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ICOM IC730

ICOMs GoAnywhere HF Rig for Everyone’ Pocketbook
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Only3 1nx95m(W)x1081n(D)mllﬁl into most

mobile operations (compact car, airplane, boat, or suitcase)

Affordable.

Priced right to meet your budget as your main HF rig or as a
second rig for mobile/portable operation.

Convenient.

¢ Unique tuning speed selection for quick and precise QSY,
choice of 1 KHz, 100 Hz or 10 Hz tuning.

e Electronic dial lock, deactivates tuning knob for lock on,

stay on frequency operation,

e One memory per band, for storage of your favorite
frequency on each band.

* Dual VFO system built in standard at no extra cost.

Full Featured.

e 200W PEP input—powerful punch on SSB/CW (40 W out
on AM)
Receiver preamp built-in ® VOX built-in
Noise blanker (selectable time constant) standard
Large RIT knob for easy mobile operation
Amateur band coverage 10-80M including the new
WARC bands
Speech processor—built-in, standard (no extra cost)
IF shift slide tuning standard (pass band tuning optional)
Fully solid state for lower current drain
Automatic protection circuit for finals under high
SWR conditions

igital readout ® Receives WWV # Selectable
Up/down tuning from optional microphone
Handheld microphone standard (no extra cost)
Optional mobile mount available

AGC

2112 116th Avenue N.E., Bellevue, WA 98004
3331 Towerwood Dr., Suite 307, Dallas TX 75234
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SSB, CW, AM, FM, digital VFO’s, 10 memories,
memory and band scan, dual 24-hour clocks...

The R-2000 is an all mode SSB, CW, AM,
FM receiver that covers 150 kHz—30 MHz
in 30 bands. New microprocessor con-
trolled operating features and an UP
conversion PLL circuit provide maximum
flexibility and ease of operation to
enhance the excitement of listening to
stations around the world. Key features
include digital VFO's, ten memories that
store frequency, band, and mode informa-
tion, memory scan, programmable band
scan, fluorescent tube digital display,
and dual 24-hour clock with timer.

* Covers 150 kHz—30 MHz in 30 bands.
Uses innovative UP-conversion digitally
controlled PLL circuit. UP/DOWN band
switches (1-MHz step). VFO's continuously
tuneable across 150 kHz—30 MHz.

All mode: USB, LSB, CW, AM, FM.
Provides expanded flexibility in receiving
various signal types. Front panel mode
selector keys, with LED indicators.

Digital VFO's for best stability.

50-Hz step, switchable to 500-Hz or 5-kHz,
using front panel pushbutton switc In S.

F. LOCK switch provided.

Ten memories store frequency, band,
and mode data.

Complete information on frequency, band,
and mode is stored in memory, assuring
maximum ease of operation. Each mem
ory may be tuned as a VFO. Original
memory frequency may be recalled.
AUTO. M switch for automatic storage ol
current operating data, or, when ofl, selec
tive storage of data using M. IN switch.

.

* Lithium battery memory back-up.
(Est. 5 yr. life.)

* Memory scan.
Scans all memories, or may be
programmed lo scan specilic memories,
HOLD switch interrupts scanning. Fre-

quency, band, and mode are automatically

selected in accordance with the memory
channel being scanned. The scanning
time is approximately 2 seconds

per channel.

Programmable band scan.

Scans automatically within the pro-
grammed bandwidth. Memory channels 9
and O establish upper and lower scan
limits. HOLD switch interrupts scanning.
Frequency may be adjusted, using the
tuning control, during scan HOLD.
Fluorescent tube digital display
(100-Hz resolution).

Built-in 7 digit fluorescent tube digital
display indicates frequency or time, plus

memory channel number. DIM switch pro-

vided. The display may be switched to

indicate CLOCK-2, FREQUENCY, CLOCK-1,

and timer ON or OFF by the front panel
FUNCTION switch.

Dual 24-hour quartz clocks, with timer.
Permits programming two different time
zones. Timer for ON and OFF program-
ming. Timer REMOTE output on rear
panel (not for AC power).

Three built-in IF filters with NARROW/
WIDE selector switch. (CW filter
optional.)

6 kHz wide or 2.7 kHz narrow on AM.
2.7 kHz automatic on SSB. 2.7 kHz wide
on CW, or, with optional YG-455C filter
installed. 500 Hz narrow. 15 kHz auto-
matic on FM.

* Squelch circuit, all mode, built-in, with
BUSY indicator.

.

* Noise blanker built-in.
Eliminates pulse-type noise on SSB,
CW, and AM.

* Large front mounted speaker.

* Tone control.

* RF step attenuator. (0-10-20-30 dB.)
Four step attenuator, plus antenna fuse.

* AGC switch. (Slow-Fast.)
* “S" meter, with SINPO “S" scale.

* High and low impedance antenna
terminals.
A high impedance (500 ohm) terminal,
and a low impedance (50 ohm) co-axial
connector are provided.

* 100/120/220/240 VAC, or 13.8 VDC
operation. (Optional DCK-1 cable kit
required for 13.8 VDC.)

Other features.

* RECORD output jack.

¢ Audible “beeper” (through speaker).
* Carrying handle.

* Headphone jack.

* External speaker jack.

Optional accessories:

* HS-4, H5-5, H5-6 headphones.
* DCK-1 DC cable kit.

* YG-455C 500-Hz CW filter.

* HC-10 World digital quartz clock

More information on the R-2000 is
available from all authorized dealers of
Trio-Kenwood Communications

1111 West Walnut Street

Compton, California 90220.

KENWOOD

pacesetter in amateur radio

Specifications and prices are subject to change without notice or obligation
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| must share this with you. | must blurt this out before | bust. We at ham radio magazine are so
pleased with the turn of events and even more impartantly with our glimpse at the future: a larger
staff, a very welcome increased advertiser response (it’s nice to be adding pages in groups of eight at
the last minute), and so very importantly, your response to us. Yes, all the letters will be answered,
the many article suggestions considered and encouraged. Reflections is our attempt at looking in
both directions, remembering the past technical excellence of our hobby, individuals, and industry,
while keeping an eye toward the future.

| feel very fortunate to be able to address so large a group of technical and knowledgeable individ-
uals through this page and am taking the opportunity to throw out to the ‘“floor’’ possibly the first
question of our new technical forum section. The problem: Normal communications channels down.
A fine gentleman, while honorably serving his country, suffered a wound that resulted in Padget's
disease. For those not familiar with it, this is a progressively degenerative bone malady. Fortunately,
through modern medicine, its destructiveness has been arrested. However one quite intelligent
human being with a fine mind is now deaf and almost totally blind. The two normal means of com-
munications that most of us take for granted — seeing and hearing — are ““down.”’ But his speech is
excellent and his ability and desire to learn new techniques are great. They are surpassed only by his
desire to carry on normal communications. | might add that his memory is outstanding. He knows
the Morse code {from army days) and he has very slight shadow vision. Are techniques available
{such as aural to tactile converters, aural to light converters and so forth) that can be used to provide
faster inputting under these circumstances? | am aware of articles on this subject that have appeared
in some of the ham magazines. Do any of our readers know of, or have ideas for, other techniques
that might help?

Presented below is a preview of some of the subject areas ham radio magazine will cover in 1983.
Please feel free to respond with your suggestions for additions or changes:

Antennas Phased verticals
Filters Preamplifiers
Future technology Propagation
Ham computers Receivers

Ham towers Repeaters
Oscillators and synthesizers RFI

Two thousand miles of almost non-stop driving during my move from Denver, Colorado, to join
ham radjo in Greenville, New Hampshire, gave me plenty of time to reflect on and appreciate another
wonderful aspect of ham radio, the ability to communicate with a cross-section of Amateurs from
Salinas and Topeka, Kansas; Kansas City and St. Louis, Missouri; Indianapolis, Indiana; Zanesville,
Ohio; Wheeling, West Virginia; Pittsburgh and Scranton, Pennsylvania; through Binghamton, New
York — to name a few. The miles melted away with the good company provided by local hams as we
discussed everything from lightning protection for highly exposed repeaters to elaborate test proce-
dures for squeezing out that last tenth of a dB in a high-gain Yagi array. There is real joy in hearing a
warm voice coming from the 2-meter transceiver telling one very weary driver that there are motels
just ahead where a late arrival might find a welcome bed. How | appreciated each transistor, resistor,
and capacitor in my mobile unit, the repeaters | worked through, Maxwell’s equations, and, most of
all, the operators and technicians who made it all possible. To the many Amateurs | talked to during
this recent trip, a hearty thank you.

Rich Rosen, K2RR
technical editor

6 December 1982
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” 1 HK-3M . ... ...............1995
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Vibroplex T TR e
Tokyo Hy-power IG=730" o cwnamans 699.00 FL45 CW narrow ?;:l:c,::g:s::gf‘_n_ i g:gz:
HL-160V ............. 299.95 IC-720A General crystal filter ........ 59.50 Daiwa meters. . ............ Stock
HU=32V oisinsimsnsony 79.95 coverage rcvr ... 1149.00 Dentron tuners ............ Stock
Santec lcom SP-3 ....ovvien 49.50 Microphones Rohn towers .............. Stock
ST-144mP ... .. . 28900 | lcomPS-15 ........ 13400 HM5............... 34.50 Bearcat Scanners.......... Stock
ST-5BC ... ... . 995 IC-740 ............. 969.00 HM7............... 29.00 Telex rotors
ST-LC Loathar IC-2AT . .vvvnnnn. 23300 HM8............... 49.50 Ham-4'...... ki
Cana agios | ICBAT couiiainsiniinas 24900 HM10.............. 39.50 R e ben 0 ki
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sT-5008 T 24.95 o i TN 2900  unitfor720......... 27.50 Rohn
ST-MC i 995 | FL30 SSB crystal filter SM2 desk mike....... 39.00 25G ... 45.00
ST-We 9.95 R - 59.50 SM6 desk mike ... ... 39.00 452 ---------------- 100.00
ST-emc . 895 | FL44 455 Hz SSB IC-B5A . o vswvmis 309.00 Hizalﬁ --------------- 128.00
"""" ) | filter .......143.00 1C-551D ...........599.
" crystal filter C-551D0 599.00 TRIDK csvoismiing 349.00
/ 2 | We have everything in lcom accessories for your Y:fff,:;,‘,; ________ 2300.00
HF, VHF, and UHF needs. FT208R ............. 289.00
\_ B FYTOMN s 259.00
Hal
CT2100 ............. 699.00
( $KENWDOD Y kezwo. 159.00
The 930S, 830S, 660, 5305 and 130S are all in stock. Call for Holida :‘n?:::‘::lré:gori et TR
1
Snsolas _p . RS232 Battery ....... 995.00
ACCESSORIES MC-46 .................40.95 10% off Sherwood, Curtis
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v ARX2BC .............. 34.00
Cushcraft
A FT-ONE....... 239500 NC-7 ....cooun... 59.00 A3 179.00
nnouncing . . . ET102 svovininass 999.00 NC-8 ............ 99.00 A4 229.00
the new Collins 451S-1 Receiver, FV102DM ....... 29595 PA-3............. 39.00 Butternut HFGV.......... 125.00
raieahivn il [ ) 59.00 FBA-2 ............ 650 | DrakeR7A .......... 1400.00
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BCD addition/
subtraction

Dear HR:

After reading the April issue of ham
radio, | would like to comment on the
Ham Notebook item by Mr. Foot,
WASHUV. He is not alone in his de-
sire for a method of 8CD addition/

ADD SUBTRACT
O

subtraction. However, Motorola al-
ready solved this problem many years
ago with the introduction of a chip
pair combination, the MC14560B and
the MC14561B. The first is an NBCD
adder and the second is a 9s comple-
menter.

Connecting the units as shown in
the data sheets (and reprinted in fig.
1) permits the user to choose a
thumbwheel-selected number to pro-
gram his synthesizer, or shift the
number a fixed amount plus or
minus. This feature is useful for set-
ting a frequency source at a particular
channel and then being able to shift
its output to the upper or lower side-
band.

The approximate cost per BCD digit
is $5.40 in unit quantities. It's a slight-
ly more expensive approach, but one
that does not require clocking and
can be easily cascaded. For further

MCid5618
A F
MCI145608
———Faz
al
——Juz  Fe I 51
R PV Al
comp F3 az szf—
uNITS
comp a3
ZERO 7
o z Fa a4 saf—-
[ 81
I 82 s4f——or
83
8/
| 84 Cour
MCI45618
FYR
410 Az MCI95608
—a3  r2
] a4 Cin 7] SE—
comp £3 al
A comp L 4z s2b——
TENS
z  Fe l a3
a4 s3f—
81
82 safb———
810 o3
8% Courpf—
TRUTH TABLE
zERO|aDD/SUBTRACT| RESULT
0 o 8 pras A
o i 8 minus A
/ x 8

x < DONT CARE

fig. 1. Connections for an NBCD adder and 9s complementer allowing a thumbwheel
selected number or a number shift of a plus or minus fixed amount.

8 December 1982

reading and more application assis-

tance, | would recommend Motorola’s

application note AN-738, which
covers the subject more completely.

Jeffrey L. Schiffer, Pres.

Phasetec Corporation

West Peabody, Massachusetts

quad versus Yagi

Dear HR:

Quad lovers awake! We are again
being attacked by the Yagis (ham
radio, May, 1982, ‘“Quad Owner
Switches”). It is not immediately ap-
parent that the quad was given a fair
shake by the test procedure. For ex-
ample, a five-element Yagi on a 32-
foot boom is matched up against a
three-element quad on a 27-foot
boom on 20 meters. On 15 meters a
five-element Yagi was up against a
four-element quad. On 10 meters,
where the correlation is best except
for the reversal of directivity, the
match is five versus five.

The next problem | had was wheth-
er there were any matching devices at
the antennas. Were baluns used,
were their losses equal, was each an-
tenna delivering maximum power to
the line?

What bugs me most is that the
authors took boom height as a refer-
ence height for both the quad and the
Yagi. If the quads were fed at the
center of the lower element, that
point should be taken as the height of
the quad. This would put the current
loop for each antenna at the same
height. It would seem that the proce-
dure used in the tests handed the
Yagi a height advantage on the order
of 12 feet on 20 meters, 9 feet on 15
meters, and 6 feet on 10 meters. This
would be expected to affect the verti-
cal angle of the main lobe of the
qguad. Some Amateurs have advo-
cated feeding the center of the upper
element of the quad to improve the
gain. Of course, there is a current
loop in each of the horizontal eie-
ments if they are fed, but the loop at
the feedpont will be greater.

C’'mon home, guys. Wouldn't you
rather fight than switch?

Howard B. Mouatt, W6BQD
Palm Desert, California
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Hear
Police/Fire
Weather

on 2 Meter Handhelds with
this: MFJ VHF Converter.

MF] VHF
CONVERTER

MFJ-313

$3995

New MFJ VHF converter turns your synthe-
sized scanning 2 meter handheld into a hot
Police/Fire/Weather band scanner

144-148 MHz handhelds receive Police/Fire
on 154-158 MHz with direct frequency readout.
Hear NOAA weather. maritime coastal plus
more on 160-164 MHz.

Mounts between handheld and rubber ducky

Feedthru allows simultaneous scanning of
both 2 meters and Police/Fire bands. No mis-
sed calls.

Highpass input filter and 2.5 GHz transistor
gives excellent uniform sensitivity over both
bands. Crystal controlled

Bypass/OFF switch allows transmitting.
Won't burn out it you transmit (up to 5 watts)
with converter on. Low insertion SWR. Uses
AAA battery. 2%x1Y2x1%2 in. BNC connectors

Enjoy scanning, memory, digital readout, etc.
ab: gruvided by your handheld on Police/Fire

nd.

220 MHz Converter for 2 M Handheld
MFJ-314 MFJ-314, like MFJ-%:J
$ 95 tz):lg‘; Il\?'llli - rgcelzemete;
. 59 * handhalé.un e
Police/Fire/Weather Band Con-
verter for 2 Meter Mobile Rigs.

MFJ-312

s : JJs5Q°

MFJ-312, like MFJ-313 but for mobile 2
meter rigs. Transmit up to 40 watts Thru con-
verter without damage. S0-239 connectors.
Mobile mounting brackets. Rugged. "ON"
LED. Use 12 VDC or AAA battery. 3xdx1 In.

Order from MFJ and try it-no obligation. If
not delighted, return it within 30 days for
refund (less shipping). One year unconditional
guarantee.

Order today. Call toll free B00-647-1800.
Charge VISA, MC or mail check, money order
for amount indicated plus $4 00 each shipping

Hear police/fire/weather. Order now.

CALL TOLL FREE ... 800-647-1800

Call 601-323-5869 in Miss..outside continental
USA. tech/order/repair info. Telex 53-4590

L%M ENTERPRISES,

MFJ ¥HE BAND EXPANDER
e ke m Be

INCORPORATED
x 494, Mississippi State, MS 39762 )

More Details? CHECK — OFF Page 132

MFJ DUMMY
LOADS

Tune up fast into 50
ohm resistive load.
Extend life of finals.

New MFJ-250 VERSALOAD Kilowatt Dummy
Load lets you tune up fast. Extends life of trans-
mitter finals. Reduces on-the-air QRM.

Run 1 KW CW or 2 KW PEP for 10 minutes, 2
KW CW or 1 KW PEP for 20 minutes. Continous
duty with 200 watts CW or 400 watts PEP. Com-
plete with derating curve.

Quality 50 ohm non-inductive resistor.

Oil cooled. Includes high quality, industrial
grade transformer oll (contains no PCB).

Low VSWR to 400 MHz: Under 1.2:1, 0-30
MHz. 1.5:1, 30-300 MHz. 2:1, 300-400 MHz.

Ideal for testing HF and VHF transmitters.

$0-239 coax connector. Vented for safety.
Removable vent cap. Has carrying handle.
7-1/2 in. high, 6-5/8 in. diameter.

MFJ “Dry” 300 W and
1 KW Dummy Loads.
$64° $26°°

MFJ-262 MFJ-260

Air cooled, non-inductive 50 ohm resistor in
perforated metal housing with 50-239 connect-
ors. Full lead for 30 seconds, derating curves to
5 minutes. MFJ-260 (300 W). SWR: 1.1:1 to 30
MHz, 1.5:1 for 30-160 MHz. 2Vex2Vex7 in.
MFJ-262 (1 KW). SWR 1.5:1 for 30 MHz.
3x3x13 inches.

MFJ HF SWR/Wattmeter

9095 |-~ &

MFJ-816

New MFJ-816 low cost HF SWR/Wattmeter for
1.8 to 30 MHz range. Torodlal current Elckup
gives uniform sensitivity over entire HF fre-
quency. Read SWR, forward and reflected power
in 2 ranges (30 and 300 watts) on two color scale.
S0-239 coax connectors. 4-1/2x2-3/8x2-7/8 in.

Order from MFJ and try It. If not delighted,
return it within 30 days for refund (less shipping).

One year uncond | guarantee.

Order today. Call TOLL FREE 800-647-1800.
Charge VISA,MC. Or mail check, money order.

Write for free catalog.
CALL TOLL FREE ... B00-647-1800
601-323-5869 in MS, outside continental USA.

ENTERPRISES,
INCORPORATED

Box 494, Mississippl State, MS 39762

T MFJ
24 HOUR
CLOCKS

Your choice: dual 24 hour LCD
display, or 24/12 hour with 1D
timer, or 12 Inch quartz analog.

DUAL 24 HOUR LCD
$39 95 MFJ-104

Two independant 24 hour LCD displays! Read
both GMT and local times at a glance

Six digit main display has seconds readout.
Four digit auxiliary. Switch reverses main/aux.

Alarm plays 4 selectable melodies. Alarm
"ON"" indicator. Snooze button

Quartz timing. Synchronizable to WWV

Flip-top cover serves as stand.

Night light. Forward/reverse, fast/slow set
buttons. Lock function prevents mis-setting.
Display main time only, main/auxilary or main/
alarm time. Includes battery. 4x2x1/2 inches

24/12 HOUR, 1D TIMER
w398

Switchable 24 hour GMT or 12 hour format.

ID timer sounds every 9 minutes after reset

Switchable seconds readout.

Observed timer. Just start clock from zero
and note time of event up to 24 hours.

Bright blue 0.6"' vacuum fluorescent digits.

Alarm with snooze function. Synchronizable
with WWV. Fast/slow set buttons. Lock func-
tion prevents mis-setting. Power out, alarm
“'ON" indicators. 110 VAC, 60 Hz (50 Hz with
simple modification). UL approved

Black, brushed aluminum top/front. 6x2x3"

24 HOUR QUARTZ
MFJ-105

$ 9 95

True 24 hour quartz
wall clock has huge 12
Inch diameter face.
Gives excellent visa-
bility across computer
/radio room

Fifteen seconds per month accuracy

Single ‘‘AA"" battery provides over one year
operation, immunity from power line failure and
eliminates power cord

Sweep second hand. Brown hi-impact case.
Glass front. 24 hour military time format.

Order from MFJ and try it. |f not delighted,
return within 30 days for refund (less shipping).

One year unconditional guarantee.

Order yours today. Call toll free 800-647-1800.
Charge VISA, MC. Or mail check, money order
Add $4.00 each for shipping and handling

CALL TOLL FREE  800-647-1800

Call 601-323-5869 in Miss., outside continental
USA, tech/repair info. Telex 53-4590 MFJ STKV

ENTERPRISES,

MEFJ SeoRrorares

A\, Box 494, Mississippi State, MS 39762 J
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''CQ 30 METERS" HAS FINALLY BECOME A REALITY for U.S. Amateurs. FCC Commissioners voted
October 2B to grant temporary access. to the new band. Acting on a suggestion made by
Senator Barry Goldwater, K7UGA, in an August letter to Chairman Mark Fowler (October Pres-
stop), the Commissioners permitted General class and above to use 250 watts input, narrow-

and (CW and RITY) modes only, from 10.1 to 10.15 MHz. The 10.109-10.115 MHz slot, however,
was held back to protect existing users. The band was opened at 1900Z on the 28th, with
W1AW, K1ZZ, W1XX, and W9JUV among the many taking part in the U.S. 30-meter inaugural.

A Possible Conflict with the new band and also the 18 and 24 MHz bands has surfaced in
FCC General Docket 82-625, released mid September. This Notice of Proposed Rule Making would
open many segments of the 2-25 MHz HF spectrum, including the three new WARC bands (but no
other Amateur frequencies), to various licensees in industrial radio services. Telephone and
power companies plus o0il, gas, and mineral exploration firms would all be authorized to use
these frequencies when it was in the ''mational interest."

These Proposals Conflict With Other New WARC 79 Assignments as well as with the new Ama-
teur bands, but it's predicted that frequencies conflicting with WARC allocations will be
deleted as the NPRM is reviewed. The ARRL did, however, file comments pointing out the con-
flict prior to the comment closing date of November 5.

A "SPACE DXPEDITION" IS ALMOST CERTAIN FOR NEXT YEAR, when astronaut Owen Garriott, WSLFL,
wilT fly the space shuttle Columbia's ninth mission. After lengthy negotiations, NASA Houston
agreed to let him take a specially reworked 2-meter handheld along, to operate when possible
with a ground plane in the cargo bay. Only final approval from Washington is still needed
for the October, 1983, operation, which would last seven days.

NOVICE EXAMS WOULD BE PREPARED AND GRADED as well as administered by Amateur volunteer
examiners under an NPRM put forth by the Commissioners at their October 19 agenda meeting.
It's proposed that examiners would make up an exam using the FCC Novice syllabus as a guide,
let the applicant answer the questions, and then grade it. If the applicant passes both the
written and the CW test, the examiner would note that on the applicant's Form 610, which
would then be sent to Gettysburg where a license would be issued.

Some 97% Now Pass The Novice Exam under present procedures, which require the FCC to issue
and grade Novice exams, so little compromise of standards is anticipated. In addition, the
simpler procedures would drop about eight weeks from Novice licensing. Comment due date for
PR Docket 82-727 had not been released at press time.

The ARRL Detailed Proposal for the preparation and administration of exams by Amateurs
was delivered to the FCC on October 22. It should be released as an RM shortly.

Amateur Logbook Requirements Would Be Entirely Eliminated by another NPRM agreed to at
that same agenda meeting. 1In this proposal the few remaining operating log requirements,
such as noting changes in control operator, would be deleted, though certain station records
would still need to be maintained. Comment due date for PR Docket 82-726 had not been re-
leased at press time.

SACRAMENTO AMATEURS MUST GET PERMISSION from a local pay TV Company before acquiring
microwave equipment, according to a preliminary injunction issued by a superior court judge.
He issued the order after hearing a suit from California Satellite Systems, Inc., against
a local Amateur dealer who was also selling down-converters and antennas for the 2150 MHz
pay TV band. He made the unusual ruling to 'protect' the pay TV company, since they do not
encode their signals and Amateur 2300-MHz equipment could be used to intercept the movie
channel signals.

"AUTOMATIC CONTROL'' OF AMATEUR RADIO BEACONS was authorized by the Commissioners on Octo-
ber 21, This means that operators of U.S. Amateur beacons will no longer have to shut down
when they are unavailable to perform control operator functions.

CW Credit For Any Class Amateur License was also granted to holders of any class commer-
cial CW ticket at the same meeting.

BURBANK CITY OFFICIALS ARE IN DEFAULT under federal court rules for having failed to
respond to the complaint filed against them to test their severe antenna restrictions (see
Observation and Opinion. August, 1982, Ham Radio, and recent Presstops). The judge hearing
the case has set November 4 for a status report by the parties. Attorney WIMU, representing
Burbank's Amateurs, intends filing a motion for class certification and preliminary injunc-
tion prior to the November 4 court date to keep pressure on Burbank officials.

FCC'S POWER MEASUREMENT NPRM, PR Docket 82-624, proposes changing power limits for all
classes except Novices to 1500 watts PEP output. Novices would be limited to a 200-watt
PEP output. Due date for comments is February 15, 1983; reply comments are due by March 1.

SONIC CABLE TV WAS FINED $6,000 by the FCC for 2-meter interference following a -two-year
battle by WB6GVO. One third of the fine was for failing to correct the cable channel E
problem after citation by an FCC engineer, while the remaining $4,000 was imposed for the
California company's on-going illegal interference to Amateur operations on 2 meters!
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Polar Research, Inc., is pleased to introduce the “Li’l
Slipper”’. This highly versatile, rotating antenna mount was
designed and built for the discriminating radio operator who
wants the utmost efficiency in his antenna operation and
total utilization of tower structure. The “’Li‘l Slipper’” con-
sists of an inner ring system solidly mounted to the tower
structure, and an outer ring that has four versatile aluminum
housings where antenna masts are inserted.

This outer ring system, driven by a heavy duty D.C.
geared reduction motor, “’slips’’ smoothly around the tower
structure, guided by eight (8) precision molded rubber track-
ing rollers.

Rotation of the antennas provides multi-directional
transmission and receiving for enhanced radio operation. The
““Li’l Slipper’’ features a rugged all metal construction and
reliable solid state electronics for dependable service. An at-
tractive electronic control module provides the operator with

US AND FOREIGN PATENTS PENDING

relative information of the system’s bearing around the
tower. :

The tower’s structure is totally utilized, allowing the
entire face area to be used with reduced interference to the
antenna’s pattern. Further utilization is possible through the

TOP VIEW OF LI'L SLIPPER
INSTALLATION

Clockwise and Counter-
Clockwise Rotation Around
Tower

Tower Structure

mounting of more than one antenna on the system at one
time. As many as four different antennas, in limitless
combinations, are feasible. Study the illustration shown and
consider your applications for the Li’l Slipper system. Call or
write for a free brochure.

Call Toll Free 1-800-328-2041

Polar Research, Inc.
P.O. Box 781
Thief River Falls, MN 56701; Phone (218) 681-7413

More Details? CHECK — OFF Page 132

DEALER INQUIRIES INVITED
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low cost linear
design and construction

Practical design techniques
using common power tubes
and parts provide

10-40 meter kilowatt amplifier

Constructing a linear amplifier is one way an

Amateur can save money. It's not so much that com-

mercial amplifiers are overpriced for the components
they contain, but because of OEM pricing, com-
ponents bought singly may add up to more than the
cost of an assembiled unit. Home construction allows
you to take advantage of a readily available supply of
parts (well-stocked junk pile) that can be used or
traded for other items.

When constructing your own amplifier, it's usually

not possible to exactly duplicate a published design.
Modifications are often required to accommodate
differences in components. For this reason, a specific
design, and more importantly, the steps used to arrive
at it, are presented. By providing sufficient data,
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minor and even major deviations from the specific
design can be made while still obtaining good per-
formance.

A review of amplifier design information, such as
found in Bill Orr's Radio Handbook, in addition to
this design data, is helpful prior to starting the proj-
ect. Other good source material may be found in the
ARRL Handbook and articles by WESAI.

tubes

Tubes, and their availability, greatly influence the
design approach to be taken. Good sources for low
cost tubes are:

1. Surplus, often WW-II
2. Pull-outsfrom stations on a maintenance schedule

3. TV sweep tubes

A strong recommendation is in order: get the tubes
you want to use before you start and get at least
twice as many as you need, preferably two complete
sets of spares. This will save you much trouble later,
and possibly much expense (such as buying a low-
production tube or making a design change). Test
the tubes first, if at all possible, in a friend’s rig or by

By R.P. Haviland, W4MB, 2100 S. Nova Road,
Box 45, Daytona Beach, Florida 32019



table 1. Low-cost tubes for linears.

Notes:

1. Average/peak ratio

2. CCS/ICAS ratio

3. Rated dissipation {ratings nomenclature depends on reference used)

tube maximum

type Ep, volts lo, mA, max. dissipation notes
6DQ5 800 250 24/100 1
6JE6 800 242 30/100 1
811 1200-1700 160 50/65 2,4
812 1200-1700 160 50/65 2,4
813 2000-2500 250 100/125 2,4
4-125 2000-3000 260 125 3
5728 2750 275 160 3
810 2500 300 125/175 2
4-250 4000 345 250 3
250TH 2000-3000 350 250 3
304TH 2000-3000 900 300 3
4-400 4000 317 400 3

4. A number of these tubes are no longer manufactured. Obtain spares prior to starting the design.

rated/class C

using a pair of transformers, one with the proper fila-
ment voltage, and a second at 300-700 volts. Test the
tube as a diode with a series resistor to give rated
current. This test lets you separate out most bad
tubes.

Some of the common tubes to look for are listed in
table 1. Though possibly considered old-fashioned,
out of style and even obsolete, they are inexpensive
and perfectly usable. If you have a set, with spares,
or can find a set, don’t be afraid to use them. This in-
cludes out-of-date or unusual tubes such as the 810
or the 715. There are some design considerations to
look out for, however. These will be covered later.

TV sweep tubes have two ratings, one for average
loads and another for peak loads, such as the flyback
pulse in a sweep circuit. Average peak and duty cycle
terms are important in the operation of any tube, and
consequently are important design factors.

In amplifiers used in fm or teleprinter service-a con-
stant signal is present at all times, that is, the duty-
cycle is 100 percent. With CW, the carrier is keyed on
and off with a resuiting duty cycle of approximately
fifty percent. With SSB voice, the average energy is
far below the peak, normally 10-16 dB down. This re-
sults in a duty cycle of ten percent or less. Use of
clippers and other speech processors can raise SSB
signal duty cycles to fifty percent or more. However,
thirty to forty percent is probably nearly optimum.
Low average power requirements of SSB service is
the reason why modern linears can be made so small
and why separate ratings are required for SSB and
CW operation.

It makes quite a difference in component size if the
rig is to be used for SSB only, or if it must also handle
FSK teleprinter. This is one of your major design
choices. If you are primarily interested in one mode,
it's best to design for it and accept the performance
you get with other modes.

In my case, eight 4-125s and four 813s were avail-
able. A review of some of the local ham stock showed
more 813s available. Though nearly equivalent, the
greater ruggedness of the B13 plate and the more
severe cooling design requirements of the 4-126s
tilted the choice toward the 813s.

The next factor considered is the design for input
power level. | have never used a linear except on
SSB. There didn’t seem to be much reason for a lin-
ear unless it was well above the output of a normal
rig (provided by most modern transceivers). This in-
dicated a 2 kW PEP design. Experience indicates that
a moderate amount of speech processing is best,
with heavy processing only needed during pile-ups.
Consequently, a normal duty-cycle of twenty to thir-
ty percent seemed appropriate, with a capability of
increasing to fifty percent. This allows for pile-up
processing and CW if ever needed. It’'s preferable to
design for peak outputs of at least twenty percent
greater than normally used. A design capable of thirty
percent duty-cycle at 2200 watts input, but with nor-
mal operation set for about 1800-1300 watts, would
satisfy this requirement.

Ampilifier efficiency for SSB operation is normally
fifty percent at an average input level, versus sixty-
five percent for CW. At an average input of 600
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watts, approximately 300 watts of dissipation is indi-
cated. This requires three 813s, with some safety fac-
tor, or two 813s with some overloading or operation
at reduced power levels.

However, average dissipation is not the whole
story. Peak operation must also be considered. At
2200 volts a 2200 watt capability means one ampere
of plate current. This is twice the rating of a pair of
813s, and thirty-three percent more than three would
supply.

One solution is to use four 813s. However, there is
another approach. To see this, look at the tube rat-
ings in table 2. Note that the major differences be-
tween continuous commercial and Amateur service
is a lower plate dissipation, plate voltage, and cur-
rent. The instantaneous plate voltage is allowed to
go to 3200 volts and the peak plate current to 300 mA
in the CCS a-m service, and even higher, to 4000
volts and 400 mA in the Amateur a-m service. Con-
tinuously-applied voltage is allowed to go to 2500
volts in the Amateur af amplifier service. However, in
all cases, the plate dissipation must not exceed the
CCS and Amateur limits of 100 and 125 watts,
respectively.

The point is, we can choose a combination of
operating conditions to suit the service we plan,
within reasonable limits, as long as we do not exceed
the rated plate dissipation. For example, for the 813:

For several continuous hours of teleprinter
Ep = 2,000, 1y = 180mA, Poy = 275 watts

For typical CW
Ep = 2250, ip = 220 mA, Poy, = 375 watts

For non-processed SSB, at peak input
Ep = 2500, ip = 300 mA, Poyy = 450 watts

For SSB, with compression, at peak input
Ep = 2250, i = 220 mA, Poys = 375 watts

We could even raise the plate voltage for SSB to
1.5 times the normal commercial voltage, or approxi-
mately 2700-3000 volts. This isn't really good for the
813, since the internal construction leakage path is
short. Other tubes, such as the 260TH or even some
sweep tubes, have longer leakage paths but they al-
ready have maximum specified high voltage ratings.
{Higher voltage operation makes it easier to drive the
tube to peak output.)

We can now make anather selection, the amplifier
input, and the number of tubes required. Let’s assume
that a full “‘gallon’’ was the goal. For continuous tele-
printer use, three 813s are required. CW could be
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handled with two 813s, and SSB operation, with or
without processing, requires three tubes. (The allow-
able PEP input decreases from 2 kW with no com-
pression, since the average input must be kept under
1000 watts, as indicated by a meter.)

Other types require an even larger number of
tubes. The extreme would be the sweep tubes,
where eight or even ten would be required to achieve
2 kW PEP. As we will see, the design for this is spe-
cial, but by no means impossible.

Incidentally, during the design stage we find there
is some difference in circuit parameters for the CW,
teleprinter, and SSB conditions. Simple designs rep-
resent performance compromises for some services.
An alternative is to change the tube voltage-current
operating point to suit the circuit, as done in the big
Henry amplifiers.

I chose three 813s, with plate voltages between
2250 and 2500. Since SSB was the primary mode of
operation, no special provision for CW or teleprinter
seemed necessary. However, each designer should
decide what modes are important and how much of a
performance trade-off he’s willing to accept.

power supply, part 1

At this point it's a good idea to consider some of
the other large components — those in the power
supply. The plate transformer is the key to this, and
you may find some trading or surplus purchasing
necessary (have you priced new kW supply trans-
formers lately?).

Though large-capacity high voltage electrolytic
capacitors aren't as common as they were a few
years ago, they are still available. Because of size and
weight problems, choke input and half-wave filtering
are not attractive. The remaining choices are full
wave, bridge and full-wave doubler circuits. For
these, and capacity input, the transformer should
have an RMS high voitage rating of about the plate
voltage times 1.12, 0.56, and 0.3, for the three types
respectively. DC voltages of 2200-2500 equate to
2500-2800 volts (CT) for the full wave, 1250-1400
volts for the bridge, and about 675-750 volts for the
doubler.

Transformer power ratings are 1 kW continuous
for teleprinter and CW, about 2 kW intermittent for
heavily-processed SSB, but as low as 300-500 watts
for SSB with no processing. This amounts to perhaps
60, 40, and 20 pounds, respectively — quite a differ-
ence due to duty cycle.

When you get a transformer with the required volt-
age and rating, you are ready to proceed with the de-
sign. My transformer turned out to be 925 volts each
side of center tap, at 500 mA dc, ample for 300 watts
continuous or a fuil galion at a thirty percent duty



table 2. Typical operating characteristics.

tube type 811
Ee 6.3
I 4
Eg 1700
I, rest 30
Ipmax 160
lg max 28
Rk 320
R, 5200
drive power 15
input power 270
output power 175
average dissipation 65

for 2 kW PEP input

no. tubes 4
Zplate 1300
C tank-in (note 1) 300 pF
L tank {(note 1) 7.9uH

C tank-out {note 1) 1420 pF

Notes:
1. Component values are given for 3.5 MHz

2. Design data is for 2 kW PEP grounded-grid linear service. Based an Radio Handbook data.

572B 813 4-125
7.5 10 5

4 5 6.5
2400 2500 2500
20 30 15
250 200 110
45 50 55
215 270 340
4500 7000 13500
30 1 16
600 500 275
350 350 190
160 150 85

4 3 4

1150 1750 3350
450 pF 225 pF 128 pF
5.4 4H 10.1 «H 17 uH
1850 pF 1100 pF 50 pF

cycle. This was chosen over another rated at 725
volts each side of center-tap at 1.3 amperes, simply
because of size and weight.

When selecting a transformer, don’t forget to ook
at combination possibilities. If the transformers are
rated for high altitude operation or show an adequate
test voltage, it's safe to put two secondaries in
series. Two identical secondaries in parallel are also
okay. Don’t forget the possibility of a low voltage
transformer connected to buck or boost line voltage
to allow use of the odd-voltage transformers you
sometimes find, for example, with 170-volt or 265-
volt primaries.

While you are searching for a transformer, look for
filter capacitors. You will need a minimum (capaci-
tance) of:

For full-wave or bridge rectifiers:

= }—OLOOEL"W—’C microfarads
b
For a voltage doubler:
_ 130,000 Imax 030 Tmas microfarads
P
For a 2200-volt bridge-rectifier type of supply, ca-
pable of one ampere, this amounts to 22 yF, or to 132
uF at 450 volts working with six in series, and 175 uF
at 350 volts working with eight in series. These in-
clude an allowance for voltage surges. If possible,
use even larger capacitors.

the plate circuit
With the basic tube operating conditions estab-
lished, final design can start. As is common today, a
single-ended design with tubes in parallel is assumed,
since muiti-band operation is much simpler.
The plate circuit looks like a generator, with an
impedance of
Ep
Ry =

—————— ohms
kX Up design

where k equals 1.57 for a linear amplifier and 2 for a
Class C amplifier. For an amplifier designed with re-
serve power capability, for example, one ampere at
2200 volts in linear operation, the plate resistance is
1400 ohms. For Class C operation it would be 1100
ohms. (Alternately, we could change the operating
conditions of the tube to give the same impedance,
say to 2500 volts at 850 mA.) The other alternative is
to operate Class B for CW as wvell as SSB. This was
the approach taken in this design.

A pi-matching circuit is normally used to transform
this impedance to 50 ohms, needed for coax feed.

The input capacitor reactance is:
RP 5
X, = —— ohms
¢ Q

where a Q of ten is considered optimum. For the 813
design, this amounts to a reactance of 140 ohms,
corresponding to an input capacitance of about 35
pF at 30 MHz, and to 340 pF at 3.5 MHz.
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fig. 1. Principle of L-pi-network design for high tube ca-
pacity systems. The equations are for parallel-series,
series-parallel transformations.

Here we run into a small problem. The plate circuit
capacity of a single 813 is 14 pF, so we are faced with
a capacity of 42 pF for the tubes alone. Adding 5 pF
for strays, and 10 pF for tuning-capacitor minimum
gives a pi-input capacity of 57 pF, too much for a Q
of ten. The problem would be even worse if sweep
tubes are used, eight in parallel giving as much as
160-pF plate capacity, with a total circuit capacitance
of 180 pF. (Of course, the plate circuit resistance
goes down also, to about 320 ohms, so a Q of 10
would allow as much as 150 pF.)

One way of solving this problem is to accept a
higher Q on 10 and perhaps 15 meters. Using the pre-
vious values, this equates to a Q of 12, normally con-
sidered somewhat high, but acceptable.

Another way to handle this is to abandon the pi-
network circuit. A push-pull tank could solve the
problem. Past editions of the ARRL Handbook show
a tapped-coil sweep-tube design, fine for a single
band, but a nuisance for multiple band operation. Or,
we could simply regard the output as a low impe-
dance capacity-shunted source, as is done in transis-
tor designs.

There is another approach which doesn’t seem to
have been described before. As a matter of fact, it
should be considered in any matching design net-
work above 14 MHz. The approach regards the out-
put circuit as two networks in series. One of these is
the normal pi-output circuit, and the second is the L
network composed of tube and associated stray ca-
pacitance, plus the inductance of the lead from the
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tube or tubes to the pi-network. lts equivalent circuit
with the given design parameters is shown in fig. 1.
To see the importance of the technique use the
given values: 1400 ohm plate impedance and 42 + 5
= 47 pF of tube and stray capacitance. Assume that
the lead from the tank circuit to the tubes is only four
inches long, with a diameter of one-eighth inch, giv-
ing an inductance of about 0.05 xH, and a reactance
of about ten ohms at 30 MHz. Performing the paral-
lel-to-series conversion, reducing the capacitive reac-

‘tance by this amount and converting back again,

gives an equivalent driving point impedance of 1170
ohms, and a shunt reactance of 109 ohms, or 50 pF.
With a tank circuit Q of 10, the value of X.; becomes
117 ohms, or 65 pF. A capacitor of 5 pF minimum ca-
pacity can be used and still obtain a pi-section Q of 10.

If the allowable capacity is still less than the tube
and stray capacitance, the length of the plate lead
can be further increased. However, the equivalent
drive resistance will also decrease. Several more rep-
etitions may be needed to obtain a workable combi-
nation.

Once the values have been obtained for the high-
est band, repeat the calculation for the next few
lower bands. When the equivalent resistance ap-
proaches the tube resistance, use this for the lower
bands, while maintaining a Q of 10. The values of the
pi-network elements are then calculated using the
formulas in fig. 2. Don’t forget to use the equivalent
impedance for R at the higher bands.

What type of inductance should be used? Roller
coils allow one to closely adjust circuit parameters for
maximum efficiency, but they are expensive. Tap
switching is perfectly acceptable, and there are many
old tuner switches available that provide rugged low-
resistance design. Looking ahead with eight bands
between 3 and 30 MHz, the number of taps may be
excessive. You may want to consider having one
linear for 1.7-7.6 MHz, and another for 10-30 MHz.

Ry Rz

F B A
L1

Ry >R
1> A2 . RV-—R';E?_—_
€2” "W a2 + 1 - AR,

assume desired Q

Q=10 good

Q = 715 acceptable
then Ry

oy + S
= ] 1R + X
Xey= @ €2

X, =
t Q?+1

fig. 2. Circuit relations for pi-networks. If Qs below ten
are necessary, harmonic rejection is low. High-Q cir-
cuits increase gperating loss.




This was my choice. It certainly makes design a lot
easier.

the input circuit

The driving-point impedance, Zg, of a grounded-
grid amplifier is
" €g max . .
ZK Z.Imax + 151C = 06lp
where e, = rms grid drive voltage
Ic = cathode current
Ymax = fundamental current

For most combinations of tubes, this will probably be
between 50 and 150 ohms.

The input circuit must be reasonably well-matched
to the driving amplifier. It must also provide a load to
the amplifier when the tube is cut off (Class C), or
nearly so (Class B).

While the drive power used in grounded-grid oper-
ation is much greater than for grounded-cathode
service, provisions must be made to prevent an over-
drive condition from occurring. (Modern transceivers
have more than sufficient output power}. An auto-
matic overdrive protection circuit is one possibility.

The usual way of preventing overdrive is to use a
low Q tuned circuit in the cathode, say a Q of 2, plus
ALC feedback to set the level. This is perfectly ac-
ceptable if the ALC is not forced to work too hard.
However, the added coil switching is a nuisance.

An alternate method that doesn’t use switching is
shown in fig. 3. A Jowpass filter, used in the drive cir-
cuit, provides an impedance transformation from 50
ohms to the tubes’ input resistance. The filter output
drives the tubes’ cathodes and a resistor bank. The
latter provides a load to the driver during the entire
input cycle, and dissipates part of the driver’s excess
power.

Circuit losses and a varying driver load complicate
the calculation of the required resistance. As an
approximation for designs where between thirty to
fifty percent of the rated driver output is required, a
resistance of five times the cathode impedance has
worked well. Basically, start with a higher resistance
and monitor the drive level. If it is still excessive
reduce the loading resistance until the exciter’s maxi-
mum output just drives the amplifier throughout its
linear range.

High power-rating resistors are not needed. For
example, if the total drive is 50 watts, the resistors
dissipate only 10-12 watts of it {using the above rule
of thumb}. A bank of six two-watt resistors will do.

Even though 813s have an isolated cathode, a fila-
ment choke is a good idea. For a kW amplifier, the
choke core can be a 6-8 inch {150-200 mm) long, Y%-
inch (12.7 mm) diameter ferrite rod. If the amplifier is

Ly Lz

ro
oRIVER 50 OHM Zx CATHODE
HALF - SECTION HALF - SECTION 2
Rioap
¢, C2
- » ®

Zx
m= g €y = Cym

1
=(1+meS0e —— = 0177(1 + mjpH
L { ) 27 x 108

For 1 ohm, 1 radian

Cy = 1farad

L =Ly +L;=14 mHenries
C, = t/m farads

Fora cutoff of 45 MHz

1

C1= 50 ™ 21 x 45 x 108

= 70 pF

fig. 3. Circuit relations for impedance matching low-
pass filters. This is used instead of a tuned input in
order to simplify the design.

to cover only the higher bands, 10 through 40, the
winding can be trifilar, with two elements the fila-
ment conductors, the third a nylon cord, or other
non-moisture absorbing spacer with the same wire
diameter. For low frequency use, the filament leads
can be bifilar wound. Number 12 wire is ample for
three 813s, but be sure to estimate the voltage drop
and allow for it when selecting a filament trans-
former. Low filament voltage causes problems with
linearity and tube life.

One nice feature of the 813 is that it doesn’t require
bias in grounded-grid operation. If the operating
mode requires bias, it can best be obtained by using
a Zener diode. Shunt it with a resistor that will draw
approximately ten percent of the expected grid plus
plate current. This helps prevent instability. If a
power Zener is not available, the circuit of fig. 4 can
be used.

power supply, part 2

Let’s return to the power supply, keeping it simple.
Qur basic requirements are:

1. Apply only filament power for an adequate warm-
up period.

2. Initially apply power to the plate circuit at a low
level, to hold capacitor charge current down.

3. Apply full power to the plate circuit.

4. Remove plate and filament power simultaneously,
or plate before filament.

We also want adequate protection for ourselves
and the equipment. We can accomplish these func-
tions manually, semi-automatically, or in a fully auto-
matic mode. However, cost increases as the system
becomes more automatic (complex).
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fig. 4. High power Zener diode substitution circuit. The
drop across the circuit will be slightly greater than the
voltage across the low power Zener.

A simple way of achieving partially protected man-
ual operation is to use a progressively-operated
switch for the transformer primary, as shown in fig.
5A. The first position turns on the filaments. After a
short delay, the switch is placed in the second posi-
tion, feeding power to the plate transformer through
a dropping resistor. After an additional (short) delay
full power is achieved by placing the switch in the
operate position. This can be further modified by in-
cluding one more intermediate voltage switch posi-
tion.

For 120-volt operation, a single section switch can
be used, as shown. Old TUs and Navy surplus are a
good source of multi-position or rotary type switches.
For 220-volt operation, both sides of the line should
be switched for safety.

A simple semi-automatic version is shown in fig.
5B. Filament power goes on when the master switch
is on. This enables a relay circuit, picked up when the
transmitter is keyed. It applies power to the plate cir-
cuit and a series resistor holds this low until the
capacitors charge up. This is controlied by another
relay across the transformer primary, which activates
when the charging current drops, shorting the series
resistor. The first relay can be the antenna change-
over relay.

This circuit is easily made automatic by activating
the first relay from a time delay device, such as a
fluorescent lamp starter. The relay removes power
from the delay device when it activates. It should be
separate from the antenna relay.

metering, antenna
switching and ALC

Though simple metering is desirable, it must be
remembered that good metering can help improve
performance and extend tube life. Also, the FCC re-
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quires input power-level monitoring if it exceeds 900
watts (or 1800 watts PEP).

If automatic drive limiting is used and set at the
1800 watt level, safe, legal operation with simplified
metering is possible. Figs. 6A and 6B show two pos-
sibilities, the first measuring cathode current only,
the second measuring grid and plate current. An ex-
ternal output wattmeter should also be used.

A plate voltage indication is also useful, and can
serve as an ON indicator. An inexpensive type uses a
neon bulb, connected across the bottom capacitor of
the filter bank. The indicator warns of unusual condi-
tions, including shorted or open capacitors, and ex-
cessive drain. Note that two resistors are shown
across each filter capacitor. One serves as a bleeder
and voltage-equalizing resistor and is normally wire-
wound. The second is a composition resistor, of 1
watt rated dissipation. It is a safety device that en-
sures filter discharge in case the wirewound resistor
opens up. Good design practice is to choose the
bieed resistors so that the sum of their drain plus the

PLATE
SUPPLY
CIRCUIT

O
PROGRESSIVE
SHORTING o 2072%W

SWITCH

o

FILAMENT
POWER RCUIT
ONE ” CIRCY

fig. 5A. Manual power-supply switching using a pro-
gressive shorting switch. The switch should be left ten
to twenty seconds in each position. This provides fila-
ment preheat and in-rush surge protection.
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fig. 5B. Semi-automatic power-supply switching. Fila-
ment power is applied when the master switch is on.
Plate power is brought up in two steps when the trans-
mitter is keyed. This is after a ten to twenty second ini-
tial delay.
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fig. 6. Metering circuits. At (A), a single meter is used
to read total cathode current. At (B), two meters read
plate and grid currents. At (C), a neon tube indicates
plate voltage, and serves as a safety indicator.

TVI Prevention

Prevention of TVI is a design goal for any transmit-
ter. Most of the basic steps can be handled fairly late
in the design stage, but there are a few that must be
initially considered. One of these is the nature and
extent of needed output coax filtering. Lower circuit
Q increases the need for filtering. For example, with
a Q of 10, a two-section, lowpass filter will probably
be sufficient though a three-section filter is better.
For higher harmonic rejection, it's a good idea to in-
stall a form of suck-out trap. On a low-frequency
transmitter, it can be placed across the plate circuit.
However, the added capacitance is undesirable on
the higher-frequency bands. For these, a trap at the
point of attachment of the output coax to the pi-sec-
tion loading capacitor is indicated. The trap can be a
high-pass filter, with a smali bank of load resistors to
dissipate any harmonic energy present. A design us-
ing a 50-ohm load seems to work well. The cutoff fre-
guency should be between the highest operating fre-
quency and the TV i-f frequency of 45 MHz.

The filters will probably not be effective if the self-
resonant frequencies of the grid and plate circuits
occur at the same frequency and near any of the TV
bands. Unfortunately, there is a version of Murphy’s

idling current of the tubes is about ten percent of the
design peak current.

| prefer to use a multiple pole relay in the antenna
change-over circuit, wired as shown in fig. 7A. This
provides protection for a receiver-transmitter combi-
nation, or a separate receiver used with a transceiver.
(A 6-10 dB pad can be connected in this separate cir-
cuit to reduce signai loss in the main path due to
paralleling mismatch.) Separate contacts on the relay
can be used for power control, or for control of exter-
nal devices.

While the trick of loading the input circuit can elim-
inate the need for an automatic level control, it’s still
a good idea to provide this. For one thing, you may
want to use a different transmitter than designed for,
and the back-up protection is beneficial.

The simplest approach to ALC is to use an rf level
measurement technique to develop a threshold volt-
age. An ALC circuit is shown in fig. 7B. Assuming
the grid loading has been adjusted, the ALC thresh-
old control is set to give a barely discernible deflec-
tion on a VTVM at maximum design output. It can
then serve as a backup for improper load.

RY1
—J RYZ2

t1ovac
AUXILIARY
RECEIVER ;?_F Rt

EXCITATION Q—L RYZ2

RY!
70
EXCITER
CONTROL
RYZ2 L—g) ANTENNA

AMPLIFIER

| 1o FROM

CATHODE PLATE
Except as indicated, decimai
values of capacitence are in micro-
farads (.F); others are in picotar
ads (pF); resistances are in ohms.
k = 1,000 000

0.1-10pF
IN34
” ALC TO
EXCITER
0.0t
™~ 20v
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100
0.0¢
50k 390k
WA
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FIG. 6

fig. 7. (A). Antenna changeover relays provide a spéare
contact to feed an auxiliary receiver and ground it dur-
ing transmit. (B). An ALC circuit provides an adjustable
threshold voltage from the plate tank circuit.
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fig. 8. Complete circuit of a full-gallon linear using three 813 tubes. Note the harmonic trap at the output. A series filter is

also externally used.
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- 4t NO. 14 ON 172"

EXCEPT RF LEADS
ONE INCH = 25.4mm

L3

law which applies here. Try to design the circuit com-
ponents and layout to give high self-resonant and
well-separated frequencies. The filter-drive grid cir-
cuit helps, but the plate load modification using
series inductance can be a handicap, forcing a high
Q tank for TVI prevention. Measure the resonant fre-
quencies as the construction progresses, and modify
the design if necessary.

In addition, all the standard TVI prevention prac-
tices should be followed. Each lead should have an
LC filter where it enters the shield enciosure. Inter-
nally, use shielded (high capacity) leads. Dial shaft
holes should be small, and a metal shaft should have
a ground spring contact on the inside of the cabinet.
It should have this for safety anyway if high voltage is
near it. Meters should be metai-cased, with filters at
the terminals, or have a piece of screen wire across
the'face, with the entire meter case inside the formed
shield.

Internally, watch the ground current paths. Keep
joints out of the path, and don’t forget to provide a
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path for the rf flowing through the tuning capacitor
to get back to the tube cathode. If the tube is to be
recessed below a chassis, make the mounting holes
sufficiently large.

Parasitics, another cause of TVI, are reduced or
eliminated by placing suppressors in the plate circuit.
Neutralization may be called for in grounded-grid
design, and certainly in grounded-cathode circuits.
The use of loading to absorb excess driving power
greatly reduces the problem, however, and may be a
sufficient measure in itself. It might eliminate the
need for neutralization. This is easily added by a
small tertiary winding on the filament choke, grounded
at one end and coupled to the plate from the other
end through a variable neutralizing capacitor.

mechanical construction

Kilowatt amplifiers, especially single package
types, are large. Don’t try to shoehorn everything in.
Try to leave at least two-inch clearance for all rf com-
ponents. The power supply isn’t critical, but dont



forget cooling. This is vital for the tubes. Cool tubes
are less likely to fail prematurely.

Symmetry in the tube area of a multiple tube de-
sign is recommended. Keep lead lengths the same.
These techniques help equalize the load distribution.
Elsewhere, symmetry is not necessary. Don’t force
the layout to give a symmetrical front panel.

For homebrew construction, a dual-chassis layout
seems to work well. A horizontal section contains the
tubes and rf components, and a vertical section the
power supply. Input and control elements are under
the horizontal section. Front and rear panels, plus a
U-shaped top and end and a flat bottom part, com-
plete the mechanical elements. Use angles along the
top and sides of the panels.

Perforated aluminum is fine for the top, ends, and
bottom of this design, but a lot of screws will be nec-
essary to make the joints rf-tight. A better way of fas-
tening is to use 1/8-inch aluminum strap along all
edges, clamping the thin perforated metal between
this and angle sections, with screws every six inches
or so. Front panel appearance is improved if the strap
projects a 1/4-inch (6.4 mm) over the shield edge.

A compact linear layout is possible if the power
supply is built separately. The two-chassis design
works well with the tubes mounted horizontally. Four
811s or even 872s can be placed in a cabinet measur-
ing 5-1/2 x 10 x 12inches (140 x 254 x 305 mm).
Rf components will be a little crowded, though, and
a good cooling fan is a must.

Home-built designs don’t need to be sloppy in ap-
pearance. Be careful to avoid dents and scratches,
and paint the completed unit, either to match other
gear or to contrast with it. (Don’t paint mating-shield
surfaces.) Use appropriate size stick-on or transfer
lettering to label controls and the unit itself.

A special note: use honest-to-goodness dials, with
engraved marks or a digital readout that can be pre-
set to one degree or better. Keep a log of readings for
each band. If manufacturers were more careful with
their dial designs, we would have far less tune-up
QRM on the bands.

putting it all together

Fig. 8 is the schematic of the linear used at W4MB
for several years. These basic design goals were con-
sidered:
1. Legal limit with good linearity
2. Drive from two 6146s

3. 10-40 meter operation, with new band operation
considered

4. Separate antenna tuning
5. Separate lowpass filter

LINEAR

BAND

fig. 9. General view of the amplifier of fig. 8. Note the TU-
type bar knobs, and the vernier dials with calibrated scales
for tune and load (makes band changing easier). Note the
screen-wire shield over the meter.
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fig. 10. Top view of the amplifier. The rf section is at the top,
the plate supply on right, and the filament transformer at
the lower left. The harmonic trap is just'above the filament
transformer. The tank coil is constructed from a continuous
length of heavy wire. The ALC circuit is at the bottom
center.

fig. 11. Bottom view of the amplifier. The copper plate in the
center grounds all grids to chassis using metal standoffs.
The grid filter and loading resistors are at the upper right.
The coil is adjusted by spreading or squeezing turns to set
the cut-off frequency above the 10-meter band.
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HIGH GAIN TRANSISTOR.................$6.95
DRIFT MODIFICATION...................$1.25
KD44 DISH ANTENNA ................$47.95

Our product may be copiled,
but the performance Is never equaled.
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fig. 12. Linear performance of the WAMB-WA4LDY three
(tube) 813 amplifier is shown. Actual flat-topping starts
at about 1250 mA of plate current, well above the legal
limit. This illustrates how an extended linearity design
is an important factor in providing a clean signal.

6. Use tubes and components on hand
7. Simple switching

Fig. 9 provides an overall view of the transmitter,
fig. 10 the inside top view, and fig. 11 the bottom
view. Note the use of a copper plate to connect the
various drive grounds together, and the arrangement
for making filament lengths the same. Plate leads are
also the same length. The layout lead length brings
the effective Q of the tank circuit to about 10.5 on 10
meters.

A graph of amplifier linearity is shown in fig. 12.
More output is possible, but the combination of input
loading and ALC limits the maximum input to 1800
watts PEP (note that this is above the legal limit if
appreciable speech processing is used).

As seen in the photographs, there are no parasitic
suppressors in the plate circuit in this design. No in-
stability was noticed during testing. There have been
one or two reports of a wide signal, so possibly some
instability can arise as a result of load variation or
mis-tuning. All solicited critical signal checks have
agreed with the data and with unsolicited reports.
This ampilifier, as intended, produces a clean signal,
and, because of its simplicity, is also a pleasure to
operate.

ham radio
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an improved TouchTone™ decoder

ITT’s device provides
simple, reliable crystal-
controlied decoding

of DTMF signais

Several years ago, ITT (International Telephone
and Telegraph) introduced a single integrated circuit
capable of decoding TouchTone* signals. Using this
device, we can construct a decoder system suitable
for use in remote control applications with a micro-
processor.

Nearly all remote control of Amateur Radio equip-
ment, be it of a repeater, an autopatch, or a remotely
controlled station, is at least in part accomplished by
the use of TouchTones, also known as DTMF (Dual-
Tone, Multiple-Frequency) signals. Since most mod-
ern Amateur VHF and UHF equipment now on the
market is available with DTMF-encoded keyboards
that provide either twelve or sixteen combinations,
the transmitter end of a control link is readily available.

At the receiving end, some means must be pro-
vided to detect and decode the incoming DTMF sig-
nals {as the name implies, each signal consists of a
pair of tones transmitted simultaneously). In the case
of a twelve-key pad, one of a set of three tones is
combined with one of a set of four tones, to provide
twelve different codes. For a sixteen-key encoder,
eight tones total are needed, as shown in fig. 1. The
decoder must detect these tones and provide some
indication that a valid DTMF code has been received);
at the same time, the decoder must not be spoofed
by the randomly occurring tones in speech sent over
the same channel.

*TouchTone is a trademark of the Bell Telephone Company.
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prior technology

In the past, Amateurs have often used decoder cir-
cuits consisting of a detector tuned for each of the
seven or eight tones. The detectors are usually either
resonant reed filters, or more recently, monolithic
tone-decoder PLL (phase-locked ioop) integrated cir-
cuits, usually type 567.

My own experience is with this type of decoder
system. Typically, they consist of seven 567 ICs, one
for each frequency, a demultiplexer circuit to convert
the two-of-seven output to a more useful code, such
as one-of-ten, or binary. Such decoders work, but
they can be a bit tedious to align initially, as each PLL
must be individually adjusted. Furthermore, since the
accuracy of each PLL detector depends on its RC
network, they can drift with temperature changes or
with time as the frequency-determining components
age. These problems are usually depressingly familiar
to anyone who has tried to keep a repeater autopatch
decoder operating for any length of time.

an integrated decoder

In the last few years, the telecommunications in-
dustry, fueled by tremendous growth in the commer-
cial markets, has begun to integrate many previously
discrete components into more compact monolithic
circuitry, in order to reduce the size and cost of com-
munications equipment. Examples of this process are
seen in ICs that replace the hybrid transformer in
telephones, in the replacement of bulky analog filters
by monolithic active filters and, recently, with the de-
velopment of integrated DTMF decoder circuits.

One such DTMF decoder IC is ITT's 3201, which
can decode all sixteen standard TouchTone signals
to provide a four-bit binary output (see table 1). It
uses an inexpensive 3.57945 MHz TV colorburst crys-
tal as the frequency reference, so that temperature
and age drifts are practically eliminated. In addition,
it has excellent immunity to false outputs caused by

By Jerry Hinshaw, N6JH, 4558 Margery Drive,
Fremont, California 94538
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I The ultimate in communications
Mf versatility, the Drake Theta 9000E
provides complete transceive cap-

BN ..ty of CW (Morse Code), RTTY
(Baudot), and ASCII. A full computer RS232 interface,
cassette tape storage port, selective calling feature
with answer-back, light pen graphics, printer inter-
face and word processing software are all standard.

Seven large 256 character memories are backed up
with battery power so there is no need to reload infor-
mation with each use. Memories may also be parti-
tioned providing up to 29 separate storage locations.
A type-ahead buffer of 3120 characters makes it easy
to compose your response while still receiving.
Operator controlled scrolling permits review of up to
10,720 previously received characters. Line length is
selectable at 40 or 80 characters, your choice, and all
mode and speed indicators are
displayed on the screen for in-
stant status recognition. The
9000E has 3 tone groups and 3
shifts which are all keyboard
selected.

You won't buy any other communications terminal
once you have studied all the advanced operating
convenience built into the Drake Theta 9000E. It's
complete.

N \\\\\\\ H
SN

777777

The Drake Theta 550 is a compact
receive-only communications terminal
and is designed to demodulate and
display the three most popular over-
the-air modes of data communications: CW (Morse
Code), RTTY (Baudot), and ASCII. Any standard TV
monitor can be used.

A full-featured microprocessor controlled unit, the
Drake Theta 550 has selective calling, battery
backed-up memory, audio monitor, and informative
L.E.D. tuning indicators. There is also interfacing to
permit the addition of a dot matrix printer for “hard"
copy and a keyer paddle input to permit CW
transmission with full iambic operation.

CW automatically tracks over a speed range of 5 to
50 words per minute and RTTY modes offer nine
selectable standard speeds of transmission. 12 volts
DC is required.

This unit is ideal for shortwave listeners and hams
who have been missing the increasing volume of
data communications over the air.

plied.

LA7 Line Amplifier

Line output, input levels as low as 15 mV rms (47 kilohm) will result in an output of
1 mW nominal into a 600 ohm balanced line. Output level adjustable by internal pre-
set level control. Interfaces low level audio to RTTY terminal unit or phone line that
requires a 600 ohm balanced/unbalanced input. One 36” phono to phono cable sup-
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fig. 1. Sixteen-key TouchTone pad shows how each key is assigned a discrete pair of tones.

table 1. Code list of the output of ITT's 3201 DTMF
decoder IC.
input outputs
TouchTone decimal
code binary equivalent

1 0001 1

2 0010 2

3 0011 3

4 0100 4

5 0101 5

6 0110 [

7 0111 7

8 1000 8

9 1001 9

0 1010 10

* 1011 1

# 1100 12

A 1101 13

B 1110 14

C 111 15

D 0000 0

speech or noise on its input. In this single 1C are all
the functions that my old 567-type decoder board
failed to duplicate fully with ten ICs.

Fig. 2 shows that the 3201 is a CMOS LSIC (large-
scale integrated circuit) housed in a 22-pin DIP. It re-
quires only a single power supply, and draws little
current. No front-end filtering is required, nor does
the input have to be split into high and low bands, as
some other DTMF (Cs require. Audio from the re-
ceiver is fed directly to the 3201, and is automatically
decoded.

The only catch, if there is one, is that the price is
still higher than for the 567-type decoder. At the time
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fig. 2. Pin assignments of the 3201 decoder.

of writing, the single-piece price for the 3201 is about
$43.00, but that price should fall as the production
quantity increases. In fact, the price has already
fallen quite dramatically since the introductory price
of $95.00. (The trend in semiconductors is that they
are expensive when introduced, and the price then
steadily falls as the volume of use rises; this IC shouid
not be an exception to that industry-wide rule).

My own feeling is that the cost of the device, if a
bit high, is more than compensated for by the utter
simplicity of its construction and adjustment, and by
the long-term benefits of stable, crystal-controlled
operation.
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circuit description

In fig. 3, audio from the receiving system is fed to
the high-impedance analog input of the 3201. If the
input signal is a valid DTMF tone pair, the 3201 pro-
duces an output on the four data lines. During the
time a tone is being received and decoded, the DV
(Data Valid) output goes to the logic-high state.

The DV line serves as a signal that the four data
outputs contain valid data; while DV is high, the data
are good, and so the transition of DV from low to
high can be used to latch the output of the decoder.
The data latch (U3 in the diagram) is needed so that
fleeting input signals (which may be as short as 40
milliseconds in length) can be held and read at a later
time.

The output of the 3201 is CMQOS level, and is not
directly compatible with the usual TTL interface cir-
cuitry used in most microcomputers. This incompati-
bility is corrected by U2, the 74C302, a CMOS-to-
TTL level converter.

Thus, when a valid DTMF signal is fed to the input
of the 3201, properly-decoded output signals appear
at the output lines of U2, and the DV output goes
high. This transition of DV from low to high is used
to clock U3, the 74LS374 octal data latch, which
holds the decoded equivalent of the last DTMF signa!
received.

In order for a microcomputer system to tell the dif-
ference between a newly received DTMF input and a
previously stored word, a handshake circuit has been
included. This handshake is set by the DV line, and is
reset after the word has been read by the computer.
In other words: the output of the handshake latch
goes high when the 3201 puts a new word into the
data storage latch, and is reset again when the com-
puter reads the output of the data latch. Therefore, if
the computer is programmed to first look at the
handshake output, it can determine if a new word is
waiting to be read.

Since any computer that monitors the decoder can
scan the output lines much faster than an operator’s
finger can press a button on the DTMF encoder key-
board, it is also a good idea to have the computer
watch the DV line so it can tell a long input tone,
which it has already read, from a newly received
tone. The DV line, used in this way, is a form of key
debouncing and prevents reading one tone as a
series of several digits.

construction and testing

Layout and construction of this circuitry is non-
critical. The few discrete components, such as the
crystal and the bypass capacitors, can be soldered to
the IC socket pins, and the rest of the wiring com-
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HAL’S HOLIDAY SPECIALS

HAL 2304 MHz DOWN CONVERTERS (FREQ. RANGE 2000/2500 MHz)

2304 MODEL #1 KIT BASIC UNIT W/PREAMP LESS HOUSING & FITTINGS. . . $19.95
2304 MODEL #2KIT (Withpreamp) ... ... .ot $28.95
2304 MODEL #3 KIT (with High Gainpreamp) . . . ........... ... ... cn... $39.95

MODELS 2 & 3 WITH COAX FITTINGS IN & OUT AND WITH WEATHER-PROOFED DIE
CAST HOUSINGS

BASICPOWERSUPPLY ... . ... i
POWER SUPPLY KIT FOR ABOVE WITH CASE
FACTORYWIRED&TESTED ........ ... ... . ... i

ANTENNAS & OTHER ACCESSORIES AVAILABLE. SEND FOR MORE INFO.

2100-2500 MHZ
“HMRA-I COMPLETE UNIT
COMPLETE SYSTEM AS SHOWN. NOT A KIT. INCLUDES
A PC BOARD, POWER SUPPLY, CABLES &
CONNECTORS —PRE-ASSEMBLED AND TESTED. 24dB
GAIN OR GREATER,
1T UNIT.... $149.95
2UNITS.. $139.95 ea.
30ORMOREUNITS.......... $129.95 ea.

*HAM MICROWAVE RECEIVER

PRE-SCALER KITS

HAL30OPRE .. ... ... .. (Pre-drilled G-10board and all components) ... ... . $14.95
HAL300A/PRE. ... ... ... ... (Same as above but withpreamp). ... ....... ... $24.95
HALBOOPRE ... .. ..... (Pre-drilled G-10 board and all components) .......... $29.95
HALBOOA/PRE .. . ... .. . ... (same as above but withpreamp). .. ... ... .. .. $39.95

TOUCH TONE DECODER KIT
HIGHLY STABLE DECODER KIT. COMES WITH 2 SIDED. PLATED THRU AND SOLDER
FLOWED G-10 PC BOARD, 7:567's, 2-7402, AND ALL £ELECTRONIC COMPONENTS.
BOARD MEASURES 3-1/2 x 5-1/2INCHES. HAS 12 LINES OUT. ONLY $39.95
NEW—16 LINE DELUXE DECODER $69.95
DELUXE 12-BUTTON TOUCHTONE ENCODER KIT UTILIZING THE NEW ICM 7206 CHIP
PROVIDES BOTH VISUAL ANO AUDIO INDICATIONS! COMES WITH ITS OWN TWO-
TONE ANODIZED ALUMINUM CABINET MEASURES ONLY 2% “x3% * COMPLETE WITH
TOUCH-TONE PAD. BOARD, CRYSTAL, CHIP AND ALL NECESSARY COMPONENTS TO

FINISH THE KIT. PRICED AT $28.95
NEW—16 LINE DELUXE ENCODER $39.95
HAL ECD— 16 LINE DELUXE ENCODER INCLUDES PC BOARD, ALL PARTS & CASE
$39.95
HAL ECD—12 LINE DELUXE ENCODER COMPLETE WITH PC BOARD, ALL PARTS &
CASE $29.95

ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE VERY POPULAR
WB4VVF ACCUKEYER ORIGINALLY DESCRIBED BY JAMES GARRETT. IN QST
MAGAZINE AND THE 1975 RADIO AMATEUR'S HANDBOOK $16.95

ACCUKEYER--MEMORY OPTION KIT PROVIDES A SIMPLE, LOW COST METHOD OF
ADDING MEMORY CAPABILITY TO THE WB4VVF ACCUKEYER. WHILE DESIGNED FOR
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER. IT CAN ALSO BE ATTACHED TO
ANY STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY $16.95

BUY BOTH THE MEMORY & KEYER AND SAVE COMBINED PRICE ONLY $32.00

HAL MAKES BOARD SETS FOR UNICORN 1 ROBOT PROJECT AND HEART-A-
MATIC HEART MONITOR AS PUBLISHED IN RADIO ELECTRONICS MAGAZINE.

PRE-AMPLIFIER

HAL-PA-19 WIDE BAND PRE-AMPLIFIER, 2-200 MHz BANDWIDTH (- 3dB POINTS),
19dB GAIN FULLY ASSEMBLED AND TESTED $8.95

HAL-PA-1.4 WIDE BAND PRE-AMPLIFIER, 10 MHz TO 1.4 GHz. 12dB GAIN
FULLY ASSEMBLED $12.95

CLOCK KIT — HAL 79 FOUR-DIGIT SPECIAL — $7.95. OPERATES ON 12-
VOLT AC (NOT SUPPLIED) PROVISIONS FOR DC AND ALARM OPERATION.

6-DIGIT CLOCK«12/24 HOUR

COMPLETE KIT CONSISTING OF 2 C G-10 PRE-DRILLED PC BOARDS, 1 CLOCK CHIP, 6
FND COMM. CATH. READOUTS, 13 TRANS., 3 CAPS, 9 RESISTORS, 5 DIODES, 3 PUSH-
BUTTON SWITCHES, AND INSTRUCTIONS. WILL RUN OFF ANY 12V A.C. POWER SUP-
PLY. DON'T BE FOOLED BY PARTIAL KITS WHERE YOU HAVE TO BUY EVERYTHING
EXTRA. PRICED AT $12.85
CLOCK CASE AVAILABLE AND WILL FIT ANY ONE OF THE ABOVE CLOCKS. REGULAR
PRICE . . .$6.50 BUT ONY $4.50 WHEN BOUGHT WITH CLOCK.
SIX-DIGIT ALARM CLOCK KIT FOR HOME, CAMPER, RV, OR FIELD-DAY USE.
OPERATES ON 12.VOLT AC OR DC, AND HAS TS OWN 60-Hz TIME BASE ON THE
BOARD. COMPLETE WITH ALL ELECTRONIC COMPONENTS AND TWO-PIECE, PRE-
DRILLED PC BOARDS. BOARD SIZE 4” x 3". COMPLETE WITH SPEAKER AND
SWITCHES. IF OPERATED ON DC, THERE IS NOTHING MORE TO BUY*

PRICED AT $16.95
*TWELVE-VOLT AC LINE CORD FOR THOSE WHQO WISH TO OPERATE THE CLOCK
FROM 110-VOLT AC . WHEN PURCHASED WITH CLOCK KIT $2.95

SHIPPING INFORMATION: ORDERS OVER $25 WILL BE SHIPPED POST-PAID EXCEPT
ON ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED. ON ORDERS LESS THAN
$25, PLEASE INCLUDE ADDITIONAL $2.00 FOR HANDLING AND MAILING CHARGES.
SEND 20¢ STAMP FOR FREE FLYER. DISTRIBUTOR FOR

Aluma Towers AP Products
{We have the new Hobby-Biox System)

HALT ronix

‘ P.O. BOX 1101
“HAL” nnomo c Nowuno SOUTHGATE, MICH. 48195
WBZXH PHONE (313) 2851782

TO 320/ RED
ANALOG INPUT O

TOUCHTONE

GREEN TELEPHONE
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—N——— +

J . 24vDC
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/'E sov
fig. 4. Simple test set uses a TouchTone telephone and
a matching network to provide DTMF signals.
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pleted with wire-wrap interconnections. (I built my
decoder on a small prototype board with an edge
connector to which the input and output were
wired.)

Once the wiring is completed, and the supply volt-
ages have been checked at the socket pins, the ICs
can be installed. Keep in mind that the high-impe-
dance input of the 3201, which is a CMOS device, is
sensitive to damage by static electric charges. It is a
good idea to keep the 3201 in the protective packag-
ing it comes in until it is to be installed, and then
equalize the potential of the circuit and the protective
package by touching them together. Remove the
3201 and install it in its socket. Once the IC is installed,
the danger of static charge damage is reduced.

There are no adjustable components (this is my
kind of circuit!} so the unit should work when power
is turned on and a DTMF signal is applied to the ana-
log input. The circuit shown in fig. 4 is a simple test
set that uses a standard TouchTone telephone to de-
termine if the decoder is properly decoding the
twelve tones. The telephone is disconnected from
the phone lines, and hooked as shown to the net-
work, which provides power for the phone’s internal
tone generator and matches the normal line impe-
dance of 600 ohms.

If the decoder fails to work, check the wiring first.
The DV line at the 3201s pin 18 should rise to nearly
+ 12 volts when a DTMF signal is applied; if it does,
the problems are probably elsewhere than in the
3201’s circuitry.

summary

This decoder is a simple, modern alternative to the
DTMF decoders of the past. It provides dependable
performance, and should make remate-control sys-
tems easier to set up.

Except for the 3201, all the components are stan-
dard types and widely available. The 3201 can be ob-
tained from the manufacturer at this address: ITT
North Microsystems Division, 700 Hillsboro Plaza,
Deerfield Beach, Florida 33441; telephone
305-421-8450.

ham radio



Barry Electronics Corp.
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a rotary dial and encoder
for digital tuning

A digital controller
using multiple dials
and microprocessor logic

The shift to digital and microprocessor control of
ham gear makes rotary dial encoding more popular.
Earnshaw'’s approach to dial encoding, simplified and
improved by Opal, offers a practical method for the
Amateur builder.1.2 Both require discrete compo-
nents for each dial.

This article describes another method incorporat-
ing multiple dials using microprocessor logic.3 This
method reduces the number of components neces-
sary and is suitable for digital controllers having con-
current tasks.

why encode the rotary dial

Switches are inherently digital; they are either on
or off. Conventional tuning dials have an infinite
number of positions. A digital tuning dial is not infi-
nite; you must select the position closest to a desired
setting.

Most 2-meter fm gear uses some form of discrete,
digital frequency selection. This is difficult to use on
lower bands without channelized frequencies: that
rare DXCC contact may be between positions and
will never be reached.

If you have a digitally-controlled master oscillator,
one tuning solution is to use a potentiometer (pot)
with an analog-to-digital converter. This has limits:
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an inexpensive pot has less than a full turn and an ex-
pensive, ten-turn pot can’t be spun continuously (nor
does it have the range) of conventional tuners.

A better way is to use the continuous, segmented
digital rotary dial and an encoder to determine direc-
tion and amount of rotation. Each dial position, or
state, is used to drive a counter. The counter pro-
vides an input to the controlled function. Encoding
may be accomplished through discrete circuitry or
through a microprocessor program. The position res-
olution is limited only by the dimensions and con-
struction quality of your encoding design. | resolve
two hundred positions per revolution easily. Opal re-
solved four hundred, with a larger encoder disk and
better construction.

the technique

Earlier rotary dial methods provided continuous
updating of dial position, or state-change. This sys-
tem polls four dials in sequence, to determine if any
dial status has changed from the previous poll.

| selected a four-dial input because a station can
require several. Four uses might be main tuning,
bandspread, filter frequency setting and keyer or
keyboard speed control. Four inputs also work well
with an 8-bit microprocessor.

the basic dial

Fig. 1 shows the progression of logic states from a
pair of optical interrupters scanning the marks on a
disk. For any given state, movement of the dial disk

By C.A. Eubanks, N3CA, P.O. Box 127, Valen-
cia, Pennsylvania 16059



will yield a new state that defines direction of rota-
tion.

Table 1 summarizes all possible state-change
combinations, original state to new state. Valid rota-
tion is implied if only one of the optical interrupter in-
puts changes. Invalid rotation sensing occurs if both
interrupters see a change; this change must be ig-
nored. Invalid sensing could occur if the polling
speed is too slow, or sensing could indicate the
wrong direction if an even number of state changes
were missed.

The microprocessor system used in dial sensing
performs other tasks as well. Polling speed is subject
to trade-offs. To test the speed, | tentatively selected

" Opal’s fifty-mark encoder disk. Some experimenta-
tion with a conventional transceiver proved that the
dial spins easily at one revolution per second. This
became the design rotation-rate goal. Assuming the
rotation algorithm senses all state changes: (1 rev./
Sec) x (50 marks/rev.) % (4 states/mark) = 200
states/Sec. All else being equal, polling rate must
occur once every five milliseconds.

Everything else is not equal, however. First, the
dial spin rate is not constant. Sudden starts and
stops create faster state changes. Second, interrupt-
ers are not ideally spaced; some state changes occur
at a lesser angular displacement and the state-
change rate can increase.

With these factors in mind, | finally selected a two
millisecond polling rate. The encoder still losses a
few counts on rapid dial movement, but I've noticed
Nno erroneous counts.

the interface circuit

Fig. 2 is a schematic for one application card of the
Intelligent Controller.3 The darlington output of each
optical interrupter is buffered by 7414 hex schmitt in-
verters. This buffer provides hysteresis to prevent jit-

DETECTOR B —— ENCODER SPACE

DETECTOR A

*—— ENCODER MARK

ENCODER DISK /)

- LEFT MOTION RIGHT MOTION —a

SAMPLE TIME LEFT MOTION | RIGHT MOTION
A B a4 8
ro __J_ (] i [
T i o o PASSAGE OF
—— — ONE COMPLETE
ra i e o MARK 8 SPACE
Ty o i o
LS ]
T4 1 [ |

fig. 1. Encoder optical interrupter detectors relative to
encoder disk and resulting logic states. Logic 1 is a
mark seen by the detector, logic 0 a space.

table 1. Matrix diagram (Karnaugh Map) of all
possible logic states of one dial’s optical inter-
rupter detector. A; and By are the previous A
and B interrupter states while A; and B, are the
current states. L indicates left motion in fig. 1,
R is right motion. N/C is no change; dial has
not moved. N/A is a not-applicable condition
| resulting from non-allowed state-change pro-
gression of motion in either direction. The logi-
cal expression is used by the process subrou-
tine shown in fig. 4.

AAq
00 01 1 10
00 N/C L N/C R
0 R N/A L N/A
' B,8,
1 N/C R N/C L
10 L N/A R N/A

L = AAB By + AAB,B, + AAB,B, + AAB;B,
R = AAB,B, + AAB,By + AABBy + AAB,B,

The application card and one rotary dial assembly. Optical
interrupters are visible at the disk bottom, just above the
bracket for the ribbon cable DIP socket. The large chip on
the card is the 8255 PPl with hex inverters at top center.
Other card components are for another application not de-
scribed here. The clamp is for photographic support of the
dial assembly.
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fig. 2. Schematic of the four-dial application card for the Intelligent Controller. The optical interrupter circuit may be re-

peated for three additional dials.

ter when an interrupter is near a dial mark edge.

An Intel 8255 Programmable Peripheral Interface
(PP} is the link between the inverters and the Intelli-
gent Controller's HAM BUS. The 8255 was chosen
because it is compatible with other system compo-
nents, readily available, and one of the least expen-
sive input/output {I/O) devices available.

The PPl is shown with connections to port B. Each
8255 has three ports, and the remaining two ports
may be used for other functions in the Intelligent
Controlier,

motion algorithm

This algorithm was developed for a 6502 micro-
processor but is of general nature and should work
equally well on other microprocessor systems. Gen-
eral flow for motion sensing is shown in fig. 3, and is
executed once every two milliseconds. Any state
change detected due to dial motion will call the proc-
ess subroutine detailed in fig. 4.

Twelve bytes of storage are required by both rou-
tines. Three are temporary, for scratch-pad storage,
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labelled TEMP1, TEMP2, and TEMP3 on the charts.
OLDIAL holds the status of ali four dials from the
previous poll. Four bytes are the old dial logic (ODL)
registers, one for each dial. The remaining four are
direction registers (one for each dial), to indicate dial
position.

Direction registers may be used in a service routine
to remember dial motion. In my application they indi-
cate positive ($01 to $7F) on the increments and neg-
ative {$80 to $FF) on decrements.

The microprocessor program allows other tasks to
be executed between dial readings. Details on the
flow charts and program operation are found in the
appendix.

construction

As a disclaimer, | am more impressed with K3CU’s
mechanical construction than my own. For bread-
boarding purposes, | used parts taken from a ten-
turn pot for its shaft and bushing. The dial and opti-
cal interrupters were mounted on a small piece of
unetched PC board stock. It is very desirable to
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fig. 3. Flow diagram of the dial polling routine.

mount the interrupters with the shaft bushing for
proper optical adjustment.

The dial subassembly holds a 16-pin DIP socket for
interconnection to the application card. Flat-cable
DIP plug cables are readily obtained. {Mine was an
18-inch (46 cm) cable from Radio Shack, part num-
ber 276-1976.)

| made the encoder disk in two steps: first | made a
photocopy from the optical mask in fig. 1 of Opal’s
article, then transferred it to a thermal-contact trans-
parency. This gives satisfactory results, but you can
purchase finished disks directly from K3CU.*

Opal suggested cementing the disk to a large knob
for support. | soldered a circular piece of PCB stock
to the shaft and attached the disk with rubber cement.
My technique takes less space, while Opal’s is easier.

The exact location of the optical interrupters is not

*Photo disks are available from K3CU for $1.00 each. Please send SASE to
Chet B. Opal, K3CU, 5414 Old Branch Avenue, Temple Hills, Maryland
20748.
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critical. The illuminator center should be near the
mark mid-radius. Once assembled, the relative inter-
rupter positions can be set by bending the leads.
Two cautions: keep the interrupter leads long
enough and be careful not to pull off the PC board
foil.

The dial shaft should have some friction device to
prevent drift or coasting. | included a short piece of
helical compression spring between bushing and en-
coder disk. This takes up any axial play and provides
the necessary friction.

The inverters and PPl were mounted on a Radio
Shack prototype board (part number 276-157). This
is compatible with the intelligent controlier. The extra
chips seen in the photo are to support a Morse key-
board. The two spare 8-bit ports of the PPl may be
used for other purposes.

operation

I had some initial problems providing sufficient sig-
nal for inverter inputs. | believe the interrupter collec-
tor resistor values given in fig. 1 to be adequate for
variations in both the interrupters and inverters. To
make certain, the inverter and interrupter outputs
can be checked with a high-impedance voltmeter. In-
verter output should be low when interrupter output
is high, and vice versa.

| wrote a simple program to drive a display for 256
counts to test the device. Depending on the spacing
between interrupters, the count may go in either
direction. The proper direction is obtained by reposi-
tioning the interrupters or modifying the service rou-
tine. | prefer the latter, having had some bad experi-
ences with interrupter leads and foil peeling on the
encoder subassembly.

Program documentation and burned 2716 EPROMs
for the Intelligent Controller are available from the
author. Please send a self-addressed, stamped enve-
lope for information.
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appendix

The flow chart details presented here will be useful if you are
interested in converting to a microprocessor other than a 6502 or
are not familiar with programming.



The real world.

Any halfway decent photovoltaic
panel should be able to survive
laboratory testing.

But the real test of a solar module
is how well it stands up over time in the
biggest, toughest laboratories of all.

The real world.

On remote mountaintops, where
maintenance is difficult and costly,
Photowatt's aluminum substrate and
laminated solar modules have been
providing dependable, worry-free
power to communications devices, such
as microwave links, radio phones
and UHF/VHF repeaters

For almost a decade

In the desert, Photowatt's solar
modules have proven that they can
withstand the harsh blasting of sand-
storms, and ground level temperatures
as high as 150°

And in the ocean, Photowatt's heavy
duty aluminum substrate panels have
proven that they can withstand gale-
force winds, corrosive salt spray and
the pounding of 60-foot high waves

In more than 10,000 navigational
aid applications throughout the world.
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INTERNATIONAL. INC
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According to the U.S. Coast Guard,
Photowatt's aluminum substrate panels
are one of the few tested that success-
fully completed the Coast Guard's test
criteria for offshore navigational aids*

If you don't want to scale a mountain
every couple of weeks.make sure the
solar panels you buy are the most
rugged and durable on the market.

Make sure they've proven them-
selves out in the real world.

In other words, make sure they're
Photowatt solar modules,

‘Refer to report: CG-D-10-81-NTIS ADAOSB257
Testing of Solar Photovoltaic Arrays For
Utilization On Marine Aids To Navigation
November, 1980
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fig. 4. Flow diagram of the process subroutine to deter-
mine dial motion.

The dial routine in fig. 3 is invoked by a two-millisecond timer
interrupt in the Intetligent Controller. This routine reads the status
of all dials and compares that status with the previous status
stored in the OLDIAL register. If there is no charge, the routine re-
turns from processsor interrupt.

Change of dial input is indicated by one or more bits set to logic
1 after the exclusive-OR with OLDIAL. Each dial is then polled in a
loop. The loop starts with dial status in the accumulator as
follows:

Ag Ay Ay A; By By B, By

The accumulator is first pushed onto the stack (temporarily
saved), then masked by ANDing with a bit pattern of 00010001
{$11 in hexadecimal notation). The result, on the first loop pass,
will have A; in bit 4, B in bit 0, and all other bits zero. If all bits are
zero, no change in that dial occurred, the accumulator is restored
by pulling it from the stack, and the accumulator is shifted right
once. The index register (loop counter) is decremented, tested,
and program flow continues at the loop start.

The purpose of right-shifting the accumulator is to provide sepa-
ration in the $11 AND for the next dial. The secon