

§ UGI7S/VU adaptor
S UGIT6/V adaptor
2 PL25YPO push-on

$1.20
$1.20

Aok
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P.O. BOX 101-A, DUMONT, N. J. 07628
RE & AUDIO CONNECTORS & ACCESSORIES S

SEND FOR FREE CATALOG siieiciclr

This unit is capable of sending
the time {(hours and minutes}, the
date (year, month, and day), a pre-
programmed message, and a CW
ID. This unit is typically used in
an answer-back system. When
tripped by an access code, the
time, date, message, and CW ID
are broadcast, indicating the
equipment is up and running.
Sanders, LW. “RTTY Autocall —
the Digital Way,” 73, February
1976, p. 76.

This article describes a selec-
tive calling unit (Selcal). Of
particular note is that the unit
uses integrated circuits rather
than a mechanical stunt box.

Advanced Projects

Guthrie, R.D. ‘“ASCII/Baudot
with a PROM,”” 73, June 1976, p.
114.

There are many commercial
video display units on the market
for those who don’t like the
clatter of a teleprinter. Unfortu-
nately, these commercial units are
geared for the computer hobbyist
and, as such, accept only the
ASCI| code. This article describes
a circuit that will convert the
Baudot code to ASCI!, so an
amateur RTTY station can use
one of the commercially manu-
factured video display units.

Hoff, I.M. "The Mainline UT-4,”
RTTY Journal, February, March,
April, May 1974.

This series of articles describes
the UT-4 which is a UART/FIFO
combination capable of regenerat-
ing the received signal and elec-
tronic speed conversion. It's an
advanced project but most worth-
while to the serious RTTY
aficionado.

Hutton, L.1. “"Build This Exciting
New TVT,” 73, March 1976, p.
76.

This article describes two
projects. The first is a home brew
electronic keyboard that
generates the Baudot code. The
second portion of the article
describes a Baudot to ASCII con-

verter and a TVT character
generator
Levy, S.P. “A Morse to RTTY

Converter,”
106.

If you like sending CW but not
receiving, this article is for you.
The circuit makes use of a micro-
processor to convert CW to ASCII
or Baudot. It sure would be nice
to have the next time you have to
take a code test at the FCC.
Mooring, E.E. ""Phase-Shift RTTY

73, June 1976, p.

Monitor Scope,”” Ham Radio,
August 1972, p. 36.
There are many different

methods that one can use to tune
in a RTTY signal properly. This
unit uses the phase shift method
and a CRT display. This tech-
nique is superior to most other
methods, since the CRT display
gives a great deal of information.
It is possible to tell at a glance if
the other station is transmitting
wide or narrow shift, if the mark
and space signals are reversed, and
much, much more. This is a nice
amenity to add once you have a
station running.

Miscellaneous

Alexander, D. ""The First Com-
puter-Controlled Ham Station,”
73, August 1976, p. 82.

This very interesting article
describes the amateur RTTY sta-
tion of the grand prize winner at
the 1976 Altair Computer Con-
vention. If you want to get some
idea of the flexibility of a com-
putercontrolled amateur RTTY
station, this article is for you.
Brehm, R.C. "“RTTY Goes
Modern,” 73, February 1977, p.
82.

This article is a must for the
beginner who wants to know the
history of amateur RTTY. The
author concludes with a prognosis
for RTTY and its ever increasing
comradeship with microproces-
sors.

Green, W. “Thirty Years of Ham
RTTY,” 73, November 1976, p.
110.

An interesting article describ-
ing the history of amateur RTTY
and is by one who was around
during its infancy. Also included
are pictures of antigue RTTY
gear.

2 MIS9 UKF right

angle adaptor $3.2§
| UG224/U UMF splice $2.4§
| UG343/U UHF splice $2.75
3 UG260/U BNC male $2.70
3 UGI0%4/U BNC

UHF male $2.25 'c:asils female $2.40 Bank Americard Master Charge
2 PL258 UMF splice $2.10 1 Lightning Arrestor io & 1
| M358 UMF " $280  inline’ UHF $2.26 FR Ec Py <> bt {
ALL ITEMS POSTPAID — NO €C.O.D.'s )

@ Swamn's $S141

@KENWOOD ‘S TR7400A
g VAESU'S FT3010

252 Patton Ave.,Asheville,N.C. 28801
PHONE: (704) 254-9551 F3

Call for competitive orices!




e Phase lock-loop (PLL) oscillator circuit minimizes
unwanted spurious responses

Hybrid Digital Frequency Presentation

Advanced Saolid-state design...only 3 tubes
Built-in AC and 12 VDC power supplies

CW filter standard equipment...not an accessory.
Rugged 6146-B final amplifier tubes

Cooling tan standard equipment...not an accessory
High performance noise-blanker is standard
equipment...not an accessory

Built-in VOX and semi-break in CW keying
Crystal Calibrator and WWV receiving capability.
Microphone provided.

Dual RIT control allows both broad and narrow
tuning

e All band 80 through 10 meter coverage.

931 N. Euclid, Anaheim, Calif. 92801

Butler, Missouri 64730

...an accepted and prove

t‘?.‘.:‘.’."

nDerformer

Multi-mode USB, LSB, CW and AM operation

e Extraordinary receiver sensitivity (.3u S/N 10 db)

and oscillator stability (100 Hz 30 min. after warm-up)
Fixed channel crystal control on two available
positions

RF Attenuator.

Adjustable ALC action

Phone patch in and out jacks.

Separate PTT jack for foot switch.

Built-in speaker.

The TEMPO 2020...$759.00
Model 8120 external speaker..
remote VFO...$139.00

.$29.95. Model 8¢10

Send for descriptive information on this fine new transceiver
or on the time proven Tempo ONE transceiver which
continues to offer reliable, low cost performance.

AVAILABLE AT SELECT DEALERS THROUGHQUT THE U.S

Henry il

11240 W. Olympic Blvd., Los Angeles, Calif. 90064 213/477-6701

714/772-9200
816/679-3127

Prices subject to change without notice. H3
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Peter A. Stark K20AW
PO Box 209
Mt. Kisco NY 10549

Design

An Active RTTY Filter

- - eliminate CW QRM and noise

his project started

several months ago
when | became interested in
RTTY and bought a copy of
the ARRL’s Specialized
Communications Techniques
to learn something about
RTTY demodulators. But |
couldn’t guite see why, in
this day and age, anyone in
his right mind would want to
build RTTY equipment with
tubes. It seemed antediluvian.

The next thought was that
perhaps the LC filters used in
most current demodulators
could be replaced by active

filters. An active filter is
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made with an operational
amplifier 1C such as the
popular 741, plus a few re-
sistors and capacitors.
Though it has no inductor, it
can be tuned just like an LC
filter can. It’s used in the
same way and does the same
job. Aside from lacking an
inductance, the active filter
has one big advantage its
resonant frequency and its Q
can easily be adjusted with
potentiometers. A con-
ventional LC filter requires
removing turns from a toroid
and/or hand-picking capa-
citors to find one with just
the right value.
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Fig. . Simple bandpass filter response curve.
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In this article you will find
not only several filters useful
for RTTY, but also a com-
plete description of how they
were designed. Following
these simple steps you could
design other useful filters as
well.

This

description will

concentrate on bandpass
filters. In a good RTTY
demodulator, a bandpass

filter is used at the input to
separate the desired RTTY
tones from noise and QRM.
This filter has to have fairly
constant gain throughout the
middle of its passband so that
all needed RTTY information
can pass through without
distortion. But to reject the
most QRM its response
should drop quite fast to
either side of the desired
frequency range. This is a
fairly tall order for a filter
and usually requires the use
of three 88 mH toroids and a
batch of capacitors which are
very carefully chosen. With
active filters the three toroid
filter stages are replaced
instead with three op amp
filter stages. Separate filters

are used for receiving 170 Hz
shift and 850 Hz shift RTTY
signals.

in case your knowledge of
filters needs a little brushing
up, the following discussion
will help bring you up to date
and also explain why three
stages of filtering are needed.

Single-Stage Filters

The frequency response of
a one stage bandpass filter is
shown in Fig. 1. This partic-
ular filter is resonant at 3000
Hz and has a bandwidth of
400 Hz. This means that the
peak in the response curve is
at 3000 Hz. This is the fre-
quency where the filter has a
maximum gain.

The bandwidth s
measured by noting those
frequencies where the gain
drops to 70% of its maximum
value. In terms of decibels,
this is equivalent to a loss
of 3 dB gain from its maxi-
mum value at the top. For
the sake of simplicity, the
gain at the top is usually
defined as O dB, in which case
the gain at the 70% points is
-3 dB. The two frequencies
where this occurs (see the
plot) are 2800 and 3200 Hz.
Since the difference between
them is 400 Hz, we say that
the bandwidth is 400 Hz.
Sometimes, just to be precise,
we say that “the 3 dB band-
width is 400 Hz.”

The *‘quality” of a band-
pass filter is judged by how
narrow the bandpass is in
relation to the center fre-
quency. This “quality factor”
is called Q, and is defined as
Q resonant frequency/
bandwidth. In this case, the Q
is 3000/400 or 7.5, while
typical Qs range from 2 or 3
up into the hundreds in some
cases.

If you know the resonant
frequency and the Q of a
filter circuit, it is easy to
draw an approximate
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Fig. 2. Simple LC bandpass
filter.



100 Hz away {2900 and 3100} the response is -1dB
200 Hz away {2800 and 3200)  the response is -3dB
400 Hz away {2600 and 3400)  the response is -7dB
800 Hz away {2200 and 3800}  the response is -12dB
Table 1.
response curve. First, you two-pole filter.

use: bandwidth = resonant
frequency/Q to solve for the
bandwidth. Then you assume
that the bandwidth of the
filter is centered evenly
around the resonant fre-
guency. (This is usually not
true, so you get a slight error
when you do it) If you
divide the bandwidth by two,
this tells you how far to go
each side of the center
frequency to find the -3 dB
points. In this case the band-
width is 400 Hz, so you go
200 Hz each side of 3000 to
find the -3 dB points.

Other points on the curve
can be gotten if you remem-
ber that halfway to the -3 dB
point the response is at -1 dB,
while twice as far away the
response is at -7 dB, and four
times as far as the -3 dB point
the curve is at -12 dB.

In the example of Fig. 1,
this works as shown in Table
1, using the center frequency
of 3000 Hz as the reference.

Simple filters of this type
have a curve which falls off 6
dB for every octave. What
that means in this case is that
each time you double the
distance from the peak the
response would drop by
another 6 dB. Hence 1600 Hz
away the response would be
at -18 dB, 3200 Hz away it
would be at -24 dB and so on.
Most practical filters, how-
ever, completely stop dc and
very low frequencies. As a
result their response curve
drops much faster for the low
frequencies, and much slower
for high frequencies than the
above would make you think.
Nevertheless, the above
calculations are useful for
high Q filters as long as we do
not get too far away from the
center frequency.

Bandpass responses such as
Fig. 1 can be approximated
by simple LC filters such as
the one in Fig. 2. Because this
filter has two reactive
elements — one inductor and
one capacitor — it is called a

Two-pole filters can also
be built with op amps as
shown in Fig. 3. Many differ-
ent kinds of op amps can be
used with just minor changes
in biasing. My favorite
happens to be the 741, so
that is what is shown here.
Because it has two reactive
elements — both capacitors —
such a filter is also called a
two-pole filter. (In many
cases there may be more
capacitors used for bypassing
or coupling. These are not
part of the filtering action
and don’t count toward the
number of poles. If in doubt,
check whether changing a
capacitor’s value changes the
resonant frequency or the Q.
If it does, then the capacitor
counts as a pole.)

The circuit of Fig. 3(a)
uses only one op amp, and is
usable only for Qs less than
10. The component values are
easy to find from the fol-
lowing equations. Given the
resonant frequency f, the Q,
and the desired gain G,
choose a convenient value of
capacitance C. For typical
audio filters C is often 0.01
or 0.1 uF. Then,

Rl = oo
27 1GC
(P —
(202-G) 2 fC
_ 20
RS = 5%
R4 = R3

where 7 = 3.14. The value for
R2 is the exact value assum-
ing all the other components
have the exact values cal-
culated. Usually R2 is a pot
about twice the calculated
value, which is then used to
precisely set the resonant fre-
quency. Making R2 twice the
calculated size makes the
final setting come out about
midway in the pot rotation.

To get higher Qs requires
two op amps as shown in Fig.
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Fig. 3. Two-pole active bandpass filters. (a) Single op amp for
Q less than 10. (b) Two op amps for Q between 10 and 50.

3(b). This circuit works for
Qs in the range from 10 up to
about 50. Component values
for this circuit require a little
more work to calculate.

This circuit does not work
well for low gains. It is at its
best when the gain is some-
what greater than the square
root of Q. For instance, if the
filter is designed for a Q of
16, then the gain should be
greater than 4. Usually we
design for a gain several times
greater than that, perhaps in
the range from 8 to 20.

Once you have decided on
the values for the resonant
frequency f, the Q, the gain
G, and the capacitors C, the
following equations are used
to find the resistor values:

Q
R1=R3=R4=R5= ——
. . 22 fC
R2 = il
Q2.1 2 A
G Gva
G R1
R6 = 75
_ R5R6
7. R+ R6
rg - R1GVQ
201

While these equations look
quite complex, any calculator
will have them solved in a
very short time.

Assuming that the values
of the capacitors are exact
(which is unlikely), these

equations would give exact
values for all the resistors.
Usually, though, the capac-
itors will not be exactly the
values used in the calcu-
lations, and the resistors will
probably be the nearest
standard values rather than
the exact values found from
the equations. In this case the
circuit has to be adjusted to
give just the right center
frequency and the right Q.
The normal approach is to
make R2 and R8 pots of
about twice the calculated
value. R2 is then used to
adjust the center frequency
while R8 is used to adjust the
Q. There is a slight inter-
action between the two pots,

so you must repeat the
adjustment two or three
times.

When building active

filters you must use good
components. Do not use disk
capacitors, even for testing!
Every time you breathe on
them they change value with
the change in temperature.
Polystyrene or polycarbonate
capacitors are best, followed
by mylar or mica capacitors.
Also use good op amps.
741-type amps (which in-
clude the 1458, 5558 and
747) provide good perfor-
mance up to several kHz.
High frequency op amps may
be needed for higher fre-
quencies. | have had bad luck
using the LM3900. Its gain is
too low for reliable operation
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Fig. 4. Comparison of two-pole and four-pole filters.

in these circuits at the fre-
quencies used for RTTY.
Moreover, do not use dual or
quad op amps such as the
1458 or 5558 in the same
filter. Under some conditions
the internal coupling bet ween
two amps in the same IC will
produce strange results. It is
best to use single 741 ampli-
fiers.

Filters with Very Narrow
Bandpass

There are different ways
of building a narrow bandpass
filter. You can use one stage
of filtering with a high Q or
use several stages cascaded
(connected one after the
other) with lower Q. Both
approaches are often used.
Cascading LC filters require

(A}

(/)

(9]

Fig. 5. Effects of coupling (or
stagger tuning) on response of
bandpass filter. (a) Under
coupling. (b) Critical coupling
(Butterworth). (c) Over
coupling (Chebyshev).
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careful mathematical analysis,
since connecting LC filters
together causes them to load
cach other down. As a result
often the bandwidth gets
bigger rather than smaller.
Active filters, on the other
hand, can be connected
together without loading each
other because they generally
have a high input impedance
and a low output impedance.
Connecting several low Q
stages (wide bandwidth)
together really does narrow
down the bandwidth.

Although filters with a
very narrow bandpass are not
generally needed for RTTY,
it's useful to examine what
happens anyway. Fig. 4
shows the difference between
one high Q filter and two low
Q filters in cascade. Curve A
is for two cascaded filters,
both tuned to 3000 Hz and
a bandwidth of 150 Hz, while
the two together have a band-
width of only 96 Hz. Curve B
is a single filter with a Q of
31.2, which also has a 3 dB
bandwidth of 96 Hz.

Although the two sets of
filters have almost the same
response very close to 3000
Hz, they are very different far
away from 3000 Hz. The
single filter (Q = 31.2) is a
two-pole filter which, as we
mentioned earlier, results in
the response dropping 6 dB
each time we double the
distance away from the
center frequency. For ex-
ample, at 3200 Hz the
response is about -12 dB,
while at 3400 Hz it is about
-18 dB.

Combining two filters as in

curve A makes this a four-
pole filter whose response
falls off twice as fast, in this
case at 12 dB per octave. For
example, at 3200 Hz curve A
is at about -17 dB, while at
3400 Hz it is at about -29 dB.
We note that 3400 Hz is
twice as far from 3000 as
3200 is, and the gain is about
12 dB lower. From this
example we see that a four-
pole filter can be designed to
have the same bandwidth as
the two-pole filter, but its
response falls off much more
quickly to each side of the
center frequency. In the same
way, a six-pole or eight-pole
filter would have even steeper
sides to its response curve,
decreasing at 18 dB per
octave and 24 dB per octave,
respectively. When talking
about i-f amplifiers, we would
say that an eight-pole filter
has a better shape factor than
a two-pole, meaning that it
drops off faster. (You may
have noticed eight-pole or
ten-pole filters mentioned in
ads for 2 meter FM trans-
ceivers.)

Wide Bandpass RTTY Filters

A typical RTTY de-
modulator or TU for
Terminal Unit — needs several
filters for separating the
RTTY tones from noise and
also from each other. Two
common sets of frequencies
are used. The pair of 2125
and 2295 Hz is separated by
170 Hz and is used with 170
Hz shift, while the pair of
2125 and 2975 Hz is sepa-
rated by 850 Hz and is used
for 850 Hz shift. The first
filter in a good TU is used to
separate these tones from the
rest of the audio coming from
the receiver.

For use with 170 Hz shift,
the filter used is centered
about 2200 Hz, and usually
has a bandpass of about 260
Hz, which then extends from
about 2070 Hz to about 2330
Hz. This covers more than the
170 Hz difference between
the tones, and is necessary to
allow reception of some of
the audio sidebands produced
by keying as well as to allow
a small amount of drift.

For use with 850 Hz shift,
the filter used is centered
around 2550 Hz and usually
has a bandpass of about 1100
Hz, which then extends from
roughly 2000 Hz to about
3100 Hz.

In either case, we need a
filter which will give fairly
constant amplification over
the bandpass of 260 or 1100
Hz, while at the same time
providing a steep rolloff for
frequencies outside that
range. We find that a two-
pole filter could give the wide
bandpass, but that its re-
sponse would not fall steeply
enough outside the range 1o
reduce QRM to an acceptable
level. What we need is a
multiple pole filter which will
have steep skirts — response
whose sides fall off very fast.
Most of the filters used for
this purpose are six-pole
designs dating back to a series
of articles in QST and in the
RTTY Journal, written by
Irvin Hoff K8DKC/W6FFC.
Each of these filters uses
three parallel-tuned LC
circuits which are critically
coupled to each other. Each
of the LC circuits provides
two poles, for a total of six.

As shown in Fig. 4,
cascading several bandpass
filter stages gives steeper

response skirts but still results
in a rounded top. As it turns
out, if a six-pole filter were
built out of three two-pole
stages all tuned to the same
frequency, it would be
impossible to get both steep
skirts and a wide enough top
to pass the entire bandpass
without seriously dropping
off at the edges. In order to
get a good enough response
curve, it is necessary to
stagger-tune the three filters
so that each stage emphasizes
a different part of the band-
pass. In this way the top of
the bandpass curve is spread
out and flattened, while the
steep skirts are retained.

The original Irv  Hoff
filters all did this by properly
coupling the three LC
resonant circuits. As the old-
timers will remember, all the
old electronics books dis-
cussed what happens when



the tuned primary of an i-f
transformer is overcoupled to
the tuned secondary. The top
of the i-f response curve
flattens out and in extreme
cases develops a dip in the
middle. (You don’t read
about this much in modern
books because modern i-f
transformers tend to have
only one tuned winding.)
Anyway, Irv Hoff’s designs
did just that by coupling
the three LC circuits he was
able to broaden out the
response curve so that it had
a fairly flat top with steep
sides. Fig. 5 shows the effect
of coupling on two LC cir-
cuits. When they are under-
coupled, as at (a), the
response is sharp and thin
with a smoothly rounded top.
With critical coupling (b) the
top flattens out, while with

overcoupling (c) the top
acquires a dip. Many old
electronics textbooks had
curves just like these.

With active filters, the
separate filter stages in
cascade are completely

independent of each other so
there is no such thing as
overcoupling. Instead, the
same effect can be achieved
by stagger-tuning the stages
and by carefully adjusting
their Qs. When the overall
filter is adjusted so that the
top is as flat as possible, as in
Fig. 5(b), the filter is then
called a Butterworth filter. If

distort pulses like those of
RTTY, and so Butterworth
filters are used more
commonly. Hoff’s filters, as
well as those in the popular
ST-6 demodulator, are six-
pole Butterworth filters.

The correct design of a
Butterworth or Chebyshev
filter is very hard 1o do with
LC filters, but amazingly easy
to do with active filters
once you know how. It’s just
a matter of knowing how to
choose the center frequency
and Q of each filter stage.
The whole process can be
done with graph paper, a
compass, and a protractor in
a few minutes.

In the following example
we will design an input filter
for a 170 Hz shift RTTY
demodulator. As mentioned
earlier, we want a
Butterworth filter with a
center frequency of 2200 Hz
and a bandwidth of 260 Hz.

Start by getting some
graph paper with small
squares, a compass, and a

protractor. Along the bottom
of the graph paper, draw a
long horizontal line and label
it with frequencies so that the
center frequency of the filter
is somewhere near the center,
and the 3 dB bandwidth of
the filter is centered around
it. Make use of the graph
paper’s lines to evenly space
out the frequency steps, and
use graph paper with equal

it has one or more dips in it, size squares throughout.
as in Fig. 5(c), it is called a (Don’t use the log graph
Chebyshev filter. While the paper normally used for
Chebyshev generally has frequency response
steeper skirts than the diagrams.) See Fig. 6 for an
Butterworth, it tends to example of how to label the
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Fig. 6. Designing a Butterworth RTTY input filter for 170 Hz.

Correction Factor

FF {Degrees)
0 to 0.01 0
0.01 t0 0.025 1
0.025 t0 0.04 2
0.04 t0 0.06 3
0.06 to 0.08 4
0.08 to 0.1 5
0.1t00.11 6
0.11 10 0.13 U
0.131t0 0.15 8
0.1510 0.17 9
0.17 t0 0.19 10
Table 2.
line. have to decide how many

Now take your compass
and draw haif a circle cen-
tered on the center frequency
of the filter, with a diameter
exactly equal to the desired
bandwidth. This circle should
then touch the line exactly at
the lower 3 dB frequency
(2070 Hz in our example)
and also at the upper 3 dB
frequency (2330 Hz in our
example). If you were
designing a Chebyshev filter,
then instead of a circle you
would use an ellipse whose
height would depend on how
large the dips in the response
should be.

Now see Fig. 7. Depending
on the number of poles
needed, look at the appro-
priate drawingin Fig. 7 to see
the location of the dots. In
this case we want to duplicate
the performance of the Hoff
filter in the ST-6 demodu-
lator, so we will use a six-pole
filter. (Usually, you would

BUTTERWORTH

o e \ FOUR-POLE
{

a5

SIX-POLE

{ EIGHT-POLE
2212°
-

TEN-POLE

poles to use based on the
desired steepness of the band-
width curve skirts.) As shown
in Fig. 7, we want one dot up
at the very top of the circle
with two more exactly 30
degrees up from the line
Now go back to your drawing
and use the protractor to
draw in the dots. For our
filter we get the dots shown
in Fig. 6, and labeled A, B,
and C. (In electrical engi-
neering language, this arawing
would be called the s-plane
and the dots are the poles. A
six-pole filter has six poles, of
which only three are shown
in this drawing. The other
three are not used.)

If we were using an ideal
filter having only the poles
shown, we would use the
points A, B, and C which we
have drawn. There are, how-
ever, those other three poles
not shown in the drawing as
well as the fact that the filter

CHEBYSHEV

A
Ba
N

Fig. 7. Pole locations for Butterworth and Chebyshev filters.
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Stage Center Freq. Q

A 2085 Hz 17.4

B 2195 Hz 8.45

© 2310 Hz 16.5
Table 3.

stages do not pass dc. Al-
though their effect is not very
obvious, they do cause a
slight error in the final filter
which we have to try to

remove. And so here we
apply a small “Finagle
Factor.”

Compute the quantity, FF
= Desired filter bandwidth/(3
x Center Frequency).

In our sample filter this
comes out to (260)/(3 x
2200), which is equal to 0.04.
Now look up this FF (Finagle
Factor) in Table 2.

Now return to Fig. 6, and
move ali the poles /eft by a
small angle as shown by the
above table. In our example
the finagle factor is .04, so we
move all the poles left about
3 degrees. This puts them at
the locations labeled with an
X. These three poles deter-
mine the actual performance
of the whole filter. (Re-
member, there are three more
poles not shown, for a total
of six.)

Each of these poles will be
produced by one of the three
stages of the filter, and each
pole determines the center
frequency and the Q of that
stage. The center frequency is
easily read off the graph by
drawing a line from the X
straight down the horizontal
line and reading the fre-
quency off the scale.

To find the Q, carefully
measure the height of the X
above the horizontal line. Use
the frequency scale to judge
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Fig. 8. 170 Hz shift bandpass input filter.

the height. In the case of the
pole labeled A, its height is
about 60 cycles (or is it 60
Hertz?). Calculate the Q of
each stage from Q = Center
frequency of filter/2 x Height
above line. For pole A this
works out as a center fre-
quency of 2085 Hz and a
height of 60, so the Q is
2085/120 =17.4.

To build the overall band-
pass filter with a bandwidth
of 260 Hz we need three
staggered filter stages with
the center frequencies and Qs
as shown in Table 3.

Fig. 8 shows the overall
circuit for the entire filter.
Since filter stages A and C
have Qs above 10 we use the
double op amp circuit shown
in Fig. 3(b). The Q of stage B
is below 10 so the circuit of
Fig. 3(a) is good enough. As
mentioned earlier, the double
amplifier circuit works best
when the design gain s
several times the square root
of Q. For Qs around 17, the
square root is slightly above
4, so | designed these circuits

229%
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Fig. 9. Response of two LC filters and one active filter.
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for a gain about three times
higher, or about 13. Stage B
was arbitrarily designed for a
gain of 2. There is nothing
magic about these gains, and
the final circuit will have
different gains anyway, so
there is little you can do here
to obtain precise gains. The
problem is that the gains
would be exactly as specified
if all of the components we
used were exactly equal to
the values calculated from the
equations. But, since we have
to rely on standard value
resistors as well as possibly
large tolerance errors, by the
time we finish trimming the
resonant frequency and the Q
with the potentiometers, the
gain will wind up consider-
ably different from the
assumed values. So the trick
is to design for considerably
more gain than you really
need and use an external
potentiometer as a level
control to cut it back to the
desired value.

To permit trimming the
center frequency of each
stage and the Q of the two
end stages, five of the re-
sistances calculated are re-
placed by potentiometers as
shown in Fig. 8. (By the way,
the three stages could have
been connected together in
any order.)

Alignment of the filter is
easy. The three stages are
disconnected from each other
at the points marked X, and
each stage is aligned sepa-
rately. First, the 1k pot is
adjusted to peak the gain at
the center frequency. Then
the 500k pot (for the two
amplifier circuits) is adjusted

to make the bandwidth
correct. There is a slight inter-
action between the two

adjustments, so the process is
repeated two or three times.
Once the three stages are
adjusted separately, they are
connected together.

Fig. 9 compares the
response of this active filter

FILTER B8
CENTER FREQ. -
0253

FILTER A
CENTER FREQ
0+ 483

s 2040 Mz

A

@——— HEIGHT * 210

2040 Hz
/

/

I

gl
2000 2100 2200 2300 2400 2500]

2475 Mz

2473 Wz

FILTER C
CENTER FREO * 2985 MWz
0 v 4.39

HEIGHT : 340 —e |

2985 Hz

L I [ —

2600 2700 2800 2900 3000 3100

2550

Fig. 10. Designing a Butterworth RTTY input filter for 850 Hz

shift.
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Fig. 11. 850 Hz shift bandpass input filter.

with two other filters. Curve
1 is the active filter we have
just designed. Curve 2 is the
curve published by Irv Hoff
for his LC filter in QST more
than ten years ago. Curve 3 is
the 170 Hz shift filter in my
ST-6 demodulator (built from
a HAL kit). As you can see,
there is remarkable similarity
between the original Hoff
design and the active filter we
have designed. Both are
Butterworth fiiters with 260
Hz bandwidth, so both
should be very similar.

Another filter needed in a
RTTY demodulator for 850
Hz shift is a bandpass filter
with approximately 1000 or
1100 Hz bandwidth, which
will pass the 2125 and 2975
Hz tones plus a little more to
allow for modulation side-
bands and drift. Though |
won't go through the details
of this design, it is shown in
Figs. 10 and 11. Fig. 11 also
shows how the 741 op amp is
biased when wused with a
single power supply. The
positive voltage, called +V, is
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Fig. 12. Frequency response of 850 Hz input bandpass filter.

divided with two 10k re-
sistors to give a bias voltage
called +V/2, which is then
connected to the + inputs on
the op amps 1o provide bias.
In this way the inputs and
outputs of the op amps are
biased to run at half of the
supply voltage. For instance,
if a 12 volt supply is used,
this voltage divider provides
+6 wvolts, so the inputs and
outputs of the op amps run at
+6 volts. Though not shown
in Fig. 8, this voltage divider
is needed there also.

Fig. 12 compares the
response of this active filter
(curve 1) with the similar
1100 Hz filter in my ST-6
(curve 2). (I will have to look

at that ST-6 filter to see
whether it is properly
aligned!

In  conclusion, let me
encourage you to design and
build your own filters,
whether it is for RTTY or
other uses. It is fun and, with
this graphical approach and
the equations presented
earlier, even relatively easy. m
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Moving Display
RTTY Readout

-- just like Times Square

Francis J. Ferrara WB8SWH
PO Box 56
Enon OH 45323

he desire to build an

all-electronic RTTY
system without incurring the
high price tag that usually
accompanies video display
units in this class is what
prompted the construction of
this terminal. The unit uses,
instead of the CRT normally
associated with video sys
tems, a series of 16 alpha-
numeric type displays, each
with the capability of reading
out any one of the 64 stan-
dard ASCIl characters. The
readouts are clocked in such a
manner that the generated
words appear to ‘‘walk

across’ the display screen
from right to left. Provision is
made for tape recording the
incoming signal for playback
at a later time. This provision
helps offset the potential
problem of there being no
hard copy available. Also
included is a keyboard moni-
tor feature, which allows the
operator to see his trans-
mitted copy as it is sent out
over the air. The circuit,
which uses 6 level ASClI code
for internal signal processing,
utilizes a series of 3 read only
memories (ROMs) to permit
compatible operation with
the S level Baudot code. The
system has been designed so
that it is only a matter of
throwing one switch to
realize straight ASCII| opera-

Front view of RTTY unit.
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ﬁ

tion.

Receive Circuit Description

The system starts from
scratch, due to there being no
RTTY equipment on hand at
the onset of the project. Sig-
nal demodulation is ac-
complished by a phase locked
loop, U2, with the receive
signal first passing through
limiter amp Ula. The limiter
amp also drives a unity gain
isolation amp, US53, and sig-
nals for a tape recorder may
be taken at its output. The
VCO in the NES65 PLL
tracks the mark and space
tones, and the VCO control
voltage drives voltage com-
parator Ulb, causing positive
and negative voltages in direct
proportion to the transmitted

marks and spaces.' Zener
diode D1 makes the output
TTL compatible by cutting
off the negative-going portion
of the signal and limiting the
positive peak to S5 volts.
Buffer U3 aids as a signal
conditioner by shaping the
rising and falling edges. The 6
uF capacitor, C1, serves as
additional filtering by slowing
the frequency response of the
comparator amp, and is very
effective in reducing short
duration noise. If a suitable
terminal unit with a TTL
output is available, then the
PLL converter can be left
out. The converted output is
then fed into the serial input
of the UART chip, U4. The
UART strips off the start and
stop bits and outputs the
corresponding parallel code, 5
bits for Baudot and 6 bits for
ASCIl. This word then ad-
dresses the two 8223 ROMs
(US and U6) which convert
the Baudot code into ASCII.
Should the ASCIl mode be
selected, then no conversion
takes place and the data is
switched directly to the dis-
play section. Inverter U7 and
AND gates U8 and U9 form a
character recognition circuit
which detects “letters” (low-
er case) and ‘‘figures”
(upper case) commands. The
output of this circuit sets
flip-flop U10, which enables
the appropriate ROM and dis-
ables the other. ROM outputs
are “open collector’” and may
be tied directly in parailel.
They need not be gated.
Push-button switch S3 is pro-

View of rear panel.
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vided to manually reset the
“letters” ROM should it miss
the automatic command due
to noise, QRM, fades, etc.

Display Section
The parallel data is then

applied to the input of the
shift register chain. Each shift
register directly corresponds
to a display, and all are
clocked simultaneously from
the Data Available flag on the
UART, through driver U19,

The RX/driver circuit board. Driver transistor modules are on
the top, with the character generator, multiplexers, and
de-multiplexers on the left side. The UART is in the center
with the character recognition circuit above it,; the two RX
code converter ROMs are to the right. The shift register string
occupies the bottom two rows on the right. The +5 volt power
supply is mounted on the right wall.

J’r
to cause the characters to
move along from display to
display. The output of each
shift register is sampled by
multiplexers U37-U42, which
are all clocked in parallel and,
together with U11, form the
horizontal scan generator cir-
cuit. A multiplex frequency
of approximately 4.8 kHz
was selected to provide
flicker-free operation of the
displays. The outputs of the

multiplexers are then inverted
and fed into the 2513
character generator, U43. The
six inputs from the multi-
plexers constitute an address
and a five line dynamic
paralle! signal is produced at
the 2513 output. The signal is
again inverted and drives
de-multiplexers U45-U49,
which are all parallel clocked
with the multipiexers. The
de-multiplexers distribute the

Rear view of RX/[driver board showing density of wiring.

45



TC vaa

VERT SCAN
GEN YOONSVI7 LINE

FROM UI7 ©
PIN 8 vi2, 7493 4 L] L3 7 ] 15v
i A |8 |C 6 -—9 vee
} [ 1) U43, 2513 CHARACTER GENERATOR I o 15V
L] Fe y
1 s
1 12
. ©
= 5—
| S o
HORIZ SCAN J.
GEN
vee

| vil, 7493 vCC

St = 1 === +1
= o e | Y= A= ) @ I T ﬁl]
5 10 [t} 10 1] 10 [} 10 [} 10 19 14 43 11 24 9 12 10
RIS MUX 6 MUX 5 Mux 4 MUX 3 MuX 2 Mux t
U377 74150 u3s 74150 V1) 74150 vao 74150 val 74150 v4az 74150
.
-]
vee <
5350382 nusua~a| (3588 RS- wuwsvavol| [635538RE _nLsvovs| |53358 N -vusaova] 335582 RRB-nusvova] |33EE8 PR _Nurva e 5
SELLoes R NRRTEN | SULCLesIRNURBNEN | SUSECUsRRNANILN | KELESEEBENIBREN =.‘::==‘:szfsz:z:=: susucessyasyan [
5 sl = = s | 5 e e| ve— | au] Annennnnen e
1
2
3
——w e | e
2 h"s 2 pdlliE 5
s a ] ) | a m——
SR6 SRS SR4 SR3 —7] 5R? [¢ 7] SRI [P B
26 P—— u2s = v24 u23 = ® uzz - - IO] vzt i -g
el N [ — Tz |rarra [s] | 2| raira AP c
= [} pal 13 4 =
[ a_
| 1 19 ls ’1’
SR CLOCK LINE S l N ————
R CLOCK LINE, I+
SR CLOCK LINE, 9-16 - ) 7 /‘>~FR£M SR CLOCK LINEV DRIVS, ue . —3
Fig. 2.
signals to their respective dis-  sweeps. receive functions. One design  desired frequency. This pulse
plays through driver tran- Baud rate selection and goal was to make the system is applied to flip-flop U13,
sistors Q8-Q87. Multipiex the multiplexer clocks are operable on the four which halves the frequency

clock U11 drives a second
binary counter, U12, which is
used to clock both the
character generator and the
3-line to 7-line converter. The
resulting scan is from right to
left and from top to bottom,
with the vertical row ad-
vancing 1 count downward
for every 16 horizontal

derived from a master
oscillator. 38.4 kHz was used
in this model because of the
availability of a stable
module, but an NESSS
oscillator circuit may be used
in its place. The UART chip
is designed to be clocked at
16 times the desired baud
rate for both the transmit and

Clock/TX/converter board showing master oscillator unit on
the right, PLL converter, row drivers and LED drivers to the
left. The transmit converter ROM js the 24 pin package on the

bottom.
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commonly used speeds of 60,
66, 75, and 100 wpm (45, 50,
57 and 75 baud respectively).
The four clocks are generated
from the master oscillator
using a divide by “N" counter
chain (U14 and U15), with
“N” being derived by pro-
gramming a multi-deck wafer
switch to produce the binary
divisors required. The output
of the counter chain is a very
narrow pulse at twice the

and produces a symmetrical
waveform. The clock fre-
quency does not have to be
exactly 16 times the data
rate, incidentally, as the
UART is capable of tracking
receive signals over a small
range (approximately * 5%),
and in most cases this is
sufficient to make up for any
differences between the trans-
mit and receive clocks. How-
ever, the correct speed range

Rear view of readout board.
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must be manually selected. To facilitate construction, a ) digital electronics and the
commercially manufactured Construction PLL converter, were fab-
Transmit System unit (HAL AK-1) was used as The two main circuit ricated using the wire-wrap
The transmit system is the AFSK section. boards, which contain the technique. Utilization of
relatively straighforward. The ofion]
keyboard addregses an en- 7 eI O :H?:) 02)?0” E
coder ROM which directly  Baudot SSC“ " 11111 011111 owerleTs
outputs an ASCIl word and ~Address ol P FIGURES ROM. US
produces a transmit strobe CO000-MSB s s ’
- 00001 010100 t 00001-MSB 110101-LSB 5
pulse.® The output of the ooo10 100000 carriage return 00011 111001 9
encoder ROM is fed into the 00011 001111 o 00100 100000 space
code converter ROM which 00100 100000 space 00111 101110 :
' 00101 001000 h 01010 110100 4
turns the ASCII .datg into 0110 001110 " S ot 3
Baudot, or passes it directly goq11 001101 = 01101 110000 0
through, depending on the 01000 100000 line feed 10000 110011 3
mode. Then the output of the 01001 001100 | 10101 110110 6
converter ROM addresses the 01010 Dl 1 LORRN LA !
d . h .. 01011 000111 g 11001 110010 2
lata inputs on the transmit 4409 001001 i 11100 110111 7
side of the UART. The trans- 01101 010000 P 11101 110001 1
mit strobe puise from the 01110 000011 c 11000 101101 -
encoder ROM is used to “key 01111 010:2)? v 10010 100100 $
” 10000 000 e 10110 100001 !
glc]::urs ?ﬁ:ﬂevcehra;aﬁgr’o nat?mg 10001 011010 z 01011 100110 &
. . 10010 000100 d 11010 100111 2
board is depressed. The serial 10011 000010 b 11110 101000 {
digital output from the 10100 010011 s 01001 101001 }
UART then branches out, 10101 011001 v 10001 100010 "
. : . . 10110 000110 f 01110 111010 4
with one Ime.gomg backmt.o g i vl « M G ‘_
the receive side for transmit ;1000 000001 a 10011 111111 3
monitoring, and the other 11001 010111 w 00110 101100 ,
line driving the AFSK mod- 11010 001010 i
ulator. The modulator is then 11011 011111 upper case Any left over addresses should be
outputted to the audio 11100 010101 u programmed to: 100000 space
section of an SSB transmitter. Table 1. 8223 receive converter ROM encoding programs, upper case and lower case.
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other construction techniques

is possible, but will most
Binary 5 Level
Address Output

00 00100-LSB
o 00011

02 11001

03 01110

04 01001

0% 00001

06 01101

07 11010

08 10100

09 00110

10 01011

11 01111

12 10010

13 11100

14 01100

15 11000

16 10110

17 10111

18 01010

19 00101

20 10000

21 00111

22 11110

23 10011

24 11101

25 10101

26 10001

27 11011

28 not programmed
29 00010

30 01000

31 11111

32 00100

33 01101

34 10001

35 not programmed
36 01001

37 not programmed
38 11010

28 01011

40 01111

41 10010
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Character

likely result in the finished
unit taking up considerably

42
43
44
45
46
47

Baudot

space

Binary

64

N<x§<C"V'".D'0033—X"-"‘5'@"‘@0.00'0’

upper case

line feed
carriage return
lower case
space

! 75
= 76

$ 78

& 80
: 81

(
)

Table 2. Encoding program for 1702 transmit converter ROM.

Address

not programmed
not programmed
01100

00011

11100

11101

10110

10111

10011

00001

01010

10000
10101-LSB
00111

00110

11000

01110

11110

01101

not programmed
11100

11001

6 Level

Output

000000
000001
000010
000011
000100
000101
000110
000111
001000
001001
001010
001011
001100
001101
001110
001111
010000
010001
010010
010011

more space than the pro-
totype. The MAN-2 displays

[
[e+]
~

FOOONOUDRWN= ST
©0
H

? 105
ASCII
Character

11
112
113
114
115
116
117
118
119
120
122
123
124
125
126
127
127

V'".D'UOSB—X"—":}'@‘QQ_OUN@

were mounted in wire-wrap

sockets (which were used
extensively throughout the
unit) and attached to a

section of vectorboard. The
wiring harness between the
digital and display boards was
formed and carefully labeled
on the digital board, bundled
together, and run out to the

displays. There, the wiring
was custom fitted to each
display. This results in a

much neater package than if
the lines were run out in-
dividually.

Power supply current is on
the order of 1.2 Amps from
the 5 volt source and 150 mA
and 50 mA from the res-
pective -15 volt and +15 volt
supplies, using the type chips
specified. If a larger 5 volt
supply is available, then the
more expensive 74LSXX
series chips, which were used

010100
010101
010110
010111
011000
011001
011010
011011
011100
011101
011110
011111
100000
100001
100010
100011
100100
100101
100110
100111
101000
101001
101010
101011-LSB
101100
101101
101110
101111
110000
110001
110010
110011
110100
110101
110110
110111
111000
111010
111011
111100
111101
111110
111111
11111

ace
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c—~ RO

+

NN DWN =™

N AT



RTTY unit with top cover removed.

only to save power, need not
be used. Indeed, excellent
results were achieved using
the standard 74XX series
chips. Power supplies are of
the modular type, available at
reasonable cost from many
discount or surplus houses.
Again, for the sake of
econony, units could be con-
structed with discrete
components.

The use of a metal cabinet
for housing the unit is highly
recommended, as the digital
circuitry (particularly the
clocks and multiplexers)
tends to produce a good deal
of noise (which will be evi-
denced in your receiver if
steps aren’t taken to guard
against it). The metal cabinet
serves well in keeping this
noise inside the unit and out
of your speaker.

The output transistors
were all mounted on 14 pin
component holders for ease
of installation, and for
possible repairs. Should suit-
able integrated PNP arrays be
available, they could be sub-
stituted for the 80 column
and 7 row drivers.

Conclusions

At first, it was thought
that the displayed words
would move across the screen
too fast to vread, but
fortunately this was not the
case. Even at 100 wpm, text
sent out on reperf tape can
easily be read. The fact that
most RTTYers don’t type
more than 20 or 30 wpm

- o
s snddttiy = e,
A

Ve g

Interior front view. The keyboard has been pivoted completely

forward and over, showing the 15 volt power supply module

makes keeping up with the
display that much easier.

The keyboard takes a little
bit of extra thought to
operate. Due to the coding of
the transmit converter ROM,
it is necessary in the Baudot
mode to hit both the upper
case and shift keys to pro-
duce the symbols for quo-
tation marks, exclamation
point, etc. However, only the
upper case key need be struck
to produce figures @ through
9 and the question mark.

The ASCII/Baudot selec-

wall in this photo.

tor switch is located on the
front panel, as is the adjust-
ment for centering the VFO
on the PLL. This allows for
easy tuning of both 170 Hz
and 850 Hz shift signals.

The only real drawback of
the unit at this time is in the
phase locked loop converter,
which has a tendency to track
and lock onto noise. How-

and the AK-1 AFSK unit. Behind these are the clock/TX/
converter board and the readout board. The +5 volt power
supply module is mounted on the bottom portion of the left

ever, a standard type con-
verter of the ST-5 variety
with a TTL configured out-
put would most likely im-
prove performance in this
area.

The unit is very compact
and portable. Total weight is
approximately 12 pounds
(substantially lighter than
mechanical or even CRT type

List of Required Integrated Circuits

Quantity Type

747 op amp

741 op amp

565 PLL

7404 inverter

UART, COM 2502, AY-5-1013, Signetics 2536
74121 one shot

DM8092 5 input AND gate

7474 flip-flop

8223 programmable ROM

74150 multiplexer

2513 character generator

74150 de-multiplexer

7493 binary

NES555 timer/oscillator

74193 programmable counter
1702 256X8 programmable EROM

SN = WA= = NNN= =D oo

-
o]

2N2907 driver transistors
8T15 TTL/MIL-188 {* 6 volt) driver

-
~

1 KR-2376 keyboard encoder ROM

discrete units are to be constructed.

7806 integrated regulator

7815 integrated regulator

7915 integrated regulator

2N3055 power transistor

50 volt, 3 Amp rectifier diodes

2000 uF, 25 volt electrolytic capacitor
1000 uF, 25 volt electrolytic capacitor
.22 uF bypass capacitor

12 volt, 3 Amp filament transformer
12 volt, .3 Amp filament transformer

PGS R QP QNN

6 74LS5174 hex flip-flop (type 74174 is an acceptable substitute)

MAN-2 displays (Texas Instruments T1L-305 is an acceptable substitute)

The following IC is also required if the keyboard kit specified or a suitable substitute is not used.

The following components are required if the power supply modules specified are not used and

|
|
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systems), and it may be con- reducing costs. ®
0! 415V sidered for emergency or field
P 7815 ——
- > G

.‘Iz:EV? . 3 _1 day use. Total cost is on the  Acknowledgements and Refer-
I f order of $250-$300, which is  ences
v 2"’?:: quite a bit less than most The author wishes to give

ol i 22 3 all-electronic systems. special thanks to Kenneth E.
I Ayers and to Robert J. Slightham

4 / Since the unit has direct
P 8 . WBBURN, for their invaluable
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" engineering and technical assis-
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Digital Thermometer $65.00
General purpose or medical 32 -230-F
Disposable probe cover +.2° accuracy
Completely assembled w/compact case

Not a Cheap Clock Kit $17.45
Includes everything except case. 2-PC
boards. 6-.50" LED Displays 5314 clock
chip, transformer, all components and
full instructions. Same clock kit with .80°
displays. $22.75

Home Alarm Kit $18.75
Designed for use with electronic siren
module. AC power, battery backup, entry/
exit delay. Instant alarm for night use
ND/NC circults. Test and arm indicators
2 amp switching capability. Al parts with
compiete instructions minus power sup-
ply. Electronic siren module kit. $2.75

2.5 MHz Frequency Counter Kit
As low as 10 Hz .6-.50" digits with PC
board and full instructions $40.00

30 MHz Fre%uem:y Counter Kit
Same basic CMOS counter as above plus
level controls and dual FET inputs. Pre-
scalable to 200 MHz with PC board and
full instructions $55.00
Fully wired and tested $75.00

KAUFMAN BALUN

water tight ® BALUN

Variable Power Supply Kit
3 . 0-12 VDC @Y%A bench supply. Less
Digital T ture Meter Kit Function Module Card Kit than 1% line, load reguiation. Remote
gital Temperature Meter Ri Converts any frequency counter nto 3% WM sense capability. Constant voltage/cir-
Indoor and outdoor. Automatically digit DVM, digital thermometer, pulse cuit imit, Can be modified for other V/1
switches back and forth. Beautitul. 50 & square ?‘?neralor!lomw Hz to 100 kH2. CTTh, (D C (e B (e
LED readouts. Nothing like it available Complete kit minus power supply. $25.00 g p!
Needs no additional parts for complete formers $19.95
full operation. Will measure —100° to Same supply at 1 amp $22.50
+200°F, air or liquid. Very accurate.
Complete instructions

Clock Calendar Kit $29.95

. b .

1-1 impedance match

For dipoles, beams, inverted "'V",
and quads

* Center insulator with BALUN $13.50
* Center insulator without BALUN
$8.50
* Dragon Fly antenna construction sheet
and drawing $2.00
postpaid USA

Stopwatch Kit $26.95

Fult six digit battery operated. 2-5 volts
3.2768 MHz crystal accuracy. Times 10
59 minutes, 59 seconds, 99 1/100 sec.
CT7015 direct drive chip displays date [ Times standard, split and Taylor. 7205
and time on 6" LEDS with AM-PM indi- chip, all components minus case. Full
cator. Alarm/doze feature includes buz instructions. White of black plexiglass
zer. Complete with all parts, power supply fL_C3s¢ $5.00
and instructions, less case

Cosmac ‘ELF’ Kit RCA cMOS Ex-
pandable Microcomputer. New PC board
with monitor on PROM included. No hard
wiring required. All on board including
power supply. Complete kit of parts with
new assembly manual $109.00
Includes audio amplifier & speaker. All in

Volt/ohm Probe stock, immediate delivery 3 Kw PEP
! Board only $14.95 Patent No.
1977 IC Update Master Batt_ oper. AC/DC to 125 V. 2 pos. volt Speci ; 4 Ounces
i pecial case with front panel  $15.00 1 A
Manual Complete integrated circuit and 2 neg. voit. plus continuity Stainless D219106 Q1 Ferrite

steel, pocket size. comp. assem.$34.95

data selector trom all manufacturers
1,234 page master reference guide to
the latest IC's including microprocessors | A g
and consumer circuits. 17,000 cross tional MA1012 module with alarm option
references for easler sourcing of hard to 53,. ig |Z,5e ,,gé’f;’,‘,’gf ‘g '8}35'13?"{.?:2 Crystal time base PC boards and full in-
get parts. Special pricing: $24.95, with base. Outstanding accuracy. Kit Includes structions. Add $3.95 for a beautitul
free update service thru 1977. Domestic PC board, MMS%GB crystal, resistors, dark gray case ready to install. This is
postage $2.00. Foreign $6.00 capacitors and trimmer the best value available anywhere!

TERMS: - $5.00 min. order U.S. Funds. Calif residents add 6% tax.
BankAmericard and Master Charge accepted.
Shipping charges will be added.

Auto Clock Kit $15.95
DC clock with 4-.50° displays. Uses Na-

KAUFMAN INDUSTRIES
603-424-2358
3 SHORT ST
REEDS FERRY NH 03054

60 Hz Crystal Time Base

K6

FREE: Send for your copy of our 1977
QUEST CATALOG. Include 13¢ stamp.
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hf engineering

THE WORLD’S MOST COMPLETE LINE OF VHF-FM KITS AND EQUIPMENT

RX28C 28-35 MHz FM receiver with ? ; .
pole 10.7 Milz crystal filter S §9.95 RECEIVERS RXCF accessory filter for above receiver kits
RX28C W/T same as above ~wired & tested 104.95 Eg:;?«?ndB adjacent channel 360
RXS0C Kit Q,"H‘fw‘)‘t‘lgl';l‘;[c‘r‘ 2 etk 109 . RF28 Kit 10 mtr RF front end 10.7 MHz out 12.50
RXS0C W/T same as above —wired & tested 104.95 ::fsgﬁ)”K‘ g B g:: frontend 10. ; mnz out 12.50
RX144C Kit . 140-170 MHz rcvr w/2 pole J L gtrontfen dRIOx 2am - 0780
10.7 MHz crysial filter 69.95 RF220D Kit. . 220 MiHiz R} front end 10.7 MHz
) ; > ) 9: MR ELY out...... 17.50
e it AR gtk LR MUERE RE&32Kit. . . 432 MHz RF front end 107 MHz
R~ - 11 T R 27250
10.7 MHz crystal filter 69.95 A o
RX220C W/T . same as above - wired & tested 114.95 5 @217 B4 1317';1“; llFr :\:gdule '“CI"“"S 2 27.50
RX432C Kit. . 432 MHz rcvr w/2 pole 10.7 FM455 Ki gss‘Kﬁ s s i 0 28
MHz crystal filter 79.95 ot D O (LB etector 17.50
RX4320 W/T . same as above —wired & tested 124.95 4 O e IS WEEGE 5.00
i iter, . 6 . 399 N
}%28 W/T ;;:‘:Ts”;;:)s:u\:vcirrecli zallelsledmlr 59.9: TX220B W/T . same as above- -wired & tested 49.95
TX144B Kit . . transmitter exciter—1 watt—2 mtrs 29.95 TX432B Kit . . transmitter exciter 432 Mhiz 39.95
TX144B \W/T . same as above —wired & tested. 49.95 TXa32B W/T . same as above —wired & tested S99
TX220B Kit. . transmitter exciter—Iwatt1~220 TX150 Kit 300 milliwatt, 2 mir transmitter 19.95
Hz . ; ~ 29.95 TX150 W/T . . same as above —wired & tested 29.95
PA2501H Kit . 2 mtr power amp —kit 1w in—25w
out with solid state switching, Blue Line RE power amp, wired & tested, emission
case, connectors 59.95 CW-FM-SSB/AM
PA2501H W/T. same as above —wired & tested 74.95 Power Power
PA4010H Kit . 2 mtr power amp—10w in—40w Model BAND Input Output
out —relay switching o 59.95
PA4010H W/T. same as above —wired & tested 74.95 BLC 10/70 144 MHz 10W T0W 139.95
PAS0/25 Kit 6 mtr power amp, 1w in. 25w out BLC 2/70 144 MHz 2w 70W 159.95
less case, connectors & switching 49.95 BLC 10/150 144 MHz 10W 150W 259.95
PA50/25 W/T . same as above, wired & tested 69.95 BLC 30/150 144 MHz oW 1 SOW 239.95
PA144/15 Kit . gr?ln 90\::;32'3““!0:"&"5 lns‘;\' BLD 2/60 220 MHz 2W 60W 159.95
e CseiE e 108 ng 10/60 220 tmz lon{ 60Ww 139.95
PA144/25 Kit. same as F’AM4,IS kit but 25w . 49.95 Bll:E ,'8//4130 ggg MH; :gw ;‘z)% f;gg:
PA220/15 Kit. similar to PA144/15 for 220 MHz  39.95 BLE 2/40 420 MHz W 40W 159.95
PA432/10 Kit. power amp-—similar to PA144/15 BLE 30/80 420 M1 W W .
except 10w and 432 MMz . . . . 49.95 BLE 18;20 420 MHi fgw ggw gggg:
PA140/10 W [T 10w in—140w out—2 mtr amp 179.95 =
PA140/30 W/T 30w in—140w out—2 mtr amp 159.95
POWER SUPPLIES
PS15C Kit 15amp-12volt reguiated power sup- O.V.p. adds over voltage protection to your
ply w/case, w /fold-back current limit power supplies, 15 VDC max.
ing and overvoltage protection . 79.95 PS3A Kit 12 volt —power supply regulator card
PS15CW/T same as above —wired & tested 94.95 _ with fold-back current limiting . 8.95
P§25C Kit 25 amp—12 volt regulated power sup %; = PS3012 W/T new commercial duty 30 amp 12 VDC
ply w/case, w/fold-back current limit- regulated power supply w/case,
mgandovp . . . . g o = 129.95 w/fold-back current limiting and
PS25C W/T same as above —wired & tested 149.95 overvoltage protection . 239.95
PS25M Kit. same as PS25C with meters 149.95
PS25M W/T same as above —wired & tested 169.95
ESTIL SN
ﬁPI_So Kit repeater—6 meter. . . i 465.95 REPEATERS
PTSO . . repeater—6 meter, wired & tested 695.95 DPLA44 2 mir. 600 KHz s,
3 paced duplexer
RPT144 Kit rfepszag:)'slzls’;‘" 15w—complete 65.95 wired and tuned to frequency . . . 379.95
RPT220 Kit . Ecpzaler 220 MHz—1 Sw- cumplele y DbLA220 . (Zuzrﬁz‘:’:)zr?:pl::’:‘i; wired and 379.95
less crystals) . . 465.95 \Qﬁ DPLA432 p .
A % = . . . rack mount duplexer . . . . . . .. 319.95
RPT432 Kit . . Efeps:aéf;s(;'g)w‘_m 432 MH2 . §15.95 = 1 DSC.U . . . . . double shielded duplexer cables
RPT 144 \V/T . repeater—15 watt—2 nur ... 695.95 DSC-N il p[_z:g connlehcl(ors (K.r‘) 25.00
RPT220 W/T . repeater—15 watt-220 MHz. . 695.95 SHa (06 °(Ve N BTG 22100
RPT432 W/1 . repeater—10wat1—432 MH2 749.95 connectors (pr.) . . 5.
DPLASO 6 mitr close spaced duplexer 575.00
Bl i Sl e L TRANSCEIVERS OTHER PRODUCTS BY VHF ENGINEERING
(less mik.e and crystals). 229.9§ CD1 Kit . . . 10 channel receive xtal deck
TRX 144 Kit same as above, but 2 mtr & 15w out219.95 B . w/diode switching. .. 3 69S§
TRX220 Kit same as above except for 220 MHz 219.9§ CD2 Kit 10 ¢channel xmit deck w/swnlch
TR X432 Kit same as above except 10 watt and i and trimmers 14.95
432MHz 254.95 CD3 Kit . UHF version of CDI deck, needed
TRC-t . ... . transcelver case only ........ 19.95 . for 432 muiti-channel operation 12.95
TRC-2 transceiver case and accessories 39.95 COR2 Kit . carrier operated relay 19.95
SC3 Kit '[0 channel auto-scan adapter
or RX with priority 19.95
SYN Il Kit 2 mir synthesizer, transmitt offsets SYNTHESIZERS Crystals we stock most repeater and simplex
programmable from 100 KHz—-10 MHz, . pairs from 146.0-147.0 (each) 5.00
(Mars offsets with optional CWID Kit 159 bit, field programmable, code iden
AdapTers) R e 169.95 tifier with built-in syuelch tail and
SYN [IW/T . . same as above wired & tested 239.95 . ID timers 39.95
MO-1 Kit Mars/cap offset optional . 2.50 t,t: :3 “"eg '”‘g :“:"g not P'°¥'“"“jm¢d gzg:
( i L% H o H K It wired an este prngmmmc .
V@D L UE b M epiem) biptr 80 MIC 1 2,000 ohm dy namic mike with
P.T.1. and coil cord 12.95
' TSI W/I tone squelech decoder 59.95
WALKIE‘TALKlES 181 W/i installed in repeater. uuludmg
HT 144B Kit . 2 mtr, 2w, 4 channel, hand held transceiver ' interface accessories 89.95
with crystals for 146.52 simplex . 129.95 rD3 Kit 2 tone decoder . 29.95
NICAD hattery pack, 12 VDC, Y2 amp. . 29.95 1D3W/T | same as above -wired & tested 39.95
BC12 battery charger for above 5.95 HL144 W/T 4 pole helical resonator, wired & tested,
Rubber Duck . 2 mtr, with male BNC connector . 9 swept tuned to 144 MH/ bun 24.9§
e MRS TS BRZEIof. HIiZ.92 111.220 W/T . . same asabove tuned 10 220 MH2 ban 24,95
HL432 W/T sane as above tuned 10432 MHz ban 24.95

'hf engineering

DIVISION OF BROWNIAN ELECTRONICS CORP.
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Webb Linzmayer WA2MOT/WT2AAG

16 Trowbridge Road
Morris Plains NJ 07950

RTTY SWLing

- - new horizons!

have been an enthusiastic

shortwave listener for
years, with a desire to receive
everything in the VLF-HF
spectrum (10 kHz to 30
MHz). Recently | pro-
grammed a Data General
Nova mini to give myself a
glimpse into an area of
SWLing that | had previously
left unexplored — radiotele-
type, or RTTY, for short.

This article will give you a
brief introduction to the
technical aspects of RTTY, a

MARK

- = :
t | 22ms

SPACE L |
START 0ATA
PULSE  BIT
PREVIOUS

STOP PULSE
OR IOLE LINE

aams

survey of many types of
signals heard, and not heard,
and two lists of actual off-
the-air RTTY frequencies.

| first learned about the
existence of RTTY years ago
as a high school student
attending an Armed Forces
Day open house. While | was
tuning around with a system
on display there, | came upon

a Spanish language RTTY
transmission, and | was
hooked. Imagine a radio

typing at 60 wpm and in a

ONE CHARACTER
AT 60 WPM

.
22ms | 22ms | 22ms | 30mS

Fig. 1. Typical Baudot 60 wpm RTTY character.
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foreign language to boot!

Somewhere along the way
| heard that radioteletype
was sent at several different
“standard” speeds and codes.
Not knowing what speeds or
codes were in common use
was enough to delay my
attacking the problem until
recently, when | realized
what a natural application
RTTY SWLing is for a home
computer.

RTTY characters are sent
as binary data with a series of
pulses representing each
character. The classical code
used for RTTY is commonly
called Baudot code. A good
deal of what is heard on the
air today, including all
present US amateur trans-
missions, is sent in Baudot
code.

What the computer hobby-

ist calls “1” and “0” are
called “mark” and ‘‘space,”
respectively, in RTTYese.
Mark and space are trans-
mitted by shifting the carrier
a small amount to either side
of an imaginary center
frequency. This is called
frequency shift keying, or
FSK, for short.

To receive RTTY we need
a way to distinguish between
mark and space. The most
common way is to use the
receiver in either CW or SSB
mode, with the bfo set above
the FSK signal, to produce an
audio tone of 2125 Hz for
mark and a higher frequency
tone for space.

What the computer hobby-
ist calls a demodulator, the
RTTY devotee calls a TU
(terminal unit), and it’s into
this device that the audio
tones are sent. The demodula-
tor changes the tones into
what the old time RTTY man
views as an on/off 60 mA
loop current, to drive the
selector magnets of his Model
19 machine. Modern demodu-
lators, such as the Dovetron
used in my system, provide
an additional logic output
which is a more welcome
input to a computer.

Each character sent in
Baudot code is composed of a
start pulse, five data bits, and
a stop pulse. See Fig. 1. The
start and stop pulses are used
for synchronization; the data
bits define the character. A
standard Baudot teleprinter
has a set of 52 characters and
5 functions. This is
accomplished with only 5
data bits by defining one
combination of bits as a
“figures shift” function and a
second as “letters shift.” The
Baudot charactier set is shown
in Table 1.

What Frequency s
RTTY Signal On?

If you are interested in
RTTY SWLing, you'll more

That

than likely want to start
keeping a log of stations
heard. Your log would

probably include frequency,
shift, speed, sense (upright or
inverted), times heard, and
maybe a hard copy sample of
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Table 1. Baudot 5-unit code.
some received text. You on more often than not, folk to talk about RTTY Confidential Frequency List
could exchange this informa- especially if you aren't a being sent on the frequency (Gilfer Associates, Inc., Box

tion with other RTTY freaks,
go back and listen to favorite
stations with a minimum of
fuss, etc. Incidentally, one
thing you probably shouldn’t
do is ever let anyone see any
of the hard copy text. Unless
it’s an amateur transmission
or clearly of broadcast
character (RTTY weather?),
it would seem that its dis-
closure is prohibited by the
Communications Act of
1934.

Having decided to start a
log, your first problem is
what to write down for
frequency. What's the
standard way of documenting
the frequency of a RTTY
transmission? The answer,
unfortunately, is that there
are several ‘‘standards”
encompassing almost any
reasonable method you might
devise.

Dyed in the Wool RTTY Ham
Method

This method, used by a
number of amateurs, is to
simply log the frequency of
the mark signal. After all,
mark is the frequency you’re

Method Frequency Logged
Mark 14800.2125 inverted
Lsb 14802.3375 inverted
Average 14800.000 inverted

Table 2. Examples of three of
the methods commonly used
to document RTTY frequen-
cies. Taken from ADN, the
East German News Agency,
sending inverted, 66 wpm,

425 Hz shift, mark
14799.788, space =
14800.21 25.

hotshot typist. One of the
original ways of generating an
FSK signal was to shift the
transmitter down from mark
to space by switching capaci-
tance into the vfo circuit.
Logging the mark frequency

is natural for anyone using
this method. There’s a
complication when this

method is used on foreign
news transmissions or other
commercial signals which
frequently send ‘‘upside-
down,” i.e., with mark being
the lower frequency rf signal.
In this case, one logs the
higher rf signal (the space
signal) and notes that the
transmission is inverted.

This method, which we’ll
call the mark method for
short, is the one | use when
logging with an R390A. All
frequencies mentioned in this
article are mark frequencies.

The ARRL Lsb Method

If you use a sideband
receiver to receive RTTY, this
method should appeal to you.
Simply set the receiver to Isb,
tune for a mark tone of 2125
Hz, and log the frequency
indicated on the receiver’s
dial. The RTTY frequencies
listed in QST under
“Operating Events” conform
to this convention. This type
of signal can be generated at
the transmitter simply by
driving the microphone input
with clean audio tones of the
same frequency meant to be
recovered at the receiver.

The Imaginary Method
It makes sense to average

halfway between the trans-

mitted mark and space
frequencies, i.e., on a fre
quency which is never
actually sent. RTTY weather
transmissions and news
agencies are among the
stations I've found to be

using this method. With your
receiver in CW mode, use the
S-meter to tune for the
strongest signal, then read the
frequency from your dial.
You’ll have to set your bfo at
different spots depending on
the shift being used. This
method can be inconvenient
if the shift is unknown, if
your bfo is uncalibrated, or if
a sharp peak on the S-meter
cannot be obtained due to a
weak signal.

Examples of the three
methods described are pre-
sented in Table 2. Formulas
for converting from one
method to another are given
in Table 3.

What's To Be Printed?
Imagine that you have the
abitity to receive and print
RTTY sent at any speed.
(How this can be done with
the help of a computer will
be discussed.) You're ready
to tune around the HF bands.
What signals will you be able
to print? See Table 4 for a
representative list of signals
heard during the last 18
months at my New Jersey
QTH. Note that this list is
just a sample of what’s on the
air. For those interested in
obtaining a more comprehen-
sive list, | strongly
recommend Robert Grove’s

239, Park Ridge NJ 0765).

Unusual FSK Signals Heard

Roughly half of the FSK
signals to be heard on the HF
bands cannot be printed
intelligibly on a straight
Baudot teleprinter, no matter
how vyou fiddle with the
adjustments for wpm, shift,
upright/inverted. The
characteristics of a number of
these signals are described in
the following paragraphs.
Sample frequencies are listed
in Table 5.

Cyrillic

Cyrillic alphabet traffic is
transmitted using a Baudot-
like code. The transmissions
in Table 5 listed as *‘Russian
telegrams” are examples of
this. On a normal Baudot
machine, Cyrillic trans-
missions print as orderly lines
of numbers and punctuation
with an occasional “word’ or
two mixed in. Unlike western
Baudot machines, which have

two cases (letters and
figures), Cyrillic machines
have three cases Latin,

Russian, and figures — which
are selected by the letters,
blank, and figures functions,
respectively. If you can cause

Mark = Isb - 2.125
Mark = avg. + % shift

Lsb = mark + 2.125
Lsb =avg. + %2 shift + 2.125

Avg. = mark - ¥ shift
Avg. = Isb - % shift- 2,125

Table 3. Formulas for con-
verting between the various
methods of logging RTTY
signals.
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Time Date Speed Upright/  Shift
Freq. kHz GMT GMT wpm  Inverted Hz
2429.8 0330 01-31-77 66 | 850
2682 0430 01-20-76 100 | 170
3344.4 0350 02-02-77 60 U 800
3562.2 0130 02-01-77 67 U 360
3600 OFTN 1976-77 60 U 170
3608 0100 02-06-77 60 U 10
3622.9 2230 M-F 60 U 170
36229 0400 TU-SU 60 U 170
3622.9 2200 SuU 60 U 170
4003.1 0145 01-16-76 60 | 425
4062.4 0155 01-16-76 100 U 850
4160 2033 10-11-75 67 U
4232 0100 09-24-75 100 I
4235.4 0100 03-05-76 67 U 850
4535.4 0255 02-17-76 67 U 425
4874 .4 0030 03-05-76 60 | 825
5463.2 0330 02-15-77 60 U 425
5940.4 0315 01-18-76 60 U 850
7406.0 0030 01-22-76 67 | 425
7535.3 0225 03-04-76 67 U 425
7954.8 0310 01-06-77 67 | 425
8140.0 0210 08-25-76 100 U 850
9081.7 0020 08-25-76 67 | 425
10176.5 0030 67 I
10972.2 0215 02-18-77 60 U 425
11016.3 2315 03-06-76 67 U 425
11545.8 2130 01-30-77 67 U 425
13479.7 1830 03-06-76 67 U 675
13487.8 1830 03-06-76 67 U 425
13624.3 1750 01-18-76 100 U 850
13843.1 1910 03-06-76 67 I 425
13977.4 1945 01-01-76 100 | 170
14088.0 1330 02-05-77 60 U 170
14089.6 1840 02-06-77 60 U 170
14530.4 1915 01-01-76 60 | 850
149014 1350 04-18-76 67 U 425
15913.8 1815 11-30-75 67 | 445
15955.4 1540 10-31-75 67 U
15994.0 1405 10-31-75 100 |
16372.7 1450 05-21-76 60 U 425
16440.3 1700 12-21-75 100 | 850
16443.1 1500 02-28-76 67 U 425
18040.8 1340 04-18-76 67 | 850
18984.2 1620 01-04-76 67 U 425
19070.0 1550 10-31-76 67 U 425
19805.5 1415 11-23-75 67 |
20078.0 1515 12-24-75 67 U 425
20907.4 1505 02-27-76 60 U 850

Notes

News in Spanish

USCG news relay

Station “WAR’’ testing with RYs
OEJD calling OKBK

Ham RTTY autostart net
Ham RTTY

ARRL bulletins

ARRL bulletins

OSCAR schedules for week
Mexican news in Spanish

WX {(weather)

German ship traffic

USCG news relay

News in Portuguese

6V U in Senegal testing
MARS traffic

News in English, strong signal
WX

Cuban telegrams

Spanish lang. news from France
News in Spanish

WX

CLN?244 Havana testing
Spanish lang. telegrams
English lang. news

Spanish lang. news

WX

9HA Malta testing

News in French

wXx

News in Spanish

US naval traffic

Hams

CO2FRC Havana

Telegrams in English

News in Spanish

News in English

News in French from Morocco
Canadian govt. telegrams
News in English

WX

News in Spanish

News in Turkish

News in English from Prague
News in French from Morocco
News in English

News in French

WX

Table 4. Normal RTTY signals copied in New Jersey.

a letters shift on receipt of a
blank, the garbage lines of
figures case characters will be
transformed into something
almost resembling  Slavic
language words. | say almost
because occasional words will
have imbedded figures
characters leading to words
like BO4EK and
HORO&EGO. Cyrillic
machines need three cases to
take care of the abundance of
characters in the Cyrillic
alphabet. The 4" in BO4EK
is the best a normal machine
can do for onc of these third
case characters.

Baudot Crypto
Encrypted Baudot, where
code characters are sub-
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stituted on an essentially
random basis for plaintext
characters and then trans-
mitted, prints as garbage and,
as such, is difficult 1o
identify. Unless you have a
way of qualifying the speed,
sense (upright/inverted), and
asynchronous nature of a
signal, encrypted Baudot will
look like any other garbage,
although it will sound better
than wrong-speed garbage
while being printed.
Encrypted Baudot does
not lend itself to being easily
decoded. The transmitted
characters do not have a one-
to-one correspondence to the
plaintext characters they
represent. Each time a
particular plaintext character

is sent, it is encrypted as a
different character selected
on a random basis or on a
pseudo-random basis derived
from a complex mathematical
formula known only to the
receiving end. A string of test
characters such as
RYRYRYRY might be
encrypted and sent as
QAANFGRM, for example.

Some signals in Table 5 are
listed as Baudot crypto. They
were categorized as Baudot

crypto because they
exhibited the following
attributes: 1) The received

characters are individually all
valid Baudot characters; that
is, each has a start pulse, five
data pulses and a stop pulse.
2) Each character received in

a row exhibits these char-
acteristics. 3) There are 32
possible individual characters
in the 5-unit Baudot code.

Using the computer, a
large sample of characters
(e.g., 800) is received, and the
occurrence of each of the
possible 32 is counted. The
counts are then examined.
When analyzed this way,
Baudot crypto exhibits an
essentially flat character
distribution, i.e., just about as
many of any one character as
of any other. Plaintext or
text encoded by simple bit
inversion or bit transposition
(described later on) show
relatively large counts on the
characters corresponding to
frequently sent characters
(space, T, E) and low counts
for infrequently sent
characters.

Bit Inversion (Funny Cryptic
Carrier)

A simple means of
preventing the casual listener
from reading one’s traffic is
to invert {mark becomes
space and space becomes
mark) one or more of the
data bits in each character.
When received on a normal
machine, this type of trans-
mission resembles Baudot
crypto, but, upon inspection,
it will not show the random
character distribution of a
highly encrypted code. The
characters equivalent to the
frequent spaces, Es, and Ts
aren’t hard to find, if a little
elementary cryptanalysis is
performed.

The result of bit inversion
is the creation of a simple
substitution cipher, which
ought to appeal to amateur
code breakers. The technical-
ly inclined code breaker need
only get the five data bits of
cach character in parallel and
experiment with inverting
them in various combinations
(only 32 possible) until he’s
printing plaintext. The bit
inversion frequencies listed in
Table 5 provide a 24 hour
ready source which should be
easy to copy anywhere in the
USA. When text isn’t being
sent, a mark carrier is on the
air. Hint: The number of bits



Time

Freq. kHz GMT
2426.4 0330
2590.4 0400
2648.2 0410
27456 0330
4015.6 0415
4042.4 0255
4144.6 0030
4295.6 0425
4348.6 0055
47146 0305
5070.4 0350
5133.3 0500
5158.0 0055
5254.1 0120
5857.8 0215
5903.6 0040
6252.4 0230
6256.4 0230
6284.5 0230
7603.8 0230
7617.2 0105
7790.0 0135
7900.2 0115
8216.4 0250
83123 0216
8336.4 0140
8344.4 0300
10245.9 0210
11045.3 2250
11106.4 2315
11610.8 2330
12149.8 2030
12256.5 2025
12476.3 2000
12850.4 0005
12939.6 1445
13592.3 1245
13830.3 1600
13942.2 1745
16220.4 1620
17397.6 1550
18045.0 1515
18583.6 1700

inverted is always 2 or 3
(never 0, 1, 4 or 5), and the
key is changed at 0000 hours
GMT.

Here's an example: For
the sake of discussion, let’s
number the data bits of the
Baudot code 12345 (as in
Table 1) and represent
characters by binary numbers
with mark represented by
“1” and space by “‘0”. The
letter “E" is represented by
10000, “R” is 01010, etc. If
bit inversion is being used on,
let’s say, bits 4 and 5, 10000
(E) becomes 10011 (B),
01010 (R) becomes 0100l
(L), and 00010 (carriage
return) becomes 00001 (T).
Thus, if bits 4 and 5 are being
inverted on a particular day,
E will always print as B, R as
L, carriage return as T, etc.

Date Speed

GMT wpm u/i
01-31-77 - -
01-31-77 100 |
01-31-77 100 |
01-31-77 100 |
01-31-77 - -
02-08-77 67 |
03-05-76 100 U
01-31-77 - -
03-03-76 - -
01-18-76 100 |
02-15-77 - -
03-16-76 60 U
02-21-77 - -
02-14-77 - -
02-14-77 - -
02-21-77 67 U
02-23-76 67 U
02-23-76 67 U
02-23-76 67 U
03-04-76 60 u
02-15-77 -
03-06-76 60 U
02-15-77 -
02-26-76 -

02-07-77 67 U
02-18-77 67 U
02-26-76 67 u
02-10-77 - -
05-19-76 - E
05-19-76 - -
03-06-76 - .
02-20-77 - -
02-20-77 - -
02-20-77 67 u
03-07-76 -

02-28-76 100 |
02-22-77 - -
03-06-76 60 u
03-03-76 60 u
02-20-77 - -
02-20-77 - -
02-20-77 - -
02-12-77 -

Shift

Hz Ms/Bit Notes
850 I8 Synchronous
850 - Baudot crypto, strong signal
170 - Baudot crypto
850 - Baudot crypto, strong signal
850 20 Synchronous, clear signal
850 - Baudot crypto
425 - Baudot crypto
850 13 Synchronous, strong signal
425 13 Synchronous, strong signal
850 - Baudot crypto
850 11 Moore, duplex, both channels
idle beta
425 - Bit inversion privacy
cipher, heard often
- - FDM, strong, buzz saw, 4 chan?
400 1 Moore, strong signal
700 U9 Moore, 2 channels, strong signal
850 - Baudot crypto
425 = Russian telegrams
425 - Russian telegrams
425 Russian telegrams
425 - Bit inversion, on all the time
300 1 Moore, idling
425 - Bit inversion, carrier with
sporadic text
400 11 Moore twinplex, TDM/FDM
230 18 Synchronous, strong signal
425 - Russian telegrams
500 - Russian telegrams
425+ Russian service messages
400 1 Moore idling
850 13 Synchronous
850 16 Synchronous
425 16 Synchronous
- - FDM, buzz saw
- FDM, buzz saw, strong signal
425 Russian telegrams
850 20 Synchronous, clean signal
850 - Baudot crypto
850 1 Moore idling, clean signal
425 5 Bit inversion, always on air
425 - Bit inversion
400 11 Moore twinplex, TDM/FDM
280 1 Moore idling

- 1

Table 5. Unusual RTTY signals heard in Nj.

Synchronous Codes

We've talked about Baudot
being an asynchronous code.
By this we mean that, due to
the presence of a start and
stop pulse for every
character, each character is
self-synchronizing, and there
is no other need for the trans-
mitting and receiving ends to
stay in synchronization.

There are numerous
examples of signals on the air
which show no evidence of
start and stop pulses. In Table
5, examples of these signals
are labeled as synchronous.

A study of various
methods wused for data
communication between

computers shows that there
are many methods of
synchronizing the trans-

mitting and receiving ends of
a synchronous communica-
tions line. In general, these
methods have in common the
presence of an accurate and
stable timebase reference at
each end, as well as some
means of achieving initial
synchronization and periodic
resynchronization based on
the content of the received
signal. A normal Baudot
machine will see random false
start pulses in a synchronous
signal and print garbage.
Other than Moore code,
which is described further on,
| haven’t broken, or even
identified, any of the
synchronous codes listed in
Table 5. The characteristics
by which they are classified
are simply frequency, shift,
and bit size in ms. Computer

FDM, 8 channel?
Moore idling, strong signal

analysis has shown that they
do not have regularly occur-
ring start and stop pulses for
any size code, from a 6-unit
code through a 14-unit code.

| would welcome informa
tion from readers having
definite knowledge about any
of these so-called synchro-
nous codes.

Twinplex

Twinplex is a method of
transmission in  which the
carrier is shifted among four
discrete, closely spaced
frequencies, allowing two
distinct  (but synchronized)
RTTY channels to be simul-
taneously sent using one
transmitter. It is designed
such that reception of one of
the channels is possible using
a fairly standard TU.
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Frequency

8899.970 kHz
8900.030 kHz
8900.090 kHz
8900.150 kHz
8900.210 kHz
8900.270 kHz
8900.330 kHz
8900.390 kHz

Notes

Channel 1 space
Channel 1 mark
Channel 2 space
Channel 2 mark
Channel 3 space
Channel 3 mark
Channel 4 space
Channel 4 mark

Table 6. Four channel FDM.

As an example, let’s call
the four frequencies A, B, C
and D as follows:

A 8900.000 kHz;
B 8900.200 kHz;
C 8900.600 kHz;
D 8900.800 kHz.

We'd like to use these four
frequencies, only one at a
time, to send two synchro-
nized TTY channels simul-
taneously. We design our
transmitting scheme as fol-
lows:

1} At any point in time when
channels 1 and 2 are both
mark, send frequency A.

2) When channel 1 is mark
and channel 2 is space, send
frequency B.

3) When channel | is space
and channel 2 is mark, send
frequency C.

4) When channels 1 and 2 are
both space, send frequency
D.

This same relationship
between the TTY channels
and the transmitted
frequency can be shown in
tabular form:

Channel |
Channel 2
Frequency
Transmitted AB C D

If a twinplex signal is
recognized as such (a good
panadaptor is a help here), it
should be possible to print
channel 1 on a standard
setup, provided the filters in
the TU are not too sharp.
You will have to tune so that
your TU thinks it is seeing
mark when either frequency
A or frequency B is being
transmitted, and seeing space
when either frequency C or
frequency D is being trans-
mitted. Reference to the
table above will show that
setting up in this way will
recover channel 1.

Commercial

MM S S
MSMS

equipment,
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designed to receive twinplex,
separates and recovers both
channels simultaneously.

Frequency Division Multiplex
(FDM)

Signals exist which are
comprised of 4, 8, 16 or more
separate RTTY channels sent
simultaneously by the same
transmitter. The available
literature describes both
amplitude modulated (pulsed
CW) and frequency modula-
ted (FSK) subcarriers with
shifts of 30, 35, 42.5, 60 and
85 Hz. The equipment used
commercially to separate
such a signal into its con-
stituent channels consists of a
large, impressive rack of
precision narrow band filters.

An example of a 4-channel
FDM system using 120 Hz
channel separation and FSK
with 60 Hz shift per channe!
is shown in Table 6.

The twinplex signals
described earlier can be
considered as a special

example of FDM. In a twin-
plex system, at any one
instant in time, all the power
is in only one of the four
subcarriers. This advantage is
counterbalanced by the
requirement that the two
channels of information be
synchronized. The channels
of a more conventional FDM
system need not be synchro-
nized, but the power is shared
among the subcarriers, i.e.,
one subcarrier per channel is
transmitted at any instant in
time.

It’s not unusual to receive
signals which sound like a
buzz saw gone berserk, and
it's these that are allocated to
the frequency division multi-
plex category in Table 5.
Since | haven’t yet printed
clean copy on most of these
signals or verified them in
some other way, the FDM

Frequency Notes

8899.970
8900.030

8900.090
8900.150

Channel AB space
Channel AB mark

Channel CD space
Channel CD mark

Sending

} ABABABAB

} CDCDCDCD

Table 7. Four channels, TDM/FDM.

listings should not be con-
sidered 100% accurate.

Time Division
(TDM)

If two or more channels of
information are separated in
time by alternating the trans-
mission of characters from
each of the channels, time
division multipiex results.
Diplex transmission of Moore
code, described further on, is
an example of TDM.

For example, a 2 channel
TDM system would alternate
characters from each of two
channels. Consider two
messages punched on tapes:
Channe! 1, ‘*‘READ
KILOBAUD"” and Channel 2,
““ABCDEFGHIJKLM”. The
transmitter would alternately
select a character from
channel 1, then channel 2,
then channel 1, resulting in a
transmission of:
“RAEBACDD EKFIGLHOIB|
AKULDM”.

Multiplex

TDM/FDM

Time and frequency
division multiplex technigues
are sometimes combined into
a single transmission. {'ve
identified several examples of
this to date — two channel
FDM transmissions, each
channel of which is sending
diplex Moore code (TDM).

As an example, consider
four TTY channels — A, B, C
and D. Each, for simplicity’s
sake, is sending a message
comprised of the channel’s
name repeated over and over,
e.g, channel A’s traffic is
AAAAAA ... channel B’s
traffic is BBBBBB.

This could be combined
into a 2-channel
(4-frequency) FDM system,
the first channel of which is
sending alternate characters
from A and B (TDM), the
second channel of which is
sending characters from C
and D (also TDM). See Table

7

Moore (ARQ) Code

In 1963, the International
Telecommunication Union
published a unanimous
recommendation that an
automatic repetition on
request (ARQ) code be used
in situations where the use of
a five-unit code would other-
wise produce an intolerable
error rate. The code
recommended, called Moore
code after its inventor, is an
error-detecting  synchronous
code which represents each
character in seven bits. For
any character, three of the
seven bits are always mark;
the other four are space. This
provides an error-detecting
function, as well as the means
of synchronization. The
utility of the code is in full
duplex (simultaneous two-
way) situations. When one
end detects a mutilated
character, it momentarily
interrupts its transmission of
traffic and transmits a special
character which initiates an
ARQ cycle, that is, the
retransmission of the last few
characters from the other
end.

Thirty-two of the 35
possible Moore code
characters have a one-to-one
correspondence to Baudot.
Figures and letters case
characters are paired the same
in both codes. Indeed,
standard S-unit teleprinters
are used in Moore systems,
after appropriate code con-
version, to create and print
the traffic sent and received.
See Tables 1 and 7 for the
complete Baudot and Moore
codes.

The three special Moore
characters without Baudot
equivalents are idle alpha, idle
beta, and signal [. The idle
characters are used as fillers;
signal | is the special
character used to request a
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Table 8. Moore 7-unit code.
retransmission when a muti- number of people I've talked both ends. An operator 00001 (T), 01010 (R)
lated character has been to who are convinced that records a message at normal remains unchanged, 01001

received. The Moore signals
I’ve received are comprised of
two separate channels of
information. Two different
Baudot signals are translated
to Moore and alternately
sampled to produce a single
FSK  transmission. This is
called diplex and results in a
bit length of 11.67 ms or
163.38 ms per character pair.
Characters from the two
channels, called the A and B
channels, are sent in alternate
time slots, one A character,
one B character, etc. To
further complicate things
(actually to help synchronize
and to distinguish between
the A and B channels),
certain character positions are
sent inverted, that is, 4 bits of
mark and 3 of space. The
pattern of inverted and
uninverted characters repeats
in cycles of 8 characters, 4
from channel A, 4 from
channel B. Using upper case
to represent uninverted
characters, the two channels
are combined in the following
repeltitive pattern:
abaBABaB. This pattern
repeats over and over,
providing the method of
distinguishing between
channels and aiding in
synchronization.

RUMORED SIGNALS

This section will present
the characteristics of various
signals which I’ve never heard
on the air. | almost believe
they're out there just waiting
for the sunspots to come
back. My faith is due to the

they have received them, pius
what I've been able to find in
the literature.

Correspondence from
readers who can provide
actual time and frequencies
of nonstandard RTTY signals,
based on their personal listen-
ing or commercial experience,
would be welcome.

ASCII

A popular nonsignal
among hams is ASCII. Some
are even convinced that most
of the FSK they can’t print is
ASCIl. | wish that were so.
It's not. At least not where
my antenna’s been pointing.
Using the computer, as will
be described, I've analyzed
hundreds of non-Baudot
signals. |I've never found any
non-Baudot asynchronous
code, let alone ASCIl. They
tell me Canadian amateurs are
using it and North African
news agencies, too. I'll keep
looking.

Six-Unit Typesetter Code

Some South American
countries are said to use a
six-unit typesetter code on
the air. This code is said to
have a start pulse, five data
bits, and that’s it — no stop
pulse.

High Speed Morse Code

High speed Morse code
(around 300 wpm) is used in
tactical situations to prevent
interception and direction-
finding by the enemy.
Advantages are that simple
equipment can be used at

speed, it is sent at high speed,
recorded at high speed at the
receiving end, played back at
greatly reduced speed, and
reduced to writing by a
trained Morse operator.
Despite the current disagree-
ments between New Jersey
and New York with respect
to state income taxes, no high

speed Morse has been
received at my QTH.

Bit Transposition Baudot
Cipher

Bit transposition is said to
be used in private systems,
similar in application to the
bit inversion system described
earlier. As with bit inversion,
bit transposition requires that
the five data bits of the
Baudot character be obtained
in parallel at both ends of the
circuit. At the sending end,
using a switchboard type
arrangement, two to five of
the data bits of the character
are scrambled, according to a
prearranged pattern, by
moving them to a different
position. At the receiving
end, after obtaining the data

bits of the character in
parallel, the bits are
unscrambled, utilizing a

similar switchboard, then the
character is printed.

Here’s an example: As in
the discussion of bit inversion
presented earlier, let’s
number the data bits of the
character 12345. A simple
example of bit transposition
would be for the sending end
to transpose bits 1 and 5.
Then 10000 (E) becomes

(L) becomes 11000 (A), and
01111 (V) becomes 11110
(K).

Character frequency distri-
bution analysis of a bit trans-
position cipher would
indicate a simple character
substitution code. To date,
computer analysis of scores
of strange Baudot signals has
not resulted in the identifica-
tion of any bit transposition
transmissions.

Bit transposition and bit
inversion can be combined in
a single system simply by the
application of both
techniques simultaneously.
For our example, we'll invert
bits 4 and S of each character
and then, after inversion,
we’ll transpose bits 1 and 5.

Plaintext:
10000 (E)
01010 (R)
10011 (B)

Bits 4 and 5 inverted:
10011 (B)
01001 (L)
10000 (E)

Bits 1 and 5 transposed:
10011 (B)
11000 (A)
00001 (T)

If the procedures are
reversed, that is, transposition
first, then inversion, the
results are entirely different.

Plaintext:
10000 (E)
01010 (R)
10011 (B)
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Bits 1 and 5 transposed
00001 (T)
01010 (R)
10011 (B)

Bits 4 and S inverted:
00010 (car. ret.)
01001 (L)

10000 (E)

Note that bit inversion, bit
transposition, bit inversion
followed by transposition,and
bit transposition followed by
inversion all have one thing in

the creation of a simple
character substitution cipher.
As long as the key remains
unchanged, each plaintext
character will result in the
same encoded character every
time it is sent.

Although several sources
have indicated that simul
taneous bit transposition and
inversion was in common use
just several vyears ago, |
haven't found any of it on
the air since |'ve been listen-
ing.

program over the last two
years to help in the reception
and analysis of the many
hundreds of RTTY signals |
have found on the air. With-
out this computer program,
the preceding article could
not have been written. The
computer provided the versa-
tility necessary to quickly
identify and print a variety of
normal RTTY signals, as well
as to analyze and classify the
unusual signals.

radio and computer hobbies
is still in its infancy and
would seem ready for growth.
The number of RTTY signals
on the air is increasing all the
time; there are codes yet to
be discovered, as well as a

variety of codes already
discovered, which need
further analysis. Attacking

this with a home computer is
a computer game of sorts, a
real time, real world
computer game, which is at
once very challenging and

common — their use results in |
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GgeT on TOP witH ALPHA

developed a computer

P
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A GREAT OPERATING YEAR IS STARTING RIGHT NOW.
SUNSPOTS ARE UP — CONDITIONS SHOULD BE THE BEST IN YEARS.
THOUSANDS OF ENTHUSIASTIC NEW AMATEURS ARE ON THE BANDS.
HAMMING WILL BE TERRIFIC —

BUT COMPETITION WILL BEROUGH!/

WHEN QRM RAGES AND THE PILE-UPS DEEPEN,
WOULDNT YOU LIKE TO HAVE. ..

B ALL THE ROCK-CRUSHING POWER YOUR LICENSE ALLOWS
to ‘baby’ your linear, no duty cycle or time limit at all?

INSTANT BANDCHANGE 'NO-TUNE-UP’ all the way from 10 through 80 meters, with the
exclusive ALPHA 3747

a
B COVERAGE ALL THE WAY DOWN TO 160 METERS with the smooth-tuning, extra-rugged
a

on alf modes — with no need

ALPHA 76 powerhouse?

CRISP, PENETRATING ""TALK POWER"” — as much as 10 dB extra to 'punch through’ when
the going gets really tough, with the ALPHA/VOMAX split band speech processor? It's as
effective as the best rf processor, lower in distortion, and very easy to use with any rig!

B THE PROTECTION OF A FACTORY WARRANTY THAT RUNS A FULL 18 MONTHS — six
times as long as competitive units? [ETO tries to build every ALPHA to last forever . . . and
we’re making progress: not one single case of ALPHA 76, 77D, or 374 power transformer
failure has ever been reported!]

B THE PURE PLEASURE OF OWNING ALPHA?

ALPHA:

START ENJOYING THE ALPHA EDGE NOW. Call or visit your nearest ALPHA/ETO dealer, or
ETO direct, right away, and you can have prompt delivery of your new ALPHA linear amplifier
and ALPHA/VOMAX processor. While you're at it, ask for illustrated literature describing all
ALPHA products in detail, as well as a copy of “Everything You Always Wanted to Know About
{Comparing) Linears . . . But Didn‘t Know Whom to Ask. "’

SURE YOU CAN BUY A CHEAPER LINEAR —
BUT IS THAT REALLY WHAT YOU WANT?

Tn EHRHORN TECHNOLOGICAL OPERATIONS, INC.

BOX 708, CANON CITY, CO 81212 (303) 275-1613
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This combination of the

very satisfying. ®

NEW !
A $34.95

Meter Calibrator!

A quality volt-ohm calibrator at a break
through price! Why put off calibration of
your VOM, VTVM, or digital multimeter?
Here's what you get
® Check DC volts at 0.100 V, 1.000 V,
and 10.000 V
® Up to 0.02% accuracy on volts
® Check ohms at 10082, 1k, 10k, 100Kk,
and 1 meg.
® Up to 0.1% accuracy on ohms
Battery powered, uses 2-9 V batteries
(not inctuded)
Uses hybrid IC precision reference

Only $34.95 each. Please add $1.50
postage. CA residents add $2.10 tax.

Gary McClellan and Co.  Box 2085

1001 W. Imperial Hwy.
G10 La Habra CA 90631

PRINTED CIRCUIT

BYTESIZE CIRCUIT BOARD
BLANKS, POSITIVE ACTING PHOTO
RESIST, CARBIDE DRILL BITS, SNAP
IN CIRCUIT BOARD SPACERS AND
CARD PULLERS, DRILL/MILLS,
PROTOTYPE BOARDS, W. H. BRADY
& DATAK DRAFTING ARTWORK,
MATTE FILM, PRECISION GRIDS,
BUBBLE ETCHERS, PC DESOLDER—
ING TOOLS, POSITIVE ACTING
DIAZO FILM, PRECOATED CIRCUIT
BOARDS, SILVER PLATING POWDER,
WIRE WRAP TOOLS

SEND STAMP & ADDRESS FOR FLYER

TRUMBULL CO.
833 Balra Dr., El Cerrito, CA 94530




bout two years ago |

saw an amateur radio
teletype (RTTY) station on
the air. That one look was all
it took to fix in my mind that
one day | would com-
municate from a keyboard
instead of a mike.

Finally after several
months of searching, | found
my machine, a Model 15. It
had been wused in amateur
service before and was in
practically new condition.

Once | was home with the
15, the big job started
convincing the XYL that
there was room in the spare
bedroom | call a ham shack
for this thing that it took two
people to carry in. Fortun-
ately, | have an understanding
XYL, and, after some moving
around of furniture, the 15
was set in position next to
my operating table.

| plugged it in and turned
the switch on. The motor
came to life, and | was ready
to see if this thing would
really type. It wouldn’t. |
didn’t know much about
RTTY at that point, but !
took a guess that it might
have something to do with
the two wires that were
dangiing down from the
machine with phono plugs on
the end.

It seemed that now was
the time to pull out the back
issues of 73, which make up a
large part of my reference
library, and find out a little
more about the 15 like
how do | make it type. After
a few hours, | finally had it
figured out. What | nceded
was a thing called a loop

William E. Browning WB5IRY
6712 E. Independence St.
Tulsa OK 74115

RTTY Local Loop

-- perfect for beginners

supply. 1t seemed that the
RTTY needed dc as well as ac
to run on.

| did more reading and
looking for a loop supply that
| could build and finally
reached a conclusion. | would
design and build the supply
to fit my needs. My require-
ments were:

1. Ability to run the page
printer from the keyboard (to
make sure it will work).
2. Ability to run the page
printer from a paper tape
reader (T.D.). | was lucky to
acquire one of these with the
15.

3. Ability to run a paper tape
punch and the page printer at
the same time. (What good is
a tape reader without a tape
punch?)

4. Use as few parts as
possible. (I have a small junk

Parts List
Radio Shack
Quantity Description Part Number
1 ac power cord 278-1255
1 fuse holder 270-739
1 fuse (1 Amp) 270-1273
1 pilot lamp 272-703
1 metal cabinet 4’ x 2%" x 6" 270-252
1 push/on—push/off switch 275-1551
1 full-wave bridge rectifier 276-1172
(4 Amp, 450 volt)
1 electrolytic capacitor 272-103
(20 uF, 450 volt)
Y) 10 Watt power resistors 271-140
(1000 Ohm)
1 10 Watt power resistor 271138
{500 Ohm)
4 phone jacks 2 conductor 274-255

{closed circuit type)

box.)
5. All parts to be readily
available. (Someone else

might like to build one.)

6. Keep cost at a reasonable
fevel. (My extra money is
smaller than my junk box.)

A schematic diagram of
the local loop supply that
meets my requirements is
shown in Fig. 1.

Unfortunately, the only
parts | found in the parts box
were the pilot lamp and the
fuse holder, which is not
much to start with. One of
the requirements was that all
parts be readily available, and
a trip to the local Radio
Shack found all the parts in
stock. (The part numbers |
used are listed in this article.)

The phono plug should
not be grounded in this cir-
cuit. To overcome this
problem, | first used one of
the black Bakelite boxes that
are so handy for small pro-
jects. This was a mistake. |
found the mistake after about
10 minutes of test operation

—\— ————
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as the box slowly started
melting around the resistors.

| made a second trip to
town and back for a new box,
this time a metal one with
vents. | had no more problem
with heat buildup. | insulated
the jacks from the metal
cabinet by using viny! grom-
mets.

If you do not run a type
punch and T.D., you could
leave out phono jacks J-3 and
J-4. R-1 is a 2.5k Ohm, 10 W
resistor, which gives the 60
mA required by my 15.
(Since the required resistor
wasn’t available, | used my
vast knowledge of electronics
and came up with two 1k
Ohm and one 500 Ohm resis-
tors in series.)

So, I've got my 15 typing,
and it’s doing a good job.
Now all | have to do is find
out how to get it on the air. !
believe it takes something
called a converter and an
AFSK oscillator. | have some
ideas for the oscillator, and
maybe | can tell you how it
turns out later. ®
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John S. Hollar, Jr. W3JJU
5012 Sunset Drive
Harrisburg PA 17112
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1440 29th Avenue
Oakland CA 24601

Iry the RTTY Reader

-- computer display goes ham!

nly a handful of area
RTTY enthusiasts could
be convinced to come up to
two meters from the HF
bands. That was until the
Central Pennsylvania Re-
peater Association (CPRA)
established its WR3ACO
RTTY machine*. Now, with
autostart a must, a Model 15
printer has become a “‘paper
hungry monster,” with the
machine running contin-
uously from early afternoon
until well after midnight. In
the Harrisburg PA area, your
only defense against a daily
reading load approaching the
New York Times is to turn
the thing off, and miss all the
good stuff, or record every-
thing on cassette tape.
In my search for noiseless
RTTY, | came upon a truly
unique subassembly, designed

*WR3ACO RTTY rptr (ns). In:
147.975 MHz; out: 147.375 MHz,

and built by Micon Industries
in Oakland CA.' The unit is
an extra bright alphanumeric
display module designated as
the #932. The module is the
heart of their personal com-
puter terminal called the
Pocket-term. The display
consists of a single line of
text with 32 alphanumeric
character positions. The
letters are the size of a dis-
play on a typical hand-held
calculator, but the display is
6.4 inches in length. The LED
module can be set up to
display parallel ASCIl or
Baudot information simply
by grounding one pin of its
16 pin minidip interface plug.
Further, information may be
shown in a variety of ways

typewriter mode with cursor
reset, clear, and backspace, or
in a walking mode similar to
the Times Square news and
weather display. Another
mode, burst mode, may also

be used for the more
enthusiastic builder.
Therefore, if a mother

board were designed into
which the display module
could be plugged, providing a
simple RTTY terminal unit, a
UART for converting serial
Baudot to parallel, power
supplies and some associated
interface circuitry so that the
#932 module could be used
without modification, a desk-
top RTTY reader would be
the result. As an added
bonus, the unit, when com-
pleted, would be hardly
bigger than a carton of
cigarettes.

A letter to Micon Indus-
tries brought the display to
my door in less than two
weeks. The associated data
sheets left much to be de-
sired, but the basic data fur-
nished was sufficient to con-
tinue with the project. Table
1 shows the terminations for

Pin # Function

1 Ground

2 -12 volts dc¢

8 End of line (positive edge indicates start of new line)

4 Memory clock 4 kHz

5 Read/Write

6 LTRS (low); FIGS (high) . . . also 6th bit in ASCII

7 05

8 04

9 03 DATA IN ... five bits for Baudot, 6 bits for ASCI|
10 02 with pin 11 being the least significant bit.

1 01

12 An LED indicator which needs only +5 volts through a 470 Ohm res.
13 Scan clock . .. connect to pin 4

14 Clock Inhibit “’0’’ enable

15 Baudot (high); ASCIl bring low

16 +5 volt logic supply

Table 1. Pin connections for the Micon #932 display module.
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the 16 pin male DIP plug
which is furnished with the
module along with about 8
inches of ribbon cable.

Circuit Interface

The scan clock and the
memory clock are both
driven from the same simple
CMOS oscillator. The clock
must run anywhere from 3
kHz to 5 kHz and is not
critical. The scan clock is
interrupted by the use of the
clock inhibit (pin 14 for use
in the walking mode, in this
application). Only one
8-input NAND gate is re-
quired to decode the FIGS
LTRS input. By recognizing
the high condition of Baudot
data bits 01, 02, 04, and 05
and pin 19 of the UART, we
can then use data bit 03 to
tell the display module the
shift code for FIGS or LTRS.

This arrangement, when
data bits and pin 19 of the
UART are in the true state,
allows the flip-flop to sample
bit 03. Almost as an after-
thought, the same logic was
applied to decode uppercase
“S” or bells. . . you just gotta
have bells. One half of the
CD4013 D type flip-fiop is
clocked similarly, but this
time detecting a true con-
dition on the 5 data lines
(three inverters are required)
and, once again, the high
condition on pin 19 of the
UART. An all conditions true
for upper case ‘S” triggers
the other half of the CD4013,
which is set up as a one-shot
multivibrator. Given that the
single Baudot code for a bell
is approximately 160 ms, the
RC network on the one-shot
stretches this pulse length to
about 250 ms. This pulse
then directly triggers pin 4 of
an NES555 timer, set up in an
oscillator configuration,
which drives a speaker di-
rectly from pin 3 through a
capacitor. This oscillator is
set up to provide a fairly
good volume without con-
trols. But volume can be ad-
justed to suit by shunting the
output more than that
shown. All unused CMOS
inputs must be grounded or
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tied to other inputs to pre-
vent self-oscillation.

Two clocks are required to
operate the display. The
UART clock should be set to
727 Hz for 60 wpm oper-
ation. The clock speed con-
trol will adjust to any speed
desired, however. If the fixed
resistor is carbon film, then
the variable control can be
any cheap composition type,
while still maintaining greater
than 1% frequency tolerance.
The capacitor should be
mylar or silver mica. The
display clock, on the other
hand, is not critical and can
have a 20% tolerance. There-
fore, composition resistors
and a disc capacitor may be
used. No adjustment of this
clock should be necessary.
The CD4049 hex inverter is
used for both clocks, as the
outputs are buffered as
necessary.

As a special note, addi-
tional information is pre-
sented for other applications
for the display module. A
strapping option on the board
allows the use of EBCDIC.
The display can accept data
rates of up to 250 characters
per second — tno fast to read
but not to photograph.
Higher speed versions can be
furnished by Micon that will
display up to 1000 characters
per second. Power require-
ments for the RTTY reader
are +5 volt fogic at about 600
mA and a scant 20 mA at -12
volts. Since the display
module and the UART both
require -12 volts, no other
voltages are required. Each
character of the multiplexed

array emits about 500 micro-
candles of light. It's almost
too bright. Only one char-
acter position is being illu-
minated at any one time, and
the display appears to the eye
as average. Actually, each
LED is being strobed 32
times brighter than its average
appearance, but is run on a 1
out of 32 duty cycle. The 4
kHz clock frequency pro-
duces a scan frequency of
125 Hz. Any scan frequency
below 90 Hz may cause the
display to flicker.

The negative edge of the
clock applied to pin 13 (see
Table 1) will advance the scan
logic and character position
to the right. On the negative
edge of the clock applied to
pin 4, the memory will select
the segments to be lighted for
the next character. If pins 4
and 13 are tied together, as
they are in this application,
then the display (with no new
data entered) will appear

.
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static. A positive edge is out-
put from pin 3 every time a
scan starts out from the left
of the display. This pulse is
used to synchronize character
positioning for the updates.
For example, if, in typewriter
mode, you wish to place a
new character in position 14
(from the left of the display),
wait until you receive a
positive edge from pin 3, and
then count 13 negative edges
of the scan and memory
clock. Now the read/write
line on pin 5 should be pulled
low, and, during the next
positive edge of the memory
clock, the character on the
input pins will be loaded to
memory. Pin 5 should be
returned high on the next
negative edge.

In the project described
here, the walking mode is
used. Here update occurs
coincident with the positive

edge of pin 3. This causes the
new character to appear in
the left-most position. All
characters are then shifted to
the left, rotating the new
character to the right. In or-
der to move characters to the
left, the scan clock needs to
skip one cycle in relation to
the memory clock. Con-
versely, skipping a memory
clock cycle in relation to the
scan clock causes all the
characters to advance in the
other direction. In the
walking mode, pins 4 and 13
can still be tied together, and
pin 14, the scan clock inhibit,
can be used to inhibit scan
cycles. See Figs. 1 and 2.
Pin 12 on the module
connector controls a bright
spot LED on the left end of
the display. This may be used
as an indicator for anything.
Here we use it as a tuning
LED for mark (on) and space
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(off) for tuning in signals. In
my version of the RTTY
reader, there are absolutely
no external controls —
switches or knobs — not
because we don't like them,
but none were necessary. The
TU to be described has such a
wide dynamic range with self-
limiting that no control was
required. No manual reset
was required, either, because
of the electronic autostart
control system included. The
only wires coming out of the
box, then, are the ac power
cord and an audio input
phono connector. When using
the LED indicator, be sure to
current limit the LED with a
470 Ohm resistor, if usinga S
volt supply.

Construction of the RTTY
Reader

Construction of the RTTY
reader mother board, which
included TU, autostart,
power supplies, and UART, is
easily accomplished with a
single-sided PC board in-
cluded. Construction is begun
with the two power supplies.
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former is used with center tap
to ground. The resulting plus
12 volt supply is used in the 5
volt logic regulator, and the
minus 12 volt supply is reg-
ulated for both the UART
and the display module. As
can be seen, there are many

jumpers to provide power up
of each individual stage or
functional section of the
board. This aids stage by
stage testing of the unit.
Complete stage by stage
testing is a must to avoid
errors which would destroy

The power supply is a
straightforward design with
an MC7805 or equivalent
used for the 5 volt regulator
chip. Adequate +5 volt power
supply bypassing is provided
throughout by the liberal use
of .1 uF capacitors at the
inputs of the various stages.

A single 24 volt power trans- over-board power supply costly CMOS components.
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The -12 volt supply requires

no heat sink because the
MJE370 current demand is
well under 50 mA. The 5 volt
supply will require heat
sinking in addition to the
large foil on the board for
this purpose, because, with all
the characters going on the
screen, thermal shutdown will
occur without sinking.
The mother board was
mounted on % inch standoff
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Fig. 6. PC board. Component layout shown from bottom.

spacers, and the 7805 was
bolted directly to the alumi-
num bottom plate of the
chassis. This provided more
than enough sinking fcr cool
operation and for continuous
duty. Remember, the -12 volt
supply is negative and the
filter capacitor’s polarity
must be reversed. See Fig. 3.

RTTY Terminal Unit

The all-purpose mother

board also provides a simple,
yet very effective, RTTY
terminal unit, with many
desirable features. Mark and
space tones are easily ad-
justed with a simple pot. The
terminal unit described makes
use of the LM3900 quad op
amp.

This unique component
consists of four individual
operational amplifiers in a

standard 14 pin dual in-line
case. The power supplied to
this component can be any-
thing between +5 volts up to
18 volts. See Fig. 4. Audio
from the receiver is brought
to the board through a 1 uF
capacitor and volume control.
The audio path is divided and
directed to two sections of
the op amp, which are
limiting non-inverting ampli-
fiers. These amplifiers in turn
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drive a two stage bandpass
filter with a gain of 15 and a
Q of about 25. A slight fre-
quency variation of the band-
pass is possible by using the
500 Ohm variable resistor
employed in the feedback
circuit of each bandpass fil-
ter. The values shown for
each filter were selected for a
mark tone of 2125 and a
space tone of 2975 Hz,
respectively. The resistors
shown in the feedback path
will provide for optimum gain
and Q but are not that
critical. Determination of
these components was ob-
tained from the Op Amp
Cookbook?®. Other space
tones, such as 2295, may be
substituted and are within the
practical range of the given
component values. However,
not inserting more exacting
parts in the feedback circuits
causes some gain and some Q
loss.

The outputs of both filters
are once again amplified in a
non-inverting final stage of

the LM3900. Tuning the
active filters consists of
driving the input from an
audio source of the proper
frequency and turning the
500 Ohm pot on each feed-
back network for maximum
sine wave output at pin 10 of
the op amp with a simple ac
scope.

The MPS 2925 (ECG
123A) transistors convert the
audio peaks to CMOS driving
pulses in an envelope detector
configuration. The two
detectors then drive alter-
nately a basic RS flip-flop,
which follows the mark-space
transition. The output is
buffered again, resulting in a
Q and Q-bar output of ICI,
which then drives a low
power keying transistor used
to provide RTTY serial input
to the UART. A reverse
switch may be installed at
this point if desired.

Autostart

The autostart function
utilizes a small portion of
rectified audio from the out-

put of the 2125 amplifier.
This audio delay starts (about
3 seconds) an NESSS timer,
which is held from timing out
by the use of space tones to
bleed off the timing capac-
itor. Since the output of the
NES5S at pin 3 is held high
with valid RTTY only, the
output is coupled to pin 21
of the UART. This supplies
enable high to the UART and
supplies a clear to the update
flip-flop, causing the recir-
culate line to go low. This
will fill the display with the
characters present on the data
lines. Since the UART has
been reset, the data lines will
all be “0"”, thereby filling the
display with blanks. The
NES5S55 also provides a clear
pulse to the FIGS/LTRS FF,
which always comes up in
LTRS. Reset of this line
occurs in three ways — auto-
start call-up, manual push-
button (if desired), and
power up.

A miniature noiseless
RTTY terminal, without the
rigid design specifications and

high cost of a video/CRT
system, is the result of this
project. Other applications
could include an automatic
Morse code reader display or
a portable “advertising” dis-
play using prerecorded in-
formation on a tape recorder.
Perhaps the more industrious
ham gear manufacturers will
provide a similar module in
their new receiver models,
which decode Morse, all
speed RTTY, and ASCII at
the flick of a panel switch.

We hope you will have as
much fun with this project as
we did in building and
showing it off. Technical
questions with regard to the
display module should be
directed to Mike, and TU
interface and mother board
questions to W3]JU. Good
viewing. ®
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FRIVOLOUS PETITIONS

The FCC says on the one hand that
it doesn’t hear enough from amateurs
about the rules they want. On the
other, they complain about the many
silly petitions being sent in.

The ARRL has caused a lot of this
trouble. In order to appear to be the
“representative’’ of amateurs, the
League works hard to convince ama:
teurs that they should tell their direc-
tors about their reactions to rule
changes rather than “bother” the
FCC. Amateurs find that this is a sure
way to not be heard at all, so they
react with apathy . what can one
person do? . . . etc.

The League would like it best if
they were the only group entering
amateur rule change petitions to the
FCC ... and the only group com-
menting on dockets proposed by the
FCC. This is the thrust of just about
everything you read in QST and hear
from directors when (and if) they visit
your club.

In many cases, rule making peti-
tions are submitted to the FCC as a
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way of tackling some immediate
problem. By the time the FCC has
come to grips with the petition,
several years |ater, the whole matter is
often irrelevant. Unfortunately, this
doesn’t deter the FCC from making a
big deal out of it and coming forth
with some fascinating rule proposals.
Also contributing to amateur
apathy in the matter of FCC dockets
is the reaction of the ham magazines.
QST generally provides a dry and
boring report in very fine print. Ham
Radio, in refusing to even mention the
subject, indicates that it is of no
importance. CQ does the same in
almost all cases. | try to see that FCC
dockets are as well covered and dis:
cussed as possible in 73, but we're
only one magazine out of four, so the
general attitude is that someone else
should worry about these things
they are of no real significance.
Perhaps you've noticed that very
few of the petitions submitted to the
FCC for rule making have been pub-
lished in any of the ham magazines.
They are not generally published in 73
because we haven’t been getting
copies of them — not even the more

interesting ones. If the person sub
mitting the petition doesn’t think
enough of it to send us a copy, how
serious can he be about it? The FCC
doesn’t have the men or money to
make copies of all petitions and send
them to the magazines.

One possible way to keep the FCC
from wasting a lot of time trying to
cope with frivolous petitions would be
to have a committee of interested
amateurs look them over and
recommend action on the valuable
changes. This would act somewhat
like a congressional committee. I'd be
glad to help with such a committee
and |I'm sure we could get some other
fellows to help.

The more amateurs can do for
themselves, the freer amateur radio
will be to encourage amateurs to do
the things our ‘‘service’’ has been
designated for: pioneering and in-
venting, public service, etc.

UNWELCOME VISITORS

There seems to be a lot of fretting
going around that the sale of two
meter transceivers by Sears, the recent
promotion by Ancomm of their two
meter set in CB magazines, and NR/
ads for a two meter transceiver as part
of their educational package might
result in a lot of CBers turning up on
two.

The thinking is that since little or
no license is required for CB operation

. and since a lot of CBers are used
to ignoring the rules . and since
there are perhaps 200,000 or so CBers
operating in the ‘‘channels’” above

number 40, what is to stop them from
claim-jumping into two reters and
showing up on our repeaters?

Maybe. If this is starting to happen,
I'd like to hear about it. | don't
doubt that a few CBers with more
brass than others will make a try at
getting on two without a ham ticket

. but | think that amateurs will
figure out how to put a stop to it in
short order. I’d like to hear about any
experiences along this line ... and
think this would be of interest to all
readers.

This is something we have to come
to grips with quickly for the
most part, we are on our own. Don’t
think that the FCC is going to send a
van out to track down a pirate for you
and put him out of business. The
amateur service is billed as self-
policing, and this will have to be it for
any practical matters. Repeater groups
should plan ahead what they would
do if a pirate comes aboard, and have
the routine worked out ahead of time.

Most fellows who give piracy a try
will probably get discouraged quickly
if your group is able to respond and
convince him that you are not going
to put up with any non-licensed oper-
ation. | suspect that a “polite, but
firm” approach may be the best. If
you get abusive, then you may create
a challenge for the chap to harass you
with kerchunking and bad language.
Explain the facts of life to him

invite him to come to the club and
take a course so he can get his ticket

Continued on page 120



 The Century/2l starge
- with a clean sheet |
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OBJ ECTIVE To design a no-compromise HF

transceiver for the beginning Ham or Old Timer and
at an economical, affordable price.

CRITERIA: Cw transmit, cw and ssb receive.
Full break-in. 70 watts input. Full band coverage
80-15 meters, t MHz on 10. All solid state. Instant,

no-tune band change. Built-in regulated power sup-
ply. Overload protection. Linear crystal mixed VFO.
Direct frequency readout. Offset receiver tuning,
defeatable. Built-in speaker. Sensitive receiver sec-
tion. High selectivity — three position. Sidetone with
adjustable level.

Full line of matching accessories.

THE RESULT ... TEN TEC Lenlury/21

The Century/21 was de51gned and tooled from scratch for high
performance cw. A unique Double Direct Conversion receiver
performs as well as the conventional superhet. Broadband
transmitter with instant break-in is a highly desired luxury.
Accessory keyer and crystal calibrator available now, with ad-
ditional accessories to follow. And .

THE AFFORDABLE PRICE :

Century/21, Model 570 .. ... .. $289.00
Century Keyer, Model 670 . .. .. . 29.00
Century Calibrator, Model 276 ... 29.00

Q,.\ o

For further information, write: s
Ol ren-TEC 1
SEVIERVILLE, TENNESSEE 37862

EXPORT:5715 LINCOLN AVE., CHICAGO, ILL. 60646



Organize

Your RTTY Pix

Fig. 1. The author and two methods of storing paper tape pix.
The choice should be obvious!
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sweet tooth is desirable

Ken Mabie W2PSU
446 Rochelle Ave.
Rochelle Park NJ 07662

T here are many interest-
ing aspects of amateur
radio teletype. Some RTTY
operators are into DX, others
have computerized stations,
and still others collect RTTY
art, or “pix.” | am a member
of the latter category, and

can usually be found ex-
changing pictures with other
enthusiasts on Saturday
morning.

Some hams may not be
familiar with the technique of
transmitting pictures with
teletype. Let me explain, to
provide insight into the asso-
ciated problems. RTTY pic-
tures are formed by typing
standard characters over a
“pattern,” which is the pic-
ture being generated. Shading
and detail is produced by
using different character
groups. It usually takes
several attempts to make a
good picture, as experimenta-
tion is required to form the
correct shades. Al of this
“editing” is performed on the
previous attempt until a per-
fect work of art is produced!
In order to work on the
previous partial picture, some
method of saving it is re-
quired. The medium most
commonly used is paper tape

yards of paper tape. Most
RTTY machines have a paper
tape punch incorporated into
the keyboard system, so a
tape is punched along with
the character being printed.
This tape can be read at a
later date with a “tape dis-
tributor” (TD). Thus, the end
result of the editing process is
a new paper tape with the
complete picture. Some de-
tailed pix use overlining to
achieve contrast, which re-
quires many feet of tape. |

Fig. 2. Paper tape library. The titles of the pix are cemented
on the outside of the plates for easy reference. The plates are
stacked to conserve space.



have several pictures which
are represented by several
hundred feet of tape and take
over an hour to print! Pic-
tures are received off the air
in similar fashion. In order to
save the picture for your own
collection, it is necessary to
use tape or magnetic cas-
settes. When using paper tape,
a device known as a reper-
forator is employed to punch
the tape while the picture is
being printed off the air. This
tape is usually edited to
correct transmission ‘“‘hits,”
and then is saved for later
use. This is where the prob-
lem develops what does
one do with mounds of paper
tape as the pix library ex-
pands?

Originally, | saved my pix
by winding the tapes in the
classic military “figure eight,”
and hung them around the
shack. However, this posed
two problems: (1) it didn't
take long until every available
inch of wall space was cov-
ered with little rolls of tape,
and (2) it was difficult to tell
which tape was which. My
initial solution involved stor-
ing the tapes in shoe boxes,
with the “table of contents”
on top. Soon, however, my
floor began to fill up, and
who can afford new shoes
every week just to get the
boxes? A cure to the tape
storage problem was definite-
ly required.

The ultimate cure pre-
sented itself one evening as |
watched my wife discard a
pile of aluminum pie plates.
(Her father owns a bakery,
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and pie plates are a fact of
life.) It seemed obvious that a
lot of tape could be stored in
a flat plate, when the tape
was rolled in a cylinder, like
film in a 35mm cassette! Sure
enough, my longest tape
fit neatly in a pie plate when
it was rolled up! Never again
will those plates end up in the
trash.

My method is simple: |
simply roll the pix tape into a
cylinder, and secure it with a

THE DERBY WINNER

Typical RTTY art.

rubber band. The pie plate
can be labeled on the outside,
eliminating confusion. An-
other advantage to the plate
method is that successive pie
plates can be stacked, thus
conserving additional space.
See Fig. 1 for a before and
after example of tape storage.
Fig. 2 provides a close look at
a shelf holding my pix li-
brary.

That’s it! | cannot think of
any easier method of storing

valuable RTTY art in limited
space. The only problem with
the pie plate method is ob-
taining a large quantity of
plates. Possibly your friends
can save them; if not, be
prepared to join Weight
Watchers, as your diet may
become overloaded with
cherry pie! So go after those
pix, and look for me on 20
meters any Saturday — I’ll be
ready to copy any new works
of art. m

New Products |

from page 15

With the new P(°}M gooseneck
plug, mike and gooseneck stem can be
quickly, easily disconnected from the
stationary receptacle and stored away.
The potential of damage or theft of
the gooseneck and microphone is
eliminated.

Also, the easy connect-disconnect
feature permits ready use of micro
phone and gooseneck in different

“Choice of 3, 4, or 5 pin contacts

locations.

The new plug, available in a choice
of 3, 4, and 5 pins, has heavy brass
housing and satin nickel finish, 5/8-27
external thread on one end for
securing plug to bottom of the goose
neck, features exclusive captive design
insert screw, and ‘‘ground terminal’’ is
electrically integral with plug housing
for sure grounding.

P{*}M plugs mate with Switchcraft
“Q-G' audio receptacles, new QGP
{quick ground professional), and other

connectors with compatible contact
configurations.

For details, write for New Product
Bulletin No. 308, Sales Dept., Switch-
craft, Inc., 5555 No. Elston Ave.,
Chicago IL 60630.

NEW ACCESSORIES
FROM YAESU

Yaesu Electronics Corporation of
Paramount, California, announces the
availability of two accessory items to
its product line: a digital LED readout
for the FT-221, FT-221R two meter
all mode transceiver, and high quality
headphones for all communications
reguirements, commercial or amateur.

The YC-221 LED frequency read-
out simply plugs into the FT-221
series. A simple minor modification
needs to be made to some of the early
transceivers and full instructions are
given in the YC-221 manual. The
frequency readout is in seven digits,
covering 144 to 148 MHz in one haif
inch LEDs. Amateur net price is $119.

The YH-55 headphones are low
impedance types with cushioned type
earpads, and frequency response
tailored for voice communications.
Amateur net price is $15. Both prod
ucts are now available at all autho
rized Yaesu dealers. Yaesu Electronics
Corporation, 15954 Downey Ave.,
P.O. Box 498, Paramount CA 90723.
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Call
1800-633-3410

for Kenwood

*YAESU, DRAKE, ICOM, CDE, HYGAIN, CUSHCRAFT, NPC, TPL, TRISTAO,

NEWTRONICS, DENTRON, REGENCY,

KENWOOD TS-520S SSB transceiver

NEW TS-5208 features: ® 160 thru 10 metercoverage ¢ Optional
DG-5 digital frequency display (on top of unit) ® New speech
processor withaudio compression amplifier ® Built-in AC power
supply (DC-DC converter, optional) e RFattenuator, front panel
activated ® Provision for separate receive antenna e Provision

on back for phone-patch.

649.00 1ist price. Call for quote.

KENWOOD TS-600
6m transceiver

Full 4 MHz coverage ® Modes: SSB,
FM. CW, AM e Repeater activa-
tion ® 11 fixed channels (crystals
optional) e Built-in AC/DC op-
eration ® Noise blanker ® Ampli-
fied-type AGC circuit e Fully equip-
ped RF w/dual-gate MOS FET.

649.00 list price. Call for quote.

KENWOOD TR-7500 2m FM transceiver

s the features you need! Check these: ® PLL
synthesized ® 100 channels (88 pre-programmed, 12 extradiode
programmable) ® Single knob channel selection e 2-DIGIT
LED frequency display ® Powered tone pad connec-
tion ® Helical resonators ® 10 watts Hi output, 1 watt LOW

The NEW TR-7500 ha

ROHN, WILSON, TEN-TEC, MCM & MFJ

d
™

output. Available very soon! Call us for quote

Price to be announced...

KENWOOD TS-820S
transceiver

Features: ® Factory installed digital
readout ® 160 thru 10 meters ® 200
watts PEP e Integral 1=
shift « Noise blanker ® VOX
e PLL ® DRS dial ® |F out, RTTY
XVTR capabilities ® RF speech
processor

1048.00 list price. Call for quote

KENWOOD
TR-2200A ~
2m FM transceive

Features ©® Solid-state con
struction e 2 watts HI, 0.4 watts LOW
output e 12 fixed channels (6
supplied) ® % wave telescoping
antenna ® Rechargeable Ni Cad
batteries ® Lighted channel in
dicators ® Hand-held microphone

229.95 list price. Call for quote

Remember, you can call TOLL-FREE: 1-800-6

33-3410 in U.S.A. or call 1-800-292-8668 in

Alabama for our low price quote. Hours: 9:00 AM til 5:30 PM, Monday thru Friday.

BANKAMERICARD

MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM AL 35202 » STREET ADDRESS: 3521 10TH AVENUE NORTH BIR
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Call

1-800-633-3410
for Yaesu*

"KENWOOD, DRAKE, ICOM, CDE, HYGAIN, CUSHCRAFT, NPC, TPL, TRISTAOQ,
NEWTRONICS, REGENCY, ROHN, WILSON, TEN-TEC, B&W, DENTRON, & MFJ.

YAESU FT-301D HF transceiver

¢ All solid-state ® LED digital readout ® 160 thru 10 meters
(receive only: WWV/JJY & CB) ® 200 W PEP: SSB, CW and 50W
for AM, FSK ¢ Noise blanker ® RF speech processor ® VOX ® Auto
break-in on CW w/side tone e Amplified AGC e Built-in 11-
channel crystal control provision.

935.00 is list price. Call Toll-Free for quote

YAESU FT-101E transceiver

® All solid-state ¢ 160 thru 10 meter coverage ® Built-in AC/DC
power supplies ® Built-in RF speech processor ¢ 260 W PEP on
SSB, 180 W on CW, 80 W on AM  Solid-state VFO ® VOX o Auto
break-in on CW w/side tone ® WWV/JJY reception e High-Q,
permeability tuned, RF stages

729.00 is list price. Call Toll-Free for quote

YAESU FT-221R 2m

transceiver

® 144 to 148 MHz coverage ® AC/DC
power supplies ® Modes: SSB, CW
FM, AM e Selectable *+ 600 KHz
repeater offset » Noise blanker ® VOX
and break-in on CW e SSB output: 12
W PEP, FM/CW: 14W, AM: 2.5W
e PLL

595.00 st price. Call for quote.

YAESU FL-2100B

linear amplifier

® 1200 watts PEP e Input on 80-10
meters ® Primary voltage change: 117
to 234 VAC e Dual meters for plate
current and voltage e Adjustable
SWR meter ¢ Drive requirement: 30 W
to 100 W e Input impedance: 50 ohm
unbalanced

399.00 iist price. Calil for quote.

YAESU YC-500J

frequency counter

* 8-digit readout covers up to 500
MHz e Dual range system ® Frequen-
cy range: Input 1: 10 to 50 MHz, Input
2: 50 to 500 MHz e Accuracy: 10 PPM
® Display: 6-digit LED ® Display time:
0.1 or 2 seconds

249.00 st price. Call for quote

Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-86638 in
Alabama for our low price quote. Hours: 9:00 AM til 5:30 PM, Monday thru Friday

BANKAMERICARD

Longs Electronics . &

MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM. AL 35202 o STREET ADDRESS 3521 10TH AVENUE NORTH BIRMINGHAM ALABAMA 35234
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Call
1-800-633-3410
for ICOM™

*KENWOOD, YAESU, DENTRON, CDE, HYGAIN, CUSHCRAFT, NPC, TPL, TRISTAO,
NEWTRONICS, REGENCY, ROHN, WILSON, TEN-TEC, B&W, DRAKE, & MFJ.

ICOM IC-211 2m transceiver

® 144 to 148 MHz coverage ® Modes: SSB, CW, FM e LS| syn-
thesizer PLL e 4-digit LED readout ® Pulse-type noise blanker
e VOX w/adjustable gain ® SWR bridge ® CW monitor
¢ Automatic power control ¢ AC/DC power supplies ® Antenna
impedance: 50 ohms unbalanced ¢ TX output: 10W PEP

749.00 is list price. Call Toll-Free for quote

ICOM IC-245 2m transceiver

e LS| synthesizer PLL ® 4-digit LED readout ® Transmit & receive
frequencies are independently programable on any separation
e Receiver front-end is a batance of low noise, high-gain MOS
FET & 5 section filter ¢ TX output: 10 W PEP e Frequency step
size: 5 KHz for FM, 100 Hz (with adapter) or 5 KHz for SSB

499.00 is list price. Call Toll-Free tor quote

transceiver

e 2meter FM e 3 W PEP e 15 channels,
12 by selector, 3 by function switch
e Dual power level, 3 W HI for long
distance, 0.5 W LOW for local ® Dial
illumination for night use ¢ Power
pilot lamp ® Frequency range: 146 to
148 MHz

229.00 1ist price. Call for quote

ICOM IC-22S FM
transceiver

* Frequency range: 146 to 148 MHz
® Preset any 15 KHz channel in the
frequency synthesizer by diode
matrix board ¢ Output: 10 WHI, 1 W
LOW e Excellent spurious attenua-
tion ® 22 channels

289.00 iist price. Call for quote

ICOM IC-30A FM
transceiver

® 22 channels, 450 MHz ® Modulation
F3 e Power output: 10 WHI, 1 WLOW
e TX band width: 15 KHz w 5§ KHz
deviation e Low intermodulation
comes from a low noise MOS-FET RF
amp. coupled with a 5-section filter

399.00 iist price. Call for quote

Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in
Alabama for our low price quote. Hours: 9:00 AM til 5:30 PM, Monday thru Friday.

Yovr
BANKAMERICARD

Longs Electronics . &

MAIL ORDERS P.O BOX 11347 BIRMINGHAM, AL 35202 ¢ STREET ADDRESS: 3521 10TH AVENUE NORTH BIRMINGHAM, ALABAMA 35234
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Call
1-800-633-3410
for Drake®

"KENWOOD, YAESU, ICOM, CDE, HYGAIN, CUSHCRAFT, NPC, TPL, TRISTAO,
NEWTRONICS, REGENCY, ROHN, WILSON, TEN-TEC, B&W, DENTRON, & MFJ.

DRAKE TR-4CW transceiver

* 80 thru 10 meters ® 300 W PEP on SSB; 260 W on CW. AM ® 500
Hz CW filter included ¢ RIT ® Wide range receiving AGC ¢ Solid-
state VFO e Shifted-carrier CW ® VOX or PTT e Output impedance
Is adjustable ¢ CW semi-break-in ® Audio output: 3 watts
e Transceive or separate PTO

699.00 is list price. Call Toll-Free for quote

DRAKE L-4B linear amplifier

* Plate input: 2000 watts PEP on SSB, 1000 watts DC input pawer
on CW, AM, RTTY e High-efficiency class B grounded grid circuit
* Transmitting AGC ® Broad-band tuned input @ RF negative feed
back e Directional watt meter ® Solid-state power supply ® Two
taut-band suspension meters

895.00 is list price. Call Toll-Free for quote

warnmren VWS

DRAKE W-4 directional

RF watt meter

® Covers 2 thru 30 MHz 2000 watts
continuous duty power capability
* Line impedance: 50 OHM resistive
e VSWRinsertion: no more than 1.05
1 e Accuracy: *+5% of reading ® 4-
postition switch on front selects
desired scale, forward or reflected
power

72.00 ist price. Call for quote

DRAKE 1525 E

microphone

® Auto-patch encoder and mike are a
single unit, fully wired and ready to
use ® High accuracy IC tone
generator, no frequency adjustments
® Digitran® keyboard e Low output
impedance, use with most
transceivers

49.95 callfor shipping

DRAKE TR-33C 2m

transceiver

® 12 channel provision (2 supplied)
* All FET front-end crystal filter for
superb intermod. rejection ® Ni-Cad
cells supplied e Built-in charger
* Low power drain circuit on
squelched receive e Lighted dial
when using external power

229.00 iist price. Call for quote

Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in

Alabama for our low price quote. Hours: 9:00 AM til 5:30 PM, Monday thru Friday

BANKAMERICARD

Longs Electronics . &

MAIL ORDERS P O BOX 11347 BIRMINGHAM. AL 35202 ¢ STREET ADDRESS: 3521 10TH AVENUE NORTH BIRMINGHAM. ALABAMA 35234

n



Call
1-800-633-3410
for Dentron’

*KENWOOD, YAESU, ICOM, CDE, HYGAIN, CUSHCRAFT, NPC, TPL, TRISTAO,
NEWTRONICS, REGENCY, ROHN, WILSON, TEN-TEC, B&W, DRAKE, & MFJ.

DENTRON MLA-2500 linear amplifier

e Contunuous duty power supply ® 160 thru 10 meter coverage ®
2000 + watts PEP input on SSB ® 1000 watts DC input on CW,
RTTY, SSTV e Two external-anode ceramic/metal triodes
operating in grounded grid ® Covers MARS w/0 modifications ®
50 ohm input/output impedance ® Built-in RF watt meter

799.50 is tist price. Call Toll-Free for quote.

DENTRON 160-10AT
super tuner

DENTRON Trim Tenna
20 meter beam

i

DENTRON MT-3000A antenna tuner

e 160 thru 10 meter coverage ® Handles a full 3KW PEP e
Continuous tuning 1.8 - 30 mc e Built-in dual watt meters ¢ Built-
in 50 ohm dummy load for proper exciter adjustment ® Antenna
selector switch enables you to by-pass the tuner direct or select
the dummy load or 5 other antenna systems.

349.50 is list price. Call Toll-Free for quote

DENTRON all band
doublet antenna

Balanced line, coax cable, random, or
long wire antennas, the 160-10AT will
match it—160 thru 10 meters ® Con-
tunuous tuning, 1.8-30 mc e 3 inputs
e Handles 500 watts DC, 1000 watts
PEP e Heavy duty, 2-core Balun (3%
dia. x 3" H) e Tapped inductor #12
ga. wire

129.50 1ist price. Call for quote.

For the amateur who wants fantastic
performance with good tooks! ® Front
element: 16’ driver with H-Q coils fed
directly with 52 ohm coax ® Reflector
element: 17 with 15dB F/Bratio e 8"’
turning radius ® 4 dB forward gain
over dipole ® Elements 7 feet apart
e Weight: 14 Ibs

129.50 1ist price. Call for quote

This all band doublet or inverted
antenna covers 160 thru 10 meters
Has total length of 130 ft. of 14 ga
stranded copper wire. The doublet is
tuned & center fed thru 100 ft. of 470
ohm PVC covered transmission line
Assembly is complete

24.50 is Long's low price

Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in
Alabama for our low price quote. Hours: 9:00 AM til 5:30 PM, Monday thru Friday

Yomr
BANKAMERICARD

Long's Electronics . &

MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM, AL 35202 « STREET ADDRESS: 3521 10TH AVENUE NORTH BIRMINGHAM. ALABAMA 35234
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Call
1-800-633-3410
for Ten-lec*

"KENWOOD, YAESU, ICOM, CDE, HYGAIN. CUSHCRAFT, NPC, TPL, TRISTAO,
NEWTRONICS, REGENCY, ROHN, WILSON, DENTRON, B&W, DRAKE, & MFJ

TEN-TEC Triton IV digital transceiver TEN-TEC Century 21 CW transceiver

® Solid-state ® instant bank change e Covers 3.5 to 30 MHz ¢ 200 ® Full break-in ® 70 watts input e Solid-state ® Built-in speaker
watts input on all bands ® Receiver sensitivity: 0.3 micro V e 8-pole ® Receive CW or SSB e Instant band change ¢ Overload protec-
crystal IF filter e Large LED readout e Offset receiver tuning tion e Offset receiver tuning * Sidetone w adjustable level
® WWVat10&15MHz e Separate receiving capability ¢ Full CW * Regulated power supply e Full band coverage: 80 thru 20
break-in ¢ S-meter and SWR bridge meters with crystals supplied. Other crystals available

289.00 is list price. Call Toll-Free for quote

869.00 s list price. Call Toli-Free for quote

TEN-TEC KR-20A

TEN-TEC KR-50

electronic keyer

® Speed range: 6-50 wpm e Weighting
ratio range: 50 to 150% of classical dit
length  Qutput reed relay, contact
rating 15 VA, 400 V max. ® Sidetone
500 Hz tone ® Dit&% dah memories with
defeat switches

67.50 iist price. Call for quote

electronic keyer

* Keyed output: reed relay: 15 volt
amp. contacts, 400 volts max ¢ Speed
range: 6 to 50 wpm e Time base
keyed to start with paddie actuation
® Self-completing characters
* Side-tone oscillator with ad
justable level

67.50 ist price. Call for quote

TEN-TEC 262G

power supply

® Input voltage: 117 VAC, 50-60 Hz
® Output voltage 13.0 VDC
® Regulation: Better than 1%, NL to
FL @ 117 VAC » Output current: 0 to
18 amps e Sation speaker ® VOX
circuits ® Over current protection

129.00 ist price. Call for quote

Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in
Alabama for our low price quote. Hours: 9:00 AM til 5:30 PM, Monday thru Friday

Longs Electronics . &

MAIL ORDERS: P O BOX 11347 BIRMINGHAM. AL 35202 » STREET ADDRESS: 3521 10TH AVENUE NORTH BIRMINGHAM ALABAMA 35234

BANKAMERICARD
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function is realized by using
D2 to reset flip-flop U19B
low. This allows the clock to
be applied to the four bit
binary counter U4 through
gate U26D. After 14 clock
pulses, U31B is toggled by
the output of the counter
through U30A, resetting flip-
flop U19B and C. When the
clock then goes high, counter
U4 and flip-tlop U31B are
reset by gate U26C. A dura-
tion of 14 clock pulses causes
C to return high during the
stop pulse.

Now, the data bits are
being applied to the input of
five RAMs. The timing logic
must sort out the times when
each RAM should individual-
ly be enabled and a write
pulse applied to write the
first data bit into RAM one,
the second data bit into RAM
two, and so on.

Counter U30 is set up to
count the 7 data bits of each
letter. See Fig. 5(a). When in
output mode, the stop pulse
is split into two 22 ms pulses
instead of a 31 ms pulse.
They are both high, so the
end result is to increase the
stop pulse at the output of
the system to 44 ms. This
only slightly decreases the
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operating speed. @ is a second
clock signal which has twice
the period of the clock. As
can be seen from the timing
diagram, D2 can go low under
two possibilities: when 9 is
high (lower half of diagram)
and when @ is low (upper half
of diagram). If it goes low
when @ is low, it should
immediately begin clocking
counter U30 with @. If it goes
jow when @ is high, it should
delay counting the first @
transition and then start
counting on the second. This
is necessary to ensure that the
address 010 lines up in time
with data bit one, address
011 lines up with data bit
two, and so on. Since a
decision is necessary when D2
goes low, C is applied to a
monostable U17 to produce a
short sampling pulse. Gate
U24B wuses this pulse to
sample @. If ® was low at the
time of the pulse, then the
output of U24B remains high,
and flip-flop U20A remains in
a reset state (output pin 6
high). This allows E2 to be
applied to the enable pin of
U30 through U24C, U23E,
and U28A to begin counting.
E2 is similar to C, except it is
ANDed with a signal which is
only high when the system 1s

— =

172 7474
D 5

Q

29a

&8 < G———¢

A
CONTROL

uio
74161

i

=

S5V il

A3A2 Al

A3

10x :17

—MA—

10K

INPUT
SELECTOR
< A

INPUTY
SELECTOR

INPUT
SELECTOR
& A C

[

3 3 E 6 |5 ]8 )3

‘l 3 ls
ol vz U3 .
L{ 74161 2 ~—’r74|s| 2 L’-f rei60 P a3

p 33
RES(' | (]
,;0 l——— — .6 e ——
BIO B9
———> CONNECTION

POINT ORIGINATING
SIGNAL

————{"> CONNECTION POINT
USING SIGNAL

B8 B7 B6 835
TO RAM ADORESS LINES

1
2[is|1e l

foumy )

B4 B3 82 BI 8

ADORESS
COUNTERS

Fig. 5. a) Control. b) Address counters.

in RUN mode and not the
STOP mode. Now, if @ was
high during that sampling
pulse coming out of mono-
stable U17, a low pulse is
applied to the set input of
flip-flop U20A through
U24B. This sets output pin 6
jow, which inhibits enabling
of counter U30 until § comes
along again and toggles the
flip-flop back to its original
reset state.

Referring to Fig. 4, the
three bit output of counter
U30 (A1, A2, A3) is applied
to the decoder U14. This IC
decodes the address and en-
ables the proper RAM.

Now that each RAM is
receiving an enable pulse at
the proper time at its enable
input, sometime during that
enable pulse a write pulse
must be applied to the
read/write input of each
RAM. Since no two RAMs
are enabled simultaneously, a
single write pulse can be
applied to all RAMs simuita-
neously. This signal is
developed by the remaining
circuitry at the bottom of
Fig. 4. W, which is only high
when the system should be

recording information in
RAM, is ANDed with C, the
clock, and a modified version
of the clock. The modified
clock is produced by flip-flop
U20B. This is to produce a
write pulse command at every
other clock pulse. This
combination of signals singles
out the times when write
pulses are desired plus one
extra one. The extra one
occurs during the start pulse
of the incoming letter and
does not do anything because
at that time none of the
RAMs are enabled (see timing
diagram). This command is
applied to monostable U13,
which produces a negative
pulse of the proper duration
to write data into the RAM.
The output is applied to the
read/write terminal of all five
RAMs.

The system clock consists
of an NES555 timer and one
flip-flop, U19A. The .08 uF
capacitor charges up through
two 97k resistors. When pin 2
sees a voltage of 2/3 Vcc, pin
7 is internally grounded, dis-
charging the capacitor
through two 97 Ohm resistors
(one different from charging
path). When pin 2 gets down



to 1/3 Ve, the ground at pin
7 is released by the 555, and
the capacitor then charges
back up to 2/3 Vcc and
repeats. This produces a
TTL-compatible square wave
at pin 3, with the frequency
dependent on the capacitor
and resistors used (in this
design it has a period of 11
milliseconds). Flip-flop U19A
divides this clock signal by
two to produce @¢.

There are several front
panel controls in the unit.
The RUN button grounds the
set input of flip-flop 31A,
which is normally held high
by a resistor to Vcc. See Fig.
2(d). This sets output pin 9
high which is enable 1 (E1).
E1 ANDed with C in U26A
and U23C produces E2 men-
tioned earlier. E1 is also pro-
duced. The flip-flop can be
reset by one of two means. A
signal (stp) from the stop
detector applied to U28C, or
the operator depressing the
stop button, will cause U23D
to lower the reset pin on
U31TA and lower E1 and E2
immediately. The load push-
button lowers the voltage on
the load input on the 3
memory address counters
U1-U3. This causes the
memory address (B1-B10) to
immediately take on the
values of the output to the
diode matrix (C1-C10). This
is determined by the setling
of the address input rotary
switches. Finally, the RESET
button resets the memory
address to all Os.

If the operator pushes the
stop button while the
machine is right in the middle
of printing a letter, it would
be desirable to have the
machine stop after it has
completed printing of that
letter. If the unit stopped in
the middle, the Teletype
would not print the correct
letter. This is taken care of by
the upper circuit in Fig. 5(a).
E1 goes low when the stop
command is received. E1 is
applied to the data input of
flip-flop U29A. The stop is
not transferred to pin 5 until
A3 toggles the flip-flop (A3-
low). This happens at the end
of each character during the

] Le T L% 3 4 s sTop

o T 5 T ™ s [stop

c T e P
&1 : ] J

a3

(NOT
wR useoi" ]

l_n_.n_n_  n__

«WR RECORDS DATA AT D2 IN
MEMORY

~~e—~——-— SECOND POSSIBLE INPUT

D2 GOES LOW WHILE § IS HIGH

C RESETS HIGH AFTER
13 FALLING CK PULSES

C RESETS Al—+43 TO oo

CEO S i g s [ stor
4 Tl Il J i)
OSSN e R
a3 . el
wa T8 i N n n "

e =1 [

stop pulse. E1 is then ANDed
with W (used only when
printing out data, not when
reading data in) and applied
to the enable of counter U30
through OR gate U28A. The
other circuit applied to U28A
has already been described
and is used to enable U30
when in the READ mode.

Now we are ready to
follow the signal flow from
RAM to Teletype machine
when the unit is in the OUT-
PUT mode.

Referring to Fig. 4, when
in the OUTPUT mode, the
RAM enable selector U14 is
receiving a free running count
(A1, A2, A3) from U30,
enabling each RAM in
sequence with three counts
between RAM five and RAM
one, when none are enabled.
These three counts last 22 ms
each and are used to insert
the start (one count) and stop
(two counts) at the output.
The data outputs from the
five RAMs go to the inputs of
an eight-bit data multiplexer
U15. U30’s count is also
applied to U15's selector in-
put. A3, A2, and A1l deter-
mine which of the eight
inputs is applied to the single
output. Since U30 supplies a
free running count, U1S
“scans'’ its eight inputs. It is
set up so that when U14
enables RAM one, U15 trans-
fers RAM one’s data output
to its output. During the start

Fig. 6. Timing diagram.

pulse, the input to U15 is
grounded, and, during the
two counts of the stop pulse,
the two corresponding inputs
to U15 are tied to Vcc. So
U15 is a parallel to serial
converter for the five data
bits from RAM and also in-
serts the start and stop bits
necessary to operate the Tele-
type machine.

As seen in Fig. 1, the
outputs of the RAMs are also
tied to the stop detector. This
circuit detects when any char-
acter has all five bits low
when coming out of memory
(BLANK key), and, if so,
sends a signal (stp) to control
the stop.

As seen in Fig 3(a), U32 is
connected to the RAM’s out-
puts (DO1-D05), so that pin
11 goes high unless all inputs
are low. So, if the character
being sent is anything other
than a blank, at least one data
bit will be high. When a data
bit goes high, U32 pin 11
goes high, U27 pin 8 goes
low, which resets the output
(pin 9) of flip-flop U29B low.
U25B, U25A, U27E, U27C
decode the condition when
A3, A2, and A1 are all high at
the same time. This is during
the first half of the stop
pulse. So, when the stop
pulse comes along, U25C
samples the condition of flip-
flop U29B. If it has been
reset (any character except
blank), the stp signal remains

unchanged (low). If, however,
the flip-flop had not been
reset during the data bits
(BLANK key), U25C will
sample the flip-flop and see it
is high, and stp will go high,
stopping the system. Flip-flop
U29B is then set during each
space count by A3, A2, and
U25D to have it ready for the
next character.

The serial output signal
from U15 is then applied to
the output driver. A TTL
signal must be used to open
and close the selector
magnets of the Teletype
machine. They require about
60 mA of current. The out-
put transistor must be able to
handle a collector current of
60 mA, and the CE voltage
must be able to handle 150
volts when not conducting. A
2N5655 was chosen for the
output transistor. It is rated
at 300 volts and over 100
mA. The TTL signal is
applied (Fig. 4) through three
diodes to ground. Thus 2.1
volts are required to turn on
the driver transistor. 2.1 volts
is a reasonable switching
voltage for TTL logic. The
remainder of the TTY loop
can be seen in Fig. 7. The TU
(terminal unit) converts the
audio FSK signal from the
receiver into a dc signal to
switch the selector magnets.
To receive, the generator can
be in any mode except out-
putting. The reed relay senses
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Fig. 7. This shows how the unit is connected in an amateur

RTTY station.

changes in TTY loop current
from memory or keyboard
and drives an AFSK (audio
frequency shift keyer) oscil-
lator, which is fed into the
transmitter.

The RTTY station can do
any of the following func-
tions:

1. Put received message in
memory and print.

2. Put message from key-
board into memory and print.
3. Transmit from keyboard
and print.

4. Transmit from memory

and print.
5. Send received message to
printer only.

If it is desired to transmit
at 100 wpm, the .03 uF
capacitor in the clock circuit
is switched out, leaving .05
uF. The speed of the genera-
tor must match the running
specd of the machine, but
you can type into memory as
slowly as you want,

| recommend bread-
boarding of some type over
PC boards because of the
wiring complexity.

Parts List

ICs

74161 — 4
2102 -5
74121 -3
7442 — 1
74151 - 1
7474 — 5
7404 — 3
7400 — 3
7432 - 2
7410 — 1
7447 — 3
NESS55 — 1
Diodes
1N914 — 37

Resistors {all % Watt)

97k — 3
10k — 4
1k — 16
100 — 3
330 — 22
| have not included a
power supply diagram

because many have appeared
in previous articles. Plus 5 V
dc regulated is required, and
an LM309 on a heat sink will
do the job well. The output
consists of an NPN transistor
with emitter to ground, so it

Capacitors Transistors
.05 uF — 2 2N2222 — 1
.03 uF — 1 2N5655 — 1
1uF -1

Power Supply
transformer 6.3to8 Vac2 A— 1
bridge rectifier 50 V 2 A — 1
filter capacitor 10,000 uF — 1
noise suppression
capacitors (distributed on

+5 V line) .01 uF — 10

Controls

SPST toggle — 1
SPDT toggle — 1
SPST push NO — 3

Miscellaneous

LED seven segment displays
common anode — 3

LED -1

breadboard

hardware

SP8T rotary switch — 3

can be inserted directly into a
60 mA TTY loop. Also,
provision is made for local
copy on the printer (or video
display) of data as it is typed
into memory.

Good luck, and | would
appreciate any comments
from builders. m

Joe Wilkowski WB8DMC
29715 Maple Grove
St. Clair Shores MI 48082

FSK for
the Drake

- - easy

his circuit is actually a

saturated diode keyer
right out of the handbook,
but instead of using an FSK
driver 1o supply the forward
bias needed for the diode, |
used a 9 volt transistor bat-
tery, which is supplying .9

78

milliampere to the diode.
Since the diode is non-linear,
the current does not change
in proportion 1o the voltage
across it. At that low current,
the battery will last a very
long time, and even when it
does start to get weak, the

TERMINAL
UNIT AND
LOOP SUPPLY

KEYBOARD
I + I I‘

REED
RELAY

SELECTOR
MAGNETS

current will remain the same
until the battery gets very
low. The 10k resistor limits
the total circuit current to .9
mil.

The whole circuit can be
mounted on a 3 lug terminal
strip and placed near the
T-4XB PTO utilizing present
chassis hardware. Once the
circuit is installed, you can
use your own T.U. (terminal
unit) to adjust the shift. Place
the transmitter in spot and
tune your receiver until the
space is properly displayed on
your scope, then simply key
the shift circuit and adjust
the 3-12 pF variable to obtain
the proper shift by watching
the mark display on your
scope.

The reed is shown open,
indicating no loop current.
When the loop is on, the reed
contacts are closed,
completing the shift circuit.

SELECTOR MAGNETS
WIRED IN PARALLEL

FOR A CONVENTIONAL
60 MILL LOOP [

>
rl'l_
3V TRANSISTOR |
BATTERY

{
10K
I72WATT

Tax-8
CHASSIS
GROUND

In this condition, with the
keyboard closed, the vfo is
downshifted 850 Hz to indi-
cate a mark; when the key-
board is open, the vfo up-
shifts to indicate a space. To
reverse, just wire the reed so
its contacts are open when
the loop ison. ®
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J. Gary Mills VE4CM
1019 Weatherdon Ave.
Winnipeg, Manitoba
Canada R3M 2B5

Baudot to ASCII

Converter

_- use it for OSCAR RTTY

A mong the current crop
of Teletype machines
that are being retired from
commercial service, there are
quite a few ASCII machines,
such as Models 33 and 35. If
you are just getting into
RTTY, or you are looking for
more equipment, there are a
number of reasons to
consider building your station
around an ASCIlI machine.
First of all, the newest and
most modern machines are
the ASCIl machines. Indica-
tions are that ASCll will be
allowed on the air sometime
in the near future; in fact, it
is legal in Canada right now.
The keyboard is very similar
to a standard typewriter,

BAUDOT

Fig. 1. Baudot to ASCII con-
versiorn.
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which is an advantage if you
already know how to type. It
is also a good place to start if
you don’t. Finally, if you
eventually get interested in
microprocessers, you can use
the TTY machine as your
terminal.

In order to communicate
in Baudot code on the
amateur bands, you will need
a code converter which
converts Baudot to ASCII,
when you are receiving, and
ASCIl to Baudot, when you
transmit. This article
describes a two-way code
converter, built on asingle PC
board, which will allow you
to receive and transmit at all

amateur and commercial
— 128 ===k
X
= 58IT (- —= S
ROM | R

asCi

Fig. 2. ASCll to Baudot con-
versior.

speeds. A number of these
units have been built by
amateurs in the Winnipeg area
and are in use on the HF and
VHE bands. During the
design and construction of
the converter, | learned about
some aspects of digital logic
design that do not seem to be
very widely known by
amateurs. | hope that | can
pass some of this information
1o the reader. Most of the
discussion of the operation of
the converter will be in terms
of logical functions, rather
than in terms of currents and
voltages, because this is the
way | visualize things.

Principles of Code Conversion

The ASCll code is
comprised of seven informa-

)
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BAUDOT

L
SERIAL TO
PARALLEL

b/

4

L

[
——f

1
) {i

CLOCK

tion bits, so there are 128
distinct combinations, or
ASCII characters. An eighth
bit, the parity bit, is also
transmitted, but is generally
ignored at the receiving end.
The eight bits are framed by
start and stop bits during
transmission and reception.

The Baudot code has only
five information bits, so there
are only 32 possible combina-
tions. In order to accommo-
date all the required letters,
numbers, and punctuation
marks, two of the Baudot
characters are used to select
alternate character sets in the
printer. These are called the
LTRS and FIGS shift
characters. Thus the interpre-
tation of Baudot code
depends upon which shift
character was previously
transmitted. The five bits of
Baudot are also framed with
start and stop bits for trans-
mission.

There is no simple rela-
tionship between the bit
pattern of a Baudot character
and the pattern of the
corresponding character in
ASCI1. This means that there
is no way to use a few logic
gates to translate Baudot to
ASCI1. What is required is a
translation table. If such a
table is coded into a read
only memory, all you have to
do is to present the five
Baudot bits as the address
input to the ROM, and the
seven ASCIl bits for the
corresponding character will
appear at the data outputs.
(See Fig. 1.) Because there
are two possible interpreta-
tions of the Baudot character,
a flip-flop is used to
remember the shift status,
and the output of the flip-
flop is used as a sixth address
bit. When this bit is high,
figures are generated, and
when it is low, letters are
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Fig. 3. Conversion of serial TTY data.



generated. The complete con-

version table requires 64
seven-bit words in the
memory.

Conversion from ASCII to
Baudot can be done with a
ROM having seven address
inputs and five data outputs.
(See Fig. 2.) It is also possible
to use a smaller ROM and do
some of the conversion with
external logic, but this
approach generally results in
a more complex circuit.
Again, a flip-flop is used to
remember the current shift
status. ASCIl to Baudot
conversion is complicated by
the requirement that the
FIGS or LTRS characters
must be inserted into the data
stream, so that the receiving
station interprets the data
correctly. Whenever the
incoming ASCl| changes from
letters to figures, a FIGS
character must be generated,
and when the ASCII returns
to letters, a LTRS character
must be generated.

So far | have been
discussing the conversion of
parallel data from one code
to another. This can be done
within a few microseconds,
because all the incoming data
bits are present simultaneous-
ly. However, RTTY signals
are transmitted in serial form
with start and stop pulses.
This means that a serial to

paraliel conversion must
precede the code conversion,
and a parallel to serial

conversion must follow it.
Fig. 3 shows the letter R in
Baudot code being converted
to serial ASCIl. The serial
input is controlled by a clock
running at a fixed frequency
determined by the baud rate
of the incoming signal. For
example, Baudot code having
a maximum speed of 60
wpm has a baud rate of
45.45. Likewise, the serial
output is controlled by
another fixed frequency
clock. In the case of ASCII
with a2 maximum speed of
100 wpm, the baud rate is
110. Thus, a speed conversion
is obtained, as well as the
code conversion. In the case
illustrated, if the Baudot is
arriving at maximum speed,

the ASCII will be leaving the
output side at about half its
maximum speed. There will
be pauses between the
characters, and, during the
pauses, the output line will
remain in a marking state.
This is a result of the upward
conversion of speed.

When a downward speed
conversion is required (for
example, when converting
from 100 wpm ASCII to 60

2

LTRS

wpm  Baudot), the average
speed of the incoming data
must be restricted to 60
wpm. Otherwise a condition
known as overrun will occur,
and some characters will be
lost. This is no problem when
| am typing on my 33ASR
because | can only type at 10
wpm or so. However, in the
situation when a steady
stream of data is arriving at
100 wpm, there is no way on

FIGURES ON
INDICATOR LED
{NOT ON BOARD}

earth to convert it and make
it print on a 60 wpm
machine. You might think
that a memory that would
store the excess characters
would solve the problem, but
eventually the memory would
fill up, and the overrun woula
still occur. The only

solution is to limit the speed
of the incoming data to a
level that the converter can
handle.
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Fig. 4(b). ASCII and Baudot clock.

Circuit Description

The translation tables for
both conversions are contain-
ed in a single 1702 PROM.
This device has a capacity of
256 eight-bit words, giving
me lots of space to play with.
There are cight address inputs
and eight data outputs. The
way | have partitioned the
memory may be seen in Table
1. The desired portion of the
memory is selected by the
high-order address bits.

For example, when bit 8 is
high, the table to convert
Baudot to ASCII is selected.

The five low-order address
bits are the incoming
character to be translated.

Bits 6 and 7 are used to select
portions of the table that
convert Baudot letters or
figures, as well as a special
portion that is designed to
provide automatic unshift on
space. When address bit 8 is
low, the ASCIl to Baudot
conversion is selected. The
seven low-order address bits
are the incoming ASCII
character. Bits 6 and 7 are
changed from data to control
information by a 74153
multiplexer, which behaves
like a two-pole 4-position
switch.

The data contained in the
storage locations of the
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memory consists of a
character in the low-order
bits and control flags in the
high-order bits. In this
manner, it is never necessary
to decode a character to
determine what to do with it.
For the Baudot to ASCII
conversion, seven data bits
are occupied by the ASCII
character. Bit 8 contains the
current shift status. For the
ASCII to Baudot conversion,
more control flags are
required, but, fortunately,
the Baudot character only
occupies five bits. Bit 6 is the
Baudot shift required for that
character. Bit 7 is a flag that,
when on, says to inhibit
insertion of the shift charac-
ter. It is used for characters
that may be transmitted in
any shift. Bit 8 is another flag
which causes the entire
character to be ignored. [t is
used for ASCIl codes that
have no Baudot equivalent.
The insertion of LTRS and
FIGS characters in a stream
of Baudot is done by a five-
bit multiplexer, which is
constructed of a 74157 and a
pair of NAND gates. A single
control line is used to switch
from the output of the
PROM to the shift character,
which is hard-wired except
for the middle bit. This bit is
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Fig. 5. Teletype Model 33 or 35 interface.

obtained from the shift status
kept in the 74109 flip-flop.
The decision to insert a shift
character is produced by a
7410 triple NAND gate,
which is connected in an
exclusive OR configuration.
This device compares the
shift status in the flip-flop to
the shift information coming
from data bit 6 of the PROM.

The serial to parallel and
parallel to serial conversions
are performed by a pair of

AY5-1013 UARTs. Each
UART contains a serial
receiver and a serial trans-

mitter. The two sections are
independent, except for some
control information which
defines the structure of the
serial data. Besides the data
inputs and outputs, each
section has status lines that
are used for communication
between the UART and the
control circuits. When the
UART receiver has a charac-
ter ready, it sets the DAV
(data available) line high. The
external circuit should
process the character and
then indicate that it is no
longer needed by strobing the
RDAV (reset data available)
line. The transmitter section
has a TBMT (transmitter
buffer empty) line, which
goes high when the buffer is
empty. The external circuit
should wait until TBMT s
high and then may load a
character into the transmitter
by strobing the DS (data
strobe) line.

The portions of the circuit
I have described so far are all

concerned with operations on
five- or seven-bit parallel
characters. The PROM, multi-
plexers,and UARTSs run under
the control of three other
portions of the circuit, which
I am about to describe. First,
there is the ASCII sequence
generator, which consists of
one flip-flop and two NAND
gates. When the DAV from
the Baudot UART goes high,
the sequencer waits for 1/2 a
clock and then puts out a
negative pulse for 1/2 a clock.
This pulse loads a character
into the ASCil UART, clears
the data available flag in the
Baudot UART, and loads the

shift flip-flop.

The Baudot sequence
generator consists of a 74161
binary counter, a 7442

decoder, a 7454 AND-OR-
INVERT gate and a few
NAND gates and inverters,

The sequence is initiated
when the DAV from the
ASCHI  UART goes high.

Table 2 shows the steps that
the circuit goes through. The
output signals are negative
pulses that are used to load
characters into the Baudot
UART, load the shift flip-flop,
and clear the data available
flag in the ASCII UART. The
74161 is connecled as a 3-bit
counter, so it has eight states.
Its output is decoded by the
7442. The two count enable
inputs of the counter are used
to hold the counter in a given
state  when necessary. The
AOIl gate controls parallel
loading of data into the
counter, permitting jumps to
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new states.

Finally, there is the mode
switching circuit, consisting
of one |K flip-flop and a
couple of NAND gates. When
the flip-flop is in the high
state, the Baudot to ASCII
conversion is selected by
enabling the Baudot UART,
addressing the upper half of
the PROM, and gating the
DAV line to the ASCII
sequencer. In a simjlar
manner, the ASCI| to Baudot
conversion is selected when
the flip-flop is in the low
state. Input to the mode
switching circuit comes from
the DAV lines of the two
UARTSs. With no inputs, the
flip-flop toggles. When an
input signal appears, the flip-
flop holds in the required
state until the conversion is
completed and the DAV is
cleared. It then switches to
the other state if the DAV
from the other UART has
come on, or it just toggles if
there is no input. Note that
there is plenty of time to
interlace the conversions this
way because the control
circuits are clocked at 14
times the baud rate.

The clock generator con-
sists of a master oscillator and
two divider chains. The 555 is
connected as a free-running
oscillator at 105.6 kHz. This
frequency is divided by 60 to
produce the ASCII clock. The
Baudot divider chain consists
of three 74161 binary
counters connected as pro-
grammable dividers. The first

two divide by 29 or 44, and
the third divides by 2, 3, 4 or
5 to produce the Baudot
clocks for the four speeds
ranging from 60 to 100 words
per minute. All clock outputs
are accurate to better than
0.2%, once the master clock
is set. It would be possible to
economize there by using
separate 555 oscillators for
ASCIl and for Baudot,
particularly if only one
Baudot speed were desired.

Design Criteria

In  designing the code
converter, | generally fol-
lowed the recommendations
of the Fairchild TTL hand-
book.! You will notice that
there are no monostable
multivibrators or RC coupling
elements in the circuit. This
allows me to retain the
inherent noise immunity of
TTL logic. Also, | have used
synchronous edge-triggered
flip-flops and counters in the
control circuitry. These
devices are only sensitive to
input conditions during the
low to high transition of the
clock. The use of synchro-
nous logic makes the design
very predictable and free of
glitches and unexpected
states. | also paid attention to
the fan-out rating of the
devices. Most TTL-
compatible MOS devices such
as the UARTs and the PROM
are able to drive only one
standard TTL load. Where
more drive was required, |
used gates or inverters as

Address Data
Hex Binary Hex Binary Character Purpose
00 00000000 40 01000000 NUL
01 00000001 FF 11111111 ASCII to Baudot
1B 00011011 5B 01011011 ESC Cntl and Figs.
30 00110000 36 00110110 ©
31 00110001 8Y7 00110111 1
BE 00111111 39 00111001 ?
40 01000000 FF 11111111
41 01000001 03 00000011 A ASCIl to Baudot
42 01000010 19 00011001 B
- Letters
61 01100001 03 00000011 a
62 01100010 19 00011001 b
7F o1111111 5F 01011111 RO
80 10000000 00 00000000 BLNK
81 10000001 45 01000101 E Baudot to ASCII
9B 10011011 82 10000010 FIGS Unshifted
9C 10011100 4D 01001101 M
9D 10011101 58 01011000 X
9E 10011110 56 01010110 Vv
9F 10011111 e o1111111 LTRS
AQ 10100000 80 10000000 BLNK
Al 10100001 B3 10110011 3 Baudot to ASCII
BE 10111110 BB 10111011 I Shifted
BF 10111111 7F o1111111 LTRS
(0] 11000000 80 10000000 BLNK
088 Auto unshift
DF 11011111 7F 01111111 LTRS on space
EOQ 11100000 FF 11111111
Unused

= IARRRRRR [F[

AARTATAIAIAY

Table 1. Translation tables contained in the PROM. Complete
listings of the tables may be obtained from the author.

buffers. Another solution
would be to drive only low-
power Schottky TTL from
the MOS. In this case, up to
four LSTTL inputs could be
driven.

Interfacing

The logic levels at the
serial input and output lines
of the two UARTs are
TTL-compatible that s,
Mark = 1 = +5 V and Space =
0 = 0 V. These lines may be
connected directly to any
other TTL logic, but, usually,
some interfacing is required

unit or a TTY
machine. Considering the
ASCIl end first, the most
common requirement would
be connection to a 20 mA
current loop. If you are lucky
enough to have a Model 33 or
35 Teletype that was former-
ly used for TWX service
(there will be a telephone dial
on the right-hand side), the
circuit of Fig. 5 is for you.
You will find two 50-pin

terminal

micro ribbon connectors,
dangling wunderneath the
machine, that formerly

connected to the modem
(Bell 101C Dataset). No

1f bit 7 = 1 or shift not changed, jump to 4

for equipment such as a
State Function
0 Ifbit8=1, jump to 6
1
2 Strobe DS
3 Wait for TBMT
4 Wait for TBMT
5 Strobe DS
6 Strobe RDAV
7

Wait for TBMT, jump to O

Table 2. Steps of the ASC// to Baudot sequence.
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modifications to the machine
are required. Just obtain a
mating female connector,
wire it to the interface and
plug it in. You will also
require a source of plus and
minus 20 volts at 30 mA or
so. A Model 33 does not use
the +20, so this may be
omitted. The connections to
pins 1 and 2 are the printer
loop, and the connections to
pins 7 and 8 are the keyboard
loop. |f you have a Model 33
without all the telephone
stuff, just forget about the

lines directly to the machine.

At the Baudot end of the
converter, the usual require-
ments will be connections to
a terminal unit (demodulator)
and to an AFSK oscillator
(modulator). Interfaces for
the popular ST-6 and AK-1
are shown in Fig. 6. The ST-6
interface is very tolerant of
input levels and may be used
with many other sources of
Baudot. The AK-1 interface
may be modified to an open
collector stage or to a higher
voltage stage for use with

6V 500K
RELAY
82k
4 ] l
| :
3
— 555
70 TD £ 27K
CLUTCH r._A
:I;n,.s

Fig. 9. Tape reader control.

need both positive and
negative levels to drive an
FSK diode, use the interface
shown in Fig. 7.

Power Supply

The code converter
requires a regulated +5.0 volt
supply at about 600 mA and
a regulated -12 volt supply at
about 50 mA. In addition,
voltages of -20 and +20 at
about 30 mA may be
required for the interfaces.
Regulation is not necessary

power supply is given in Fig.
8. Many other designs would
work equally well.

Tape Controller

When | run a tape on my
ASR Teletype, | get overruns
in the code converter
resulting in missing characters
in the 60 wpm Baudot out-
put. A simple solution to this
problem is shown in Fig. 9.
The 555 is connected as a
free-running oscillator, with
the frequency adjustable

connector and wire these other modulators. If you here. One design of a suitable from 2 to 10 Hz. The relay
Parts List
[e4] 10 uF, 25 V electrolytic capacitor
C2 680 pF mica
C3 .001, 50 V ceramic disc
cX1-CX11 .05-.1, 25 V disc ceramic despiking capacitors
CR1 1N914 or similar silicon diode
Q1, Q2, 2N3904 or similar NPN transistor
Q3, Q4 2N3906 or similar PNP transistor
R1 100 Ohm % Watt resistor
R2,6,7,9, 21,22 2.7k Ohm % W (1.5-6.8k Ohm acceptable) pullup resistors
R3 4.7k Ohm %2 W
R4 6.6k Ohm %2 W
RS 2.6k Ohm potentiometer, printed circuit style (multi-turn preferred) Master Clock Adj.
R10,12,13,17 1k Ohm % W
R11,15 10k Ohm 2 W
R14 330 Ohm % W
R16 3.3k Ohm 2 W
R18 1k Ohm 1 Watt
R19 15k Ohm % W
U1,2,4,6,7,8 7400 TTL integrated circuit DIP chip
u3 7454
us 7410 .
U9 7474
u10, 11 AYS5-1013 General Instruments UART
uU12 74153
uU13 1702 UV erasable PROM
(VAR 74157
U1s5, 16 7404
U7 74109
U18, 23, 24, 25 74161
u19 7442
u20 655 timer
u21 7490
u22 7492
u26 FCD 810 optocoupler, Fairchild

A semi-kit, consisting
sockets for U10, U11, U13 and comp
Clair Bivd., Winnipeg, Manitoba, Canada R2C 0V2.

of a double-sided PC board with plated-throug
lete assembly instructions, is avai

h holes, a 1702 EPROM programmed and tested,
lable at a cost of $62.50 from: VE4 LOGIC, 76 St.
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contacts close once during
each oscillator cycle, causing
the tape reader (TD) to trans-
mit one character. With this
circuit, you can adjust the
speed of the tape to a speed
that the converter can accept,
and everything runs just fine
with no missing characters.
You can cut a tase from a
received Baudot signal and
transmit it later, or make a
tape locally from the ASCII
keyboard and trarsmit it in
Baudot code

One-way Conversion

The first code converter |
built is shown in Fig. 10. It
has two UARTSs, the same
PROM, one 7404 and one
7474. | used separate 555
clocks running at 727 Hz and
1760 Hz. If you want to
make a gradual start into
code conversion, or if you
just want to listen in on
amateur and commercial
activity, then this circuit is
ideal. If you later decide you
want to transmit as well, the
circuit could easily be

expanded to the

version.

two-way

Construction

I assembled the prototype
of the code converter on an
IC breadboard and had no
particular problems. Every-
thing worked just the way the
circuit logic and manufactur-
er’s data sheets predicted it
would, the moment | plugged
it into the breadboard. A
group of local amateurs,
VE4BF, VE4CM, VE4XD
and VE4YD, was formed to
design and produce PC boards
for the converter. Because of
the circuit complexity, we
decided upon a double-sided
board with plated-through
holes. Several copies have
now been built using this
board.?

[f you build the circuit (or
part of it) yourself, using
your own board or hand-
wiring or wrapping, there is
nothing critical about the lay-
out. Just follow normal TTL
construction practices, keep
the interconnections shorter
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Fig. 10. Baudot to ASCI! one-way conversion.

than 18 inches, and bypass
the supply buses occasionally.
The only adjustment required
is the clock trimmer. This can
be set with a counter if it is
available. If not, do it on
received signals by
determining the range over
which error-free copy is
obtained and then setting the
trimmer to the midpoint of
the range. | can give very few
suggestions on trouble-
shooting, other than to try to

localize the trouble to a small
portion of the circuit. If you
use only first quality ICs, the
circuit should work the first
time you try it, and no
debugging will be required. ®

References

1. The TTL Applications Hand-
book, Fairchild Semiconductor,
Mountain View CA,

2. Boards, programmed PROMs
and some other parts are available
from: VE4 LOGIC, 76 St. Claire
Blvd., Winnipeg, Manitoba,
Canada R2C 0V 2.
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WE HAVE WHAT YOU NEED AT...

1 AESU )

ADVANCED COMMUNICATION
DanaCr)r-\iB::Aike EQ U I PM E NT WOQerR§ZCk

Left to right — FRG-7, Solid State Synthesized Communications Receiver ® FR-101 Digital. Solid State Receiver ¢ SP-101B,
Speaker ® FR-101, Digital Solid State Receiver e FL-101, 100 W Transmitter o FL-2100B. 1200 W PEP Input Linear Amplifier

s
AARRANNIINN
IOV SN L RN

N ONSANSY
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p

Left to right — FT-620B, 6 Meter Transceiver ® YP-150, Dummy Load Wattmeter e YO-100, Monitor Scope ¢ FTV-250,
2 Meter Transverter ® FTV-650, 6 Meter Transverter e FV-101B, External VFO e FT-101E 160-10 M Transceiver

HAMTRONICS-WHERE THEHAM IS KING

Left to right — YC-601, Digital Frequency Display e YC-355D, Frequency Counter e FP-301, AC Power Supply e FT-301S
Digital, All Solid State Transceiver e FV-301, External VFO e FT-221, 144-148 All Solid State All Mode Transceiver

USED GEAR e TRADE UP e FREE UPS SHIPPING ON PREPAID ORDERS

2,000,000 HAM INVENTORY



THE LOWEST POSSIBLE PRICES

P KENWOOD

THE PACESETTER
IN AMATEUR RADIO

TS-700A $599.00

2M ALL MODE BASE/MOBILE TRANSCEIVER.
SSB {upper and lower), FM, AM and CW. AC and
OC. 4 MHz band coverage {144 to 148 MHz). Dial
in receiver frequency and TS-700A automatically
switches xmitter freq. 600 KHz for repeater
operation. Xmit, Rcv capability on 44 Ch. with 11

TR-7400A $399.00

2M MOBILE TRANSCEIVER. Synthesized PLL.
Selectable output, 25 watts or 10 watts. 6 Oigit
LEO freq. display. 144-148 MHz, 800 CH. in 5
KHz steps. 600 KHz repeater offset. Continuous

TS-820 $869.00

SSB TRANSCEIVER. PLL RF Monitor Noise
Blanker. Oigital hold locks counter & display at
any frequency, but allows VFO to tune normally.
True RF compressor adjustable speech processor
IF shift control. RF attenuator. VOX, GAIN,
ANTIVOX and VOX delay controls. RF negative
feedback. Optional digital readout. ORS Dial. High

thousands of discriminating hams, field day sites,
0X and contest stations and mobile installations.
Superb engineering and styling.

TRANSVERTER. Puts you on 2M the easy way.
144-145.7 MHz or optional 145-146 MHz.

xtals. tone-coded squelch (CTSC). Tone Burst. stability FET VFO.
- r.""";—*:"_t_‘
PS5 $79.00 q | 0
BYNAMIC MICROPHONE. :
Oesigned especially for
homes. PTT and lock
switches. 600 or 50K ohm. i
|
TR-7200A $249.00
TS-5208 $649.00 §P-520 $22.95 2M MOBILE/BASE FM TRANSCEIVER. ignition
Optional external speaker for better readability. interference control. 2 pole Xtal filter in IF revr.
SSB TRANSCEIVER. Proven in the shacks of Protection for final stage transistor & reverse
TV-502 $249.00 polarity connections. Priority Ch. switch. Quick

release mount. LEO CH. indicators. Switchable
10W or 1W output.

MC-50 $39.50

Oynamic microphone designed expressly for ama
teur radio operation. Complete with PTT and
LOCK switches, and a microphone plug. (600 or
50k ohm)

COMMUNICATIONS RECEIVER. 1.8 to 29.7
MHz, WWV and CB band. 50 MHz, 144 MHz con-
verter optional. Stable VFO & oscillator for 5
fixed chanaels. 1 KHz dial readout. Xtal filters
(SSB/8 pole, CW/8 pole, AM/6 pole}). Squelch.
S meter. Noise blanker.

$:599-519.94 R-599A-S459.00 T5990-$479.00

SSB TRANSMITTER. 3.5 to 29.7 MHz. Stable
VFO. 1 KHz dial readout. 8 pole Xtal filter. AM
Xmission available. Built-in AC pwr supply. Split
frequency control available.

VFO0-820 $145.00
Oesigned exclusively for use with TS-820. RIT
circuit and control switch. Fully compatible with
optional digital display.

VF0-520 {Not Shown) $116.00
Solid State Remote VFO. RIT circuit with LEO
indicator.

TR-2200A $229.00
PORTABLE 2M FM TRANSCEIVER. 12 Ch.
capacity. Removable telescoping antenna. External
12 VOC or internal NI-CAD batteries. 146-148
MHz. 6 CH. supplied. Switchable 2W or 400mW
output.

R-300 $239.00

ALL BANDO COMMUNICATIONS RECEIVER.
AC, batteries or external 0C. 170 KHz to 30 MHz
in 6 bands. Foreign broadcasts or ham radio in
AM, SSB and CW. Oual gate MOS/FET transistors
& double conversion. Band spread dial. 500 KHz
marker.

MASTERCHARGE & BANKAMERICARD ACCEPTED

HAMTRONICS

DIVISION OF TREVOSE ELECTRONICS
4033 Brownsville Rd ¢ Trevose,Pa.19047
(215) 357-1400/(215) 757-5300

iSAIIN WYH YNOA 11V 404 /H., 919 IHL



HAMTRONICS-WHERE THEHAM IS KING

WE HAVE WHAT YOU NEED AT...

KNOWN FOR QUALITY
THROUGHOUT THE WORLD

RECEIVERS
SSR-1 General Coverage, .5 to 300 MHz $350.00
SPR-4 Programmable, Solid State $629.00
DSR-2 VLF-HF Digital Synthesized SSB,

AM, CW, ISB, RTTY $2950.00
R-4C C-Line. HF. 160-10M $599.00
4NB Noise Blanker for R-4C $52.00
5NB Noise Blanker for SPR-4 $70.00
TRANSMITTER
T-4XC C-Line. HF. 160-10M $599.00
TRANSCEIVERS
TR-4CW 80-10M. SSB, AM, CW $699.00
TR-33C 2M, FM, 12 CH. Portable $229.95
MMK-33 Mobile/Dash/Desk Mount for TR-

33C $12.95
34PNB Plug-In Noise Blanker for TR-4

Series $100.00
MMK-3 Mobile Mount for TR-4 $7.00
Rv-4C Remote VFO for TR-4 CW $150.00
FF- Crystal Control for TR-4 $46.95
SYNTHESIZER
FS-4 General Coverage for 4-Line and

SPR-4 $250.00
LINEAR AMPLIFIER
L-4B Linear and w/power supply & tubes  $895.00
MATCHING NETWORKS
MN-4 Antenna Matching Network. 200W $120.00
MN-2000 Antenna Matching Network. 1000W  $240.00
RCS-4 Remote Control Antenna Switch $120.00
w-4 RF Wattmeter, 1.8 to 54 MHz $72.00
wv-4 RF Wattmeter, 20 to 200 MHz $84.00
7072 Hand Held Microphone $19.00
7075 Desk Top Microphone $39.00
1525EM Pushbutton Encoding Microphone $49.95
HS-1 Head Phones $10.00
AA-10 10W, 2M Amplifier $49.95
TV-300-HP 300 ohm High Pass TV Set Filter $10.60
TV-75-HP 75 ohm High Pass TV Set Filter $13.25
TV-42-LP Transmitter Low Pass Filter. 100W $14.60

TV-3300-LP Transmitter Low Pass Filter. 1000W $26.60
TV-5200-LP Transmitter Low Pass Filter. 1000W.
100W, 6M $26.60

USED GEAR e TRADE UP e FREE UPS SHIPPING ON PREPAID ORDERS

2.000,000 HAM INVENTORY



THE LOWEST POSSIBLE PRICES

COLLINS AMATEUR EQUIPMENT

KWM-2A TRANSCEIVER $3533.00
Unmatched for mobile and fixed station applications. 175W
on SSB, 160W on CW. Switch select up to 14 optional Xtals.
Can be used for RTTY. Filter type SSB generation. Automatic
load control. Inverse RF feedback. Reimeability-tuned variable
oscillator.

758-3C RECEIVER $2504.00
Sharp selectivity. SSB, CW and RTTY. Single control rejection
tuning. Variable BFO. Optional mechanical filters for CW,
RTTY and AM. 2.1 KHz mechanical filter. Zener regulated
oscillators. 3-position AGC.

32S-3A TRANSMITTER $2597.00
Covers all ham bands between 3.4 MHz and 30 MHz. Nominal
output of 100W. 175W, SSB and 160W CW. Dual conversion.
Automatic load control. RF inverse feedback. CW spotting
control. Collins mechanical filter.

30L-1 LINEAR AMPLIFIER $1536.00

1000 watts PEP on SSB and 1000 Average on CW. Single con-
trol rejection tuning (50 dB). Variable BFO. 2.1 kHz
Mechanical filter. Zener regulated oscillators. 3 position AGC.
Exclussive comparator circuit.

u 3128-3 SPEAKER ]
$80.00

T

SPEAKER CONSOLE

| 312B-4

3128-5 VFO CONSOLE

$546.00 $1212.00

v
v
516F-2 AC POWER SUPPLY 302C-3 DIRECTIONAL WATT METER
$440.00 $360.00

oummy 1040

DL-1 DUMMY LOAD
$270.00

MASTERCHARGE & BANKAMERICARD ACCEPTED

HAMTRONICS

DIVISION OF TREVOSE ELECTRONICS
4033 Brownsville Rd ® Trevose, Pa.19047
215) 357-1400/¢{215) 757-5300

iSG3IN WYH ¥NOA 11V 404 ,H., 919311



HAMTRONICS-WHERE THEHAM IS KING

WE HAVE WHAT YOU NEED AT...

DMRDY THRULINE® WATTMETER

e BUY ONLY THE ELEMENTS YOU NEED
AND ADD EXTRA RANGES AT ANY TIME

e READ RF WATTS DIRECTLY

Frequency Bands (MHz)

Power

22 25 50-  100-  200- 400
Table 1 Range 30 60 125 250 500 1000
STANDARD 5 watts 5A 58 5C 5D 5€
ELEMENTS 10watts | - 104 108 10C 10D  10E

25 watts 25A 258 25C 25D 25E

50 watts 50H 50A 508 50C 50D 50€
100 watts 100H 100A 1008 100C 100D 100E
250watts | 250H 250A 2508  250C 250D  250E
500 watts | 500H 500A 5008 500C 500D  500E

1080 watts | 1000H 1000A 10008 1000C 1000D 1000E
2500 watts | 2500H
5000 watts | 5000H

Table 2 1 watt Cat. No. [ 2.5 watts Cat. No.
LOW- 60-80 MHz 060-1 60-80 MHz 060-2
POWER 80-95 MHz 080-1 80-95 MHz 080-2
95-125 MHz 095-1 95-150 MHz 095-2
ELEMENTS 110160 MHz 110-1 150-250 MHz 150-2
150-250 MHz 150-1 200-300 MHz 200-2
200-300 MHz 200-1 250-450 MHz 250-2
275-450 MHz 275-1 400-850 MHz 400-2
425-850 MHz 425-1 800-950 MHz 800-2
800-950 MHz 800-1

WE HAVE A COMPLETE STOCK OF ALL BIRD WATTMETERS AND SLUGS

W/ NATIONAL RADIO COMPANY, INC.

NRCI

NCX-1000

The only 1000 watt, “single package”
transceiver, Heavy duty design . . . results
of 50 years of design leadership in amateur
equipment. State of the art speech pro-
cessing, linear amplifier, power supply, all
in one package. Nothing extra to buy.
Covers all amateur bands in the HF

spectrum . .. AM, §S* CW' $1,600
’

NCL-2000

Linear Amplifier. A full 10 dB gain. 20
watts in 2000 watts out. Can be driven
with one watt. Continuous duty design
utilizes two 8122 ceramic tetrode output
tubes, designed for hoth AM and SSB
operation. The industry standard for 12
years. Thousands in use all over the world.

$1,200
> Bl T
O Owg ¥O ©
b _0._,%' % o
v vy 3 |

HRO-500

The ultimate short wave receiver. This synthesized (phase lock loop) receiver incorpo-
rates all facilities for AM, Single Side Band (SSB), and CW receiption in all frequencies
from the bottam of the very low frequency band (VLF) to the top of the high fre-
quency band (HF). National's “dead accurate’ dial means no searching for trans-
missions. Dial up the frequency and it's there: aeronautical, marine, CB, amateur,
military, etc. Continuous coverage.

! * $3,000

USED GEAR e TRADE UP e FREE UPS SHIPPING ON PREPAID ORDERS

300.000 HAM INVENTORY




THE LOWEST POSSIBLE PRICES

VHF/UHF AMATEUR

& MARINE EQUIPMENT

VHF/UHF AMATEUR
& MARINE EQUIPMENT

1C-245. 146 MHz FM 10W XCVR. LSI
synthesizer with 4 digit LED readout
Xmit & Rcv frequencies independently
programmable. 6C dB spurious attenua-

e $499.00

IC-215. 2 METER FM PORTABLE.
Three narrow filters for superb perform-
ance. 3W or 400 mW. 15 CH. capacity.
7 MOS FET RF Amp & 5 tuned ckts.

S-meter front panel $22900

$249.00

IC-502. 6 METER SSB & CW PORTA-
BLE XCVR. Includes antenna & battery
pack. 3W PEP & stable VFO for fun &
FB QSQ’s. Covers first 800 KHz of 6M
band, where maost activity is.

IC-211. 4 MEG, MULTI-MODE 2Mm
XCVR. 144-145 Hz on SSB & CW
plus 146-147 MHz on FM. Work AMAT
OSCAR six or seven. LS! synthesizer
with 7 digit LED. MOS FET RF Amp,
5 helical cavities, FET mixer & 3 I.F.

filters. $74900

$299.00

R

1C-22S. 145 MHz FM 10W XCVR. CMOS synthesizer can be set to any 15 KHz ch. between
146 & 148 MHz by diode matrix board. Spurious attenuation far better than FCC spec. 10W
or 1W. IDC modulation control.

IC-21A. 146 MHz FM 10W XCVR. M0OS
FET RF Amp & § helical resonator
filter, plus 3 I.F. filters. IDC modulation
control. Variable output pwr: 500 MW
to 10W Front panel discriminator meter.
SWR bridge. 117 VAC and 13.6 VDC

pwr supplies. $399.00

DV-21. DIGITAL VFO. Use with IC-
21A to complete 2M band.

$299.00

lL
T

1C-202. 2 METER SSB
PORTABLE XCVR. Puts
sideband in your hand!
Internal C batteries or ex-
ternal 12 VDC. 3W PEP.
True L.F. noise blanker.
1440, 144.2 on two other
200 KHz bands,selectable,
Hamtronics stocks 145.2
and 1458 - 146.0 MHz for
calling frequency & satel-

lite band. $259 00

IC-30A. 450 MHz FM LOW XCVR. 1W
or 10W. Low noise MOS-FET RF Amp
& 5 section helical filter. 22 CH.
capacity. S-meter & relative power out
put meter. |DC modulation control.

$399.00

MASTERCHARGE & BANKAMERICARD ACCEPTED

HAMTRONICS

DIVISION OF TREVOSE ELECTRONICS

(215) 357-1400/(215) 757-5300

4033 Brownsville Rd e Trevose, Pa.19047

iSG3IN WVH ¥NOA T1VY ¥04 /1, 919 IHL



WE HAVE WHAT YOU NEEL

TEMPO ONE

AC/ONE

VF/ONE

\ TEMPO VHF/ONE
l TEMPO SSB/ONE

TEMPO 2020

l FMH

RBF-1
| oma20

MS-2

HF Transceiver.80-10M. USB,
CW & AM

Power Supply for
ONE
External
ONE
Transceiver. 2M. 144 yo 148
MHz. PLL

TEMPO

VFO for TEMPO

SSB Adapter for TEMPO
VHF /ONE

Transceiver. 80-10M. USB,
LSB, CW and AM. PLL.

Digital

2W, VHF/FM, 6 Ch. Hand
Held. 144-148 MHz
Wattmeter & SWR Bridge
Desk Mike. 600 or 50K ohm.
PTT & Lock Switches

4 Ch. Pocket Scanning Rcvr.

399.00

99.00

109.00

399.00

199.00

759.00

199.00
42.95

39.00
99.00

ot

()
=
x=
-
=
<X
=
M
-
=
M
(-1
i
=
=
¥
-~
=
(=)
=
=
<X
-

210X
215X
OMK

220CS
350-XL

DDs-XL
305

3n
350-PS

DMK-XL

-
AN

9

5

\@)

3

Transceiver. 10-80M. 200W
Transceiver. 15-160M. 200W
Deluxe Mtg. Kit for 210X &
215X

AC Console for 210X & 215X
Transceiver. SSB. Solid State.
10-160M. 350W.

Digital Dial Readout for 350
XL

Plug-In Auxitiary VFO. For
350-XL

Plug-In Auxiliary Crystal Os-
cillator for 350-XL

AC Pwr Supply w/Spkr &
Phone Jack for 350-XL
Mobile Mounting Bracket for
350-XL. Easy Plug-In

Si

679.00
679.00

48.00
149.00

995.00
195.00
155.00
135.00
195.00

65.00

, PTG
. "?A:?!l ‘_v..‘_

t

Wbt ey

E \
4
4 A 4
700 CX Transceiver. 700W PEP. SSB.
80-10M. USB, LSB or CW 649.95
VX-2 Plug-In VOX for 700 CX 44 .95
§$5-168 Super Selective IF Filter for
700 CX 99.95
MARK [l Linear Amplifiere Full Legal
Power. W/100W input. 80-10
M. 849.95
1200 X Portable Linear Amplifier.
1200W PEP. SSB. 700W, Ch.
300W, AM. 80-10M. 349.95
FP-1 Hybrid Telephone Patch. Con-
nect Rcvr/Xmitter to Phone
lines 64.95

Surans LECTRONICS FC78

FC-76
WM6200
FS-2
SWR-3
SWR-1A
w2000
WM-3000

FS-1
WM1500

MARK (1

1200 X

Frequency Counter. 5 Digit

LED 169.95
In-Line Presicion Wattmater
for 2M. 2 Scales tc 200W.
Reads SWR. 59.95
SWR & Field Strength Meter 15.95
Pocket SWR Meter 12.95
Relative Power Meter & SWR
Bridge 25.95
In-Line Wattmeter. 3 Scales
to 2000W. 3.5 to 30 MHz 59.95
Peak/RMS Wattmeter. Tells
The Truth About SSB 79.95
Pocket Field Strength Meter 10.95
In-Line Wattmeter. 4 Scales
to 1500W. 2 to 50 MHz 74.95
Linear Amplifier. Full Legal
Power. W/100W input. 80-10
M. 849.95
Portable Linear Amplifier.
1200W PEP. SSB. 700W, CW.
300W, AM. 80-10M. 349.95

USED GEAR e TRADE UP e FREE UPS SHIPPING ON PREPAID ORDERS

$2,000,000 HAM INVENTORY



THE LOWEST POSSIBLE PRICES

NYE VIKING

#’.n
BT ik ey 'AES'.*

No. SSK-1 $23.95

No. 114-310-003 $8.25 No. 114-310-004GP $50.00  No. 114-404-002 $18.50

No. 250-46-1 $36.50 No. 250-46-3 $44.50 No. 250-20-1 $19.95 No. 250-0025-003 $212
NPC 2.5 AMP 4 AMP 6 AMP
0N = @
POWER SUPPLY g (o}
POWER SUPPLY
103R 39.95 104R 49.95
12 AMP 25 AMP
108 RM | i 109R 149.95
99.95 -
‘\J & )
ez )
@‘ l
|
“ORIGINAL" “CHAMPION"
“PRESENTATION" 39.95 “LIGHTNING BUG" 31.50 VIBRO-KEYER

66.00 39.95 33.00

MASTERCHARGE & BANKAMERICARD ACCEPTED

DIVISION OF TREVOSE ELECTRONICS

H A"TRONICS 4033 Brownsville Rd e Trevose, Pa.19047
(215) 357-1400/(215) 757-5300

1SG3IN WYH YNOA TV 404 /H., 919 IHL



HAMTRONICS-WHERE THEHAM IS KING

3 Kilowatt Tuner Matches
wﬁm_ Everything From 160 to 10
160-10 MAT

Buiit-In
Wattmeter

Front Panel Antenna
Selector for

Coax, Balanced

Line and Random
Wire.

only $299.50

Denlron_

Super
Tuner

160-10 Meters
Balanced Line,
Coax, Random

or Long Wire
Maximum Power Transfer, Xmitter to Antenna.

1 KW Model $129.50 3 KW Model $229.50

1000 to 1200 WATTS OUTPUT
TO YOUR ANTENNA

Denlon- SUPERAMP

$499.50

it the amplifier you're thinking of buying doesn’t deliver at least 1000 to 1200 watts output,
to the antenna, you're buying the wrong amplifier.

Our New Super Amp is sweeping the country because hams have realized that the DenTron
Amplifier will deliver to the antenna, {output power), what other manufacturers rate as input
power

The Super Amp runs » full 2000 watts P.E.P. input on SSB, and 1000 watts DC on CW. RTTY
or SSTV 160-10 meters, the maximum legal power

The Super Amp is compact, low profile, has a solid one piecs cabinet assuring maximum TV}
sheilding.

The heart of our amplifier, the power supply, is & i duty, self
for contest performance

suppty buitt \

We mounted the 4 . 811 A’s, industrial workhorse tubes, in a cooling chamber featuring the
on-demand variable cooling system

The hams at DenTron pride themselves on quality work, and we fight to keep prices down. That's
why the dynamic DenTron Linear Amplifier beats them all at $499 .50

NDW AVAILABLE WITH 672 B® FDR 3574050

Denlron_ ANTENNAS
The Skhy Openers _

SKYMASTER -
A fully developed and tested 27 foot -
| vertical antenna covers entire 10, 15, 20, S
4 end 40 meter bands using only one cleverly - -
| spplied wave trap. A full t/4 weve entenna
on 20 meters. Constructed of he m
| less sluminum with e factory tuned end
vealed HO Trep, SKYMASTER is westher

TRIM-TENNA

proof and withstands winds up to B0 mph
Handles 2 KW powser level and 13 for
wound, roof or towsr mounting. Rediels
included in our tow price of

$84.50

Also 80 m resonator for top mounting on

SKYMASTER. szq.so

SKYCLAW
A tuneble monoband high performance
vertical sntenna, designed for 40, B0, 160
mater operstion. SKYCLAW gives you
the tallowing spectrum coverage

BAND  BANDWIDTH

{Maters) {kM2)
180 50
BO 200
40 entire band

Tuning is esty and reliable. Rugged con-
struction assures that this self-supporting
unit i weatherproof and survives nicely
in 100 mph winds.. Hendles full lagel

power limit. s79.50

EXA1

The DenTron EX-1 Vertical Antenna it
designed for the performance minded
sntanna exparimenter. The EX-1 b s full
40 meter, % wave, 33, salf-supporting
vertical. The EX-1 is the idesl vertical

T $69.50

The entenna your neighbors will tove. The
new DenTron Trim Tenna with 20 meter
team is designed for the discriminating
amataur who wents fantsatic performance
in en anvironmentally appealing beam. s
really loadedl Up tront there's 3 13 foot
6 Inch director with precision Hy-Q coils
And, 7 feet behind is » 16 foot driven
element fed directly with 52 ohm coax.
The Trim-Teana mounts easily and what
» difference in on-the-air performance be
tween the Trim-Tenna and that dipols,
long wire or Inverted Vee you've besn
using. 4 & 6 Forward Gen Over Dipole

$129.50

-5\"."/'-.—
i

ALL BAND DDUBLET

This All Band Doublet or inverted Type
Antenna covers 160 thru 10 meters. Has
total length of 130 fest (14 ga. stranded
copper) although it may be made shorter
it necessary. This tuned Doublet is canter
fod through 100 test of 450 ohm PVC
coversd balanced transmission line. The
sssembly s complate. Add ropa 10 the
ends snd pull up into position. Tune
wath the DenTron Super Tuner and
you're on 10 through 160 meters with
one antennal Now just for the DenTron

All Band Doublet. sz4 .50

Denlron_ ANTENNA TUNER
The 80-10 Skymatcher

Here’s an antenna tuner for 80 through 10 meters, handles 500 w P.E.P. and matches your
52 ohm transceiver to a random wire antenna

|
|
T
|
|

« Continuous tuning 3.2 - 30 mc

* “L” network

« Ceramic 12 position rotary switch ‘
« S0--239 receptional to transmitter

» Random wire tuner

« 3000 volt capacitor spacing

« Tapped inductor

« Ceramic antenna feed thru

. w H. 87 D., Weight: 5 Ibs

$59.50

Denlon. W-2 PAD
INLINE WATTMASTER

Read jorward
and reflected

watts at the
same time

& ‘3_‘

Tired of constant switching and guesswork?
Every serious ham knows he must read both forward and reverse wattage simultaneously
for that perfect match. So upgrade with the DenTron W-2 Dual in line Wattmeter

$99.50

USED GEAR e TRADE UP e FREE UPS SHIPPING ON PREPAID ORDERS

$2,000,000 HAM INVENTORY




THE LOWEST POSSIBLE PRICES

y [ | —

TRITON IV
EQUIPMENT

MODEL 240

TRANSCEIVERS

.6
MODEL 540-200W, SSB/CW L lI -

3.5 - 30 MHz $699.00 D

MODEL 544- DIGITAL, 200w
SSB/CW, 3.5 - 30 MHz
$869.00

MODEL 244

ONE - SIXTY CONVERTER

DIGITAL READ OUT/COUNTER

MODEL 242 $169.00
REMOTE VFO

$97.00

8]

$197.00

MODEL 262-G $139.00
DELUXE POWER SUPPLY

-~ Qoo

ARGONAUT
MODEL 509

$359.00
SW, SSB/CW, 3.5-30 MHz

LINEAR AMPLIFIER

==

3 e« H
ciendas . 4

MODEL 405 $159.00
100w, 3.5 - 30 MHz

XTAL CALIBRATOR
$29.00

AMMETER
207 $14.00 206

ELECTRONIC KR-5A

$39.50 PR

KEYERS

o *

°Rg
-
ELECTRONIC
KR20-A

ELECTRONIC KR-50
$110.00

P AP &

$69.50

$17.00 KR1-A $35.00

MASTERCHARGE & BANKAMERICARD ACCEPTED

HAMTRONICS

DIVISION OF TREVOSE ELECTRONICS
4033 Brownsville Rd ¢ Trevose, Pa.19047
(21) 57-14/(21 5) 757-5300

iSA3IN WVH YNOA 11V 404/, 919 IH1



m z H.P. TS510 A/U / H.P. 608D UHF Signal Gen. 10 MHz to 420 MHz
$500.00
H.P. HO3-624C / KS16647 Microwave Signal Gen. 10.7 GHz to
FROM € ectl‘oq.lcg 11.7 GHz $900.00
Motorola MR510 Diodes 1000 piv @ 3 amp. 9.90 / 20 pcs
Fairchild VHF Prescaler Chips
Hgo%% rlﬁgchu Spceed Dua[;_ 5‘&4 l:npul no/nor ;2';2 HP 623B Microwave test set 6565 MH2z to 7175 MHz $300.00
€|
11c850M 1 GHl, C:l::'v‘\‘le: [)I.videe byy 4 110.50 Beckman Model 6127 Eput meter with Model 607 Heterodyne plug
11C06DC UHF $5resca|er 750 MHz D Typze‘zﬁip/ﬂop 12 38 in D.C. to 1 GHz $3900.00
11C24pC Dual L VCM same as MC4024P 2.6 : . e PP
11644D0 Phase Freq. Detector same as MCA044P 260 New Mot?'rola Carbon Mllcrophone Model P-7_255A. This unit is a “noise
11C580¢C ECL VCM 453 cancelling’” palm type microphone. These mikes come with or without
11C700C 600 MHz fiip/flop with reset 12.30 cables. Price without cables $19.95; with cables $29.95.
115820¢ o ki 2920 | H.p.624B Microwave test set 6565 MHz to 7175 MHz $9.00.00
11C90DM same as above except Mil. version 24.00 Beckman Meter and Heterodyne Plug-in/Freq meter D.C. to 1 GHz
11C91DC 605 MHz Prescaler Divide by 5/6 ;ggg $900.00
11C910M same as above except Mil, version : Motorola MC14410CP CMOS tone generator uses 1 MHz crystal to
32:383& gfmoe“l?la:;f:‘:l?ep?'mi l:ymliooﬁll 1228 produce standard dual frequency telephone dialing signal. Directly
95H91DC 350 MHz Prescaler Divide by 5/6 950 compatible with our 12 key Chomeric pads. Kit includes the following.
95H91DM same as above except Mil. version Z:(; 52 1 MC14410CP
T.I. TMS4060/C2107, 4K RAM .0 1 1 MMz Crystal
Batteries 1 Printed Circuit 8oard (From Ham Radio Sept. 1975)
And all other parts for assembly. $15.70
Gel-Cetl 12 volts at 1.5 Amp Hr. #GC-1215 $19.95 etk BETO0E - )
Crystals Jlist) BARYE DU Thcee vatiss Mate: Flut BEe I L e e e WL O ey ooy ap w50/ Rk, Tillatale 0
1.000000 MHz 495 pulled out of service. Set up for approx. 150 MHz 1 95H90DC : )
5.000000 MHz 4.95 Clean. All tubes included. No accessories. Prices 1 2N5179
10.000000 MHz 495 FO8 Phoenix. 2 U6 BNC
3579.545 KC 295  Motorola U43 GGT sagios @ 2 pEA SHOS
PL $99 95 Printed Circuit 8oard
GE MT-33 €39.95 And all other parts for assembly. $29.95
6EMTA2N $79.95 | Fairchild 11C90DC Prescaler divide by 10 to 650 MHz. Will take any 65
‘Y:‘!"Hz Coumerk 1o 66505 “IA\A’:!I or with a 82590 it will divide by 10/100 to 650 MHz.
10.7 MHz Narrow band Crystal Filters type 2194F $7.95 ! |$1;4c|;|°[()ace a 6. 7 counter to 650 MHz. Kit includes the following.
!
- G-88/U
10.7 MHz Ceramic Filter ’ b
1 MC7805CP 1 Printed Circvit 8oard and all other parts for assembly.
MuRata SFWI0.7MA . - 8395 1 8ridge 82590 add S5.70 to total. $59.95
Johanson and Johnson TRANSFORMERS
ErioTienit ot it Ferrite Beads F-18X 6.3vct at 6 amps 356
1 to 14 pf. $1.95 12 for 99 or F-93X 6.5v to 40v at 750 ma. 353
1 to 20 pf. $1.95 120 for 9.99 F-92A 6.5v to 40v at 1 amp 459
N-51X Isolation 115vac at 3Sva. 2.80
Model D-2 6.5v at 3.3 amps 4.95
6.5v at 3.3 amps
FET'S 8E-12433-001 30v at 15 ma. .49
23070 150 2usae0 % meew 335 | 217 Sie v @ 108 deplation 695
2N3458 130 IN3S63 5.5 MPF121 150 | Fr1072 R ik
2N3821 1.60 3N126 3.00 MPF4391 80
e Gm o owmm e owE
N .8 E |
2N4a16 1,05 MFE2008 4.20 40673 SOl Bl e B TS R B DIODES
2N4875 1.75 MFE2009 4.80 40674 1.49 amps. $6.30 1N270 Germanium Diodes S795/¢
TUBES P6378 12vat 8ampsor 12vat 4
Semtech SFMS 20K, 20KV, 10 ma,
226 5.00 811 695 7984 4.95 amps. $10.31 gy recovery 51.26 €a.
3828 4.00 811A 9.95 8072 32.00
41504 15.00 9314 1195 8156 395 | P8196 80vct at 1.2 amps $6.28
4X1506 18.00 5849 32.00 8908 Di35)
4CX2508 24.00 6146A 5.25 8950 5.50
4CX350A/8321 35.00 61468/8298A 6.25 4.400A 29.95
4CX16000  $150.00 7.95 4-250A 24.95 FANS
DX415 25.00 6907 35.00 4.125A 20.95
5728/T160L 25.00 7377 40.00 4.65A 15.95 Pamotor Fans, Model 4500C 117 VAC, 60 Hz, 19 w $7.95
2N1561 15.00 2N5590 6.30 MRF207 2.00 Amperex 8LY90 22.50 MM3002 1.65
2N1562 15.00 2N3866 JAN TX 4.85 2N5591 10.35 MRF208 10.20 Amperex A209 8.60 MM3009 1.80
2N1692 15.00 2N3925 6.00 2NS635 4.95 MRF209 12.35 MSC 2001 20.00 MM3375 7.00
2N1693 15.00 2N3927 11.50 2N5636 11.95 MRF237 1.85 MSC 3000 20.00 MM3904 1.50
2N2631 4.20 2N3948 2.00 2NS637 20.70 MRF238 8.55 MSC 3001 20.00 MM 3906 143
2N2857 180 2N3950 26.25 2N5643 20.70 MRF450 16.55 MSC 3005 20.00 MM4000 1.24
2N2876 12.35 2N3961 6.60 2N5641 4.90 MRF453 19.55 MSC 80205 20.00 MM4001 1.39
2N 2880 25.00 2N4072 1.70 2N5643 20.70 MRF504 6.75 MSC 80206 20.00 MM4003 185
2N2927 7.00 2N4073 2.00 2NS5764 27.00 MRF509 5.50 MSC 80255 20.00 MM4036 1.60
2N2947 17.25 2N4135 2.00 2N5841 11.00 MRFS11 8.60 Fairchild SE7056 3.00 MM4044 3.00
2N2948 15.50 2N4427 1.24 2N5842/MM1607 19.50 MRF620 27.00 MM1051 2.00 MM4545 3.00
2N2949 390 2N44°9 20.00 2N5849/MM1622 19.50 MRF8004 190 MM1500 32.20 mMM8006 2815
2N2950 5.00 2N4440 8.60 2N5852 50.00 HEPS3013/75 295 MM1550 10.00 MM1552 50.00
2N3287 4.30 2N4957 6.30 2N5942 49.50 HEPS3014/76 495 MM1601 5.50 MM1553 56.50
2N3300 1.05 2N5070 13.80 2N5922 10.00 HEPS 3002 1.03 MM1602 .50 HEPSS5026 2.48
2N 3302 1.05 2N5090 6.90 2N6080 5.45 HEPS3003 29.88 MM1607/2NS5842  8.65 MSC 80256 20.00
2N3307 10.50 2N5108 3.90 2N6081 8.60 HEPS3005 9.55 MM1614 73 CTC D1-28 20.00
2N3309 3.90 2N5109 1.55 2N6082 11.25 HEPS3006 19.90 MM1620 7.50 CTC D10-28 20.00
2N3375/MM3375  7.00 2NS179 .68 2N6083 12.95 HEPS 3007 2495 MM1622/2N5849 19.50 CTC E1.28 20.00
2N3553 180  2n5184 2N6084 14.95 | HEPS3008 218 MM1661 15.00
2N3571 410 5Ns216 4750  2N6094 5.75 | HEPS3010 1134 MM1669 17.50
2n3818 6.00  5N3583 550  2N6095 10.35 | RCA TA7994 50.00 MM1943 3.00
2N3824 320  2N5589 360  2N6096 19.35 | RCA 40290 2.48  MM2605 3.00
2N 3866 1.09 2N6097 28.00 Kertron K2126 5.50 MM2608 5.00
2N3866 JAN 4.14 Kertron K86008 5.50
@l Z 2543 N. 32nd STREET ="
PHOENIX, ARIZONA 85008 i e
lectronic PH. 602-957-0786 -
€ n<s NO C.0.D. s

4 o
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THE BSA\ 8700 COMPUTER/ CONTROLLER

An exceptional price on an applications oriented 6503 based
micro-processor system featuring:

® 1K bytes RAM locations (512 bytes supplied)

1K bytes ROM locations (256 byte monitor included)
2 - 8 bit input ports

2 - 8 bit output ports (1 latched, 1 buffered)

24 key touch cperated keypad (used by the monitor to allow
entry and exeecution of user programs - also user definable. )

2 - latched seven segment displays (used by monitor to display
memory location and contents - easily user programmed)

® Optional cassette interface ($22. 50) fits entirely on the
processor board.

THE I0EAL, LOW COST SOLUTION TO IMPLEMENTING ALL THOSE
WILO COMPUTER BASEO CONTROL SYSTEMS YOU'VE BEEN OREAMING OF!

PAIA software currently available or under development includes:

® Electronic music synthesizer interface.

® Home applications package including: Multi-zone fire &
burglar alarm, real time clock, energy saving heat/air
conditioning control, computer generated "door-bell".

® Model railroad controller

8700 COMPUTER/CONTROLLERKIT ........... $149.95

(requires 5v. @ 1.2A.; 12v. @ 150 ma.)

Shipped direct to you by PAIA (add $3. 00 postage & handling)
OETAILS ON PNA KITS IN OUR FREE CATALOG ... ..... WRITE FOR IT TOOAY!

jable .
o @I Tiore o ELEGTRONICS, INC.

Co

.. OR PHONE OUR 2Y%HR OEMO/OROER LINE (405) 843-7396 BAC & MC OROERS ALSO ACCEPTED.

HOEBY WRAP
MODEL BW 630

%
Battery
wire
wrapping
tool
5345

COMPLETE WITH Bl
AND S1LEEVE

Dept. 7-H 1020 W. Wilshire Blvd.
__ Okiahoma City, OK 73116

RIBBON CABLE
ASSEMBLY

DIP IC INSEXTION WIRE DISPENSER -~
TOOL WITH PIN :
STRAIGHTEMER

MODEL
INS-1416

*MINIMUM ORDER $25.00, SHIPPING CHARGE $1.00. N.

Y. CITY AND STATE RESIDENTS ADD TAX

OK MACHINE AND TOOL CORPORATION

3455 CONNER STREET, BRONX. NEW YORK, N.Y. 10475 U.S.A.
PHONE (212) 994-6600 TELEX NO. 125091

975



Harry Matthews K2A0U
R D 6, Tug Hill Rd.
Oswego NY 13126

Digital Group
RTTY Micro

- -- a natural team

Because | was interested
in electronics, including
amateur radio, | decided to
get in on this new thing called
microprocessing. | have

worked with digital elec-
tronics before and have put
together some successful
hardware projects. | quickly
found that there were a few

small computer systems avail-
able, so some wise decision-
making was necessary.

| sent away for literature
and paid close attention to

The author's shack, showing his Digital Group 8080A<4BD system with 10K RAM memory, 4
input/out ports x 8 bits, and 16 line x 32 letter character generator; surplus keyboard;
Kleinschmidt 60 wpm Baudot machine; Ampex Micro 9A cassette recorder; Icom |C-22; and
Kenwood TS-520.

AQS

magazine advertising. Then,
things were pretty well
summed up for me at the
Spring, 1976, Rochester,
N.Y. Hamfest, where they
had a computer seminar. Pior
to that | seemed to have a
choice between MITS,
IMSAI, and HAL. But now
there was a new one on the
scene — the Digital Group. |
was planning to get the HAL
8080, but, when | found out
that the Digital Group
System could actually do
something, and that software
was only $5 per cassette, |
was so/d. Further discussion
with the fellows at the
seminar confirmed that the
Digital Group was for me. |
knew nothing about software
or programming, so the best
bet had to be a company that
would get me started without
overcharging.

I took delivery of my
system on the July 4th week-
end of 1976. | managed to
complete the unit inside 3
days — it didn’t work. After
searching under a magnifying
glass and bright light, | found
and removed the solder
bridge that could have done
me in. Sure enough, there it
was, telling me via my TV
monitor to ‘“Read 8080
Initialize Cassette.” | was off
in another world, making it
play the Star Spangled
Banner while printing the flag
on the TV. It would also play
a number guessing game, send
Morse code from the key-
board, and receive RTTY on
the TV.

Since | had also ordered an
additional 8K of memory
with the system, | quickly
began construction of the
extra memory board. This
board, along with the 2K of
memory on the processor
board, is what makes it a 10K
system. Well, this time things
didn’t go so well. Nothing
really seemed to work,
including the Tiny BASIC
tape and the Ham-1 tape.
After some phone conversa-
tion with Digital Group and a
check of my tapes by the
software people (Dianne
Howerton is very patient and



understanding), | finally paid
attention to the construction
instructions. Back again to
the bright light and the
magnifying glass. Sure
enough, just as written in the
instructions. | had forgotten
to solder two socket pins.
Two in over a thousand isn't
bad, is it? Anyway, the
BASIC worked, and the
Ham-1 tape worked.

Being inquisitive, | began
to ““dump storage” and look
at what was going on in there.
After reading and more read-
ing, | finally was able to start
some programs of my own.
First | ran a few simple things,
and then | began block
moving data, studying sub-
routines, and learning how to
change memory addresses.
Little by little | worked on
making modifications. Before
long | was surprised at how
many octal instructions |
could remember load,
jump, call, return, compare
and jump based on flag sets,
and so on, throughout the
Intel 8080 program card. |
found that | could remember
octal more easily than hex,
and, since the Digital Group
8080 operating system was in
octal, | adopted it.

| found that the Digital
Group Ham-1 RTTY transmit
was not really doing as much
as | wanted it to do, and, in
fact, the Digital Group
instructions encourage
making modifications and
improvements. One of the
more aggravating problems
was missing letters when
typing too fast, especially
during automatic figures-
letters shifting, and another
problem was no carriage
return or line feed. The reed

SUBROUTINES
(s7arT16)
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DELAY LOOP | l

Fig 1.

switch ASCIl keyboard
would barrel right along when
60 wpm was the limit. Of
course, a mechanical machine
like my Klienschmidt would
mechanically prevent typing
too fast. For a while | was
using Tiny BASIC Baudot for
amateur RTTY, but it kept
giving out automatic error
messages. |t was for BASIC,
not ham use.

At any rate, | wanted to
have a RTTY transmit pro-
gram which would have auto-
matic carriage return after 70
letters, and, after accomplish-
ing that, | went further to
add an additional carriage
return after 64 letters and a
space. | then made a program
to act just like punching
paper tape, where letters
entered at the keyboard were
shuffled off to a blank
memory area and stored.
Executing the read program
would then go back to the
start and read the memory
whenever called and as many
times as | wanted.

Next, | put in a program
modification to back step
(decrement) the pointer, and
back spacing for error correc-
tion was born. | even made a
quick little program to send
K2AOU in Morse code on the
output and ‘‘Here is K2AQU”
in RTTY — ali at the punch
of a number at the keyboard.
I have future plans for it to
turn the transmitter on and
off. You had better not let it
control your frequency,
though; | heard of one fellow
working WWV that way!

My ultimate goal was to
build a buffer system. | had a
discussion with an associate
who had done some
FORTRAN and general pro-
gramming, and | learned
about rotary pointers and
fullness registers. | also
dismantled the CW transmit
part of the Ham-1, which
works great as is but is
scattered throughout
memory. From it | learned
more about pointers and
timing loops, and | cleaned
up the CW program’s struc-
turing within memory. Mind
you, | did all this before

Digital Group came out with
their Dissassembler.

| felt that the operator
with only 2K of memory
needed a fair deal, so | began
work on a 2K FIFO (first in
first out) buffer, as outlined
here. It is a program which
can be useful to any RTTY
enthusiast, essentially a side-
kick to the amateur RTTY
station. Actually it takes only
500 bytes of instruction
space and 256 bytes of
scratchpad memory. The
machine language is for the
Intel 8080A. Those of you
who have 8080 systems from
other manufacturers can
probably adapt the program.
Be careful to observe Digital
Group subroutines for TV
output, delay loops, and key-
board input. If you have
more memory, of course, you
can add RTTY receive,
additional buffers, CW (D,
here is key, etc.

The Digital Group Opera-
ting System is based on the
following routines:

1. READ in a new program
from audio cassette to mem-
ory.

2. WRITE out a program
from memory to the audio
cassette record input.

3. OCTAL STORAGE
DUMP of sequential memory
locations.

4. KEYBOARD PROGRAM
memory by entering each

Memory Blocks:

000 000 TO 000 377
001 000 TO 001 277
001 300 TO 001 316
001 317 TO 005 055
005 056 TO 005 075
005 076 TO 005 123
005 124 TO 005 136
005 140 TO 005 247
005 250 TO 005 274
005 277 TO 005 377
006 000 TO 006 377
007 000 TO 007 277
007 300 TO 007 362
007 363 TO 007 377

byte in octal numbers.
5.6.7.8.9.0. User assigned *‘go
10” or “‘execute” at specified
addresses.

How It Works

It takes time to output
Baudot RTTY, time for the
start pulse, time for the five
bits and time for the stop
pulse. During this time the
computer is kept busy, con-
tinuously sampling the key-
board input for action. If a
key is pressed, it holds the
letter, waits for the keyboard
strobe to go low again (one
letter per keystroke please),
and then sweeps the letter off
to the proper storage point in
the buffer. Write storage
point, read storage point, and
storage fullness are all kept
track of by special pointer
bytes, including the location
of the last carriage return,
whether manual or auto-
matic. This software is set up
for 60 wpm output. If you
wish to experiment with
other speeds, there are three
memory locations to work
with — 007 304 is 015 for 60
wpm, 010 for 100 wpm. 007
154 is 064 for bit length, and
007 172 is 112 for the stop
pulse. This can also be
worked on if you have other
than a 2 MHz clock speed.

Output Connections
The system output for the

Digital Group PROM

Digital Group Operation System
Start #5 Buffer Preload

Digital Group Operating System
Part of Buffer Preload
Operating System

Part of Buffer Preload
Keyboard Subroutine

Delay Loop Subroutine
Operation Monitor Title Page
Buffer Scratchpad (initialize full of 240s)
Baudot Output Subroutine
Start #6 Buffer load and read
Start #7 Buffer Read Only

Table 1. ASCII to Baudot buffer system (FIFO). As you can
see, no space is wasted to put this in 2K of memory. For more
simplicity, one could eliminate the buffer prefoad and the
bufter read only routines, but these are quite handy. An
address is specified by page number and byte number, ie, 007
000 in octal. When giving the address to the computer, always
give it low first and then the high.

303

100 Means jump to page 7, byte 100.

007

ng
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serial Baudot is port 002 Isb.
| connect from this output
through a 1000 Ohm safety
resistor to a HAL ST-6 ter-
minal unit. Inside the HAL
there is an extra switch posi-
tion for the optional 425 Hz
discriminator. You can add a
connector on the cabinet or
make use of an extra pin on
the back. Position 1 is then
850 shift, position 2 is com-
puter output and position 3is
170 shift. Because ! wanted
to be able to output either
shift, | removed the AK-1
from this switch and installed
a separate one. | also placed a
jumper from the autostart
bus to an open section of the
input switch to turn on the
page printer when in the com-
puter position. Other connec-
tions to the RTTY loop can
be made, but, by all means,
use caution! TTL and loop
voltages do not survive to
gether. Refer to the article
“How to Use Those Old Tele-
types,” 73, February, 1977,
p. 88. Simpler yet would be
to output to port 001, the
built-in RTTY oscillator.

Instructions For Use
After reading in your tape
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to the operations monitor, hit
number 6 to use the buffer in
real time. The processor will
go to 007 300 and loop and
wait for your message. You
will have to be a good typist
to get into the buffer to any
depth, but it is very handy
during figures to letters shifts
and carriage return line feeds.
When you hit the keys too
fast for the output speed, the
buffer remembers everything
and puts it out in order. it
does automatic carriage
returns at the end of 70
letters or after 64 letters at
the next space. Figures-letters
are automatic in the ASCI!
conversion, and, whenever
you hit a carriage return, itis
automatically carriage return,
line feed, letters. Hitting a
control alpha will exit back
to the operations monitor.
ASCIl % is Baudot bell, and
ASCI! # is Baudot H (STOP).
Hitting a 5 from the opera-
tions monitor will cause the
processor to go to 001 300,
loop, and wait for you to
preload the buffer with your
next message of up to 250
letters, while the other
station is sending to you on
your page printer. When it is

.r-; -

time to transmit back, hit
control L and continue to
type into the buffer. The
processor will output your
message in Baudot while you
continue to feed into it with
ASCI1. If you are slow, it will
soon catch up to you. The
whole idea here is that you
get a 250 letter head start,
just as if you were using
punched tape. Also, during
the preload mode, if a mis-
take is made, just key in an
ASCIl delete and the buffer
will step back one space at a
time. Hitting a 7 from the
operations monitor will
execute at 007 363 and read
the buffer contents from the
start at any time.

What Kind of Hardware?

If you only want this one
item of software, you could
get a single board system
going with an 8085, 1K
PROM, and 256 bytes of
RAM. The board could be
mounted underneath your
ASCIl keyboard and remain
dedicated to this one job. \f
you are the innovative and
inquisitive type (and bore
easily), then you will wanta
more flexible system. | am

quite pleased with the Digital
Group System, as it offers a
lot of flexibility. CPU boards
can be changed at any time,
drawing from 8080A, Z-80,
6800 6502, and others, as
they become available. The
system comes with 2K of
RAM memory on the CPU
board 4 parallel input output
ports, a TV character genera-
tor, and 1100 baud cassette
interface. 1’'m using port 000
in for the ASCIl keyboard.
Port 000 out drives the TV
generator’s 512 byte
memory, port 001 Isb in and
out is for the cassette tape
system, and port 002 Isb out
is the Baudot serial RTTY
output. My total memory at
this time is 18K.

Locally, | am working on
the air with Bob Hanson
WB2DHL, and Ed McNeely
K2RQB. We are trying to
convince WA2BTG to join us,
but, we've had no luck yet.
We monitor two meter FM on
147.15 MHz RTTY and carry
on at times on 146.25-85
(Oswego Repeater). Shhhh...
we've even sent programming
at 1100 baud on the air with
super results. Hurry up with
ASCIil, FCC! =



KEY BOARD IN SUBROUTINE

005
005
005

005

005
005
005
005

005

005
005
005
005
005
005
005

This keyboard routine is called by the Delay Loop routine,
which is called by the Baudot Output routine. Even this
keyboard routine calls for one more step of nesting for a
Keystrobe Low routine and the TV Writer routine, both of

140
142
143
144
147
152
153
154

156
160

163

247

Bk}
247
360
ns

041

ns

m

000

007 002
133 007

215
176 005

13, 007

372

8 &

134

232 005

215
147 005
100

240
225 005

== )
Return +
[Ca11 Strobe Lov |

Lead HAL — )
EEE ==
(L=1n
LEACSE . &
=
115 LA ]

( L= Write Point —;
=NMtelE Rt
| e
[H="Buff Page |

Llf= VLeuor_ =

;?_ot !Tll‘ _ ]

{ Eﬂé‘j} Ratumn? mo-
[Load HEL - ]
e

L A= M N 1
(= )
[store &

EENS 7
Call TV Vriter |«

i

(3= rite Fointer |
P8 —
S
[a= L’l',_"t,“
Set Flag |
malnce-
' 70 Letters? “-no—
—_— .I~ — |
(Popn
m Carriage Ret.
== Lidoo,
=5 1l
(Jusp & Store ]
[t Map
(5366 _>— no—
L 1 |
[Eep1e -
|
Set Flag j

[iz §!nc.l1\»;o¢ —

4 e

"

| Return |

—-

[Save &

[Pop X

(Key Pressed?)
(Key not Pressed)
{Anti Eeho)

(Inor. Fullness)

(Inerement Write)

(Store Letter)

(Saves Folnter at
last Carriagse Ret.

Manual or Auto.)

(Small Latter?

Hake Capital.)

(Put Letter on TV)

(Subtrect last

Carriage Return

from Write Pointer)

(Reset Stack)

{Automatie C.R.)

{ 64 Letters?)

(Keeps Stack
1in Order)

which are within the Digital Group operating system.

BAUDQT OUTPUT SUBROUT INE'
007 000 376 215

007 002 302 030 007
007 005 076 010

007 007 315 142 007
007 012 076 002

007 04 315 142 007
007 017 076 037

007 021 062 177 007
007 0% 315 142 007
007 027  IN

007 030  Oub 007

007 032 376 340

007 034 332 041 007
007 037 326 040

007 041 376 300

Ezra—
Carriage i{t? IG-]
{ A= Baudot Ret. ‘

Call Output |

A= Baudot

Call Output

Store Peinter

Call Output

Cgplul Lett? >yes
A= A- 040 ,

Set Flag

(Juap to Letters)
{For evary ASCII
Carriage Returm,
This Sequence
Outputs Baudot

C.R.,L.F.,Latts)

(Page # of Look
up Table)

043
046
047
052
054
057
061

064

omn
07
075
076
101
103
106
110
13
e

17

$88888§8888888838888888888¢88S3
r

135
136

§ 8

137

BAUDOT OUTPUT SUBROUTINE CONTINUED

332 064 007
365

376 037
312 16 007
076 037

303 110 007
376 240
302 075

§ §

315 140
m
365
072 177 007
376 033
32 116 007
076 033
062 177 007

315 142

§

376 300
332 126 007
326 100

315 140 007

ASCII U

=

[Seve &

[4= Peinter ]
(Eerig ] |

Set Pleg )

T
(cal1 Output

[Return_ ]

Set Flag 1 |
| Figures? you ]
] | |
LIRS i
(Gl Gutput | J J
r‘P.p A —;_‘
'3—“'1l‘_‘ i

ASCIT Lovoj?yas

(A= a_ 100

TR (St
_Call Output bt
el
( Returm J

Speed Pointer

Fullmess Fointer

Write Fointer

Carriage Return Pointer

Read Pointer

Ko Operatios

(QUTPUT PORTION)

(Pigures Letters)

= (ASCIT code gets

(Prepare for look
up table)

1HOd LNdLNO

007 140 157 ==

I Baudot code froa
007 141 176 ‘A:__H%_ [ leok up table}
007 142 000 [Ho Operatien |
007 143 036 006 [F=o6 1]
007 145 000 [We Operation |
007 146 067 WT,—J
007 147 o7 ijL—'

e

007 150 007 [Rotate Carry Left] (Clear start bit)
007 151 323 002 S(Tutpu—tl’friiln &) (Can be 001 ba—y
007 153 016 064 [c=06a” 7]
007 155 315 250 005 Call Delay Leop | | (Start Bit Time)
007 160 037 @i' =
007 161 035 (Pive Bits Out)
007 162 302 151 007 I= 01 I'a-
007 165 076 001 (step Bit)
007 167 323 002 {Can be 001 be——-
007 171 016 112 iy }
007 173 315 250 005 &Jﬁu@j (Stop Bit Time)
007 176 31 (Rotun ]
007 177 XXX (033 er 037) Letters - Figures (Peiater)
BAUDOT OUTPUT SUBROUTINE  LOOK UP TABLE
007 200 000 @ 007 220 026 P 007 240 004 Space 007 260
007 201 003 4 007 221 027 Q 007 247 013 ! 007 261
007 202 03 B 007 222 012 R 007 242 021 * 007 262
007 203 016 C 007 223 005 8 007 243 02 A OFF 007 263
007 204 011 D 007 22, 020 T 007 244 O11 § 007 264
007 205 001 E 007 225 007 U 007 245 005 $ BELL 007 265
007 206 015 F 007 226 03 V 007 246 032 & 007 266
007 207 032 G 007 227 023 W 007 247 013 ! 007 267
007 210 02 H 007 230 035 I 007 250 017 ( 007 270
007 211 006 1 007 231 025 Y 007 257 022 ) 007 271
007 212 013 J 007 232 021 2 007 252 035 * ! 007 272
007 213 017 X 007 233 000 007 253 032 +4& 007 273
007 21, 022 L 007 234 000 oC7 254 OV4 007 274
007 215 03 M 007 235 000 007 255 003 - 007 275
007 216 014 N 007 236 000 007 2% 034 . 007 276
007 217 030 O 007 237 000 007 257 035 / 007 277

on

P e s O BICPPWN O

viiA

*Adopted from Digital Group Tiny BASIC and modified for
efficiency.

101 A
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BUFFER READ ONLY _(OPTIONAL) Gurt 7O

"How to Use Those Oid Tele 007 %3 076 377 1= M7 (F111 fullness pointer)
types,”’ Page 88, K7YZZ.

3. 73 Magazine, Apr., 1977, ""An
Intelligent RTTY Station,” Page
72, K7YZZ. oo? M 257
007 372 056 136

007 365 041 133 007

007 370 167

DELAY LOCP SUBROUTINE

007 374 167 (Set read poimter to 0)

007 375 303 322 007 (Jump into Buffer)

Using Start #5, preload with RYRY, The Quick Brown Fox,

005 250 365 (Baver | CQ DE K2AOU, etc. Then, hit Start #7 as many times as you
005 251 041 132 007 - want the message! Program your Digital Group “GO TO” or
oos 256 106 s Ry (Spaed Constant) “Execute”’ (Start) locations as follows:

005 255 005
005 256 312 267 005
005 261 315 140 005

005 264 303 255 005

005 112 300 #5 GO
005 113 001

(¥eyboard Routins) 005 114 300 # GO
005 115 007

005 %7 015 | 005 116 363 #7 GO
005 270 302 251 005 =70?\-;no — 005 117 007

005 273 361 Popd |

005 274 N [Roturn KEYBOARD STROBE LOW ROUTINE (Digd s

At 60 words per minute output, the keyboard is checked for a
key pressed 5018 times for each Baudot letter printed out (or

30,108 times per second).

UFFER P OPTIONA
001 300 041 132 007
001 303 257

001 304 006 004

001 306 054

001 307 167

001 310 005

001 311 302 306 001

001 314 303 124 005

002 007 365

002 010 333 000

002 012 376 200

002 014 362 010 002 [Strobe High? ™ yos—)

002 017 361 Pop &
002 020 3N [Roturs |
(Clear a1l petaters) Note that the TV Erase and TV Writer routines are also part of

the Digital Group operating system. The Operations Monitor
title page was also moved and condensed to make room for
this program. Change the following bytes to move the title
page TV editor location:

005 004 041 300 005 Load HkL (¥With mev ASCII mensage lomtiw)
005 124 315 140 005 (Kayboard Routine)
3 005 300 377 Erese 005 327 033 005 357 266 6
005 127 376 214 L:‘u‘i 005 301 011 9 Spaces 005 330 263 3 005 360 240
3] e, T 005 302 310 H 005 331 240 005 361 X2 B
005 131 302 086 005 &5 [Control L1>me— (> (Exit to Read) 005 303 301 A 005 332 323 S 005 %5 u
23 N — | 005 304 315 M 005 333 364 t 005 363 b f
005 13, 303 322 007 Jump 1 005 305 240 005 334 304 D 005 364 b f
SR 005 306 32 R 005 335 360 p 005 365 345 e
005 056 376 377 [Set Nag | 005 307 % T 005 3% 032 005 36 362 T
r ~ 005 310 324 T 005 337 264 4 005 367 030
005 060 302 124, 005 Delete? -no (Backspace?) 005 311 31 Y 005 340 240 005 370 267 17
e ! 005 312 057 005 341 320 P 005 3N 240
005 063 041 133 007 | Load HEL 005 313 261 1 005 42 T ¢ 005 372 322 R
o 005 314 240 005 343 355 = 005 373 35 @
005 066 065 pew ] ‘ (Fullness Point) 005 315 322 R 005 4 073 005 % 34 e
— 005 316 5 e 005 345 265 5 005 375 ik 4
005 067 065 Rl ] 005 317 341 w 005 346 240 005 376 000
—_— 005 320 344 4d 005 347 320 P 00% 377 000
005 070 054 L= L9 | 005 321 032 005 350 362 r
e 005 322 262 2 0cs 351 5 e
005 OT1 065 [ % (¥rite Pointer) 005 323 240 005 352 3% L
— 005 324 327 ¥ 005 353 357 o
005 072 065 K= M1 005 325 362 r 005 354 341 s
= [ 005 326 364 t 005 355 L d
005 073 303 124 005 Jump =l 005 356 027

88-SPW

88-UFC

ATTENTION: HAM OPERATOR/COMPUTER OWNERS

At last the missing Components for implementing a frue aulomated ham shack are avaiabie and they are all oroducts of Internationat Data Systems. inC. The 1080vang DOAIOS PR
o any ALTAIR, IMSAL o ather $100 bus compatidle computer and provide the needed hatdwate Capabiity for mamfaining teme of day ¢ a 1orm the COmputer Can asily
manipulate, measure (8nd/or compute) e trequency of yout ransmtier and recevet up 10 GOOMIH7. secooe Morse Code of RTTY, and key your iransmtter sor CW ana ATTY
operaton Extensive software 1s nchuded wiih ail modules and software 15 oroved n MITS BK BASIC PTCO BASIC 5. anc Assembler source and obredd ishngs

$100 BUS COMPATIBLE BOARDS (ALTAIR 8800/1MSAI 8080, etc.)

PERIPHERAL DEVICES FOR USE WITH ANY COMPUTER:

MCTK Morse Code Tres heraware 30Mwal® DACRAgR 1§ ihe DLl Theng 10 Nappen > nam 1800 wnce OSCAR Use 410 teach Morse Code o $ 2900
Trainer/Kayer ey yOu Vanamner Provides GOUDN SOSION Detween you Comoute: BN your TanSTIe GANEIales Buk) S0ei0ne
Jor hoacpnone o Apeene: Al somware ~CKORd' Uses NEW CODE METHOD 0 iamer mode
TSM  Temperaiure Ute @ win e 80.UFC 10 measund emperalusre myde 0 outsde For lompe e MONADs A CONYIOs BODACAIIONS O prst $ 2400
Sensing Module 10 B abie 10 tepON Current CORHON durng your QS0 Resowson i 1 degree
Yerme Paymeot win oroer ot COD  Devery Stock 1o 30 days Assermomo unts suaiabe 8 nre 6 Telephone (703) 536-7373

ProOuC! GRRCIEIOns avaiatee os 8 B3 Lsied BDOVE DAss ANy R Nam tedled fems

' DS INTERNATIONAL DATA SYSTEMS, INC. I DS
400 North Washington Street, Suite 200, Falls Church, Virginia 22046, U.S A- 110

USES KIT PRICE
Clock Module Yo COmpuAr COMtantly krows Ihe Ivme Of GBy 4n0 €4n use ¢ I A0ORCMtONY uch a3 ackng OSC