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AVE THREE
nn D I 0 1 CALL FOR OUR LOW, LOW CASH
. o« OR CREDIT CARD PRICES
ON ALL MAJOR EQUIPMENT.
TAKE ADVANTAGE OF OUR
FANTASTIC MONTHLY
SPECIALS ON SELECTED FINE
EQUIPMENT.
KENWOOD

TS-520SE

H.F. TRANSCEIVER

V-3
VHF/UHF

- i

3. ENJOY THE WORLD FAMOUS HENRY RADIO SERVICE.
NO ONE ELSE CAN OFFER YOU THE BACKGROUND OF
EXPERIENCE AND THE VALUE OF RESPONSIBLE
MARKETING LIKE HENRY RADIO. i g i ke e

1 cepted amph
the range of 3 MHz 1o 500 MHz Henre amplitiers
s use all around the world. Commercial and
Convite

CRIMTT g
Tempo solic are available at Tempe
dealers thi

NEW TOLL FREE ORDER NUMBER: (B0O0| 421-6631
F Il states excep! Calitorma

iries ar vited
| stare ampliliers )
wighout the ULS
or all states except Caliform
.‘% Calif residents please call collect on our regular numbers I

.{“5.1 » 11240 W. Olympic Blvd , Los Angeles, Calif 90064 213/477-6701

!‘l"“"s P2 931 N Euchid. Anaheim, Calif 92801 714/772-9200

g SERVICE Butler, Missouri 64730 816/679-3127
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DSI Makes It Easy For
Santa At Christmas Time

......................................................... CLIP HIBRE = v vioasiie ssonin v sialanissiasiosneses deisasseaesesessessessessssssson

Decr Santa,

My choices for Christmas are: (check one or more)

O Model S00HH (wired) . ..$149.95 O Model 5500 (wired) .. ... $ 99.95

O Model 100HH (wired) ... $149.95 O Model LC 5000 ......... $149.95"

O Model 5600AW (wired) .. $179.95 B ‘S600AK (KiE) ivon < svine s s $149.95

Use that check received for Christmas for the model of your choice!
- These items are stocked for Christmas delivery -
See your dealers or call our toll free number.
Phone orders received by December 15 have a guaranteed Christmas delivery.
Order now to insure prompt delivery.
DSI INSTRUMENTS, INC. - 9550 Chesapeake Drive - San Diego, Ca. 92123 - (714) 5658402

Call toll free _ California residents call toll free
(800) 854-2049 @ & = (800) 5426253
*Check on Stock for Jan. | dein \u.l I ..‘..‘.‘.'.\.., .‘I‘r WUSA & Ca A I' ;'lll .:\el .Jl':h :..:I.:i|..“|.['.l.l:II | 10 ot Hpri ::r == rf.,l \I li rl > ,I.,I'. i I,I. = ,' . | Sk
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NEW MFJ-410 “Professor Morse’’ lets you . . .

COPY CW FASTER AND UPGRADE QUICKEH

NEW MFJ Random Code Generator/Keyer sends unlimited random code
in random groups for practice. Never repeats same sequence. Tailor
level to your ability. Vary speed 5 to 50 WPM. Vary spacing between
characters. Speed Meter. Full Feature Keyer.

Copy code faster and upgrade quicker. Now you
can tailor the level of code practice to your exact
needs. Practice copying code anywhere and any
fime you have a spare moment. Practice at home,
in bed, driving to work, during lunch, etc

The new MFJ-410 “Professor Morse” is a
computer-like random code generator and keyer
that sends an unlimited supply of precision Morse
Code in random groups.

It never repeats the same sequence S0 you
can't memorize it like code tapes

Vary speed 5-50 WPM and read on speed meter

Vary spacing between characters and charac-
ter groups (for example, copy 5 WPM with 13
WPM characters) to give proper character sound
at low speed.

\_Selec! alphabetic only or alphanumeric plus punc

tuation (period, comma, guestion, slash, double dash.)

Tone control. Room filling wvolume. Builtin
speaker. Ideal for classroom lteaching. Earphone
jack (2.5 mm) for private listening

Uses 110 VAC, or 9-18 VDC, or 4-C cells (for
portable use). Optional cable for car cigarette light
er ($3.00). 6x2x6 inches.

Built-in full feature keyer. Volume, speed, in
ternal tone and weight controls. Weight control
adjusts dot-dash space ratio; makes your signal
distinctive to penetrate QRM. Speed meter works
for keyer, 100. Tune switch keys transmitter for
tuning. Reliable solid-state \ e
keying: grid block, cathode,
solid state rigs. OPTIONAL
BENCHER IAMBIC PADDLE.

Dot and dash paddles have fully adjustable ten

Sends unlimited random code.
Never repeats same sequence.

$1 4995

Tailor level to your ability.
Vary speed 5-50 WPM.

sion and spacing. Heavy base with non-slip rub
ber feetl eliminates “walking". $39.95

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

Order today. Call toll free B00-647-1800. Charge
VISA, MC or mail check, money order for $149.95
plus $3.00 shipping for MFJ-410 andfor $39.95
plus $3.00 shipping for Bencher paddle

CALL TOLL FREE ... 800-647-1800

Call 601-323.5869 for technical information,
order/repair status. Also call 601-323.5869 out
side continental USA and in Mississippi.

MFJ ENTERPRISES, INC.

BOX 494, MISSISSIPPI STATE, MS 39762 J

RECEIVER
G.ll’l

NULL ADUUST

XXX
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BT PHONE FATCH

'NEW MFJ-624 Deluxe Hybrid Phone Patch

Feature Packed: VU meter for line ievel and null. Has receiver gain,
transmitter gain, null controls, bypass switch. Beautiful hum-free audio.
RF filtered. VOX or push-to-talk. Works with any rig. Simple patch-in-
patch-out installation.

Crisp, clear hum-free audio
is what phone patching is
all about and MFJ has it.

TRANSMITTER
GaIN

audio which 1s what phone patching is all about

and PC board construction eliminates RF leedback
Waorks with any rig

[ hannnls

mitter

\. Null control for maximum isolation

This new MFJ-624 Telepatch Il hybrd phone
patch gwes you a combination ol perlormance,
features, and quality that you won't find in other
phone patches

PERFORMANCE: Gives you crisp clear, hum lree

Use automatic VOX or push-totalk. RF pi-filters

FEATURES: VU meier rmmrrura tele ;lrmne line

Nbﬂ lets \_.rtm adjust nulr depth for
maximum isolation between receiver and trans

Separate transmitter and receiver gain conlrols
gliminate readjusting rig's controls after patching

Function switch: OFF for normal operation. ON
connects your rig to phone line for palching
NULL switches VU meter to let you adjust for
maximum null

Simple 2 cable installation (plus phone line)
when ng has patch-in-patch-out jacks. Connects
easily to any ng.

Phono jacks for patchinpatchout, speaker,
microphone, Screw lerminals for phone lines

Eggshell white, walnut sides. 8x2x6 inches

QUALITY: Every single unit is tested lor per
formance and inspected for quality. Solid Amen
can construction, quality components.

MFJ-620 TELEPATCH
HYBRID PHONE PATCH. -

Same as MFJ624 but | 35S .'
less VU meter. 6x2x6 el i

$5995

inches. $49.95 plus $3.00 shipping and hand
ling

One year uncondilional quarantee.

Order from MFJ and try it — no obligation. If
not delighted, return it within 30 days for relund
(less shipping)

Order today. Call toll free 800 647 1800. Charge
VISA, MC or mail check, money order for $59.95
plus $3 00 shipping for MFJ-624 and $49.95

plus $3.00 shipping for MF1620

CALL TOLL FREE ... 800-647-1800

For technical information, orderfrepair Status, n
Miss., outside continental USA, call 601-323-5869

MFJ ENTERPRISES, INC.

BOX 494, MISSISSIPPI STATE, MS 39?62 /
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fi a second look
by Jim Fisk

What appear to me to be arbitrary and capricious decisions by FCC staffers in Washington have shown
once again that the FCC bureaucrats are apparently interested in responding neither to public interest or
public need. What I'm referring to, of course, was a recent announcement that FCC type acceptance of
solid-state wideband amplifiers for the Amateur Service has been terminated without explanation by the
FCC's Office of Chief Scientist. Are Radio Amateurs to be denied the use of modern solid-state technology
because of the autocratic decision of an obscure bureaucrat in a democratic government? Is this not a con-
tradiction to paragraph 97.1(c) of the FCC's own Regulations which state that one of the fundamental pur-
poses of the Amateur Radio Service is to encourage and improve . . . the amateur radio service through
rules which provide for advancing skills in the . . . technical phases of the art?"’

This recent action is just another in a long series of official FCC decisions which are contrary to the
needs and desires of the Amateur Radio community — the linear amplifier ban, an unpopular and ridicu-
lous callsign system, equipment type acceptance, the ASCII ban, recommending to the World Administra-
tive Radio Conference (WARC) that CW be an “option’’ for the Amateur Radio service. This last item is a
real dilly and stresses the need for closer congressional scrutiny of the Commission.

Several years ago, as part of the WARC preparations, the FCC formed the Advisory Committee for
Amateur Radio (ACAR) and gave them the task of recommending, on behalf of Amateur Radio, what pro-
posals should be made by the United States at WARC ‘79. ACAR carefully reviewed Article 41, which
contains miscellaneous rules pertaining to the Amateur service including a Morse code proficiency require-
ment for operation below 144 MHz, and proposed no changes. As the WARC preparations proceeded, the
FCC released Notices of Inquiry in Docket 20271 which requested public comment on various WARC draft
proposals. The Commission requested comment on a proposal of ‘‘no change’’ to Article 41; those who
responded supported that proposal. The FCC staff, however, chose to ignore both ACAR’s advice and the
public comments and recommended to the State Department that the United States’ WARC position
should include a proposal to delete the requirement for Morse code proficiency!

in Geneva the United States delegation proposed to make the code requirement below 144 MHz a “‘rec-
ommendation” rather than a requirement, a position that was supported by both Canada and Japan. For-
tunately, some 15 administrations opposed the move as did every Radio Amateur in attendance. Brazil
argued that any change to Article 41 would jeopardize existing reciprocal licensing agreements; Sweden
proposed a 28-MHz cutoff; Papua New Guinea suggested 30 MHz. In the end the Papua New Guinea pro-
posal won out and will be recommended for adoption by the conference. In effect, this lowers the frequen-
cy for a code-free Amateur Radio license to 30 MHz, a change which affects only six meters. Thus
Amateur Radio lost a little — it could have been much worse — and the blame falls directly at the feet of
unknown staffers within the FCC.

How could this happen? The publicly stated position of the FCC in April, 1977, regarding Article 41
reflected both the advice of ACAR and majority public opinion; its recommendations to the U.S, State
Department less than two years later proposed a deletion of the Morse code requirement, in direct contra-
diction to the public’s wishes. Apparently the change was conceived by some staff member (or members)
within the Commission in direct violation of the Administrative Procedures Act, and no one in authority felt
strongly enough about their public responsibility to veto it. {t’s no secret that the CB industry has been
applying tremendous pressure for a code-free high-frequency operator’s license, and this recent effort to
sneak an unpopular proposal to an international forum leads one to believe they may have found a respon-
sive element; except for Amateur Radio’s friends in the international community, they would have
succeeded.

Jim Fisk, W1HR
editor-in-chief
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and 6 meters:

Nobody Does it Better.

ICOM’s new IC-551 is the all mode 6 meter unitina
compact, easy to use instrument, which uses a
built-in microprocessor for frequency control and
scanning. The no backlash, no delay dual VFO light
chopper system, similar to the IC-701 and the
IC-211, is included as a standard feature at no
extra cost, and provides split frequency operation
as well as completely variable offsets.

For quick access to DX excitement, three
memories are provided for programmed beacon
watching. The IC-551 can scan three memories
and be programmed to stop on the first one
heard. When not scanning, the three memories
and two VFO's provide five different frequencies

The new IC-551 uses ICOM’s famous 100 Hz step
digital tuning system, with a fluorescent readout
similar to ICOM's RM2 microprocessor. ICOM's dual
VFQ, single knob tuning spins through the 6 meter
band at 10 KHz or 1 KHz steps at the touch of the
high speed tuning button and/or mode switch.
Your 6 meter operations have never been easier.

B Two Digital VFO's Standard B AC/DC Power

Supply Built-in M Variable Qutput from 1 to 10
watts M Dial Lock Switch for Mobile Use B Pulse
Noise Blanker Standard M Variable Scan Speed
B Optional FM Unit B Optional RF Speech Pro-
cessor and Variable Bandpass Module (similar to
the IC-701 ... makes 10 watts sound like 25)

for the operator to select. B Optional VOX Unit with Microdelay™
5-—-‘: ,:,t._'"": e g ) T — SUETSMEIMEI I S S T e
> &
s\ v ! LY ' ’
- F - -~ f -,
- ; “!\ - -~ TRANSMIT NECEIVE !
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POWER ERITOM] 50MHz ALL MODE TRANSCEIVER -2 : \\ \ gy I
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The new IC-551, 50 MHz Band Transceiver. At your dealer now.
Also available now: New IC-551D, rated at 100 watts.

HF/VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT

[€ 3] ICOM

ICOM AMERICA, INCORPORATED

Sales Service Centers located at
2112 116th Avenue NE

3331 Towerwood Dr, Suite 307
Dallas, TX 75234
Phone (214) 620-2780

ithout notice. A

ICOM INFORMATION SERVICE
2112 116th Ave, NE
Bellevue, WA 98004

Please send me: || IC-551 specifications sheet; | | full color
ICOM Product Line Catalog; List of Authorized ICOM
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linear power amplifiers
Dear HR:
| would like to comment on Bill
Orr's article on linear amplifier con-
struction in the June issue. | believe
his warning against military surplus
tubes is much too conservative. I'm
afraid most Radio Amateurs watch
costs. New high-power transmitting
tubes will go a long way toward driv-
ing the cost of a homebrew linear
past the cost of a commercial amplifi-
er. | have built a linear using three
813s in parallel, and at 1500 watts PEP
it performs beautifully, just as pre-
dicted in author Orr's own Radio
Handbook. Few tubes can beat the
813 for clean response or ruggedness
{carbon plate version). | have
acquired a collection of six JAN 813s,
mostly from other hams; all have
been tested in my amplifier and all
work beautifully. For a small fraction
of the cost of a 3-1000Z or even two
3-500Zs, | have a good set of tubes in
my amplifier and a spare set on hand.
If you're considering building your
own linear amplifier, read everything
you can, such as W6SAI’s fine arti-
cles, then build it yourself, and
scrounge.
William Brain, KB5EY
Houston, Texas 77040

Right. There’s nothing wrong with
buying a surplus 813 from a fellow
ham for a few bucks and trying it out
in your rig; maybe he’ll even take it
back if.it doesn’t work.

It's all a matter of judgment. How
about buying a surplus 88772 You can

6 december 1979

save nearly a hundred dollars over the
user’s price if you buy a surplus tube.
But what if your “bargain” tube is
bad? If you have bought it from a sur-
plus dealer by mail, do you think you
will get a refund? Fat chance. It all
depends upon how much of a risk
you want to take. You don’t lose
much with a surplus 813 or two.

Being in the power tube business, |
am familiar with tear-stained letters
from hams who have bought a JAN-
branded, expensive, power tube and
have been dismayed to find the tube
bad and n6 warranty on it. But if you
understand the limitations on warran-
ty with respect to surplus tubes, and
have the ability to test your tube im-
mediately upon getting it home (and
stand a reasonable chance of getting
your money back if the tube is no
good/, why not? After all, plenty of
people lose a wad of money every
day at the horse races. But they have
the fun of watching the horses run.

Bill Orr, W6SAI
Menlo Park, California

memory keyer
Dear HR:

| have just finished building the
memory keyer featured in the April
issue of ham radio; | wish to thank
Robert C. Cheek and your magazine
for a beautiful and accurate article on
the construction of this keyer.

| substituted 21LO2 memory chips
for the 2102s and then added a 7400
gate with all inputs tied to ground. A
single switch in the 5-volt supply to
the 7400 will give a high or inactive
output on the four gates; three of
these outputs are tied to the chip-
enable pins of the 21LO2 memory
chips. With the addition of separate
switches in 5-volt supply lines to the
memory board and the keyer, and a
separate supply line with a 70-ohm
resistor bypassing the switch to
memory board, you can hold the
memory in a power-down mode with
a drain of less than 40 mA {compared
with over 300 mA to the memory
board alone at 5 volts).

| found the power supply ran a little
warm when the drain was high and

the keyer was left on overnight to re-
tain the memory. The 70-ohm resistor
reduces the supply voltage to 1.5
volts to the memory board; the chip-
enable pins on the 21L02s are float-
ing at about 4.5 volts from gates of
the 7400 chip. With the 5-volt supply
to the 7400 switched off, the gate
outputs are inactive and the 21L02
functions as before the modification.
Switching to memory power-down
mode must take place before the 5-
volt supply to the memory board is
opened or else memory is lost, There
is a zero time factor from power on to
power down,
William Hansen
Glenwood, lllinois

split-band speech
processor

Dear HR:

Congratulations to Wes Stewart,
N7WS, for his fine article, "‘Split-
Band Speech Processor,” in Septem-
ber, 1979. Wes mentions that the cir-
cuit is sensitive to rf and that the
proper use of ferrite beads, bypass
capacitors, and rf shielding is impor-
tant; he is correct. To this end, |
would like to suggest that rf bypass
capacitors be added in parallel with
the 1N914 clipper diodes to prevent rf
mixing. Values of several hundred
picofarads should be sufficient.

Since symmetry is extremely im-
portant in the prevention of second
order harmonics, | would also recom-
mend replacing the 1N914 clipper di-
odes with diode pairs such as Motor-
ola’'s MSD6150. Using two diodes
manufactured on the same substrate
provide close matching of Vy and
other electrical characteristics. It is
also an ideal means of keeping both
diodes at the same temperature, en-
suring the best clipping symmetry
possible. The additions have proven
themselves in the processor | am
using.

James D. Allen, WA2SSO
Rochester, New York

{Continued on page 12)



KENWDDD

- pacesetter in amateur radio

...for the discerning Amateur
who demands quality.

The TS-180S with DFC (Digital Frequency Control) is Kenwood's top-of-the-line all solid-state HF SSB/CW/FSK transceiver
covering 160 through 10 meters, with outstanding performance and many advanced functions, including four tunable
memories to provide more operating flexiility than any other rig!

TS-180S FEATURES:

« Digital Frequency Control (DFC), including four memories and
tligital up/down paddle-switch tuning. Memaories are usable in
transceiver or split mades, and can be tuned in 20-Hz steps up or
down, slow or fast, with recall of the original stored frequency,
{Also available without DFC.)

= All solid-state; 200 W PEP/160 W DC input on 160-15 meters, and
160 W PEP/140' W DC on 10 meters.

® |mproved dynamic range, with improved circuit design and RF
AGC (“RGC"), which activates as an automatic RF attenuator to
prevent receiver overload.

» Adaptable to three new bands, and VFO covers more than 50 kHz
and DFC 100 kHz above and below each band.

= Buijlt-in microprocessor-controlled digital display. Shows actual
{raquency and switches to show the difference between the VFO
and "M1" memory frequencies. Blinking decimal points indicate
“out of band." (An analog monoscale dial'is also included,)

* |F shift (passband dialing to eliminate ORM)

= Dual SSB filter system (second filter is optional) to provide very
sharp recelver selectivity, improved S/N, and 30 dB compression
with RF speech processor on transmit.

 Tunable noise blanker, to eliminate cross modulation from strong
signals when noise blanker is an

 Selectable wide and narrow CW bandwidth on receive (500-Hz
CW filter is optional),

© 5SB normal/reverse switch (proper sideband is automatically
selected with band switch).

» Dual RIT (VFO and memory/fix).

= Available without DFC. Digital frequency display still included,
with differential function showing ditterence between VFD and
“digital hold” frequencies.

OPTIONAL ACCESSORIES:

+ DF-180 digital frequency control (for TS-1B0S without DEC),
o YK-BBCW 500-Hz CW filter
» YK-B85SB second filter for dual-filter system.

VFD-180 AT-180

TRIO-KENWOOD COMMUNICATIONS INC
1111 WEST WALNUT /COMPTON, CA 90220
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WARC NEWS CONTINUED GENERALLY FAVORABLE for the Amateur service, ARRL's WARC team
reported from Geneva in early November. Some consideration has now been given to the
Amateur bands, and on a world-wide basis, the service is holding its own.

160 Meters: An exclusive 40-kHz slot in Region 1 seems to be within reach; Region 2
looks Iike it'll keep 1800-2000 kHz with 50 kHz exclusive (probably the bottom end) and
150 kHz shared. Region 3 is also likely to end up with 200 kHz, possibly all on a shared
basis though an "Amateur Exclusive'" slot is possible.

40 Meters: As of now, the present 7-MHz world-wide allocations appear to have been
maintained. However, international broadcasting's desire for new frequencies should still
be considered to be a potential threat to a portion of that band.

10 Meters: It was agreed in committee to maintain the 28.0-29.7 slot as Amateur ex-
clusive, worldwide. That committee is discussing the possibility of a separate HF-bands
broadcasting conference in the future, and has appointed a large working group to recom-
mend the ground rules for such a conference.

6 And 2 Meters: Present 50-MHz allocations do not appear to have been altered at this
time. 144-148 MHz is also retaining the status quo, though some reservations ("footnotes')
are believed to have been proposed for the band in some areas.

220 MHz: Amateur and Mobile services have been proposed as ''Co-Primary" users for this
band, in Region 2 only.

1215 MHz: A reduction to 1240-1300 was voted after considerable discussion by the
Working Group. 1215-1240 would go to the Radio Navipation Satellite Service, with 1240-
1300 a world-wide secondary allocation for Amateurs and the 1250-1260 MHz subband for
Amateur satellite uplinks. The U.S.S.R. indicated it may later suggest a further reduc-
tion to 1250-1300 for Amateurs.

Microwave: 10.45-10.50 GHz has been proposed as a world-wide "Amateur Satellite"
subband. The present 24 GHz band has been sustained by the Working Group, and the out-
look is good for Amateur interests in the millimeter wave area above 40 GHz.

ASCII WAS ACCEPTED, paving the way for its use by Amateurs in the near future, at the
Commission's meeting in Washington in mid-October. After considerable discussion, the
Commissioners agreed to let Amateurs use ASCII for RTTY and instructed the staff to pre-
pare rules for its implementation. During the discussion identification of Amateur sta-
tions operating on RTTY was a key issue, and the present requirement that RTTY users
must identify using CW was the telling argument in getting the Commissioners to agree on
the ASCII okay.

ANY AMATEUR LICENSE MODIFICATION will now require filing of a Form 610 or 610B, the
FCC has decided. Previously, a change in mailing address (only) simply required a note
to Gettysburg, though a station location change did require a Form 610 or 610B. For
most Amateurs, mailing address and station location are the same. However, most Amateurs
who have moved have not been submitting 610s, thus requiring a response from Gettysburg
before their request for modification could be processed.

Modified Licenses now will be extended for a full 5-year term effective on the modi-
fication date; changes were effective November 12.

WIDEBAND FM ON ALL OF 6 METERS is to be proposed in a new Notice of Proposed Rule
Making due shortly from the Commission; the Commissioners decided to throw the issue of
6-meter sub-bands squarely back to the Amateur fraternity by proposing that the band have
no divisions by modulation. Strong opposition to the proposed deregulation can be ex-
expected from SMIRK and other 6-meter DXers.

AMATEURS WHOSE LICENSES or upgrades were obtained by fraud will soon be the subject of
enforcement action, as a result of a recent Commission meeting. In addition, a number of
Commission employees who received callsigns in a manner "inconsistent” with Commission
procedures soon will be receiving new callsigns. About 50 people in the first category
were identified as a result of the FBI investigation that began in Indianapolis back in
June, 1977. Many of them, along with other Amateurs who may have taken part in fraudu-
lent licensing schemes, will be facing revocation or suspension proceedings.

No Action Is Planned against non-FCC Amateurs who received special callsign treat-
ment in the past.

LAUNCHING OF THE UNIVERSITY OF SURREY/AMSAT UK UOAST has been approved by NASA. The
launch now is scheduled for mid-1981. Plans call for the inclusion of a synthesized
telemetry system and a slow-scan TV camera on board the British OSCAR. The TV system
will photograph cloud cover and the earth so that Amateurs can receive the pictures di-
rectly on their equipment.

A 23-CM LINEAR TRANSLATOR was put into service near San Jose, California in September,
after extensive low-level tests. The translator was developed to provide new techniques
for orbiting and terrestrial translators using microwave frequencies and to encourage
greater 23-cm activity by Amateurs.

8 december 1979



sxcerpts from unsolicited letters an
1 owners of the new TEN-TEC OMNI trans

"I sold a Yaesu to buy this and am very impressed"”’
“My first QSO with OMNI-A was LAISV on CW and
second was EASSK on SSB."’

""Excellent rig, just as advertised.”’

““Verv pleased with performance. QSK feature

very slick."’

““This is my 5th TEN-TEC transceiver in less than 2
vears. [ loved them all and still have 3.""

““Through the years | have had complete Drake

and Collins stations. | tried a 544 Digital and liked

it the best so decided to purchase the 546

OMNI-D Digital.””

"“Your OMNI is the best rig I have had in 20 years
of haming."’

"*As a owner of Collins rig, your OMNI-D is the best."”

“'I already have an OMNI-A, 544 and a TRITON IV.
You may ask why I own so many TEN-TEC rigs.

In case there is a great RF famine, | want to

be ready!™’

**You guys really know how to turn on an old timer!"’

“‘Best operating & most conveniences of any
transceiver I've ever used.”

“I like CW. Compared OMNI against IC701 (rcur)
and OMNI won hands down. XYL WD6GSB really
enjoys rig on SSB. Finds rig is very stable and
digital readout accurate."’

“‘Have checked it out on both modes from "‘top band"’

(160) all the way to 29 MHz. Terrific!!!!"’

"“Works well, parts layout and design much better for
any possible servicing than other ham gear. The
Japanese hybrid sets can’t compare to TEN-TEC

for audio. Audio reports excellent without special
speech processors, etc., to distort the signal.”™’

“‘I have been using the S-Line over 15 yrs and

never thought anything could outperform it. I got the
biggest surprise and THRILLED with this OMNI-D
even though | have been a ham since 1936.""

WBSULA

N2CC
WB5TMD

WBOELM

WBOVCA

WAINFM

K4IHI
—K9JJI

WD4HCS
KSELS

W6L.ZI

AC6B

W4DN

AGSK

KV4aGD

*“This must be the greatest. I've spent enough money

on final tubes to almost pay for this.' KA4BIH
**This transceiver was recommended to me by old

time hams (Xtras) whom | have known for 40 yrs.

Has excellent break-in."’ N6AVQ
“‘Best package job I've ever seen! First licensed 6AAV

in 1926. Now in operation—a sweetheart!"’ W7LUP
“From a 32V2/8X115 to an OMNI is a big step!"’ Ké6YD

“Receiver promineni—transmitter likewise
working comfortable—pleasing design.”’

OEIFAA

“*First new rig for me in 10 years but seems

to be very good.”' W5GBY
“*The best transceiver | ever used or owned.”’ WaTs
“ wouldn't swap my OMNI for anything on the

market, reqardless of price.”’ WDOHTE

OMNI/SERIES B FEATURES
All solid-state; 160-10 meters; Broadband design; Standard B-Pole
2.4 kHz Crystal Ladder I-F Filter + Optional 1.8 kHz SSB Filter &
0.5 kHz 8-Pole CW Filter; 3-Bandwidth Active Audio Filter; Choice
of readout OMNI-A (analog dial), OMNI-D (d 1); Built-in VOX
and PTT, Selectable Break-in, Dual-Range Receiver Offset Tuning,
Wide Overload Capabilities, Phone Patch Interface Jacks: Adjusta-
ble ALC; Adjustable Sidetone; Exceptional Sensitivity; 200 Watts
INPUT; 100% Duty Cycle, Front Panel Microphone and Key Jacks;
Zero-Beat Switch; 'S /SWR Meter; Dual Speakers; Plug-In Circuit
Boards: Complete Shielding; Easier-to-use size: 5%'h x 14%"w x
14"d; Full Options: Model 645 Keyer $85; Model 243 Remote VFO
$139, Model 252MO matching AC power supply $139; Model 248
Noise Blanker $49: Model 217 500 Hz 8-Pole Crystal Ladder CW Filter
$55, Model 218 1.8 kHz 8-Pole Crystal Ladder SSB Filter $55

Model 545 Series B OMNI-A . .. $949

Model 546 Series B OMNI-D ... $1119

[o add vour name to the fast-growing list of OMNI owners, see your
TEN-TEC dealer

el

or write for full details

TEN-TEC N

SEVIERVILLE, TENNESSEE 17862
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Rockwell Collms

better be good.
It is.
The Pro-mark KWM-38

The remarkable new Pro-mark KWM-

380 continues the Rockwell-Collins

heritage for quality amateur equipment.
Pro-mark KWM-380 is a complete base

station in a smartly styled desktop configura-

tion. The look is unmistakably professional.
All'in one unit. AC/DC power supply,

speaker and accessory VFO function are

built in.

Microprocessor frequency control pro-
vides rate selectable tuningin | MHz, 1 kHz,
100 Hz or 10 Hz increments. Frequency
memory provides split VEO function (half-
duplex) for transmit and receiver registers.

The high resolution frequency synthe-
sizer locked to a high stability frequency
reference is accurate to i0 Hz with no
bandswitch. Eliminate undesired signals

with independently selectable I.E

Specifications

Frequency Range: Tunable in 10 Hz steps.
Receive mode — 2.0 to 30.0 MHz, 0.5t0 2.0
MHz at reduced sensitivity.

Transmit mode — SSB or CW 160- thru 10-
meter amateur bands.

Mode: SSB (voice and RTTY, either
"idlch‘md selectable), CW, or AM (receive
only)

Power requirements: 105, 115, 125, 210, 220,
230, 240, 250, +5% V ac (Internal strapping
option) 50-60' Hz, 12 V to 15 V dc (Connector
strapping). 120 W input in receive max;

600 W input in transmit max.

tSubject to change without notice.

bandwidths and passband tuning. Optional
LE __Iters can be selected independent of

: Iflt. asn’taquantum Jjump
‘of our highly successful S/Line
' - wouldn’t have built it.
-- ticipating

Rockwell International

..where science gets down to business

Pro-mark

""

DELAY

350

MOX VOX NB PROC AGC SLOW

MEYER

Frequency accuracy: Accurate to within 5
Hz when the 39.6 MHz oscillator and the
455.0 MHz osgillator are set within + 3Hz.
Warm-up time is 10 min.
Frequency stability: Stability is within £150
Hz over the temperature range of (-50°C,
TRANSMIT PERFORMANCE
Output impedance: 50 ohms nominal.
Power output: 100 W PEP nominal from
1.6-30 MHz. In CW or RTTY, there is au-
tomatic turndown to 50 W after 10 seconds,
50% duty cycle, key down 15 minutes max.
With the optional blower kit, power is
100 W average, 50% duty cycle, key down |
hour max at 25°C, %3 hour max. at 50°C for
all modes,

MIC / CARRIER

0 JO 2O §

Mic PHONES

® ®

MODE VFO
LS8 usB RA.TB

SELECTIVITY
PBT —)- BW
OPT 1

GAIN
AF —<)- RF

Unwanted signal suppression: (minimum
values below)

Carrier suppression 50dB
Undesired sideband,

| kHz ref 55dB
Harmonics (all) 40dB
Mixer products 55dB

Third order distortion: 25 dB below each

tone of a two-tone test.

Audio inputs: Microphone — low impedance
type, internal strap for HI-Z. Line — 600 ohm
input unbalanced impedance; level of 40 mV
sufficient to produce full output,



B e i o A o it e

SYNC LOCK

Audio frequency response: Not more than Selectivity: In operating modes of USB,
S dB variation from 300 to 2400 Hz. LSB, CW, and AM,

RECEIVER PERFORMANCE BW at —3dB BW at —60dB
Antenna impedance: 50 chms ~ (min) (max)

y: Not more than 0.5 uV for 10 dB 2.1 kHz 4.4 kHz
wr SSB and CW, 'I"kHr 1 4kHz
2 n 10 \n MHz. Broadcast band attenuation *360 Hz 1.25 kHz Intermodulation distortion: Tw
is a nominal 30 dB. "140 Hz 600 Hz spaced 20 kHz ata level of —10dBm
I.E. and image rejection: Greater than 60 dB. *6.0 kKHz 95 kHz will produce IMD down 50 dB min.
'8 kH" Ehk}lz. Size: 15.50" W (39.4 ¢cm); 6.57 H (16.5 cm)
: Aotr s (w/o feet), 7.5 H (19.1 cm) (w/feet); 18.00° D
*optional ‘ i
Audio output: Not less than 342 W into 4 feight: 50 Ibs. (22.7 kg).
ohm load at 1 kHz, at not more than 1095
total harmonic distortion. Line audio out-
put, —10 dBm nominal into 600 ohms.




You'd expect

the distributor
who sells
Rockwell-Collins’
new
Pro-mark’ KWM-380
to be an expert.
He is.

He's your Rockwell-Collins Distributor,
a real pro at answering questions and

solving problems.

He's especially proud to have been
selected to represent the new Pro-mark
KWM-380. And he's made it his business
to know it inside out. See him soon.
He'll be glad to give you a demonstra-
tion. And remember, he'll be there to

Col

suprorl your needs for years to come.
ins Telecommunications Products

Division, Rockwell International,
Cedar Rapids, 1A 52406, Telex 464-435.

CALIFORNIA

Anaheim — Ham Radio
Outlet

Anaheim — Henry Radio
Co., Inc.

Burlingame — Ham

Radio Outlet
Los Angeles — Henry
Radio Co., Inc.

Dakland — Ham Radio
Qutlet

San Diego — Ham Radio
Outlet

San Jose — Quement
Electronics

Van Nuys — Ham Radio
Outlet

COLORADO

Denver—C. W. Elec-
tronic Sales Co.

FLORIDA

Miam| — Amateur Radio
Center, Inc.

Miami Springs — Argon
Electronics Co.

Orlando — Amateur
Electronic Supply

GEORGIA

Atlanta — ACK Radio
Supply

HAWAII

Honolulu — Honolulu
Electronics

ILLINOIS

Chicago — Erickson
Communications, Inc.

Peoria — Klaus Radio, Inc.

INDIANA
Terre Haute — Hoosier
Electronics, Inc.

KANSAS

Overland Park —
Associated Radio
Comm., Inc.

LOUISIANA

Metairie — Thomas J.
Morgavi Elec.

MARYLAND

Wheaton — Electronics
Int'l. Service Corp

N

MINNESOTA

Minneapolis — Elec-
tronic Center, Inc.

MISSOURI

Butler — Henry Radio Co.

St. Louis — Ham Radio
Center

5t. Louis — Midcom
Electronics, Inc.

NEVADA

Las Vegas — Amateur
Electronic Supply

NEW HAMPSHIRE

Concord — Evans
Radio, Inc
NEW YORK

Amsterdam — Adiron-
dack Radio Supply, Inc

Farmingdale, L.|. —
Harrisor Radio

New York — Barry
Electronics Corp.

New York — Harrison
Radio

Valley Stream — Harri-
son Radio

NORTH CAROLINA

Otto — Slep Electronics
Company

OHID

Wicklitfe — Amateur
Electronic Supply

OREGON

Portland — Portland
Radio Supply Co.

PENNSYLVANIA

Trevose — Hamtronics

TEXAS
Dallas — Electronic
Genter, Inc.
Houston — Madison
Electronics Supply
WASHINGTON
Seattle — ABC
Communications
Spokane — HCJ
Electronics
WISCONSIN
Milwaukee — Amateur
Electronic Supply

Rockwell
International
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comments

(Continued from page 6)

lightning protection
Dear HR:

While | was pleased to see two let-
ters in the July issue complimenting
my article on lightning protection, |
must take exception to WBRTK's
suggestion that the ground wire on a
wooden pole be broken into short
lengths, with small spark gaps be-
tween segments.

The main ground conductor on a
wooden pole is one of the most im-
portant items in the protection sys-
tem. The establishment of a low im-
pedance path from the air terminal on
top of the pole to ground is necessary
to send the greatest possible percent-
age of the total lightning stroke cur-
rent directly to ground. Although
lightning will certainly jump across
the small gaps recommended, the
presence of these gaps will have a
negative effect on the performance of
the overall protection system. | don’t
know how to quantify the amount of
degradation, but | don’'t think it's
wise to take a chance. Also, even if
lightning doesn’t strike the pole, the
breaking up of this ground lead may
allow the entire antenna system to
acquire a large static charge, possibly
sufficient to cause minor equipment
damage.

Mr. Caldwell is concerned that this
ground wire may have some undesir-
able effects on the performance of
the antenna system; when consid-
ered from the standpoint that the
ground wire only makes the wooden
pole look electrically equivalent to a
metal tower, | think it is safe to say
that this effect must be minimal.

John E. Becker, KIMM
Prospect Heights, lllinois

quartz crystals
Dear HR:

It has been brought to my attention
that a statement in my article on
quartz in the February issue was mis-
leading if not incorrect. While it is

true that crystals have high induc-
tance and low motional capacitance,
this is not the reason for high Q; Q is
a ratio of the charge stored to the
charge dissipated. In crystals the
charge is primarily stored by the in-
ductance, so Q is determined by the
value of the motional inductance
divided by the motional resistance:
2wfK1
Q-4

Most of us associate high inductance
with a large piece of iron wrapped
in copper wire an arrangement
which is completely ineffective at rf.
With quartz, you must rethink the
problem.

Don Nelson, WB2EGZ

Voorhees, New Jersey

10 meters for satellite

communications

Dear HR:

| write in response to WI1GMP,
who suggests (July ham radio) that
we discontinue the use of 29.360 -
29.502 MHz for satellite communica-
tions. To put this into proper perspec-
tive, the frequency spectrum reserved
for this purpose is no wider than two
25-kHz wide repeaters, adding both
input and output bandwidths, yet
serves fifty times as many stations on
an intercontinental basis.

Apart from the aspect of communi-
cations, the use of 10 meters has
been the basis of valuable research
into sub-horizon communications, Eg
and aurora detection and forecasting,
and low-level signal techniques; it is
also of great value in using Amateur
Radio for teaching practical physics,
geometry, trigonometry, astronomy,
and mathematics through the use of
a simple antenna and receiver.

The present maximum in the solar
cycle will soon begin to decay, leav-
ing only the satellite devotees to
effectively occupy the high end of 10
meters. This will help prevent intru-
sion and takeover of the top part of
the band, safeguarding it by regular,
valuable usage.

Pat Gowen, G3IOR
Norwich, England

More Details? CHECK — OFF Page 126



WHEN OUR CUSTOMERS TALK ...
WE LISTEN.

John Fail, KL7GRF/6
Long Beach, CA

Vernelle “Red" Irwin, KSKUW
Kenney, IL

Harry Belock, AA2X
Great Neck, NY

Tom Gentry, KSVOU

John Whitaker, WSHEZ

Dallas, TX Baton Rouge, LA
And we respond with unexcelled RTTY equipment.

One reason RTTY equipment designed by HAL customer ideas with their own to create the most
is always state-of-the-art quality is our open channel advanced equipment features and capabilities in the
of communications with customers. industry.

We want to hear the "What if's. . ." and "How It adds up to greater enjoyment of RTTY operation
about's .. ." that come from active and dedicated and a dependability factor backed with a full one-year
RTTY operators. Our engineers have combined warranty.

Write or give us a call. We'll be glad to send you our new RTTY catalog.

HAL COMMUNICATIONS CORP.

Box 365 For our European Customers Contact:
Urbana, lllinois 61801 Richter & Co., D3000 Hannover 1
217-367-7373

I.E.C. Interelco. 6816 Bissone/Lugano



Construction details
of a 2-meter
synthesizer featuring
choice of

output frequency
and CMOS design

Soon after joining the 2-meter fm crowd about
three years ago, | learned how limiting ‘‘rockbound”’
mobile operation can be. At the same time, | had
been wanting to learn more about frequency synthe-
sizers, and designing and building one looked like the
perfect answer to both needs. The result of my labor
tunes from 146.000 to 147.995 MHz in 5-kHz steps
and provides a variety of output frequencies to per-
mit use with quite a number of rigs. This article will
give full details on how the design was thought out,
as well as how to build a copy. If you are interested in
the subject of synthesizers, want to design one of
your own but wonder where to start, or have solder-
ing iron in hand ready to begin building, this article is
foryou.

design requirements

{n addition to the above description, | expected the
completed design to meet the following require-
ments:

1. Thumbwheel switch selection of receive and
transmit frequencies

2. High output purity, at least 60-dB spur rejection
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CMOS 2-meter synthesizer

3. Self-contained; simple construction and cir-
cuitry

4. Minimum of test equipment needed to align and
test

5. Minimum modification of 2-meter rig

6. Capable of mobile operation

operating frequency

The first choice was an operating frequency for the
synthesizer. By looking at schematics and informa-
tion on a number of common rigs, | learned that most
use a receive crystal near 45 MHz. Transmit frequen-
cies are less consistent and include f/6, /12, f/18,
and f/24. The circuit simplicity and purity goals ruled
out the use of multipliers; therefore, | picked 45 to 49
MHz, or one-third the channel frequency.

synthesizer concepts

The next step was finding the most suitable
method of synthesis. A literature search showed that
the most popular type of synthesizer today is an elab-
oration of the phase-locked loop (PLL). Fig. 1 shows
the block diagram of such a system. In this, the VCO
(voltage-controlled oscillator) is made to run at N
times the reference frequency, fgr, which is normally
fixed. Because of loop feedback, changing the divide
ratio, N, also changes the VCO frequency to maintain
the frequency relationship shown.

Because of its apparent simplicity, this kind of syn-
thesizer seemed like an ideal approach for my design;
but, after studying the logic required, some serious
complications were obvious. The need for an i-f shift
to go from transmit to receive made the design a real
mess.

By Tom Cornell, KS3LHA, RR2, Box 53A,
Greentown, Indiana 46939



Several synthesizer schematics showed a different
approach that looked like it had real promise; fig. 2
shows the basic block diagram. The design freedom
introduced by choice of crystal frequency allows the
same variable divider ratio to be used in both transmit
and receive. This results in great simplification of the
overall synthesizer system.

practical design

This section will cover the more important design
considerations.

VCO. The simplest form of VCO is a varactor-tuned
oscillator, and a common circuit is shown in fig. 3.
While a VCO can be developed by trial and error, it is
much easier to calculate tank circuit values using the
equations shown in the Appendix of this article.

DC CONTROL VOLTAGE

t

PROGRAM VARIABLE
- DIVIDER LOW-£ASS
INPU =N
/N
PHASE
oeTecTOR —" \

ERROR SIGNAL
r

REFERENCE G
OSCILLATOR

T

Nfg

fig. 1. Block diagram of a simple synthesizer using a phase-
locked loop.

Assuming a receiver i-f of 10.7 MHz, the minimum
and maximum VCO frequencies are:

fmax = 147.995/3 = 49.33166 MHz
Sonin = (146.000—10.7)/3 = 45.1 MHz

After picking some varactors (Motorola MV-2209)
and suitable end point voltages, | was able to begin
using the equations.

Conax = 50 pF (17)

Letting C1 = 330 pFand C2 = 33 pF and assuming
3 pF of transistor and stray capacitance, the total
fixed capacitance, T, was 33 pF. The equations then
gave C, = 88.2 pF and L = 0.19 pH. The circuit
was built using these values and worked just about
exactly as intended.

Ciin = 28 pF(6V)

Oscillator/mixer. Design of the oscillator/mixer
has quite an impact on the variable divider, and, after
much study | decided on:

LOW PASS
veo FILTER

PHASE
/ DETECTOR

MiXER VARIABLE
S DIVIDER
- Ix -N

fy N

CRYSTAL o -t
OSCILLATOR m d

fig. 2. Diagram of a mixing-type synthesizer where the same
divide ratio can be used for either transmit or receive, with
the change in frequency accomplished by shifting the crys-
tal oscillator frequency.

Nat 146.000 MHz = 400
Srtat (TX) = 48 MHz
Nat 147.995 MHz = 799

Sxtat (RX) = 48—1-f/3

These numbers are a good illustration of synthesizer
operation, and it might help your understanding if
you plug them into the equation shown in fig. 2.

After selecting these points, design of the oscilla-
tor and mixer was relatively uncomplicated. A dual-
gate MOSFET with an untuned output circuit was
selected as the mixer, and two separate oscillators
were used for receive and transmit.

Variable divider. The variable divider design has a
lot to do with the complexity of a synthesizer circuit,
and an intelligent choice is very important. Some of
the divider requirements have already been covered,
and the remaining important characteristic is speed.
For this kind of synthesizer, the highest divider speed
is:

finfmax) = NyoxXfr = 1331.66 kHz

After studying the above requirements and the
data sheets of a number of prospective devices, |
chose the RCA CD4059 as the most suitable. This IC
is a CMOS, b-stage, BCD-programmable counter
which has exactly the capability needed in this
design. Additional factors favoring this choice were
the inherent properties of CMOS. This logic family
offers greater circuit density than TTL. It also con-
sumes far less power, which incidentally means that
there will be much less high-frequency energy pro-
duced to cause interference in other parts of the syn-
thesizer.

Phase detector. A second CMOS IC, the CD4046,
was selected as the phase detector. This is a special
purpose device designed specifically for such an

december 1979 15



v TUNING
VOLTAGE

L
i) c,
) )

fig. 3. Schematic diagram of the basic VCO oscillator. The
computations for the component values are shown in the
appendix.

application. In addition to the phase detector, the
CD4046 has a lock detection circuit that will be
described later.

Lowpass filter. To keep the phase detector switch-
ing products from frequency modulating the VCO, a
lowpass filter is inserted in the tuning line to the VCO.
Because of its inherent phase shift, this filter is also
to a large degree responsible for determining the PLL
stability. And, while there are formulas for calculat-
ing filter values, [ felt that the complex relationships
involved would dictate some “cut and try’” anyway,
so that was the design approach | used. A circuit
from another synthesizer was used as the starting
point, and experimentation helped to determine the
final values.

Fig. 4 shows the basic circuit. R1 and R2 together
with C1 establish the main cutoff frequency, which
must be somewhat less than the system reference
frequency. C2 and C3 must be several times smaller
than C1 to avoid instability and are included to add to
the filtering action. R3 dampens the filter to control
overall synthesizer system stability. My design
method was to listen to VCO harmonics on an fm
receiver and to make a sudden change in synthesizer
frequency. R3 was then adjusted until the system
demonstrated stable transient behavior.

Reference-frequency circuit. The reference fre-
quency of a synthesizer is normally equal to the
channel spacing. For this design, the spacing is 5 kHz
and the reference frequency is 5/3 kHz, since the
VCO operates at one-third the output frequency. For
reasons of stability and accuracy, crystal control is
usually considered a must,

After looking at several alternatives, | chose a crys-
tal frequency of 2.56 MHz and a CD4060 CMOS oscil-
lator/divider IC to generate the 5-kHz signal. A
CDA4027 dual J-K flip-flop was then used to divide by
three to get 5/3 kHz.
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System tests. When all of the preceding synthesizer
circuits were hooked together, Murphy put in his first
appearance. Switching from receive to transmit
invariably causes the loop to drop out of lock, and
output signal purity was awful. The first problem
resulted from something | overlooked; transmit/
receive switching caused the input frequency to the
variable divider to jump by i-f/3, which could exceed
the reliable counting speed of that IC. Adding a fre-
guency-shifting circuit to the VCO to retune the tank
for the receive and transmit ranges solved the
problem.

A buffer amplifier was placed between the VCO
and mixer because it was found that the crystal oscil-
lator was the cause of spurs in the VCO output, and
the oscillator signal was getting to the VCO through
the mixer. Purity now measured better than 60 dB,
so | figured the design was adequate. After finishing
the rest of the circuits, doing printed circuit artwork,
building the synthesizer and hooking it up to my rig, |
learned that Murphy doesn’t give up very easily! The
oscillator/tripler of my rig's receiver degraded purity
to only 55 dB. Since the crystal oscillator was still the
saurce of unwanted signals, lowering the output of
the crystal oscillator was the logical way to reduce

FROM L R2

PHASE O———AMA <%
DETECTOR
1 c2 c ]; c3
R3

fig. 4. Schematic diagram of the lowpass filter that is insert-
ed between the phase detector and the vCO.

the spurs. Unfortunately, this change resulted in
insufficient drive to the variable divider, and new cir-
cuit boards were required to add the extra amplifier
between the mixer and divider needed to bring the
level back up. But the effort was worth it. Purity at
the synthesizer output improved to about 75 dB, and
at the receiver mixer 65 dB.

Output divider. To obtain the various output fre-
quencies needed from this synthesizer, | made the
logical choice of a divider stage driven by the vCO. Of
the frequencies listed earlier, only f/ 18 presented any
problems. The others could easily be derived by
dividing the VCO frequency by 2, 4, or 8. Not provid-
ing an /18 output did seem to be a compromise of
the original requirements, but the improvement in
circuit simplicity looked like a desirable trade-off,
especially since only one rig that | knew of (Regency
HR-2B) used f/18. Builders are still encouraged to
consider this synthesizer design even though they
may have to substitute for a small portion of the cir-



cuitry in order to get the precise frequencies.

operation

This section will briefly describe the function of the
major circuit elements shown in fig. 5. The VCO is
composed of Q3 and surrounding components, CR1
is the tuning varactor. Three buffer amplifiers and
UG, the output divider, follow up the vCO. Buffer Q4
acts as a squaring amplifier to convert the sinewave
VCO output to a squarewave suitable to drive NAND
gate buffers U5D and U5B. U5D amplifies the f/3
VEO signal, and U5B isolates this output from U6 and
its back-fed divider products. Any of the four divider
outputs from U6, as well as f/3 from USD, can be
jumper-selected as the synthesizer receive and trans-
mit output frequencies. NAND gates U5A and U5C
actually supply these outputs to the transceiver.

To the left of the VCO are Q2 (the MOSFET isola-
tion buffer) and Q1 (the VCO frequency-shifting tran-
sistor), During receive, Q1 is turned on and places
C14 across the VCO tank. A TTL logic-level signal at
the Q1 collector also serves to turn off the transmit
output during receive.

Below Q1 are the two crystal oscillators, which
together with mixer Q7 were added to simplify the
variable divider design. Either Q5 or Q6 is turned on
by application of supply voltage. LC tanks are in
series with both crystals to allow slight adjustment of
actual oscillator frequency.

The mixer output signal is amplified by Q8 and Q9
to an adequate level to drive U1, the variable divider.
As shown, U1 looks deceptively simple; actually, it is
very busy inside. The divide ratio is loaded from the
switch inputs, U1 counts down N pulses to zero, pro-
duces a single output pulse, and then reloads the
divide ratio to begin the cycle again.

All the frequency selector switches are shown in
two groups below U1. Diode OR-gates between the
transmit and receive switches isolate the two groups
of switches and allow selection of transmit or receive
operation by mere application of supply voltage.
Toggle switches are used for both MHz and 5-kHz
ranges, since they are all that is necessary and are
much cheaper than thumbwheels.

To the right of U1 is the phase detector, U2. This
IC provides a tuning voltage for the VCO at pin 13
that is filtered by the lowpass filter composed of R23,
R24, R25, C27, C28, and C29. At pin 1 of U2 is the
lock-detector output, which is normally high when
the PLL is locked and goes low in a series of pulses
when out of lock.

Q10 and Q11 amplify and stretch the lock detector
pulses of U1 to produce a continuous logic-level sig-
nal that both lights the UNLOCKED indicator and
shuts off the synthesizer transmit output. C26 serves
to slightly delay the turn-on of Q10 so that slight dis-

turbances of the loop don’t shut down the trans-
mitter.

ICs U3 and U4 generate the synthesizer reference
frequency. U4 contains a crystal oscillator running at
2.56 MHz and a divide-by-512 circuit (in this applica-
tion) to produce 5 kHz. U3 then divides this frequen-
cy by three to produce 5/3 kHz. C23 allows for exact
adjustment of oscillator frequency.

In the power supply, three-terminal regulators U7
and U8 provide 5 and 8 volts respectively. Control
gates Q12 and Q13 are driven by the transceiver
push-to-talk line and select either receive or transmit
operation of the synthesizer by providing logic supply
voltages. The input LC filter, L8 and C49, serves to
protect the synthesizer from transients and noises
from the car’s electrical system.

construction

The two synthesizer circuit boards may be
assembled in any order, with the exception of the
CMOS IC’s which should be saved to the last to avoid
damage from static electricity. (See figs. 6 and 7,
respectively, for the circuit board pattern and parts
placement diagram.)* Clip a ground wire from the
soldering iron to the ground copper of the board
when soldering these ICs.

Fig. 8 shows construction of the VCO coil.T Since
this coil form was chosen for reasons of mechanical
rigidity, you will need to cover the completed wind-
ing with Q-dope or airplane cement to ensure coil
stability. Tighten the shield can to the base by mak-
ing small impressions on at least two sides of the can
into the plastic base with a center punch.

The plastic-molded coils used in the crystal oscilla-
tors may prove hard to find, and you can probably
substitute most any good-quality coil forms of suit-
able size. Information on the number of turns is
shown in the parts list.

L8, the supply filter choke can be made, or a suit-
able commercial part used. To make the choke, cut
the heads off some small-diameter nails and tape
them together to form a core roughly 30-mm {1 1/4-
inch) long by 5-mm (3/16-inch} in diameter. Wind a
coil of about one-hundred turns of no. 22-26 AWG
{0.6-0.4 mm) wire over the core. Finish by covering
with electrical tape. Form the leads to fit the circuit
board and mount to the board with ordinary string or
wire wrapped over the body of the coil.

Install jumpers to select the correct output fre-
quencies for your rig. For receive, connect a small
piece of insulated wire from pin 2 of U5 to one of the
divider outputs. For transmit, the jumper goes from

*The circuit boards and many components to build the synthesizer are
available from Radiokit, Box 429, Hollis, New Hampshire 03043.

fThe VvCO coil form is a standard 10-mm i-f transformer form. If you are
unable to find such a part, it may be purchased from the author for $1.00.
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fig. 5. Schematic diagram of the CMOS synthesizer (oppo-
site). Theindividual portions of this schematic are discussed
in the text. All small-valued capacitors are NPO ceramics.
Power supply is seen above; parts list is below.

L4 11 1/2 turns 6.5 mm (1/4 inch) diameter, slug-tuned, close-
spaced molded plastic form

L5 10 1/2turns, same as L4

L8 see text

T1 51/2 turns, tap at 2 turns, no. 32 AWG (see fig. 8).

T2 6 1/2 turns, tap at 1 3/4 turns, spaced 1 wire diameter, no. 26
AWG (0.4-mm) wire, plastic-molded 6.5 mm (1/4-inch)
diameter form, J-iron core

T3 same as T2 except aluminum core

Y1 f = (48—i-f/3) MHz, see text (44.4333 MHz, i-f = 10.7),
same as Y2 except frequency

Y2 48.000 MHz, series mode, third overtone, 0.0025 per cent
tolerance, HC-18/U case

Y3 2.5600 MHz, parallel mode, fundamental, 32-pF load, HC-6/U
~ case with wire leads, 0.005 per cent tolerance

pin 9 of U5 to a divider output. Note that the receive
frequencies actually contain an i-f offset and are real-
Iy (f — i-f}/3, (f—i-f)/6, etc. If the f/3 receive option is
used, install jumper J1 as shown in fig. 7. This will
turn off U6 during receive and eliminate some low-
level subharmonic spurs U6 produces. If /3 is not
used for receive, install jumper J2 instead to allow U6
to operate in both transmit and receive.

Temporarily install interconnecting wires between
the two boards to allow circuit alignment. Connect
the following: 5 volts, 8 volts, 8 volts RX, VCO tuning
voltage (coax), and the VCO buffer output (coax).
The synthesizer will operate on 146.000 MHz in this
condition,

alighnment

Alignment of the synthesizer requires the following
equipment: a dc voltmeter (VTVM or high-input
impedance), and a-m/fm radio (a portable set is
fine), the diode detector probe shown in fig. 9 , and
a regulated power supply (preferably current limited).
Other useful equipment includes a frequency counter
{60 MHz, high-input impedance), a grid-dip meter,
and a general-coverage receiver.

Connect the synthesizer to a 12-volt supply; it
should draw approximately 125 mA. Next, check the
5- and 8-volt supplies, which should be within 5 per
cent of the correct value. Test the 8V-RX and 8V-TX
lines. With the push-to-talk line open, 8V-RX should
read 8 volts and 8V-TX about a volt. Grounding the
push-to-talk input should bring the 8V-TX up to 8
volts and drop 8V-RX to zero.

Next, some kind of check on the 2.56-MHz oscilla-
tor should be made. There are several possibilities,
including connecting the diode probe to pin 7 of U4
{dc output voltage should be around 6.5 volts);
measuring the same point with the counter (it should
be 160.000 kHz, adjust with C23); and listening with
the a-m/fm receiver (antenna near U4) at 640 or 1280
kHz, or listening with the communications receiver at
2.560 MHz. Alignment can be by the counter or by
comparing one of the U4 divider products (1.28 MHz,
640 kHz, etc.) with a known frequency such as an
a-m radio station.

The easiest method for testing the receive crystal
oscillator is to hold a grid-dip meter near T2 as the
slug is adjusted. An fm receiver tuned to the second
harmonic of the oscillator can also be used, as well as
the diode detector probe connected across R37.
Adjust the slug of T2 for maximum output and then
turn it toward the top of the coil until the dc volt-
meter connected to the diode probe reads 0.25 volts.
Ground the push-to-talk line, and then make the
same adjustment and check on the transmit crystal
oscillator and T3. If you are able to use an aluminum
slug in T3, remember that, compared with an iron
slug, it works backwards.

If the oscillators refuse to run, temporarily bypass
the base to ground with a 0.001-t0-0.002 uF capaci-
tor. You can then find out what the free-running fre-
guency of the oscillator is and make corrections in T2
or T3 or the value of C39 or C42. If you can adjust the
oscillator in this condition to the crystal frequency,
then crystal control should work, too.

If you have a high-impedance counter available,
connect it across R37. Adjust the slugs of L4 and L5
to fine-tune the frequency of each oscillator. Without
a counter, you may be able later to arrange some
type of on-the-air check to adjust frequency.

Measure the VCO tuning voltage with your dc volt-
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fig. 6. Foil pattern for the synthesizer board (above} and the VCO board (below).

meter and ground the push-to-talk input. If the volt-
age is 8 volts, turn the slug of T1 toward the top of
the can. If the voltage is, instead, zero, turn the slug
into the coil. Adjust for a final reading of 1.0 volt. At
this point, you should be abte to hear the VCO har-
monic at about 97.3 MHz on the fm receiver.

If the tuning voltage cannot be adjusted, the prob-
lem may be one of several things. A high tuning volt-
age is caused by a high VCO coil inductance, and a
low voltage by low inductance. If slug adjustment is
insufficient, the coil turns may need to be changed;
the turns can be spread apart or squeezed together.
As an alternative, C10 can be changed slightly to get
the right tuning range. A dead VCO, mixer, crystal
oscillator, or mixer output amplifier will also cause
the tuning voltage to go to 8 volts.

Once the VCO works correctly in transmit, remove
the ground from the push-to-talk line. Adjust C14 for
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a tuning voltage of 1.0 volt and verify operation by
listening to the VCO's second harmonic on the fm
radio at 90.2 MHz.

final construction

The synthesizer boards may now be boxed to your
preference. My experience has indicated two possi-
ble critical areas: the VCO board will very likely
require a complete shield to keep transmitter rf away
from the VCO. For the same reason, wires between
the two circuit boards should be kept away from the
power/control wires entering the box from the trans-
ceiver. Once the unit is assembled, | usually recom-
mend a touch-up alignment of the VCO and crystal
oscillators to compensate for any stray capacitance
added by the case. When the frequency selector
switches have been connected, you will have your
first opportunity to check full operation of the syn-
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thesizer by listening to it on the fm radio or your 2-
meter rig.

connecting your rig

Fig. 10 shows the circuits | used to couple the syn-
thesizer to my rig's receive and transmit oscillators.
Install these right at the crystal sockets of your rig,
drill holes, and mount two coax connectors on the
rear of your rig. Connect up the entire system using
coax cable. Make sure the inductor tunes to the
transmit crystal frequency with the capacitors of
your oscillator circuit, and adjust the resistor (470
ohms in fig. 10) to keep the transmit oscillator from
running on its own (you will be mighty unpopular on
2 meters if it does).

Next, connect the power and push-to-talk lines
from your rig to the synthesizer. Shielded cable is
strongly recommended for this purpose.

The synthesizer and transmitter should now be
thoroughly tested in the transmit mode, first on a
dummy load and then on an antenna. Any rf that
gets into the VCO can cause instability and flickering
or illumination of the LED indicator. The dummy load
check will determine if your rig is feeding rf back
from its oscillators into the synthesizer. This condi-
tion may be corrected by insertion of a lowpass filter,
having a cutoff frequency just above the synthesiz-
er's output frequency, in one or both of the synthe-
sizer output lines. The antenna test is somewhat
more complicated in that certain antenna types,
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especially the gutter-mount and magnet-base variety
can cause appreciable ground currents to flow on the
coax. The solution in these cases is wire rerouting
away from the synthesizer and possibly within the
synthesizer, and use of additional shielded wires plus
the VCO shield.

additional possibilities

The simple BCD programming of this synthesizer
makes it easily adaptable to some interesting fre-

SLUG IN TOP END

fig. 8. Detailed diagram of the vCO coil. The form is a stan-
dard 10-mm shielded slug-tuned form.

quency control methods. Replacing the switches
with an up-down counter will allow scanning as well
as LED frequency readout. A memory can be used to
store favorite channel frequencies, or a microproces-
sor can be added for all kinds of control functions
including scanning all channels, a group of channels,
or those you preset. Your imagination is the limit.
When this synthesizer was developed, | intended
to build at least one unit to cover 150 to 159.995 MHz
to tune some of the vhf mobile channels, That is the

00022 IN295
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£ > 330k
0002z $
wees T CM v

I

fig. 9. Schematic diagram of an rf diode probe suitable for
tuning the synthesizer.

reason for the two jumpers beneath U1. Although
I’'ve not had time yet to try this, expanded coverage
might appeal to you. This design will, therefore, per-
mit operation over the expanded 2-meter band as
proposed by the FCC.

final comments

| hope that this article has proven valuable to you.
Should you have questions about the design or prob-
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fig. 10. Diagrams of the interface circuits between the syn-
thesizer and the rig’'s receive and transmit crystal oscil-
lators.

lems in construction, please feel free to write me, but
do enclose an SASE.

I'd like to offer my thanks to those who helped me
in this project: Dib, K9HLG, and Tom, W9lJ, for their
encouragement, counsel, and interest in the project;
to Russ, K9AYD, for his valuable ideas on logic and
synthesizer design; and to Bill, WASGUY, for his
mechanical help and engraving of the front panel.

appendix
Cp

—

a = i’ﬂx_ z Cua
fmin t w~r cm:
R PNy
r - 2
b (1- ) [T(Cpax+ Cmin) + Crmax Comin)
(1-—a) T+ Cpax— 2Crnin

c = (1— ) T Crmax Conin

T (1- )T+ Crpax— 2Crin

C,C
Cr = T+ L£=mex
T Cp+ Crmax

Cr = totaltank C at

1
(27rfmin)2 CT

25330.34 uH
)2
(f m) CT

m

fin MHz
Crin pF

ham radio



fact:

belongsin
amateur radio

Experienced operators recognize that the audio quality of
the transmitter is limited by the quality of the input from the
microphone. On the air, there's no mistaking the crisp, intelligible
messages from Shure microphones.

Shure microphones have been the overwhelming choice of
professional communications users all over the world for over 30
years. And, many of the milestone improvements developed for
the demanding professionals are found on Shure microphones
for amateur radio. Described below are just some of the
Shure-developed advances that have eliminated many field
maintenance costs common to amateur radio microphones.
ARMO-DUR® Case: Lightweight, immune to oil, grease, fumes,

sall spray, sun, rust, and corrosion. Prevents RF burn!

“Million Cycle" leaf switch: Just one of the crucial wear points
Shure-tested to insure reliability and extraordinary durability.
TRIPLE-FLEX® Cable: Provides three or four timeslonger flex|ife

than previously available cords on hand-held microphones.
CONTROLLED MAGNETIC* or Dynamic Transducer: The

exclusive Shure-designed super-rugged transducers that
give excellent voice intelligiblity and super reliability

To improve your on-air intelligibility we suggest
the following Shure Microphones for amateur radio
applications

Mobile Fixed Station
- Appll(_‘_.a_llpﬂ Application
414A° 2
SSB 407A" 444
577A° 526T Series ||
R 4148 N -
M S0747 5267 Son
5778" eries Il

*General recommendation: Consult equipment instruction
manual for correct microphone impedance
"*Noise-canceling

SHURE Hand-Held Mobile Mics

Omnidirectional

Mics (Models 407A,
4078, 507B)

Small, easy-to-handle de-
sign, with rugged Dynamic
or CONTROLLED MAG
NETIC® transducers lor ex
cellent voice nteligituiity
Hum-shielded and insu-
lated against shock. Model
5078 Dynamic version fea
tures extended low and
high lrequency response,
especially suitable for
mobile FM transmitters .
Maodular canstruction f
simplities field service

sy

the sound of the professionals

SHURE

Controlled Magnetic®
Fixed Station
Microphone
(Models 444, 450)
Qur mos! popular fixed
station microphones
Unmatched perform-
ance charactenstics
Adjustable stand raises
microphone for most
comiortable lalking
position

Fixed Station Mics.

New
Transistorized Fixed
Station Microphone
(Model 526T Series Il)

A new design lor maximurm ver-
sahlty in hixed stahon operation
Modulation level (volume) control
for high undistorted outpul with
high- or low-impedance inpuls

Compact Mini Mics
(Models 414A, 414B)
Ideal lor miniatunized or
portable communications
| systems, or where

y dashboard space s im
ited The 414 Senes CON
TROLLED MAGNETIC*
microphones are about half
the size and weight of con
ventional microphones
yel they are rugged
units, recommended for

' critical ouldoar or indoor !
’iw applications
/! |

Noise-Canceling Mics
(Models 577A, 577B)
These Shure Dynarmc mi
crophones shut out back-
ground noise, permit clear
Iransmission even where
the noise level 1s so greal
that the operator cannot
hear himsell talking! The
ARMO-DUR" case is light-
weight, feels natural o the
touch. The 577A is high im:
pedance; the 5778 is low
impedance

Intelligibility & Reliability

HERNEE

Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204. In Canada: A. C. Simmonds & Sons Limited
Outside the U.S. or Canada, write to Shure Brothers Inc., Attn: Dept J6 for information on your local distributor.
Manufacturers of high fidelity components, microphones, sound systems and related circuitry.



How to calculate
approximate near-field
radiation levels

to meet existing
environmental standards

At present there’'s a great deal of interest and con-
troversy regarding non-ionizing electromagnetic radi-
ation and its effect on the environment. This issue, of
course, affects Amateur Radio. Suggestions have
been made that all nonionizing electromagnetic radi-
ation be eliminated from residential areas, or that
such radiation be limited to levels that would make
Amateur Radio operation impossible.

Some groups, in a wave of hysteria, are attempt-
ing to make all radiation illegal. As in most situations
of this type, when one looks at the facts, the picture
becomes clearer.

In a report by the U.S. General Accounting Office
dated March 29, 1978,1 it states that 10 mW/cm2 is
the maximum level to which a human should be
exposed for 6 minutes per hour, and that 1 mW/cm?2
is the maximum continuous exposure. In other
words, to be completely safe, one should stay at
levels of 1 mW/cm2 or less. These levels are recom-
mended by the American National Standards Insti-
tute (ANSI) for frequencies between 10 MHz through
the microwave region.

&

analysis

I have calculated the approximate separation dis-
tances between the radiation source (Amateur
antennas) and humans to meet the recommended
levels in reference 1. These data are shown in figs.
1A through 1D for four Amateur antennas: half
wave, quarter wave, eighth wave, and sixteenth
wave. Parametric curves show the input power to
the antenna at two field-strength levels, 1 mW/cm?2
and 10 mW/cm2.

l.ooking at fig. 1A, one can see that if an Amateur
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environmental
aspects of

antenna radiation

operates on 7 MHz using a half-wave antenna with
100 watts input, the antenna must be at least 4.6
meters (15 feet) from any human to keep the field
strength at 1 mW/cm?2 or less. At a power of 1 kW
input to the antenna, the field at 4.6 meters {15 feet)
increases to 10 mW/cm2. Thus it's necessary to
move the antenna a distance of 7.3 meters (24 feet)
from any human to reduce the field to 1 mW/cmz2,

If the antenna has 10 dB gain in one direction, the
equivalent antenna input wouid be 10,000 watts
instead of 1000 watts. The field at 7.3 meters (24
feet) would increase to 10 mW/cm2 in the direction
of the antenna gain.

The apparent free-space field strength near any
antenna can be approximated by:

L2 P, K
Pfield = ——'“—7552 t{:‘t watts/meter? n
an

where L = length of antenna (meters)

P,,, = power input to antenna
{watts at Z,,,,)

Zqsn: = inputimpedance of-antenna {ohms)

A = wavelength in meters (300/fpHz)
4 2
K= Wj(values in table 1)
(ar)t
oa = 27/

r = distance from the antenna (meters)

f = frequency

After the apparent free-space field strength has been
calculated in watts/meter2 it can be converted to
mW/cm2 by multiplying the calculated value by 0.1.
In other words, 100 W/m2 is the same as 10
mW/cm2. If the field strength in volts/meter is
desired, the following expression can be used:

Efiela = \/TZOW(Pﬁe[d W/m2) volts/meter (2)

By John Abbott, K6YB, P.O. Box 66, Newhall,
California 91322
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fig. 1. Separation distance as a function of frequency for recommended input power to four Amateur antennas: (A) one-half wave-
length; (B) one-quarter wavelength; (C) one-eighth wavelength; and {D) one-sixteenth wavelength.

where 1207 is the impedance of free space. Using
this expression, 10 mW/cm2 is the same as 194
volts/ meter field intensity.

K values (eq. 1) are shown in table 1 as a function
of /A, the ratio of the distance from the antenna in
meters to the wavelength in meters. Using this table
and eq. 1 for Py, it's possible to calculate the fields
at various distances from an antenna to obtain the
apparent free-space field intensity. Otherwise, use
fig. 1 to make sure that your antenna is always at a
separation distance with less than 1 mW/cm2 field
intensity. {A mathematical derivation of eq. 1 is avail-
able from ham radio upon receipt of a self-addressed
stamped envelope).

practical considerations

There should be no problem for most Amateurs in
installing an antenna away from houses and areas
occupied by humans, except for the 160- and 80-
meter bands. In these cases it may be necessary to
limit power input to the antenna if necessary dis-
tances can’t be maintained. The real difficulty lies in
the operation of handheld portables above 25 MHz. If
adequate separation from the body is maintained, it
will be difficult to talk into a handheld unit. You'll
have to decide if the risk is worth the exposure.

Mobile operation above 25 MHz should be no
problem if simple precautions are followed. Tables 2
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table 1. Proximity coefficient X as a function of the ratio of
distance from antenna, r, to wavelength, A.

ratio of distance from

antenna, r, to wavelength, \ proximity coefficient,

r/\ K
0.01 81,000,000.000
0.015 7,170,000.000
0.02 1,282,000.000
0.04 20,620.000
0.06 1,890.000
0.08 364.700
0.10 103.000
0.15 12.300
0.20 3.110
- 0.25 1.186

A 0.30 0.640
0.35 0.388
0.40 0.252
0.45 0.187
0.50 0.135
0.60 0.089
0.70 0.0596
0.80 0.0452
0.90 0.0346
1.00 0.0272
1.20 0.01872
1.40 0.01368
1.60 0.0104
1.80 0.0080
2.00 0.00654
2.50 0.00416
5.00 0.001028

and 3 show a summary of approximate operating dis-
tances that should prevent overexposure for most
Amateur installations.

I’d like to emphasize that, in this article, | make no
attempt to account for the shielding effects of build-
ings or the susceptibility of humans to radiation at
any given frequency. The field levels are simply cal-
culated at each frequency shown. It may well be that
1 mW/cm2 is more of a hazard at 420 MHz than at
1.8 MHz. Such matters will have to be explored by
medical research.

The data presented here will allow Amateurs to
estimate field-strength levels from the antennas
described in a manner that will meet present recom-
mended criteria. Furthermore, the data will provide
ammunition with which to fight pressure groups who
are trying to abolish Amateur Radio!

addendum

The effects of radiation from electronic equipment
on the environment has become a hot issue of late.
The FCC has issued a Natice of Inquiry (NOI), General
Docket 79-144 (June 15, 1979) which states in para-
graph 33:

“It may be desirable for the Commission to consider
the need for applying to the subjects of its jurisdic-

26 december 1979

tion one of the existing safety criteria, such as the 10
milliwatt per square centimeter {10 mW/cm?2) short-
term exposure limit used by ANSI and OSHA ., .”’

Furthermore, ANSI is considering reducing this
Jevel to 1 mW/cm2. What does all this mean to Ama-
teur Radio? The answer is presented in the article
above.

If you are concerned you'll want to file comments
to the FCC/NOI mentioned above before the
December 15, 1979 deadline.

hr report has been publishing material on this sub-
ject since early March, 1979. The following excerpts
from hr report* are for those wishing more back-
ground information:

PROHIBITION OF RADIO TRANSMISSIONS in residential
areas is being considered by the Oregon State Senate. Sen-
ate Bill 423, sponsored by Senator Ted Hallock of Portland,
proposes sharply restricting all electromagnetic emissions
in residential areas.

In Testimony Favoring the bill Merrie Buel, government
affairs coordinator for the Oregon Environmental Council,
said that medical studies “have found that persons living
next to electromagnetic sources often experience serious
health effects, including rashes, headaches, dizziness and
tingling sensations. "’

Power Transformers and transmission lines as well as radio
and TV transmitters would be curtailed under the bill’s pro-
visions, though Senator Hallock and members of the Sen-
ate Committee on Environment and Energy have been dis-
cussing removing transmission lines from its coverage.

As Written the bill would become effective January 1,
1983, after which violations of the standards established for
it would be a misdeameanor punishable by a $250 fine.
However, Ms. Buel termed the $250 fine '‘merely a slap on
the hand,’’ stating that her group felt that “‘endangering

table 2. Approximate operating distances between an
antenna and humans for 1 mW/cm?2 or less exposure.

antenna length and minimum separation

meters (ft.)
with 100 W antenna input for 0.1 mW/cm2
field
or 1000 W antenna input for 1 mW/cm?2 field
frequency half quarter eighth sixteenth
{MH2z) wave wave wave wave

1.8 16.8 13.7 1.0 8.5
(55) (45) (36) (28)
3.5 11.0 9.1 7.0 5.5
{36) (30) (23) (18)
7.0 7.3 5.8 4.6 3.7
(24) (19} (15} (12)
14.0 4.9 4.0 3.0 2.4
(16) (13) {10) (8)
21.0 4.0 3.0 2.4 1.8
(13) (10 (8 (6
28.0 3.7 2.7 2.1 1.5
(12) 9 {(7) (5)

*hr report is published by Communications Technology, Inc., Greenville,
New Hampshire 03048.



cm {in.)

Antenna length and minimum separation,

with 10 W or 1 W antenna input for 10 mW/cm2*

(divide power by 10 for 1 mW/cm?2 field)

frequency half wave quarter wave eighth wave sixteenth wave
{MHz) 10W 1w 10w 1w mnow 1w mnow w
50 55.9 40.6 48.3 33.0 35.6 25.4 279 20.3
(22) (16) (19) (13) (14) (10} (1) (8)
144 27.9 17.8 25.4 15.2 17.8 12.7 15.2 10.2
an (7 (10) (6) (7) (5) (6} (4)
220 22.9 15.2 17.8 12.7 15.2 10.2 10.2 7.6
9) (6) (7) (5) (6) (4) (4) (3)
420 15.2 10.2 12.7 7.6 10.2 7.6 7.6 5.1
(6) (4) (5) (3) (4) (3) (3} (2)

*Maximum exposure at 10 mW/cm? should be limited to 6 minutes/ hr.

table 3. Approximate operating distances between portable/ mobile antenna and humans.

people’s health should be considered a much more serious
offense.” Furthermore, she said, the OEC wants the bill to
become law much sooner since, ‘‘we suggest that the
sooner electromagnetic radiation is under control, the safer
the public health.”” (HRR 245, March 16, 1979).

EFFECTS OF CB ANTENNA RADIATION on the bodies of
nearby people is being investigated by the Department of
Heath, Education and Welfare. The first study, published in
a 24-page booklet titled ‘‘Measurement of Electromagnetic
Fields in Close Proximity of CB Antennas,” discusses
bumper, trunk lid and rooftop-mounted mobile antennas as
well as those on hand-held units. Near field radiation distri-
bution of each type is presented graphically, in an attempt
to determine what hazard, if any, radiation presents.

The Study Concludes: ‘‘The health implications (of CB
antenna radiation) are not clear at this time. The Bureau of
Radiological Health is continuing to investigate this mat-
ter.”” HEW is obviously quite concerned with the effects of
RF on the population, and with Amateurs running 200
times the power of CBers on frequencies from 1.8 MHz
through millimeter wavelengths, our operations are sure to
come under careful scrutiny as well — if they haven’t
already. (HRR 247, March 30, 1979).

AMATEUR RADIO WAS ATTACKED as “‘one of the main
non-ionizing radiation hazards in the United States’ at an
April 9-10 meeting of the Subcommittee on Public Health
Aspects of Energy, in New York. The group is an arm of the
New York Academy of Medicine’s Committee on Public
Health, reports KBYB, who has an article on the effects of
Amateur RF radiation on family and neighbors coming out
in ham radio magazine later this year. (HRR 253, May 18,
1979).

RF RADIATION HAZARDS are the subject of a new FCC
Notice of Inquiry, General Docket 79-144, agreed to by the
commissioners earlier this month. Although the Commis-
sion noted that promulgation of RF radiation health and
safety standards is the responsibility of health and safety
agencies, it also recognized that it would have to consider
radiation exposure standards adopted by other Federal
agencies in its licensing activities.

Full Text Of This Potentially very important NOI, which is
reported to contain a number of questions on specific areas
of concern, hasn’t yet been released. With the environment
currently a hot public issue, this NOI could easily become a

crucial one for Amateur Radio as well as most other radio
services.

Comment Date for Docket 79-144 is December 15, with
Reply Comments due March 15 of next year. (MRR 258,
June 22, 1979).

ANOTHER FCC PROPOSAL that could affect Amateur
Radio is in General Docket 79-163, which proposes changes
in the Commission’s environmental impact rules. At pres-
ent those rules offer some leeway with respect to prospec-
tive stations that could have a “Major Impact’* on the envi-
ronment when the actual impact would seem less signifi-
cant. Under the proposed tighter restrictions, it appears
formal impact statements would be required of many more
applicants, probably including a number of Amateurs, and
the Commission would then have to prepare and distribute
a written environmental assessment for each such case.

In A Dissenting Statement to the proposed change, Com-
missioner Washburn makes the point that environmental
impact is not the Commission’s business and to make it so
would add to their already heavy workload and thus
increase licensing delays.

Comments On Docket 79-163 are due by August 1. (HRR
260, July 6, 1979).

HIGH LEVELS OF RF RADIATION have been detected by
the FCC in its test of some popular personal computers.
Tests of computers manufactured by Atari, Apple, Com-
modore, Heath, Southwest Technical, and Radio Shack
have reportedly shown that, in most cases rf radiation
levels far exceed allowable Class 1 TV limits.

With The Popularity of home computers sharply on the
rise, the FCC plans to use the data it's collected to set up
new rules governing all computers that could be used in the
home. It will probably be several months before the FCC
decides what action to take and files a notice of proposed
rule-making. (HRR 261, page 2, July 13, 1979).

references
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Accounting Office, Report CED 78-79, March 29, 1978.

2. Richard A. Tell, “‘Broadcast Radiation: How Safe is Safe?”’, Spectrum,
|IEEE, August, 1972, pages 43-51.
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European Amateurs

are using

a teleprinting system
made from

World-War Il surplus —
will it replace RTTY?

The Hellschreiber is a teleprinting machine based
on a principle entirely different from that of the RTTY
teleprinter. The Hell sytem {named after its inventor,
Dr. Rudolf Hell) could have been invented with the
requirements of the Radio Amateur in mind, but
strangely enough the Hell system has never been ful-
ly accepted by the Amateur fraternity. The reason

the Hellschreiber
arediscovery

Hell and RTTY existed simultaneously for a long
time for both military and commercial use. However,
Hellschreibers have now disappeared, mainly as a
result of the introduction of protected RTTY systems
with automatic-request and error-correcting circuits.
Most hams have probably never heard of the Hell
system as a means of communications.

the Hellschreiber

What is the Hellschreiber? In contrast to the RTTY
machine, in which received pulses determine the
character to be printed, the Hellschreiber uses the
transmitted pulses to directly write images of charac-
ters on paper tape. Thus, Hell writing could be con-
sidered a simple form of facsimile, covering seven
image lines per character, with seven elements per
line.

Not only has this system of printing character
images some very important advantages to offer, but
the simple way in which the Hell teleprinter works is
extraordinarily elegant. The thread of a fast-turning
worm shaft wipes, with high speed, transversely
across a slowly moving paper tape. This worm thread
is wet with printing ink. Every time the paper is

may be that an enormous number of used RTT~ By Hans Evers, PAOCX (DJ@SA), Am
machines flooded the market at low prices after ~Stockberg 15, D-5165 Huertgenwald, West
World War Il Germany
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How The Hellschreiber Works

A. Imagine a fast turning worm shaft above a relatively B. The thread on this worm shaft is kept wet with printing
slow-moving paper tape: ink:

- / INK PAD

C. Under the paper is a mechanism that taps the paper D. What is printed on the paper depends
against the worm shaft by means of an electromagnet: upon the rhythm and the length of time :
the electromagnet is actuated. For exam- o

ple, if the paper is just tapped, one gets:

What you see are the little dots where the
FROM RADIO paper touched the fast-turning worm 0
RXx "AF ouT" shaft. If the thread sweeps fast over the !
paper, and if the electromagnet pushes a
bit longer, a little line is printed:

@ PAPER

PAPE|
N TRANS PORT

If the tape is tapped in rhythm with the
revolutions of the worm shaft, a sequence v

ELECTROMAGNET of little dots is printed: s

E. Thus, all sorts of simple images can be written; for instance, all the characters of the alphabet: '

- "o ‘.r., ¥

{ Y v T TR N " o] Lo e "
f f!d“-:i PR . I LI Y ],.. Py SR 2 S )

; 2

i i

i

|
o

f"h, bIE F Ll

P

' ;W v

[ ‘j[ ”l ! ;:”:.”5:;:‘;1» " 'hl:l’ri’: i :‘ b‘ “"L!Vl’ ‘m’ml.","'

»
IR N S R AN ..:.lu";' )

. .~

F. Or, if necessary, the characters of anybody else’s alphabet, such as Greek, Arabic, or Chinese:

{4 fh " 2
(‘”‘lﬂm “uml r,‘ ol

Aual_ts) . Ly s maa

f

G. What happens if the worm-shaft speed is not quite correct? Nothing serious; the lines of the Hell text threaten to run off the
paper tape:

v Wl (e
?5.,5 prEC, 1N 3 pothye

This provides a simple method for determining the correct speed. if, for example, the lines show a tendency to drop, the motor
speed must be increased until the lines run straight again. But whatever happens, the text remains legible.
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HELDE

Hell writing. This enlargement shows how each character
takes the space of seven image lines. As a result of the rela-
tively slow-moving tape, the characters hang slightly over.

tapped against the turning worm shaft, little lines are
formed across the paper tape. Several of these lines
together form a character.

The Hellschreiber of the World War 1l Wehrmacht
type we're using runs somewhat slower than the
RTTY machine: 2 %2 characters per second. Neverthe-
less, a respectable 25 words per minute is achieved.
This CW terminology is not misplaced, as Hell and
CW have much in common. In fact, given a certain
bandwidth, the reliability of Hell communications
approaches that of CW.

QRM proof?

During World War Il the Hellschreiber proved its
reliability. Users recognized that a Hellschreiber
could be the only link between an isolated military
unit and its headquarters. When all other means of
communications failed, often the Hellschreiber man-
aged to get the message through, even when only
barbed wire and an earth connection were available
as a signal path.

Amateur applications

Our Hell QSO0s occur on 80 meters (over here, the
official RTTY segment is between 3575-3625 kHz).
It‘s difficult to think of a better part of the radio spec-
trum for putting the Hell system to the test because
of the high QRM level in this portion of the band.

In this context I'd like to mention an interesting
side effect. Our modest prrt, prrt, prrt Hell signals
apparently tend to provoke fury among some hams,
who seem to be convinced that the unusual sounds
are caused by commercial stations. This turns our lit-
tle Hell channel into the center of zero-beating and
QRZ-blaring stations. This intentional interference
does, however, provide us with an invaluable oppor-
tunity to test the communications system under
highly adverse conditions and is, therefore, to some
extent, not unwelcome.

Of course, the interfering transmitter determined
to cause serious trouble by tuning carefully zero-beat
with our Hell signals may eventually manage to tem-
porarily destroy our communications, provided, of
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course, that the signal is stronger than ours. By
maneuvering with tuning, bandwidth, and threshold
level it's possible to get through. We might lose con-
tact for a moment; however, contact is restored
through the foggy QRM clouds on our printouts, and
we pick up the text as soon as the characters become
distinguishable again. This sort of working on the
threshold is possible with Hell: The text, even under
the worst conditions, is never subject to errors of a
substitution-of-characters type. The character may,
however, be difficult to read because of mutilation.

Hell versus RTTY

Under certain circumstances the communications
reliability of Hell can be even better than that of CW.
The received Hell signal is printed in its original form.
At the moment of reception no decision has to be
made such as, “Did | hear correctly?’’ Thus wrong
decisions are avoided. The Hell printer enables the
reader to decide later on, at his ease, what was actu-
ally sent by the distant station.

Some examples are shown of radio Hell-communi-
cations in which the printer obviously has great
trouble in keeping the text intelligible because of a
high noise level or heavy QRM. The examples con-
tain considerably more information than can be
deciphered on first sight. If you really take the trouble
to read the text, you immediately realize to what the
Hellschreiber owes its superior qualities: it calls in the
services of a computer, /.e., our human ability to rec-
ognize pictures in a chaos of little specks and lines.

Printing mechanism of the Hellschreiber. The ink pad (felt
roll) has been lifted to show the worm shaft. The paper tape
is slowly moved by the transport capstan. The electromag-
net (not visible) taps the paper tape from below against the
fast turning worm shaft.



AMPLIFIER,
AF FILTER

WORMSHAFT

ELECTROMAGNET
PAPER SUPPLY

The Feldfernschreiber. Hellschreiber of the German Wehr-
macht (1938) as used on a large scale during World War Il. It
is with this type of machine that such remarkable results
were obtained on the Amateur bands.

The Hell system is less sensitive to interference
than RTTY because the Hellschreiber prints the inter-
fering clutter as well as the desired text. This may
sound paradoxical, but it becomes understandable if
you realize that a teletype printer must translate its
received signal into a character before it can decide
which key must be pressed. It cannot count upon the
services of a ‘‘computer.’”’ Thus, with RTTY, a single
interfering rf spike may result in a wrong decision,
turning out a character that has no resemblance
whatever to the actual character transmitted. The
unprotected teletype character can’t warn the reader
that it is in error; it can’t even indicate that a certain
amount of doubt existed during the moment of its
selection!

The Hellschreiber, on the other hand, requires no
such decisions. The machine just prints, complete
with all the received interference. But (and this is the
important distinction) although the interference may
give the image of the characters an untidy appear-
ance, the Hellschreiber is not capable of changing it.
In other words, the Hellschreiber simply leaves to the
boss the problem of sorting out the text from the rub-
bish and doesn’t try to disguise the difficult reception
conditions.

This is the explanation for the rather amazing fact
that you may read Hell text from signals that are only
barely audible through an overwhelming amount of
QRM; indeed, that it's even possible to decipher Hell
signals received under the noise level. No wonder
we’'re highly enthusiastic about this fantastic system.

experience with Hell

For three years, almost every week, our little inter-
national Hell group (five Dutch, one German, one
French, one British) make our regular Hell QSO of an
hour or so, using one of the most crowded portions
of the 80- and 40-meter bands. Our Hellschreibers are
ex-Wehrmacht printers, some of them 40 years old
and in fact valuable museum pieces.

As with CW and RTTY, the modest bandwidth
requirements of Hell are a great advantage. They are
determined by the shortest pulses contained in the
signal, being 8.16 ms. This produces a speed of 122.5
baud, requiring a minimum bandwidth of 61 Hz. Even
in an overcrowded band it's possible, with a sharp
CW filter, to remove most of the QRM or, in case of
telephony interference, to keep the bulk of the
speech sidebands out of the picture.

Watching a Hellschreiber printer in operation, you
can’t help being impressed by its imperturbability:
While the radio receiver produces the most frighten-
ing sort of QRM noises, the machine swallows it all.
Quietly, apparently hardly disturbed by it all, it goes
on spelling out its characters. Often the QRM is so
bad that you need a Hellschreiber to establish that
there's still a Hell signal in the air.

Transmitter section of the original Hellschreiber. The coded
drum turns one revolution per character. Every time a key is
pressed, one turn of the drum produces a series of puises by
the contact with one series of lamellas.
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Between transmitter and receiver a certain amount
of synchronization is needed, which requires a
means of regulating receiver-motor speed. Not that
this synchronization is very critical; contrary to what
you might expect from a synchronous image-line
system, the good old Hell machine is not so easily
disturbed by the wrong motor speed. The only thing
that might happen is that the written text might drop
over the edge of the paper. The text remains legible,
however, and, while continuing to read the text, you
correct the motor speed by hand until the text prints
correctly along the plane of the paper strip. It is this
reliable, almost undisturbable, character of the Hell-
schreiber that makes it such a fine instrument for
Amateur Radio communications.

The CW-like disposition of Hell signals permits
break-in. Spaces don’t produce signals (the tape just
runs without printing), so it's possible to cut in
between words of the distant station’s text. You can
even keep watch on the QRM situation between
transmitted words.

Hell is economical with transmitted energy. With
considerable fewer marks than spaces in its signals,
and without start and stop pulses, the average out-
put is about 25 per cent of the maximum output. This
low duty cycle permits increased transmitting power.

quo vadis?

It's possible to make a Hellschreiber yourself —
something that can’t be said for any ordinary tele-

Home made Hellschreiber.
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Reception of Hell signals under extreme conditions.

1. Very weak signal, drowning in the noise. On first sight it's
unusable; however, our ability to recognize pictures in a
chaos of little specks permits us to read the text into the
noise.

2. Interference by a strong SSB telephony signal on the
same channel. (Text: “"Do you also believe that the other
boys are there'.)

3. Hell signal exactly zero-beat with equally strong 14-wpm
CW signal. (Text: “but as you know the situation is”.)

printer. The actual printer consists of only a simple
mechanism. This is another advantage of the Hell-
schreiber. The receiving part is easy to build and may
be a good starting point. After gaining some experi-
ence with receiving Hell QS0Os, you can decide
whether it is worthwhile building a Hell transmitter.

We have already built some mechanical Hell print-
ers. Of course, electronics have advanced consider-
ably since 1938, and the dimensions of our modern
Hellschreiber can no longer be compared with those
of that bulky German design. We now have small
electric motors with solid-state speed regulation and
we can use refinements such as coils with ferrite
cores to pick Hell signals out of overwhelming QRM.
Accurately defined Schmitt-triggers are available for
separating signals of different levels.

You could even go as far as PAOWV, who has
developed a microprocessor displaying received sig-
nals as a slowly moving line of characters, complete
with interfering pulses (thus fully maintaining all qual-
ities of the Hell system) on an oscilloscope screen.

The transmitter part, “pulse machine,” is some-
what more complex to build. In the original Hell-
schreiber the transmit pulses were produced by a
coded drum requiring some mechanical refinements.
But a solid-state solution exists here. |t was PAOWV
again who built the first clock-plus-matrix system
that can be hidden under a small keyboard, produc-
ing all characters in complete silence.

A converter isn't required for receiving Hell sig-
nals. The Hellschreiber can be plugged directly into
the headphone jack of any radio receiver (or any tele-
phone line, for that matter). The transmitter output
plugs into the KEY jack of any CW transmitter,
that's all.

ham radio



FOR THE
ENPERIMENTER

INTERNATIONAL CRYSTALS & KITS/OSCILLATORS

RF MIXERS « RF AMPLIFIER « POWER AMPLIFIER

0X OSCILLATOR

Crystal controlled transis-
tor type. 3 to 20 MHz,
OX-Lo, Cat. No. 035100. 4§
20 to 60 MHz, OX-Hi, Cat.
No. 035101.

Specify when ordenng

$5.22 ea.

OF-1 OSCILLATOR

Resistor/capacitor circuit pro-
vides osc over a range of freq
with the desired crystal. 2
LY to 22 MHz, OF-1 LO, Cat.

No. 035108, 18 to 60 MHz,
OF-1 H Cat. No. 035109.
Specify when ordering $4.48 ea.

SAX-1 TRANSISTOR RF AMP

A small signal amplifier to drive
the MXX-1 Mixer, Single tuned #i
input and link output. 3 to 20445
MHz, Lo Kit, Cat. No. 03512. JCa8
20 to 170 MHz, Hi Kit, Cat. |
No. 035103.

MXX-1 TRANSISTOR RF MIXER

A single tuned circuit intended
for signal conversion in the 3 to
170 MHz range. Harmonics of

used for injection in the 60 to 179
MHz range. 3 to 20 MHz, Lo
Kit, Cat. No. 035105. 20 to 170
MHz, Hi Kit, Cat. No. 035106.
Specify when ordering $5.80 ea.

PAX-1 TRANSISTOR RF
POWER AMP

A single tuned output
L amplifier designed to follow
the OX or OF-1 oscillator.
Outputs up to 200 mw, de-
pending on frequency and
voltage. Amplifier can be
amplitude modulated 3 to 30
MHz, Cat. No. 035104.

Specity when ordenng $6.06 ea.

BAX-1 BROADBAND AMP

General purpose amplifier |_jeS
which may be used as a L™ '

tuned or untuned unit '«'“
in RF and audio applica-

tions. 20 Hz to 150 MHz with 6
to 30 db gain. Cat. No. 035107.

Specily when ordering $5.80 ea Specify when ordernng $6.06 ea.
02% Calibration Tolerance
EXPERIMENTER CRYSTALS (HC 6/U Holder)
Cat. No. Specifications
031080 3 to 20 MHz — for use in OX OSC Lo
S;J:'-.:ny‘ when ordering 5625 ed.
! 031081 20 to 60 MHz — For use in OX OSC Hi
\ { S