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This is the ampilifier
you have been waiting for

The new 2KD-5 linear amplifier...a one piece desk
model with the power and reliability of a console

At Henry Radio. we know how to build only one kind of
- the best. We want you to compare the
2KD-5 with any other desk model at any price.
Remember, the 2KD-5 is only one model in the world's
broadest line of amplifiers . . . both vacuum tube and
solid state .. for HF. VHF and UHF .. fixed station and

amplitier

mobile . .. low power and high power.

Never before has any one company offered such a
cornucopia of high power RF amplifiers.

Remember also that Henry Radio offers a broad line ol
commercial and FCC type accepted amplifiers covering
the range of 3 MHz to 500 MHz. Henry amplifiers are

amateur bands.

prd circuit

in use all around the world. Commercial and export

inquiries are invited

+ The 2KD-5 15 a 2000 watt PEP input (1200 watt PEP nominal
output) RF hinear amphitier, covering the B0, 40, 20, 15 and 10 meter

= Two Eimac 3 5007 glass envelope tnodes operating in a grounded

= Py L plate circunt with a rotary silver plated tank coil tor greatest

« 105
« Price

$895 00

efhiciency and maximum attenuation of unwanted harmonics

« Full legal input in all modes. 2000 watts PEP input for SSB. 1000
walts DC input for CW, RTTY and AM

« Jumper for 115 or 230 VAC. 3 wire single phase

high x 15" wide x17.5

deep

2K-4_ LINEAR AMPLIFIER. Offers engineenng
construction and features second to none. Provides
a long hie of reliable service, while its heavy duty
components allow 1t to loal along even at lull legal
power. Operates on all amateur bands, 80 thru 10
meters I you want to pul that strong clear signal on
the air that you've probably heard from other 2K
users, now I1s the ime. Move up to the 2K-4. Floor
console . $995 00

TEMPO 6N2 brings the same high standards to the 6
and 2 meter bands A pair of advanced design Eimac
BB74 tubes provide 2,000 watts PEP input on S5B or
1,000 watts on FM or CW. Complete with self-
contained solid state power supply, blower and AF
relative power indicator. . $895 00

TEMPO 2002. The same fine specs and leatures as
the BM2, butl for 2 meler operation only.  $745 00

TEMPO 2006. Like the 2002, but lor 6 meter
operation.  $795.00

TEMPO VHF/UHF AMPLIFIERS. Solid state power

amphfiers for use in most land mobile applications

Increases the range, clanty, rehability and speed of

two-way communications. FCC type accepted also
Drve  Outpul

Muodel Power  Power

LOW BAND VHF AMPLIFIERS (35 to 75 MH2)

Tempo 100C30 30W 100W  $159

Tempo 10GC02 2w 100W  $179

Tempo 100C10 10W 100W  $149

HIGH BAND VHF AMPLIFIERS (135 1o 175 MHz)

Price

Tempo 130A30 30W 130W  S$189
Tempo 130A10 10W  130W  $179
Tempo 130A02 2W 130W $199
Tempo B0A30  30W  BOW £1449
Tempo 80410 10W  BOW $139
Tempo BOAD2 2W a0w $158
Tempo S0A10 10W  50W % 99
Tempo 50A02 2w How 1149
Tempo 30410 10W 30w % 69
Tempo 30A02 W 30W 3 89

UHF AMPLIFIERS (400 to 512 MH2)

Tempo 70030 30W 70w §210
Tempo 70010 10W 70w $240
Tempo 70002 2W  70W  $270

11240 W Olympic Bivd
931 N Euclid. Anaheim, Calit, 92801
Butler, Missoun 64730

Tempo 40010 10w 40w $145
Tempo 40002 2w anw  $165
Tempo 40001 1w a0W  $185
Tempo 25002 W 25W $125
Tempo 10002 2w 10w §$ 85
Tempo 10001 W 10W 8125

TEMPO 100AL10 VHF LINEAR AMPLIFIER. Com
pletely solid state. 144-148 MHz. Power output ¢
100 watts (nom ) with only 10 watts {nom ) it
Reliable and compact . $199 00

TEMPO 100AL10/B BASE AMPLIFIER  $3490

Tempao solid state amphhers are avanlable at
Tempo dedlers throughout the U.S

please call or wiite for complete information

Henry adlo

Los Angeles. Calil. 90064 213/477-6701
714/772-9200
816/679-3127

Prices subject 1o change without notice



TEN-TEC 540/544 —the transceivers that almost seem
like an extension of yourself. Following your every
command, easily, simply — because we did our
homework. They are designed with the same out-front
thinking that characterizes all Ten-Tec equipment —
super-sophisticated to make things simple for you.

TAKE BAND CHANGING. IT’S SIMPLE! No more
peak and dip, peak and dip. Just snap a switch and
there you are. Anywhere you want to be, in any part
of a band segment—and always at full efficiency without
danger of out-of resonance damage to the final amplifier.
Thanks to the Ten-Tec broadband design, and thanks
to the leadership of Ten-Tec engineers in solid-state
high power HF design.

FREQUENCY READOUT. IT’S SIMPLE! The 544
has big easy-to-read numerals with significant figures in red
for instant recognition. No more studying a dial or
misreading, and no more lag in readout — you instantly
know where you are on the band. Even the 540 has an
optional add-on digital readout, in case you change your

mind later. More of life's operating simplicity, from Ten-Tec.

THE SMART “S”-METER. IT MAKES THINGS
SIMPLE FOR YOU. It's electronically switched to read
SWR when you are transmitting so that without throwing
switches you know at a glance that the correct antenna is
in use. Simple for you, extra effort for us.

SIGNAL HANDLING OF ALL SIZES. IT'S
SIMPLE! From the “down under’ DX to the KW next
door, the 540/544 series has excellent dynamic range that
goes a long way in minimizing front-end overload. And
that's important in today’s growing amateur radio
population. So is the 8-pole i-f filter. It gives you
State-of-the-Art signal separation in those crowded bands
— to make your operating simpler, more enjoyable.

SUPERIOR SPEECH QUALITY. IT'S SIMPLE!
Ten-Tec rigs are known for their crisp articulation — the
kind that brings compliments and satisfaction. Articulated,
shaped speech for maximum penetration, yet smooth
and clean, with less than 2% distortion to reduce fatigue
and enhance the quality of both transmitted and received
signals. The signal that's easy to listen to is the one

everyone wants to work. And it's yours in the sophisticated
simplicity of the 540/544.

CW CONVERSATION. IT’S SIMPLE! The CW buffs
used to speak in monologs. Now they carry on conver-
sations, thanks to Ten-Tec’s full break-in. It provides
a constant window on the band to check for QRM,
to save useless calling, to allow conversations that
are natural, easier, and a lot more fun. And no more
clattering relays! Simply sophisticated.

FAST, EASY, LOW-COST SERVICING. IT'S
SIMPLE! The thoughtful modular design of the 540/544
makes any trouble-shooting simple and fast, resolving
itself down to one of 22 circuit boards, any of which are
readily replaced or serviced in the field! Or give the
Ten-Tec service people a shout — they will have an
exchange on its way to you the same day.

But, best of all, little if any service will be needed
because while your 540/544 is sophisticated, complex
equipment, it also is designed to conservative ratings with
high standards of American craftmanship. Simply durable.

FEATURES — -+ Instant Band Change (no xmtr. tune-up)
* Covers 3.5 to 30 MHz (plus One-Sixty with option) = 200
Watts Input — all bands » Receiver Sensitivity 0.3 uV » VFO
changes less than 15 Hz per F° after 30 min. warm-up * 8-pole
Crystal IF Filter » Direct Readouts — choose LED digital model
or 1 kHz dial model = 150 Hz CW filter » Offset Tuning * WWV
at 10 & 15 MHz » Separate Receive Capability * Automatic
Sideband Selection, Reversible = Sidetone Level and Pitch
control » Pre-Setable ALC » 100% Duty Cycle « S Meter and
SWR Bridge * LED indicators for ALC and OFFSET « Modular
Plug-In Circuit Boards * Broad Accessory Line

.544 Digital — $869 540 Non-digital — $699

To make your operating simple, simply see your
Ten-Tec dealer, or write for full details.

el

TEN-TEC .
SEVIERVILLE, TENNESSEE 37862
CUPORT ATL8 LINCOLM AVE., CHICAGO, ILL. 606

A 14

SIMPLICITY OF OPERATION,
SOPHISTICATION OF DESIGN

o MWW Hodel 544




This NEW MFJ Versa Tuner Il . ..

has SWR and dual range wattmeter, antenna switch, efficient airwound
inductor, built in balun. Up to 300 watts RF output. Matches everything
from 160 thru 10 Meters: dipoles, inverted vees, random wires, verti-
cals, mobile whips, beams, balance lines, coax lines.

Transmitter matching
capacitor. 208 pf.

Efficient airwound induc-
tor gives more watts out
and less losses.

Meter reads SWR
and RF watls in

Antenna matching
capacitor. 208 pf.

Sets power range,
300 and 30 watts.
Pull for SWR.

1000 volt spacing.

Only MFJ gives you this MFJ-941 Versa
Tuner Il with all these features at s price

A SWR and dual range wattmeter (300 and
30 watts full scale) lets you measure RAF
power output for simplili¢c luning

An antenna switch lets you select 2 coax
fed antennas, random wire or balance line,
and tuner bypass

A new efficient airwound inductor (12 po
sitions) gives you less losses than a tapped
toroid for more watts out

A 1:4 balun for balance lines. 1000 volt
capacitor spacing. Mounting brackets for mo
bile installations (not shown)

With the NEW MFJ Versa Tuner il you can
run your full transceiver power oulpul — up 10
300 watls RF power output — and match your

2 ranges.

lNTENNa\/‘SMTCH lets you select 2
coax fed antennas, random wire or
balance line, and tuner bypass.

transmitter to any feedline from 160 thru 10
Meters whether you have coax cable, balance
ling, or random wire

You can tune out the SWR on your dipole,
inverted vee, random wire, vertical, mobile
whip, beam, gquad, or whatever you have

You can even operate all bands with just

1000 volt spacing.

one existing antenna. No need 1o pu! up Sepa
rate anlennas for each band

Increase the usable bandwidth of your mo
bile whip by tuning out the SWR from inside
your car. Works greal with all solid state rigs
(ke the Atlas) and with all tube type rigs

It travels well, too. Its ultra compact size
5x2x6 inches fits easily in a small corner of
your suitcase

This beautiful litle tuner 15 housed in a
deluxe eggshell white Ten-Tec enclosure with
walnut grain sides

50-239 coax connectors are provided tor
Iransmitter nput and coax fed antennas
Quality five way binding posts are used for
the balance line inputs (2). random wire input
(1), and ground (1)

MFJ-901 VERSA TUNER

Wew efficien! air wound coil tor more walls aut

Only MFJ uses an ethcent ar wound induclor (12 positions)
i this class of tuners 1o give you more walts oul and less
losses Ihan a lapped torosd Matches everything from 160
theu 10 Meters dipoles, inverted vees, random wires, verh
cals, mobile whips, beams balance lines, coax nes. LUp to
200 wans AF output 1 4 balun lor balance Imes Tune oul
e SWA of your motule whip from inside your car. Works
with all ngs. Ultra compact 5x2x6 inches S0 239 connec
tors. 5 way tinding posts Ten Tec enclosuie

For technical information, order and repair status, and in Mississippi,

Oé & $4995

MFJ-900 ECONO TUNER 2NN
Same as MFJ-901 Versa Tunes, but does nol have built-in
balun for balance lnes. Tunes coax lnes and random lines

: $3995

MFJ-16010 RANDOM WIRE TUNER

Operate 160 thru 10 Melers, Up te 200 walts RF output
Matches high and low impedances. 12 position inductor
$0-239 connectors, 2x3x4 inches. Malches 25 to 200 ohms
a 1.8 MHz

o osers Call toll-free 800-647-8660

/ 349
i~ ‘ B‘: 2:_':3

MFJ-202 RF NOISE BRIDGE

This MFJ RF Moise Bridge leis you adjus! your anienna
quickly lor P ] fre-
quency, rad e and Exclusive range
exlender and expanded capacitance range (& 150 pf) gives
you much extended measuring range.

Tells resonant trequency and whether 10 shorten of lengthen

your antenna for minimom SWH. Adjust your single ot multi
band dipole, inverled vee, beam, veitical, mobile whp of
random system lor mammum perlormance. 1 1o 100 MH:
S0 239 conneciors. 2x3x4 inches 9 voll battery

please call 601-323-5869.

Order any product from MFJ and try it. If not delighted, return within 30 days for a prompt refund (less shipping).
Order today. Money back if not delighted. One year unconditional guarantee. Add $2.00 shipping/handling.

Order By Mail or Call TOLL FREE 800-647-8660 and Charge It On El t

MFJ ENTERPRISES
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a second look
by Jim Fisk

Seventy-five years ago this month, on January 19th, 1903, the first two-way radio transmission was completed
between the United States and England when President Theodore Roosevelt exchanged greetings with King Edward
VIl of England through the Marconi wireless station at South Wellfleet on Cape Cod. Only ten years earlier it was an
achievement which would have seemed impossible, even to the most foresighted scientists; they were delighted
when their crude laboratory apparatus could be made to span a few meters — to transmit a radio signal across 5000
kilometers of ocean was beyond their wildest imagination. Young Guglielmo Marconi, not yet 30 years old when he
accomplished the feat, was not restrained by such learned skepticism, but from the viewpoint of his first attic
laboratory in 1894, even he would have been surprised by his great successes of the future.

The son of a well-to-do land owner, Marconi had little formal technical training, but through his family’s friendship
with Professor Righi at the University of Bologna he was allowed to audit the professor’s physics classes. It was there
that Marconi was first exposed to the radio experiments of Heinrich Hertz, Oliver Lodge, and others. He soon set up a
small lab in the attic of his father's large estate and began to experiment with electromagnetic phenomena. With
Righi’s spark gap mounted in the center of a short dipole and Lodge’s coherer (a glass tube filled with metal filings) for
his receiver, he was able to transmit radio signals that rang a bell at the other end of the attic.

Guglielmo moved his equipment out into the yard and was soon working over distances of 50 meters or more. He
found that he could extend his range by increasing the height of his antenna, but with greater heights it became more
and more impractical to install the spark gap at the center of the antenna. When he installed the spark gap at ground
level and connected it between the antenna and ground, his range increased dramatically. What was happening, of
course, was that greater antenna heights meant lower operating frequencies since the dipole was the only resonant
circuit in the transmitter, and the longer wavelengths provided greater range (Marconi’s earliest experiments were at
about 300 MHz, which limited transmissions to line of sight).

In 1896 Marconi took his apparatus to England where some friends had arranged a meeting with William Preece,
chief engineer of the British Post Office, the governmental department which had jurisdiction over all electrical com-
munication in Great Britain. Preece was apparently impressed by the young italian because arrangements were quick-
ly made for a practical demonstration of the equipment for various British officials. By the autumn of 1896
Marconi had transmitted and received signals over a distance of 3 kilometers at Salisbury; in the spring of 1897 he
transmitted signals across the Bristol Channel (14km); and later that year he communicated between two ships at sea
16 km apart.

Although Marconi was enjoying the full support of Preece at the Post Office, apparently the bureaucracy moved too
cautiously (or released funds too slowly), for he formed his own firm, the Wireless Signal and Telegraph Company in
July, 1897 (in 1900 the name of the company was changed to Marconi’s Wireless Telegraph Company).

In the late 1890s Marconi continued to improve his equipment, and, in 1899, at the invitation of the French govern-
ment, he bridged the English Channel, a distance of more than 50 km. By 1900 science had progressed to the point
where signalling over distances of 300 km was possible, and Marconi began hinting that even the wide expanse of the
Atlantic was not a barrier to wireless. In October the Marconi Company began construction of what was to be the
most powerful wireless station in the world, at Poldhu Point in southwest England; by November, 1901, all was in
readiness and Marconi sailed for St. John's, Newfoundland, the point in North America which was nearest to Poldhu.
On December 12th, he and his assistants were successful in copying the Morse letter S transmitted from Poldhu —
thirteen months later two-way wireless communications across the Atlantic were accomplished and the era of long-
distance radio had begun.

Marconi had a great deal of respect for the radio amateurs, for it was amateurs who showed that the short waves
were not a "‘vast wasteland,’’ as many scientists of the day believed, but were more valuable to long-distance radio
than the lower frequencies favored by the commercial interests. In his later years Marconi often referred to himself as
an “‘amateur’’ — it's only fitting that the 75th anniversary of his two-way radio transmission across the Atlantic witl be
celebrated this month on the amateur bands by KM1CC, a special events station operated by amateurs on Cape Cod.
Look for them on 160 through 10 meters the week of January 14th. During the same period amateur stations will also
be operating from the original Marconi transmitting sites at Poldhu and Clifden, Ireland.

Jim Fisk, W1HR
editor-in-chief
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ICOM’s new IC-211 maximizes band coverage, speed, performance and convenience like no other trans-
ceiver in the 2 meter world. This Maximizer’s single-knob dial provides all 4 MHz in a flash, right to your
single fingertip! The IC-211 maximizes read-out speed with positively no time lag or backlash in display sta-
bility, even in modes using 100 Hz steps. The 1C-211’s freewheeling dial, with its superb inertia clutch, is in-
stantly coordinated with the high speed, computer circuitry controlled synthesizer’s seven digit read-out
using an optical chopper. There is absolutely no mechanical connection between the smooth, bearing
mounted flywheel knoE and the two dual-tracking VFO'’s, which come built into your IC-211.

® Single knob frequency selection: The ® Remote programing: The IC-211 LSI chip
IC-211 is synthesized with convenient single rovides for the input of programing digits
knob frequency selection over the entire 4 Il'Jrom a remote key pad, which can be com-
MHz. No more fussing with two or more knobs bined with Touch Tone” circuitry to provide
just to check what is going on around the simultaneous remote program and tone.
band. One easy spin of the dial does it all. Com]}:;tl:ter control from a PIA interface is also
ossible.
® Two VFO's built in: The second VFO, which £
is an optional tack-on with most other trans- ® FM stability on SSB and CW: The IC-211
ceivers, is an integral feature in every IC-211. synthesis of 100 Hz steps makes SSB as stable
as FM. This extended range of operation is
® Variable offset: Any offset from 10 KHz attracting many FM’ers who have been oper-
through 4 MHz, in multiples of 10 KHz, can be ating on the direct channels and have now
programmed with the LSI synthesizer. discovered SSB.

The new IC-211 is the very best and most versatile 2 meter transceiver made: that’s all. For more informa-
tion and yvour own hands-on demonstration, see your ICOM dealer. While maximizing performance, the
IC-211 minimizes impatience: vours is ready for delivery now.

Maximize the naw repeater band: both the
stipma: " amay Lot o - ' P P ™M ! oy Vot mge
IC-211 and the 1C-245/88B now operate the new s n\_ml e 1:|\_ H':‘-‘::J:‘wllill:!‘:jl::f-l:‘!;&1:-.": :&:':W a'nll-;iu l:‘lst--r-:"xu‘ Yo PP
FCC repeater spectrum with no modification. ALK FYI0W () gt iours Radition 80 8} bakoms Carries ] Microphos |aspmadscs 600 Criwms | | Semaitivity, AL & AL 03
mdcrovolt 10 0 S o NN Y, 0.6 mber ool hon 30 08 auiriing [ | 5 putioss Respomer. - 60 dl o berten [ Sywihwstins Frogqeessy
Fange: 144 00 Mits1a 14800 Mty [ Symibesianr Stap Sirm; 100 M o 5 KHa bor SSB. 5 Kiiy lor FM
All ICOM radios significantly exceed FCC g - i
specifications limiting spurious emissi wpptird with Iand buekd skt wpisess. AC for, DC i, s Sl i s mamial
VHEUMF AMATEUR AND MARINE COMMUNICATION EQUIPMENT Distributed by:
ICOM WEST, INC. ICOM EAST, INC. ICOM CANADA

Suite 3 Suite 307 7087 Victoria Drive
13256 Northrup Way 3331 Towerwood Drive Vancouver B.C. V5P 3Y9
Bellevue, Wash, 98005 Dallas, Texas 75234 Canada

(206) 747-9020 (214) 620-278B0 (604) 321-1833
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"REPEATER DEREGULATION is being delayed" reported FCC Safety and Special Services
Chief Charley Higginbotham. Enough serious questions about some provisions of the
Docket 21033 Report and Order were raised by concerned Amateurs — and particularly
the ARRL in its petition for reconsideration — to justify staying its effective date
pending further review. Charley expects the Commission to move quickly in its recon-
sideration, probably before January lst.

Individual Secondary Station licenses will be on their way out when the Commission
announces a decision on Docket 21135, but military recreation, club, and RACES station
licenses will be continued. Charley also predicted that by sometime this year Amateurs
will no longer need to change callsigns when moving from one call area to another.

Call areas will continue, but having a prefix corresponding to your call area will be-
come optional. He also predicted a "lifetime"” Amateur operator's license will be adopt-
ec. In addition, he expects we'll soon be able to claim credit for "elements passed”

in an Amateur license exam — take the whole test even if you fail the CW, then return
for only the failed portion next time.

Autopatch Abuses, Charley warned, continued to jeopardize interconnects for the
Amateur Service. "It's your decision!' he said, and if we don't clean up our act we'll
end up with formal Commission proceedings that will severely curtail, if not eliminate,
Amateur ability to tie into the phone system.

A PIRATE 220-MHZ REPEATER operating in Chicago as a ''commercial telephone service'
was shut down in early November by the FCC's Chicago Field Office after a two-week-long
investigation. No Amateur Callsigns were ever heard and it's probable that most of the
"subscribers' (including a tire wholesaler and a medical clinic) thought they were per-
fectly legal.

TWO NEW ORLEANS AMATEURS PLEADED GUILTY in U.S. District Court to three counts of an
eight-count bill charging them with transmitting obscene language and maliciously inter-
fering with a New Orleans repeater during this last summer. The problem had been going
on for over a year, but the two Amateurs — K5NY and WB5AWN — had avoided getting caught
by the FCC by learning when special DFing equipment was in the area and laying low until
it left. Cooperative efforts by local Amateurs and local FCC finally produced the need-
ed proof leading to their indictment and subsequent guilty pleas.

NEW MANAGER OF AMSAT QSL BUREAU is Ross Forbes, WB6GFJ, P.0. Box 1, Los Altos, Cali-
fornia 94027. Former manager, WAIEHF, is stepping down after 4% years at the helm. Ross
is well qualified, having spent 1969-1972 as manager of the ARRL W6 QSL Bureau, which han-
dles over 90,000 cards per month!

Donations From Clubs and Individuals to the solar cell and battery funds have brought
in nearly 518,000, proving the effectiveness of AMSAT's recent-heavy publicity campaign.

Several Donations of $1000 Each have resulted in the names and callsigns of the donors
being Inscribed on a plaque to be carried into space aboard the first Phase Three
satellite.

LU3AAT Heard KV4AD on 145.9 MHz November 17th when KV4AD was working OSCAR 7 Mode A —
about a thousand kilometers over the present 2-meter DX record. KV4AD and KV4FZ are both
working with LU3ATT and other LUs attempting to make it two way.

THE FIRST TRANSEQUATORIAL two-meter contact was logged in October when YV52Z exchanged
signal reports with LUIDAU, who is approximately 50 km south of Buenos Aires. The dis-
tance spanned represents a 2-meter DX record of 3180 miles (4446 km). Initial contact
was made at 0230Z on October 29 using CW. At 0310Z both stations switched to ssb on
145.9 MHz exchanging 55-57 reports. Signals were steady with none of fading experienced
during a prior 6-meter QSO. At 0312Z YV5ZZ also worked LU7DJZ who is about 30 km north
of Buenos Aires.

AMATEURS WITH AIRCRAFT or who operate Amateur gear in others' planes should review
FAA Advisory Circular AC 20-98, which contains both FAA and FCC regulations on the in-
stallation and operation of '"nonessential" radio equipment in an airplane.

LI2B 1S OPERATING IN IRAQ with government permission as he sails his reed boat down
the Euphrates River. Thor Heyerdahl has an okay to operate one hour a day, and report-
edly runs 150 watts to a 20-meter dipole on the craft's mast. Unfortunately the oper-
ation won't count for DXCC credit because he's afloat.

SMPAGD Operated from Baghdad in a brief demonstration for Iraqi government officials
during the Worldwide phone contest weekend. The operation from the Swedish embassy
netted 18 contacts, and the Iraqi officials were reported favorably impressed.

POINT-OF-SALE CONTROL for linear amplifiers has been instituted by Canada's Depart-
ment of Communications. In a Canada Gazette announcement, the DOC stated that all linear
buyers must sign a special form Including thelr names and addresses at the time af pur-
chase. The form is then forwarded to the DOC and the buyer's name compared with lists of
General Radio Service (CB) licensees to determine whether the purchaser is in violation
of DOC rules barring linear possession by an operator in the General Radio Service.
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If they copy the quality,
they can't meet the price.

The original DenTron Super Tuner. The original Su- coax, random wire and balanced feedline, we’re sure
per Super Tuner. The original MT-3000A. And now you'll decide to buy an American original and stay
DenTron brings you the original MT-2000A, an eco- with DenTron. -
nomical, full-power tuner designed to handle virtually -

any type of antenna. MT-2000A $199.50 at your favorite dealer.

The sleek styling and low profile of the MT-2000A is

beautiful, but be assured that is only a part of the ex-

citement you'll derive from the MT-2000A. The MT-

2000A is designed and engineered using heavy-duty m
all-metal cabinetry, and high quality American com- .

ponents throughout. Radio Co., ""C_-

When you consider the MT-2000A’s unique features: 2100 Enterprise Parkway
5%“H x 14”"D x 14"W, front panel coax bypass Twinsburg, Ohio 44087

switching, front panel lightning protection antenna
grounding switch, 3KW PEP, and the ability to match 216 425-3173
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The MC-50 dynamic microphone has been
designed expressly for amateur radio operation
as a splendid addition to any Kenwood shack
Complete with PTT and LOCK switches, and a
microphone plug for instant hook-up to any
Kenwood rig. Easily switched for high or low

impedance. (600 or 50k ohm)

The TS-B20S . . . still the Pacesetter. It has proven
itself to be the performer we promised, proven itself
through thousands of hours of operating time,
worldwide and under the most difficult conditions.
Unique features, superb specifications and top
quality construction . . . all hallmarks of Kenwood
amateur products are eminently displayed in the
TS-820S. But then, you've probably heard all that
on the air by now.
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broadcast quality

How to combine

a sync generator

with three

additional circuit boards
to obtain a versatile,
high-quality TV camera

This television camera’s main features combine
high quality and ruggedness with relatively low
cost and easily obtainable components. Printed-
circuit construction and detailed circuit descriptions
were used to produce a project that will be opera-
tionally complete; it's not just another partially as-
sembled unit, hastily placed under the workbench
because of the lack of parts, technical knowledge, or
article documentation. An attempt has been made
to keep the special tools and materials stocked only
by machinists separate from this project. And though
| have found that compromises must be made to
most ideal goals, every practical effort was made to
keep these compromises to a minimum.

A number of interesting features were incorpo-
rated into this camera. Most of them allow flexibility,
with applications extending beyond ATV use. Indeed,
application flexibility weighs very heavily for any
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television camera

homebrew project, so study the following features
and compare them to other cameras and your in-
tended use.

1. Resolution capability. In excess of 500 lines.
The video processor has a 3 dB response of approx-
imately 6.5 MHz but actual resolution depends large-
iy upon the quality of lens, Vidicon, and yoke in that
order.

2. EIA interlaced scanning. Commercial broad-
cast quality sync is provided to further enhance sta-
bility, resolution capability, and weak signal lock-in
when the picture is viewed through snow. Also, if a
video tape recorder is used, exceptional frame lock
stability is provided.

3. Crystal-controlled timebase. A 3.15 MHz crys-
tal is used to derive horizontal and vertical scanning,
eliminating a 60-Hz line requirement.

4. High acceleration voltages for the Vidicon.
Resolution is basically increased as the G3-G4 grid
voltage is raised but the main intent is to enhance
the Vidicon’s amplitude response, therefore boosting
the performance of weak Vidicons.

5. High-video output. 1 volt p-p positive going
video is available at the output connector. The video
is ac coupled for 75-ohm line drive requirements
providing sufficient video for even the most stubborn
modulator.

6. Simple operating controls. The normai focus,
target, and beam controls are rear panel mounted.
No linearity adjustments are needed because of the
current feedback, in the ramp generators, which
provides a linear sweep.

7. Poor-man’s special effects. Variable vertical
and horizontal blanking is provided as an option for
multi-camera superimposed image applications.

By Arthur Towslee, WABRMC, 180 Fairdale
Avenue, Westerville, Ohio 43081
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fig. 1. Wiring diagram for the frame of the camera. The connector for the power supply printed-circuit board is a Cinch 50-20A-30. The other boards use the Cinch 50-
12A-30. The C-mount lens-mounting plate {3833), yoke and focus coil assembly (2045}, and Vidicon socket {2100) are available from Denson Electronics, Box 85, Vernon,

Connecticut 06066. A suitable power transformer (ACT-760512.0} is available from Automation Engineering for $10.00, postpaid. A set of four etched and drilled circuit
boards is available for $26.00, postpaid, also from Automation Engineering.



8. Low power requirements. Only 25 watts of ac
power is required; portable applications can make
use of low-power inverters when 12 Vdc operation
is used.

9. Printed-circuit construction. Four 3 x 6-inch
(7.6x15.2cm) circuit boards are used, thereby elimi-
nating most hand wiring.

10. Rugged and simple construction. Easy-to-
obtain aluminum is used. The frame approach pro-
duces a camera that is mechanically rugged and al-
lows easy access to all components.

11. Vidicon and yoke flexibility. The circuit design
allows for many different magnetic focus/deflection
Vidicons to be used. Also, a wide variety of deflec-
tion yokes can be accommodated.

12. Low cost. | estimate that the average amateur,
with a well stocked junk box, can build this camera
for less than 150 dollars. New parts cost (via surplus
outlets) is approximately 275 dollars.

13. Optional automatic light compensation. By
the addition of a 500 to 1000 megohm resistor in the
video processor, reasonably good light compensa-
tion can be obtained.

14. Clamped black video level. As the average
scene illumination changes, the black level position
remains constant. This produces a constant refer-
ence level needed for proper setup of bias levels in
video modulators and final rf amplifiers.

I've found all of these features to be important,
and are lacking in many camera designs. The origin
of this design grew from seeing many other camera
designs; | liked some of the features of each but not
all in any one camera. Thus, | undertook the task of
designing a camera from scratch, the way | wanted
it. Also, | was determined to finish this project before
starting another, and |'ve got a lot of things around
the house that need attention!

general description

A block wiring diagram of the camera is shown in
fig. 1. The role of the power supply is obvious, and
includes the generation of the + 450 Vdc needed for
Vidicon operation. All main timing and beam scan
control is provided by the sync generator which was
covered in detail in the September, 1977, issue of
ham radio. This board provides the clock for the high
voltage generation in the power supply, along with
the horizontal and vertical pulse information to oper-
ate the sweep generator and video processor circuit
boards. The sweep generator supplies the operating
voltages for the yoke/focus coil and Vidicon. The
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fig. 2. Photograph of the vertical video waveform. The
blanking pulse can be seen as a slightly intensified portion
of the base line, while the sync pulse is visible as an inten-
sified portion on the - 40 line.

video processor circuit board, as the name implies,
processes the minute Vidicon target current into
composite video, inserting sync and blanking on the
output video. Typical horizontal and vertical output
waveforms, at the video output connector, are
shown in figs. 2 and 3.

Although complete circuit description and theory
of operation becomes encyclopedic, and the resul-
tant space would be prohibitively large, | hope that
sufficient information is given here to enable you to
properly troubleshoot and alter the circuitry as re-
quired to suit your own requirements. Most parts are
non-critical and substitutions can be made if full
knowledge of their function is understood. There are
many areas which are considered ‘‘designer’s
choice,” implying that there is more than one way to
achieve the same result.

Sync generator. All of the outputs provided on this
circuit board are not used, so I'll recap only the
functions needed and generally describe what their
role is in this camera.

First, the high-voltage power supply uses the 15-
kHz square wave at pin C. The composite sync at
pin 4 and the composite blanking at pin 2 are fed
directly to the video processor for insertion into the
raw video. The horizontal drive (pin E) and the verti-
cal drive (pin 5) feed the sweep generator to trigger
the respective ramp generators and also to provide
Vidicon blanking during scanning beam retrace. The
high-voltage disable input is not used so it must be
connected to pin D (+ 5V) to enable the high-voltage
drive.

Power supply. A great deal of effort was made to
provide a complete power supply (fig. 4) on one cir-



cuit board that was as simple as possible, easy to
troubleshoot, and used commoenly available com-
ponents. | almost made it, with the exception of the
high-voltage transformer.

A +5 Vdc power supply circuit is used with the
popular LM309K regulator IC as the series pass ele-
ment. Particular attention should be given to the
transformer secondary ac voltage. | point this out
because I've seen many projects using a 6.3 Vac
winding to obtain regulated 5 Vdc from a bridge
rectifier. It will be found that most of these power
supplies drop out of regulation at 770 Vac input,
even with very high filter capacitor values. It's possi-
bfe to use a center-tapped 12 Vac transformer with
a full-wave center-tap arrangement, as shown in the
sync generator article, since there is only one diode
voltage drop. A diode bridge has an extra voltage
drop to add in, thus a higher ac voltage is required to
maintain regulation.

A simple, little known formula for determining the
minimum filter capacitance is presented here for
those who may want to calculate the minimum value
of C4.

First, the average dc voltage at the filter capacitor
{C4) is roughly 1.1 times the secondary ac rms vol-
tage. Using this information, apply the formula
CV=IT

where C = Capacitor value in farads
V = Peak ripple voltage at the filter capacitor
in volts
I= Load current at the output of the regula-
tor in amperes
T = Time between charge peaks in seconds

For the LM309 to regulate, a minimum input to out-
put differential of 1.5 volts must be maintained.
Therefore, at 5 Vdc output, the input must never go
below 6.5 volts. At a low line voltage of 105 Vac, the
dc level will drop to 7.3 Vdc. Therefore, only 0.8
volt of ripple is allowed. These facts produce the
following:

C= 1-; = 0&(%3_;_0._315 = 0.003906 farads (3906yF)

Therefore, at least 3900uF of capacitance is re-
quired. | might have parted a bit from the main topic
here, but | feel the above information is sadly lacking
from typical power-supply designs. I’'m a collector of
rule-of-thumb formulas and this seems to be a good
place to exercise this one.

The +15 Vdc regulator circuit is similar to the
+5-volt circuit except a full-wave center-tap recti-
fier is used. The output is taken from U1. The — 15
Vdc regulator uses the other half of the CR2 bridge
with the + 15 Vdc output as a reference. This pro-

vides tracking between the two supplies. U3 is used
as an error amplifier to compare the R1-R2 connec-
tion to ground. If + 15 and — 15 volts are equal and
opposite, and R1=R2, zero volt will be present be-
tween pins 2 and 3 of U3. If not, U3 will drive Q2 to
change the minus voltage until the difference is zero.
This arrangement works quite well despite the fact
that there are dual-tracking regulators on the market
doing the same job. The most cost effective ap-
proach is used here. The last of the low-voltage
rectifier circuits is the —45 Vdc supply. This is a
full-wave bridge doubler composed of C8, C9, C10,
and CR3. This combination is used to eliminate the
need for another transformer winding. The circuit, if
redrawn, will reveal that it is actually two cascade
voltage doublers arranged in push-pull to provide
full-wave rectification with better regulation than a
half-wave arrangement.

'
‘{\z : . < : v ’ —0 - 45vDC

100 pF

l+zsv

CR3

The power transformer used to supply the vol-
tages for the previous circuits is the size of a 6.3 Vac
3-amp filament transformer. Muiltiple transformers to
obtain the required voltages could be used here, but
to fit into the available space | have designed a single
unit to fulfill these specific needs. It is also possible
to wind a transformer by removing the secondary of
a filament transformer and winding back on the
required wire (if you really like to wind transformers).

The high voltage needed to operate the Vidicon is
obtained by the use of a dc-dc converter driven by
the 15750-Hz square wave from the sync generator.
T1is a ferrite cup core around a hand-waound bobbin.
In operation, when the logic level drive signal at pin
6 goes positive, Q1 turns on and saturates the core
of T1. When Q1 is turned off, the collapsing field in
the primary of T1 is transferred to the secondary with
a magnitude determined by the turns ratio. The ac
voltage induced across the secondary is then recti-
fied and filtered in a conventional manner,
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The circuit feeding the focus potentiometer is a
half-wave cascade voltage doubler formed by C19,
CR4, and CR5. All other voltages are obtained from
simple half-wave rectification circuits. The filter on
the primary of T1 is used to prevent the switching
spikes and the collapsing field of T1 from being fed
back into the + 15 volt regulated supply. The point
that Q1 switches is halfway across the horizontal
active scan, so if care is not taken to suppress the
spikes, they will appear as a vertical line in the center
of the picture.

Various chokes were tried for L1. The best com-
mercially available unit | could find is a Miller 100-xH
hash choke. However, for those who find this item

IR AND 4% & FACTON 115 as T PULE

fig. 3. Horizontal video waveform as seen on an analyzer.
The sync pulse is seen on the — 40 line.

hard to obtain, a toroid-wound choke consisting of
24 turns of no. 22 AWG (0.6mm) enameled wire
wound on an FT50-75 core is quite satisfactory.

The high-voltage transformer T1 is a homemade
unit wound on a Magnetics OF42213-UG ferrite core
and a PCB2213-23 bobbin. Actual winding and as-
sembly is quite simple and total construction time
should be less than 15 minutes; careful winding of
the primary will save time later. See the construction
section for full details.

sweep generator

The sweep generator (fig. 5) provides a number of
functions; first and most important is the generation
of linear ramp currents to sweep the electron beam
across the target area of the Vidicon. In addition,
logic is provided to blank the Vidicon during ramp
retrace and also to blank the Vidicon in case of
sweep failure. Finally, a constant-current source
supplies the focus coil with the proper current to
establish magnetic focus for the Vidicon.

Vertical ramp generator. Operational amplifier
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U1A acts as an integrater to produce a vertical ramp
controlled by the vertical drive pulse. This circuit is
different than most integraters because the inte-
grating capacitor C1 is referenced to ground, ! there-
by simplifying the vertical ramp reset circuitry (Q1).
This configuration also allows for any required lin-
earity correction. The component values shown pro-
vide a linear ramp (R1 and R2 are equal) but the out-
put is an exponential function in which the magni-
tude and sign of the exponent may be varied by
changing the ratio of R1 and R2 while holding the
total resistance constant. The sum of R1 plus R2
multiplied by C1 [CI(R1+ R2)] determines the slope
of the ramp. Values of C1 other than 1 uF may be
used providing the RC constant remains unchanged
and the value of R1 and R2 does not exceed ap-
proximately 250 kilohm. In fig. 5, C1=1 uF while
R1 and R2 equal 100,000 ohms. Therefore, the RC
constant is 200,000. If C1 was 10 uF, then R1 and R2
must each be 10,000 ohms.

The amount of positive feedback through R4 and
R5 controls the exponential output. These resistors
must be equal for a linear ramp but the main function
is to set the gain (gain of 2). Any value of resistance
for R4 and R5 between 4.7k and 100k produces no
significant change in the output. Caution must be
exercised when selecting values for C1. Stable, low-
leakage capacitors (preferably non-electrolytic)
must be used. | specify a mylar capacitor but tanta-
lum units may be substituted if the correct polarity is
observed. In operation, the positive-going vertical
drive pulse resets the ramp generator by turning on
Q1 and discharging C1 to ground. After the vertical
pulse is completed, C1 linearly charges producing
the + 5 volt output at pin 12 of UTA. The next pulse
resets Q1 and the cycle repeats again. The relatively
large signal output (+5 volts) from U1TA is inten-
tional, to produce a large signal-to-noise ratio.

The second stage (U1B) is a voltage follower
placed in the current loop to provide adjustable cur-
rent gain and dc offset. The signal is reduced before
pin 6 to approximately 0.6 V p-p and then compared
to the 0.6 V p-p signal at pin 7. The output from pin
10 then feeds a complementary transistor pair (Q2
and Q3) which provides a current boost to drive the
vertical yoke. R14 and R15 bias Q2 on slightly before
Q1 turns off, eliminating crossover distortion; R16
also helps supply current at the crossover point.
R17 and R18 are simply current limiters for the tran-
sistors and also provide some degree of decoupling.

Capacitor C3 shunts the small component of hori-
zontal ramp signal around the vertical coils. R21 is
used to sense the current through the vertical yoke
since the voltage developed across this resistor is
proportional to the current flowing through the coils.
R19 and R20 form a voltage divider across R21 and
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fig. 4. Schematic diagram of the power supply board. Diodes CR1, CR2, and CR3 are Varo VE18 diode bridges, or can be replaced
with individual TN4004 diodes. All other diodes are 1N4007s. R1 and R2 should be matched to within 1 per cent; all other resistors
are 10 per cent tolerance. The 100 xH choke is a J. W. Miller 5250. All the capacitor values are minimum values which can be in-
creased if the new capacitor will fit within the available space. The high-volitage transformer is mounted by an 8-32 {M3.5) screw
through the circuit board. Flat washers should be used to space the transformer approximately 1/8 inch (3mm) above the board.

feed back a portion of the voltage to the inverting in-
put of U1B. The overall gain of the loop is deter-
mined by

RI1+RI3 .

Ri11 =E

mn

where E,, is the voltage at pin 7 and E, is the voltage
at R20's wiper.

By changing the vertical yoke current, the height
is varied with minimum current equal to maximum

height and vice versa. Yokes with different deflection
factors can be accommodated by changing the value
of R21 which changes the range of the height poten-
tiometer R20. The value used here (100 ohms) will
yield an R20 range of 12 to 80 mA. Decreasing this
value to 50 ohms would produce a range of 25 to
160 mA. However, most deflection factors fall in the
range of 12 to 80 mA. C2 compensates U1B and
prevents ringing due to overshoot by reducing the
gain of U1B at high frequencies. Centering pot R10
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This side view of the camera shows the sweep generator
card. The additional components for the alignment coil can
be seen on the socket for this circuit board.

provides a variable dc reference to center the ramp
symmetrically about zero. Increasing the bias shifts
the picture on the monitor from the top to bottom,

Horizontal ramp generator. This circuit is identical
in concept to the vertical ramp generator discussed
above, In fact, a visual inspection of the schematic
will reveal only one added part, R24 in the circuit of
U2A. When the horizontal pulse resets the ramp, C4
is not completely discharged due to the 10-ohm re-
sistor, but left with a slightly positive bias which
shows up at pin 6 of U2A as an offset. This small
offset opposes that presented by the horizontal
centering control and will provide sufficient adjust-
ment on either side of zero.

The slew-rate upper-frequency limitation of U2A
is used to an advantage here. Since slew rate is
measured in volts per unit of time, the higher the
ramp voltage becomes, the more time it takes to
retrace. Steep slope retrace times will tend to pro-
duce ringing in the following stages; By keeping the
peak ramp voltage high (+5V), the retrace takes
longer due to slew-rate limiting and yoke ringing is
minimized. The resistive divider (R29 and R33) then
attenuates the signal to approximately 0.6 volt at pin
6 of U2A.

The output voltage and current boost circuitry,
formed by transistors Q5-Q8, provide the required
gain and current drive for the horizontal yoke. Q5 and
Q6 provide some gain but serve primarily as dc level
shifters to drive the complementary stage (Q7 and
Q8). Since the use of higher voltage levels was re-
quired, | had to fall back on discrete logic. The higher
peak-to-peak voltages are due to two factors. First,
the horizontal deflection factor of the yoke is roughly
six times higher than the vertical circuit. This is due
to the smaller number of turns of wire to minimize
the inductive reactance. Second, because of the
increased inductive reactance, even with fewer wire

turns, more voltage must be impressed across the
windings to source the same current as that required
by the vertical circuit.

Obviously, there are compromises and tradeoffs
while trying to maximize current with a minimum of
voltage. Notice that a negative supply voltage of
- 45 volts is used. This is because maximum current
is needed during retrace where the rise time is the
greatest. An oscilloscope on the collector of Q6
would reveal a sharp negative-going pulse.

Theoretically, an infinitely steep voltage pulse,
discharged into a pure inductance, will produce a
current ramp. This is how some commercial cameras
generate a sweep. However, no circuit achieves
theoretical factors so non-linearities creep in. That is
why most cameras provide linearity adjustments,

Since the circuit presented here is a true closed-
loop current source, the source voltage is auto-
matically controlled to produce a linear current ramp.
Thus, no linearity adjustments are needed and the
only non-linearities which do exist are in the yoke
itself. Because of the ramp generator design, com-
pensation can be made to overcome this if required.
For all practical purposes, however, yoke non-
linearities are not detectable to the average viewer,

The zero crossover problem, discussed in the ver-
tical circuit, is more difficult to overcome due to the
higher frequency involved. Hence diode biasing is
used to overlap the turn on of Q7 before Q8 turns off.
R39 provides the proper degree of overlap and also
balances the base drive for Q7 and Q8. Notice at this
point that R7 is placed across the emitter-collector of
Q8. If a yoke is used that requires more than 300 mA
p-p for proper operation, base drive limiting can take
place due to the low current gain of Q8. Therefore,
R7 helps to source current when the ramp is maxi-
mum negative, reducing the dissipation. Even with
R7 in the circuit, Q8 is driven much harder and for a
longer duration of the cycle than Q7.

| would like to point out here that a large imbalance
of the centering pot for a long duration will cause
excessive dissipation in Q7 or Q8, depending upon
which side of zero the imbalance occurs. Steps must
be taken to check this when initially powering the
circuit to avoid the premature replacement of the
transistors.

The value of R3 depends upon the yoke induc-
tance and is used to dampen the inductance and
lower the Q of the circuit to prevent ringing. Use a re-
sistor decade box and decrease the resistance to a
point where any vertical bar shading irregularities at
the left side of the video monitor just disappear. If
an oscilloscope is handy, connect it from terminal C
to ground and view the horizontal ramp. Adjust R3
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to eliminate any ringing on the leading edge of the
ramp immediately after retrace. For the yoke speci-
fied, this value is 2.2 kilohms.

The current sense element for the horizontal ramp
is R45 and operates in exactly the same manner as
R21 in the vertical circuit. Changing the value of this
resistor will change the range of the width potenti-
ometer R43. With an R45 value of 10 ohms, a current
range of 120 to 400 mA can be accommodated. It is
important to realize that when it is desired to view
the ramp waveform on a scope, only the current
waveform is meaningful, because it is the current
that deflects the electron beam within the Vidicon.
(Remember that we are dealing with magnetic de-
flection Vidicons.)

Don’t confuse the current waveforms with voltage
waveforms shown on many commercial camera
schematics. In many cameras, current waveforms
are difficult to make because of the lack of a ground-
ed current reference point. However, in this case R21
{vertical) and R45 (horizontal) are in the current path.
A scope from terminal A or C to ground will display
current if the voltage on the CRT is divided by the
R21 or R45 resistance.

The Vidican must be blanked during both verticai
and horizontal retrace even though proper blanking
of the video waveform is taken care of farther down-
stream; this is because of the persistance and lag of
the Vidicon — an actively scanned retrace will pro-
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duce dark diagonal lines superimposed on the normal
scan. Methods to blank the Vidicon vary from cath-
ode blanking to G1 grid blanking or both. In this
case, simple cathode blanking is used by raising the
cathode approximately 22 volts positive during the
retrace intervals. The vertical and horizontal drive
signals are inverted, wire ORed and again inverted to
drive the Vidicon cathode through U4. | have noticed
that when using a type 4478 Vidicon, because of its
higher cathode cutoff point, marginal cutoff of the
beam can occur, especially at low-light levels, pro-
ducing a very slight retrace line. Using a type 7735
Vidicon has not been any problem.

The Vidicon must be protected from accidental
ioss of either vertical or harizontal sweep, even for
time durations as short as a fraction of a second. If
sweep failures occur without protection, the scan-
ning beam in the Vidicon would permanently burn
the target material, causing a serious line or spot in
the picture after normal sweep resumed. U3, a 74123
dual retriggerable one-shot, is the heart of a scheme
devised to blank the Vidicon (turn off the scanning
beam) if either horizontal or vertical sweep is inter-
rupted. In operation, C10 and R54 integrate the ver-
tical ramp, negative-going retrace into a short dur-
ation pulse at the base of Q10. Q10 turns on during
this time to produce a positive pulse at pin 10 of U3
to reset the timer. The output (pin 12) is low at this
point. After the input pulse, U3 starts a time delay
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fig. 6. Schematic diagram of the video processor; all voltages are shown with no video (lens capped! and R16 turned fully
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Rear view of the camera with the back plate removed. The
three capacitors which are connected to the Vidicon socket
are grounded through a common piece of braid to the video
processor socket.

which, if allowed to time out, will cause pin 12 to go
high. For normal operation, before the timer times
out, a new pulse arrives at pin 10 resetting the timer
and repeating the cycle. If the sweep had failed to re-
trace, no pulse would occur at pin 10 and the timer
would time out thus driving U4 pin 8 low and blank-
ing the Vidicon.

The time delay is set by R55 and C11 and is slightly
longer than a normal 16-millisecond vertical-scan
cycle. The horizontal circuit operates in an identical
manner. Note that | have brought the C11-R55
junction to pin D on the connector. Normally this
pin is not used, but if the delay is shortened to time
out before the end of the normal scan cycle the Vidi-
con will be blanked from that point until the start of
the next cycle. By connecting a 500k potentiometer
from pin D to +5 Vdc, a poor man's special effect
can be made to “wipe’’ from bottom to top. An addi-
tional 500k potentiometer from pin E to + 5 Vdc will
produce a wipe from right to left. This combination
will change the picture from full screen to a small
square in the upper left of the screen. One caution
must be observed. By blanking the Vidicon at a point
normally in the active scan region for a long time on
relatively bright scenes, a line will be produced on
the screen when the blanking point is changed. This
could produce a permanent burn in the Vidicon.

The Vidicon magnetic focus control circuit is also
on this circuit board. It is a simple current sink to
supply constant current to the focus coil indepen-
dent of supply voltage and coil resistance variations,
R60 is adjusted to set the current desired to focus

the Vidicon. The voltage developed at the emitter of
Q11 is compared to the voltage at the wiper of R60
by U5. U5 will then drive Q11 until these voltages are
equal, producing a voltage drop across R59 which is
proportional to the focus coil current. The focus coil
current, I,=Epgowiper/R59. The op-amp’s open
loop gain and excellent temperature stability are
combined to produce very stable regulation of the
focus current.

Most focus coils typically require approximately
40 mA if the coil resistance is about 400 ohms, pro-
ducing Egrgo equal to 0.4 volts. The lower the coil
resistance, the higher the required current will be. If
the focus coil used approaches 100 ohms, it will be
necessary to place a small resistance in series with
the coil (approximately 22 ohms) to prevent exces-
sive dissipation in Q11. The voltage across terminals
E and F should be close to 15 volts. Finally, capacitor
C20 must be placed across terminals E and F to
suppress horizontal spikes occurring at a rate too fast
to be corrected by U5 (there was not room enough
to mount this capacitor on the circuit board).

video processor

The video processor, as the name implies, pro-
cesses the extremely low level video signal from the
Vidicon. The preamplifier portion (fig. 6), composed
of Q1 through Q4, amplifies the signal and also pro-
vides response modification. The amplified signal
(approximately 0.7 volt p-p) is then presented to the
processor where blanking and sync are inserted.

The preamplifier accepts the extremely low level
current, from the target of the Vidicon, which is pro-
duced by the discharge of the target by the scanning
beam. This signal, in the range of 0.05 to 0.5 micro-
amp, is ac coupled to Q1 and discharged through R4
to produce a voltage equal to:

|| R¥xR7
Y R4+R7

at the gate of Q1. For 0.3 microamp of target current
(a relatively bright scene), approximately 60 mV is
developed at Q1's gate; a higher voltage level than
one would suspect. Wiring must be kept to a mini-
mum and also well shielded at this point to prevent
broadcast interference pickup due to the high im-
pedance involved.

The target bias is also applied at this point. This
positive voltage will charge the capacitive surface of
the Vidicon that eventually will be discharged by the
scanning beam. The bias, usually about + 20 volts,
must be varied as the average scene level changes
and ideally must be a constant-current source for
automatic light compensation. By making the value
of R7 very large (greater than 100 megohms) a
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constant-current source is approximated because the
Vidicon is basically a constant-current generator.
Therefore, partial ALC is achieved. My original de-
sign uses a 2.2-megohm resistor for R7 v».. no ALC.
However, if ALC is desired, use a 500- to 1000-
megohm resistor for R7 and increase the value of the
target pot from 500k to 1 megohm. If this is done, the
recovery from abrupt light level changes will be slow,
especially as R7 approaches 1000 megohms because
C6 must be charged (or discharged) to a stable level
in the process.

In operation, the high impedance gate of Q1
amplifies the video signal with some series peaking
in the drain circuit. This technique helps to compen-
sate for the normal high-frequency rolloff of the
Vidicon. R9 shunts L2 to shape the response of the
peaking by reducing the Q of L2. At low frequencies
R10 is primarily the load resistor, while at high fre-
quencies, where the reactance of L2 is higher, R2
and X of L2 are additive to increase the gain of the

832 x /8" SCREW

The video at Q2’s source is ac coupled to Q3 and
Q4; Q4 is used as a bootstrapped emitter follower
with a dc gain of 1. Degenerative feedback is pro-
vided to vary the high-frequency rolloff point (aper-
ture) and the slope of the gain curve to the rolloff
point (high peaking). The aperture is normally ad-
justed by viewing a scene with high contrast ratios
and adjusting R14 for no white tails following a white
to black transition. The high-peaking pot, R15, is ad-
justed by observing the maximum picture detail
without noticeable oscillation effects. The corrected
video is then fed to the video gain pot R16 for pre-
sentation to the sync and blanking processing
stages.

The blanking and sync insertion circuitry? is built
around an RCA CA3039 high-speed diode array. The
circuit restores the dc level to the incoming positive-
going video signal, inserts blanking, sets up a pedes-
tal level, and then adds composite sync. This type of
processing precisely inserts the sync and blanking in-
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fig. 7. Component placement for the completed power supply board.

stage. Q2 is basically a source follower to isolate the
signal from the previous stage and to present a lower
impedance for coupling to Q4. In addition, it pro-
vides a dc stabilized feedback to Q1. Q1 and Q2
therefore operate together to provide a single in-
version of the signal with a total mid-frequency gain
of approximately 15.
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formation, not merely adding it to the video. Linear
addition is not good enough because the video in-
formation would ride on top of the sync information.
Sync must only contain position information; there-
fore, the video is clamped to a voltage level at the
positive terminal of C16 by diode CR3.

Diode CR7 protects CR3 from excessive reverse



The 0.01 ;F disc capacitor mentioned in the text can be seen
attached to the sync generator board. Its inclusion will
eliminate a vertical line in the picture.

voltage and will clamp the absolute video excur-
sions to approximately 0.7 volt. The resulting signal
is then fed into a differential amplifier consisting of
Q6 and Q7, a matched pair within the CA3086 (U2).
This amplifier has a low gain (2.5) between the base
of Q6 and collector of Q7 but a much higher gain
(6.5) between the base of Q7 and its collector. With
CR5 reverse biased during scan time, amplified
video will appear at the collector of Q7. When a
horizontal or vertical blanking pulse appears at pin 2,
CR5 is forward biased and saturates Q7, thereby
adding a very large pedestal to the video. This pedes-
tal must then be clipped and sync added to complete
the process.

Transistor Q5 and the associated circuitry is con-
nected to function as a constant-current source
which will set up a variable voltage at the cathode of
CR4 depending upon the presence or absence of a
sync pulse. Thus, whenever the signal at Q7's col-
lector is more negative than this potential, CR4 will
isolate the video signal from the base of Q8. How-
ever, if the level at Q7's collector is more positive,
the video signal will appear at Q8. If the current from
Q5 produces a level at Q8 base just beneath the video
black level, the entire video will rest upon the blank-
ing level. When CR1 conducts due to an incoming
sync pulse, R29 will be short-circuited, and the vol-
tage at the base of Q8 will drop a corresponding
amount. The resultant composite video is then pre-
sented to the output transistors Q8 and Q9. Transis-
tor Q10 is connected as a diode to provide negative
feedback. Because of Q10’s low reverse breakdown
of 6 volts, it acts as a zener to clamp the feedback at
6 volts. R30 and R32 are purposely selected to be
low values to keep impedances low and improve
bandwidth.

The entire processor circuit, including the preamp,
has been tested and found to have an overall 3 dB
bandwidth in excess of 6.5 MHz. This value is more
than adequate for all but the most expensive
Vidicons.

There are a few comments about component se-
lection which deserve mention. The preamp resistors
R4, R7, and R9 should be metal film to keep noise to
a minimum. C6 must be a non-polarized and low-
leakage capacitor; most ceramic capacitors are fine,
In the processor U1 is a diode array selected pri-
marily for high-speed operation. Substitution of
descrete slow-speed diodes could be disastrous. U2
is a high-current transistor array to handle the rela-
tively high current in the output stage; it also runs
warm in normal operation. In some applications,
particularly for ATV operation, the sync amplitude
may have to be altered. R29 is selected to produce
approximately 40 IRE units of sync. To reduce this
level to 20 IRE units, decrease this value to 220 ohms.

A number of prototypes were built before an
arrangement was obtained that provided compact
size, easily obtainable materials, a minimum of
special tools for fabrication, and accessibility to all
printed circuit boards while the camera was opera-
tional. Of course, there are always tradeoffs to any
design, but the main criterion here lies in the ability
for the maximum number of people to be able to
reproduce this design with the minimum of effort.

A standard chassis approach was abandoned early
because no standard size existed which was close to
the dimensions needed to qualify the camera as a
compact. Instead, | settled upon a basic frame ap-
proach. This may require more individual pieces but
it keeps bending requirements to a minimum. *

Basically, the front and rear plates are made from
1/8-inch (3mm) aluminum. Thinner material could
be used but mechanical rigidity will suffer. The frame
studs that hold the front and rear plates are 1/4-
inch (6.4mm) square aluminum bar stock. This
material is not generally available in hardware stores
and | had to go to an industrial aluminum supplier
and buy a 12-foot (3.7m) long piece. I've got a lot
left over, but the cost was less than three dollars.
The back plane bracket, video PCB shield, sync
generator PCB shield, and the bottom plate are all
made from 1/16-inch (1.6mm) aluminum. Here, sub-
stitution of thinner material down to about 0.040-
inch (1mm) thick is fully satisfactory. Thicker mate-
rial, however, will be difficult to bend and should be
avoided.

*A copy of the complete set of mechancal drawings 1s available by sending
a 9% x 11 envelope with 35 cents postage to ham radio, Greenville, New
Hampshire 03048
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Mounted directly behind and fastened to the front
plate is the front mounting block. This serves as a
very convenient means of securing all four circuit
boards and establishes a good low-impedance elec-
trical ground. It also spaces the yoke/focus coil
back from the Vidicon to establish proper focusing.
| made this block from 1/4-inch (6.4mm) aluminum,
but thicker pieces up to 3/8-inch (9.5 mm) can be
used if care is taken to chamfer the edges where
they contact the circuit boards so no shorts occur.
Since the yoke/focus coil mounts to this block,
check the mounting dimension requirements of the
yoke you obtain before drilling these holes.

The outer cover that wraps around the entire
camera is not detailed because of the variety of
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with threads to accept a standard C-mount lens
which would also screw into the front plate. Not
everyone can do this so | suggest an adapter avail-
able from Denson Electronics (part 3833) to mount
the lens on the front plate.

The printed-circuit board layouts may be obtained
by sending a self-addressed, stamped-envelope to
ham radio, Greenville, New Hampshire 03048 or, pur-
chased as etched and drilled blank boards from Auto-
mation Engineering Company.* The parts placement
drawings are shown in fig. 7, 8, and 9. Breadboard
construction is not recommended because of the
somewhat critical layout of components on some
boards. In general, no special assembly of compo-
nents is required on any of the boards. However, |
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fig. 8 Component pattern diagram for the sweep generator. Plastic transistor spacers should be used under Q7 and Q11 to pre-

vent the heatsinks from touching other components.

materials that could be used. Solid-sheet aluminum
may be used if ventilation holes are drilled along the
sides and top. Many types of decorative perforated
aluminum are available at hardware stores and are
desirable for ease of bending. | used 0.050-inch
(1.3mm) perforated steel because of availability.
Don’t use this unless you have access to a bending
brake and can do it right the first time!

Finally, the hole size in the front plate depends
upon the method of mounting the lens but must
be larger than 1-1/8-inch (2.9cm) in diameter in order
to insert and remove the Vidicon without removing
the plate. | have found that a universal lens mounting
method to satisfy all situations is not obtainable. |
have access to a lathe, so an adapter was machined
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might suggest three cautions that should not be
overlooked.

1. Check for proper polarity of capacitors and
diodes.

2. Check solder connections on the component
side of the board.

3. Be careful not to leave component leads too
long on the solder side; they may touch the focus
coil.

Most components are commonly available and

*Automation Engineering Company, 3621 Manne Drive, Toledo, Ohio
43609
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fig. 9. The area enclosed with a dotted line on the video processor board should be shielded if broadcast interference is a prob-
lem. L1 is not mounted on the board but runs directly between the board and the Vidicon. All other components are mounted as

shown in this diagram.

were designed with surplus dealers in mind. Many
substitutions of components are possible, but good
judgement must be exercised. Hopefully, after read-
ing the preceding technical descriptions of each
board a knowledgeable substitution can be made
knowing that it will work. If substitution of tran-
sistors is required for the 2N3053, 2N4036, and
2N3440, be sure to check package size, voltage
rating, current gain, and power handling capacity.
The high-voltage transformer in the power supply
must be wound with the Magnetics, Inc. cores de-
tailed in fig. 10. The cores and bobbin are not gen-
erally available in small quantity, from Magnetics,
Inc., but they can be obtained from Automation
Engineering for $2.50, postpaid. Adding the required
wire to these parts is quite simple. First, insert a
7/16-inch (11mm) bolt through the bobbin and
secure with a nut. Now hold the bolt instead of the
bobbin while winding. The primary must be wound
on first, with the wire occupying the bobbin section
closest to the pins. Wind with 20 turns of no. 26
AWG (0.4mm) enameled wire (approximately 3 feet
or 1Tm) connecting the beginning of the winding to
pin 1 and the finish to pin 3 (pin 2 is unused). Wind
the first half of the secondary on the center section
with 200 turns of no. 36 AWG wire (0.13mm). Con-
nect the start to pin 4 and the finish to pin 5. Now,
continue winding another 200 turns on the top sec-
tion /in the same direction as the first 200 turns, with
the start at pin 5 and the finish at pin 6. After com-

pletion of the winding, slip spaghetti insulation over
the leads and place the cores in position before sol-
dering the leads to the pins. Careful positioning of
the leads will prevent them from touching the cores.
Finally, seal the wire in place on the bobbin by melt-
ing a small amount of beeswax or crayon on it.

Almost any 1-inch (2.5cm) Vidicon is usable in
this camera, including the 8507 separate-mesh Vidi-
con. When this tube is used, however, tie G4 (pin 3)
directly to power supply pin 10 through a 1-megohm
resistor. G3 (pin 6) is then connected to the focus
pot as shown. | recommend a yoke-focus coil as-
sembly available from Denson Electronics (Part 2045)
for this camera, but it must be altered and mounted
as follows:

1. The wire on the focus coil must be unwound
and rewound with 1 pound (0.45kg) of no. 28 AWG
(0.3mm) or no. 29 AWG (0.27mm) wire (approxi-
mately 7000 turns).

2. A good target connection is not supplied with
this assembly. However, if the front mount is re-
moved by gently tapping it from inside and replaced
with a Denson plastic front Vidicon mount and tar-
get connection (furnished with the coil as a loose
item), this will make the assembly usable with a mini-
mum of effort. The two plastic ears on the plastic
front Vidicon mount, which extend behind the solid
piece, must be sawed off flush so the yoke can be
fully inserted.

january 1978 23



3. A method of clamping the yoke and Vidicon to
the focus coil case must be made by the builder.

4. The electrical alignment coils provided on this
yoke must be powered to operate properly (many
yokes have permanent magnet alignment magnets
not needing electrical connections). No provision for
alignment coil power is provided on the circuit
boards, but the circuit shown in fig. 11 can be used
to power the coils.

Two other yokes that I've tested and found to be
satisfactory are the Denson 2047 and 2013. They re-
quire approximately 300 mA p-p to operate the
horizontal coils and 15 mA to operate the vertical
coils. See fig. 12. If either yoke is used, you must
furnish a satisfactory focus coil. The following tips
will help if you feel confident enough to build a
focus cail.

1. Wind the coil with 1 pound (0.45kg) of no. 28
(0.3mm) wire (approximately 7000 turns).

2. Use a plastic front Vidicon mount and target
connection, available from Denson by description.

3. Use a permanent magnet alignment assembly,
Denson 7138.

The power transformer is a special unit | wound
for this application. Although standard transformers
are available which could work, | found none with
all of the required voltages. It is possible to hand
wind a transformer using a Stancor P6466 as a core
but this is somewhat laborious.

The 0.02 uF capacitors from Vidicon pins 2, 3, 5,
and 6 to ground are 600 volt ceramic capacitors.
They're installed on the Vidicon socket pins with as

MAGNETICS INC.
NO. OF42213-U6
FERRITE CUP CORE

MAGNETICS INC.

NO. PCB2213-23

PLASTIC 3 SECTION
N

PRIMARY
1ST HALF OF

SECONDARY ——k

short leads as possible. The ground side of the ca-
pacitors should be connected together and then
connected to the video processor socket pins C,
D, E, and F at the ground lug with a short piece of
shielding braid. This is for flexibility along with pro-
viding a low impedance to ground.

initial testing and setup

The testing of each circuit board should be done
in a systematic manner to avoid the possibility of
damaging good components on one circuit board
due to a problem on another; the following steps
will save a lot of time and headaches later.

First, after all frame wiring is completed {do not
install the Vidicon or any circuit boards) plug the
camera in and verify that, with respect to pin 2,
approximately 20 Vac exists at the power supply
socket pins A and C. Next, measure the voltage
between pins E and F. It should be about 8 Vac.
Last, check for about 7 Vac between Vidicon socket
pins 1and 8.

Now plug in the power supply circuit board and,
with a clip lead, short pin 6 to ground. Turn the pow-
er on and check for +15 Vdc, +5 Vdc, £25 Vdc
and —50 Vdc at the power supply socket and all
other socket connections to which these voltages
go. If an oscilloscope is available, make sure the
ripple at pins 1 and 4 (£ 15 volts) and pin 5 (+5
volts) is below 10 millivolts.

After all the tests are complete, remove the clip
lead jumper, and plug in the sync generator. Again
apply power and check for proper high voltages
{approximately 500-600 volts at pin 10). | assume at
this point that the sync generator has been pre-
viously checked and is operational. In normal opera-
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fig. 10. Construction details for the high-volitage transformer. The primary winding will require approximately 3 feet (1m) of no.
26 AWG (0.4mm) wire, while the secondary will require 50 feet (177m) of no. 36 AWG (0.13mm) wire. The core and bobbin are

available from Automation Engineering for $2.50, postpaid.
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fig. 11. The upper diagrams show the lead identification
colors for the Denson type 2045 yoke/focus coil assembly.
After the focus coil has been rewound, the dc resistance
should be approximately 250 ohms. R3, on the sweep gener-
ator board, can be reduced to about 1000 ohms when using
this assembly to improve the shading. The circuits at the
bottom should be used to power the electrical alignment
coils. The components can be mounted on the circuit board
connector socket in the frame of the camera. It is possible
that in some extreme cases one of the 470-ohm resistors
may have to be reduced to obtain the proper range.

tion, Q1 gets warm but never too hot to touch. If it
does, either a secondary short exists or the trans-
former was improperly wound; too few turns on the
primary will produce this problem. In a couple of
cases | have found that the high voltage at pin 10
was low (about 400 volts) and Q1 ran very hot. |
unwound the primary and, finding the proper num-
ber of turns, wound it back on with the same wire.
When | checked, the voltage was up to 600 volts and
Q1 was running cool. No explanations found — any
suggestions? In any case, this could be a source of
trouble. Also make sure the surfaces between the
core halves are clean. My ears are sensitive to the 15
kHz whistle, so | found this early.

Next, plug in the sweep generator and connect
all yoke/focus coil leads. Turn the power on and
check for proper sawtooth waveforms at terminals
A and C with an oscilloscope. Adjust R20 for ap-
proximately 1.4 volts p-p at terminal A (16 mA) and
R43 for approximately 1.6 volts p-p at terminal C
(162 mA) with the Denson 2045 assembly. Make sure
the centering pots R10 and R32 are set 1o position
the sawtooth waveform equally above and below

zero. If either pot is adjusted to an extreme for an
extended period of time, the output transistors will
get very hot and may fail, so check this first! In nor-
mal operation Q8 will get very warm. A good check
here is to place your finger directly on Q8. Count
slowly to two. If you still have your finger on Q8, it is
not too hot! This may be a crude test, but | like tests
involving instruments that are handy (pun intended).

Now check the constant-current source supplying
current to the focus coil. Set focus pot R80 to supply
approximately 40 mA. This will produce a voltage
drop of 0.4 volts across R59. Make sure that the
focus coil's magnetic field polarity is correct by plac-
ing a compass at the outside of and at the image end
of the focus coil. The north seeking pole must be at-
tracted to the coil.

Finally, plug in the video processor and short the
target lead to ground at C6 with a very short jumper.
With a television monitor connected to the video
output, vary R34. The monitor should have a blank
raster that becomes lighter as the pot is rotated
counter-clockwise. Remove the short at C6. By
placing your hand near C6, herringbone patterns
should occur, indicating that the processor is passing
broadcast radio signals and is operating properly. if
a vertical line is noticed near the center of the pic-
ture, it may be due either to improper grounding of
the power supply or excessive pulse risetimes or the
15 kHz drive clock. If the latter is the case, a 0.01 uF
capacitor directly across pins 7 and 8 of U19 on the
sync generator will correct the problem. After all
items have been checked, the camera is ready for the
Vidicon and final testing.

final checks and calibration

Install the Vidicon in the camera. The short index
pin should be oriented to position it at 9 o'clock
when facing the camera. The Vidicon should be in-
serted into the yoke to a point where the tube face is
approximately 1/2-inch {12.5mm) behind the lens.
This dimension, however, is rough and final posi-
tioning will be necessary after the camera is opera-
tional. Apply power to the camera and perform the
following steps:

1. Adjust the focus pot for +450 volts at the
wiper.

2. When an image appears, adjust R60 on the
sweep generator for proper magnetic focus. All elec-
trical focusing should henceforth be done with the
rear panel focus pot.

3. Rotate the yoke, if required, for proper picture
orientation.

4. Adjust the centering pots. If either pot is rotated
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to its extreme, the round edge of the target will be
seen. This can be used as a guide for proper center-
ing along with proper positioning of the object being
viewed (test pattern).

5. Adjust the horizontal and vertical size pots for
correct image size. Note that under scanning the
tube will produce a /arger than normal picture. This
is undesirable because resolution suffers, and if nor-
mal scanning is resumed a premanent burn line of
the target will result.

6. With a picture in view, rotate R15 on the video
processor clockwise until the picture ‘‘breaks up.”
Back off slightly and leave it there. In general, this
pot increases the frequency response of the ampli-
fier and a corresponding increase in resolution will
occur until overcompensation is reached and oscilla-
tion takes place.

7. Next, rotate R14 (aperture) for no white tails
following black-to-white transitions {pot fully
counter-clockwise) or no black tails following black-
to-white transitions (pot fully clockwise).

8. Finally, after all other items are satisfactory, the
alignment magnets on the rear of the yoke should be
adjusted to improve resolution and shading. These
are not centering magnets and centering will possibly
have to be touched up later. Rotate the focus pot on
the rear panel. The image must not shift from the
center position. Adjust these magnets until rotating
the focus pot to each extreme produces a picture
that rotates about an imaginary center axis as it goes
through focus. No side-to-side or top-to-bottom
shifts must take place.

conclusion

This television camera, although complex in some
respects, is relatively easy to build and troubleshoot.
A number of construction approaches were tried be-
fore settling on this one. Because many amateurs do
not own a machine shop, as much of the design as
possible takes advantage of standard workshop
tools. This is not 100 per cent applicable, but I'm
sure that alternate approaches, for the same result,
with available tools will be devised. For this reason,
I've gone into further detail than normally would be
expected. The construction of this camera is not
really as complex as it seems on the surface. Give it
a try!

A number of extensions to this design are possible
as discussed in the preceding text, and in most cases
are limited only by your imagination. With a
thorough understanding of this design, it is possible
to produce a camera applicable to your situation.
Because of the interlace quality, multi-camera con-
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fig. 12. Connections for two additional yoke assemblies
that have been tested in the camera. It is easier to mount a
permanent magnet assembly on the 2047; it also has slightly
better resolution capabilities than the 2013.

trol is possible {color anyone?). Portable operation,
as mentioned earlier, is also possible because of the
elimination of line-lock operation (how about mo-
bile ATV?).

Before rushing to the workshop, or your local elec-
tronics store, re-read the article, understand the
contents, and visualize your construction method.
After all, you may already have most of the parts
without realizing it. | will be happy to correspond
with .any individual about the existing design, con-
struction difficulty, or improvements if a self-
addressed, stamped envelope is enclosed with the
correspondence. Good luck and happy construction!
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A discussion of

the operating parameters

of microstrip

transmission line

and how to calculate

its characteristic impedance
and propagation velocity
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microstrip transmission line

Printed electronic circuits were originally devel-
oped for military equipment manufactured during
World War Ii; in the years following the war printed-
circuit manufacturing techniques were developed
which both improved reliability and reduced cost.
While much of this development work was accom-
plished under the watchful eye of the military ser-
vices, the television set manufacturers also played an
important part — they were exploring every avenue
that offered the possibility of lowering the production
costs of their sets.

In 1949 Robert Barrett of the Air Force Cambridge
Research Center proposed that printed-circuit
techniques be adapted to uhf and microwave circuits
by using flat coaxial configurations with an air or
solid dielectric.? The only known use of this tech-
nigue at that time was in an antenna power divider.

In the early 1950s several manufacturers began
developing Barrett's original suggestion. Airborne In-
strument Laboratories (AIL) developed a system
using air dielectric which they called stripline;2 ITT
introduced a single ground plane, solid-dielectric
strip transmission line called microstrip:3 and
Sanders Associates began investigating a dual
ground plane, solid-dielectric arrangement that
subsequently became known as Tri-Plate transmis-
sion line.4 Since all three forms of strip transmission
line supported the TEM mode of propagation, they
had similar electrical characteristics. The major dif-
ferences were in size, shielding, insertion loss, and
ease of construction.

Many companies and research groups contributed
to the advancement of strip transmission line tech-
niques, and by 1955 a wide range of uhf and
microwave components were in limited production.
Multifunction assemblies were developed by several
manufacturers which were made available commer-

By James R. Fisk, W1IHR, Communications
Technology, Greenville, New Hampshire 03048



cially; strip transmission line couplers were
developed,5 and multiple section lines were
developed to increase the bandwidth of individual
components such as directional couplers, hybrid
rings, and filters.6

In addition to strip transmission line layout tech-
niques, improvements were also made in dielectric
materials. Early efforts produced only a few suitable
dielectrics such as fiberglass, Rexolite, and Teflon.
By the 1960s irradiated polyolefin, Teflon-fiberglass,
beryllia, and a variety of other lJaminates provided a
wide range of dielectric constants and operating
temperatures.? Dielectric substrates such as quartz,
alumina, sapphire, and magnesium titanate were
developed later and have found wide use in
microwave integrated circuits.

The Tri-Plate strip transmission line developed by
Sanders Associates has been used extensively in
directional couplers and other uhf and microwave cir-
cuits where shielding is required, while ITT's air-
dielectric stripline has been used primarily in high-
power circuits such as amateur vhf/uhf power
amplifiers and vhf fm broadcast transmitters.
Microstrip, on the other hand, is used widely from
vhf through microwave — it has been employed in
such diverse applications as frequency counters,
broadband solid-state amateur vhf power amplifiers,
uhf rat-race mixers, matching networks, antenna
baluns, and phased antenna arrays for radar and
satellite communications.

microstrip characteristics

A microstrip transmission line consists of a thin
conducting strip placed on one side of a dielectric
substrate which has a solid, conducting ground
plane on the opposite side as shown in fig. 1. The
substrate is usually a low-loss dielectric, but ferro-
magnetic and semiconductor materials have been
used in some specialized applications.

The propagation characteristics of a strip transmis-

DIELECTRIC
SUBSTRATE

/GRO'UND PLANE

fig. 1. Microstrip transmission line consists of a thin con-
ducting strip placed on one side of a dielectric substrate
which has a ground plane on the opposite side. The charac-
teristic impedance of microstrip is a function of the ratio of
the strip width to dielectric thickness, w/h; ¢ is the thickness
of the conducting strip.

sion line are very similar to those of a coaxial
transmission line, from which it evolved. The electric
and magnetic field configuration of microstrip in fig.
2 is the final stage in a progressive modification of
the conventional coaxial line. The solid lines are used
to indicate the electric field; the dashed lines, the
magnetic field. Both are entirely in the transverse
plane (at right angles to each other and at 90° to the
direction of propagation), so this is called the
transverse electro-magnetic or TEM mode.

In the Tri-Plate line (fig. 2D) the electric field is
bounded entirely by the flat outer conductors and
there is essentially no electric field component to the
sides of the center strip. If the ratio of the outer con-
ductor width is more than about three times the strip
width, w, sidewalls are not required.

The two properties of microstrip of most
importance to rf circuit designers are velocity of
propagation (phase velocity) and characteristic im-
pedance. Whereas the propagation of rf energy in
coaxial lines and Tri-Plate line is purely in the TEM
mode, in microstrip the field lines are not entirely
contained in the substrate (fig. 2E). For this reason,
the propagation mode in microstrip is called quasi-

I

1Tz, /7|

5‘,’5?/

COAXIAL LINE TRANSITIONAL PHASE

TRANSITIONAL PHASE

SUBSTRATE
~

|r277427/1411727477/ 1/

TRI-PLATE LINE

MICROSTRIP

fig. 2. The propagation characteristics of microstrip (E) are very similar to coaxial line (A), from which it evolved. The solid lines
indicate the electric field; dashed lines the magnetic field — both are in the transverse plane so this is the Transverse Electro-
Magnetic or TEM mode. Since the microstrip field lines are not entirely within the substrate, propagation is not purely TEM but

quasi-TEM (see text).
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table 1. Characteristic impedance Z, and propagation properties of microstrip etched on fiberglass-epoxy circuit board (¢, = 4.8)
double clad with 1 ounce copper. The ratio w/h is microstrip width to dielectric height.
microstrip width

(1/32” or 0.8 mm board)

Z, w/h mils mm
10 14.93 422 10.7
15 9.35 264 6.7
20 6.59 186 47
25 4.96 139 35
30 3.89 109 2.8
35 3.13 87 2.2
40 2.56 7 1.8
45 2.13 59 1.5
50 1.79 49 1.2
55 1.52 41 1.04
60 1.30 35 0.88
65 1.1 30 0.76
70 0.955 25 0.64
75 0.823 21 0.53
80 0.711 18 0.46
85 0.614 15 0.38
90 0.532 13 0.33
95 0.460 1 0.28
100 0.399 9 0.23
105 0.346 7.6 0.20
110 0.299 6.4 0.16
115 0.260 5.2 0.13
120 0.225 4.3 0.1
125 0.195 3.4 0.09
130 0.169 2.8 0.069
135 0.147 — —
140 0.127 — —
145 0.111 — —
150 0.096 — -
155 0.0833 — —
160 0.0723 — —
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fig. 3. Characteristic impedance, Z,, of microstrip vs the
ratio w/h, as derived by Wheeler. Since the curves for wide
strip don’t intersect the curves for narrow strip, values
which fall in the undefined region must be interpolated
(w/h in the range between 1.0 and 2.0); many computer
programs have been written to accomplish this task auto-
matically, but Wheeler’'s microstrip equations are difficult
for the amateur to use. The impedance curves plotted from
the more recent microstrip design equations of Schneider,
Sobol, Hammerstad, and others don’t have any undefined
areas.
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microstrip width
{1/16” or 1.6 mm board)

mils mm Vo
887 22.5 0.481
556 14.1 0.490
392 10.0 0.498
295 7.5 0.505
230 5.8 0.510
185 4.7 0.516
152 39 0.520
126 3.2 0.524
105 2.7 0.528
89 2.3 0.532
75 1.9 0.535
64 1.6 0.538
54 1.4 0.541
46 1.2 0.544
40 1.02 0.546
34 0.86 0.548
29 0.74 0.550
25 0.61 0.552
21 0.54 0.553
18 0.46 0.555
15 0.39 0.556
13 0.33 0.557
1 0.28 0.559
9 0.23 0.560
7.6 0.20 0.561
6.5 0.17 0.562
5.4 0.14 0.563
4.5 0.1 0.564
3.7 0.09 0.565
3.1 0.079 0.566
2.5 0.064 0.567

TEM. Assuming the quasi-TEM mode, the velocity of
propagation in microstrip is given by

C

V Cefr

where vp is the velocity of propagation, c is the speed
of light, and e is the effective dielectric constant of
the substrate. The effective dielectric constant is
always lower than the relative dielectric constant of
the substrate, ¢,, because some of the field lines are
outside the substrate.

The characteristic impedance of microstrip line,
Z,, is given by the familiar transmission line
equations

Up_

n

(2)

where vy is the propagation velocity (eq. 1), C is the
capacitance per unit length of line, and L is the in-
ductance per unit length of line. Unfortunately, the
calculation is not as simple as it may first appear
because capacitance and inductance are both func-
tions of microstrip geometry; and capacitance and



table 2. Characteristic impedance Z, and propagation properties of microstrip etched on Teflon-fibeiglass circuit board
(e,=2.55) double clad with 1 ounce copper. The ratio w/# is microstrip width to dielectric height (see text).

microstrip width

{1/32” or 0.8 mm board)

Z, w/h mils
10 20.96 593 1
15 13.27 375
20 9.47 267
25 7.21 203
30 5.72 161
35 4.66 131
40 3.88 109
45 3.28 92
50 2.80 78
55 2.42 67
60 2.10 58
65 1.84 51
70 1.61 4
75 1.42 39
80 1.26 34
85 1.12 30
90 0.991 26
95 0.882 23
100 0.785 20
105 0.700 18
110 0.625 16
115 0.558 14
120 0.498 12
125 0.445 1
130 0.398 9.2
135 0.356 8.0
140 0.318 7.0
145 0.285 6.0
150 0.254 5.1
155 0.228 4.4
160 0.204 3.7
165 0.182 3.1
170 0.163 2.6
175 0.146 —
180 0.131 —
185 0.117 -
190 0.105 —
195 0.094 —
200 0.937 -

propagation velocity are functions of the effective
dielectric constant.

Early efforts to derive formulas for the
characteristic impedance of microstrip were based
on the quasi-TEM model, but there were serious dif-
ficulties. As pointed out in 1964 by Harold Wheeler,
one of the first to derive practical microstrip design
equations, ‘‘Because this was a problem in two-
dimensicnal electric and magnetic fields, it was
natural to apply the principles of . . . conformal map-
ping. The resuiting formuias were usually so compli-
cated that any practical utility resulted from simpli-
fied approximations for limited ranges of variables.’'8
Later, Wheeler developed a set of approximate equa-
tions for microstrip and published design charts
which were widely used by microwave designers.9

mm

5.1
9.5
6.8
52
4.1
33
2.8
2.3
2.0
1.7
1.5
1.3
1.1
1.0

0.86
0.79
0.66
0.60
0.51

0.45
0.40
0.35
0.31
0.27
0.23
0.20
0.18
0.15
0.13

0.11

0.094
0.078
0.066

microstrip width
{1/16” or 1.6 mm board)

mils mm vp
1246 31.6 0.646
789 20.0 0.654
563 14.3 0.661
429 10.9 0.667
340 8.6 0.672
277 7.0 0.676
231 5.9 0.681
195 5.0 0.685
166 4.2 0.688
143 3.6 0.691
124 3.1 0.694
107 2.7 0.697
95 2.4 0.700
83 2.1 0.702
73 1.8 0.705
64 1.6 0.707
57 1.4 0.709
51 1.3 0.711
45 1.1 0.713
39 1.00 0.714
35 0.89 0.716
3 0.78 0.717
27 0.69 0.718
24 0.61 0.720
21 0.54 0.721
19 0.48 0.722
17 0.42 0.723
15 0.37 0.724
13 0.32 0.725
1" 0.28 0.726
10 0.25 0.727
8.5 0.21 0.727
7.3 0.19 0.728
6.5 0.17 0.729
5.6 0.14 0.730
4.8 0.12 0.730
42 0.1 0.731
3.6 0.09 0.732
3.1 0.08 0.732

Although Wheeler published both analysis and
synthesis equations,* the synthesis equations were
apparently largely overlocked because most of the
published articles which referred to Wheeler’'s work
presented only the analysis equations. This meant
that designers had to use lengthy, interactive trial-
and-error solutions to determine the correct
microstrip geometry for a required value of char-
acteristic impedance.

One of the disadvantages of Wheeler’'s equations
is that two different equations are required — one for
* Analysis equations give Z,, in terms of the ratio of strip width to substrate
height, w/h; synthesis equations give w/h directly as a function of Z . Use
of the analysis equation to find w/A requires ten or more iterations, a pro-
cess that might require a half hour or more with a slide rule; it takes about a

minute with the programmable HP-25 calculator — the synthesis equation
provides an answer in less than 10 seconds.
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fig. 4. Plot of simplified microstrip equation derived by Fisk
{egs. 3 and 5), as compared to the more accurate expression
of Hammerstad. For w/h>0.2 and ¢, >4.0, the Fisk formula
is accurate to within a few per cent.

wide strip (w/h>1), and another for narrow strip
(w/h<2). Furthermore, the boundary between the
two cases is not clearly defined, as shown in fig. 3,
because the two curves don't intersect. Therefore, if
the required w/h ratio falls in this undefined region,
it's necessary to interpolate the correct value.

A few years after Wheeler's formulas were
published, Schneider developed more explicit equa-
tions for the free-space characteristic impedance of
microstrip and effective dielectric constant.’0 Like
the Wheeler equations, two formulas are required;
one for narrow microstrip and another for wide.
Unlike Wheeler's work, however, curves plotted
from the Schneider equations intersect, so there is
no ‘‘indefinite region.”” Unfortunately, Schneider
published only analysis equations, so synthesis of
w/h for a desired Z, required the lengthy iteration
process.

In 1967 Dr. Haroid Sobol fitted curves to Wheeler’s
analysis and published an expression for microstrip
impedance which covered both narrow and wide
lines. 1! This equation has been widely publicized in
the literature, notably in application notes published
by Motorola Semiconductor, and is the basis for
many microstrip design charts. The Sobol formula is
for analysis {Z, from w/h), but many microwave
designers have access to high-speed computers, and
when synthesis is required, a computer can go

*Qther forms of microstrip design equations have been proposed by H. L.
Clemm (Frequenz [Germany], July, 1968} and A. H. Kwon (Microwave
Journal, January, 1976). Clemm's analysis equation is less accurate than
Sobol‘s for high ¢,, and Kwon's equations, while purported to be new, are
actually identicat to those published by Wheeler in 1965.
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through the necessary iterations very quickly; the
single closed-form expression for both wide and nar-
row microstrip simplifies programming.*

Although a computer can go through the iterations
quickly, programmable hand-held calculators can-
not. N6TX has written an HP-25 program which pro-
vides acceptable accuracy for most amateur work,
but his program begins at w/A = 1 and iterates out to
the required value. Therefore, for high and low
values of Z, the required calculation may require a
minute or more of successive iterations. To reduce
the calculation time, | set about to develop a simple
equation for the approximate value of w/A which
could then be refined with Sobol’s formula. My first
try greatly reduced the calculation time for values of
Z, less than about 75 ohms (e, = 5), but offered no
improvement for higher impedance microstrip.12 Fur-
ther refinement of the approximate formula resulted
in the following simple expression, which gives quite
good accuracy for microstrip substrates used in most
amateur work {e,> 3.0)

120m _
AN g
For fiberglass-epoxy material (e,= 4.8} this may be
simplified to

w/h=

1426
=2 -1

0

As can be seen in fig. 4, for w/h>0.2 this
simplified expression for microstrip impedance is
within a few per cent of the impedance calculated
with more accurate equations. This covers the
microstrip impedance range most commonly used in
radio communications work. With fiberglass-epoxy
board (¢,=4.8), eq. 3 is within about 1 ohm of the
exact expression for all values of Z, below 60 ohms.
Accuracy falls off for €,<3.0, but is still acceptable
for many applications.

When it's necessary to calculate Z, from a given
value of w/h, eq. 3 can be rearranged to

(4)

w/h =

zZ,~ 120m ()
(w/h+ 1)Ne, +\Je”
Z, = —;)/4}12—51 (fore, =4.8) (6}

The accuracy of this simplified equation is the same
as that of eq. 3 (i.e., within a few per cent for
w/h>0.2and ¢,>3.0).

accurate impedance calculations

In 1975 E. O. Hammerstad reported to the Euro-
pean Microwave Conference that he had developed
analysis and synthesis equations for microstrip which
are more accurate than earlier work, and fall within 1
per cent of Wheeler's numerical results.13 His for-
mulas, which are based on the work of Wheeler and



Schneider, are considered to be the best available at
the present time, and are shown here. First, the
analysis equations:

Forw/h<1
60
Z = \TE?f_— In (8 hfw+w/h) 7
Where:
e +1 e -1
€eff = 72 * JQ
1
= ) + 004 (1~ wh)? (8)
[( Jirie (1-w/ )J
Forw/h>1
7 = 1207T/\/€c[f (9)
© wh+ 1.393 + 2/3 In (w/h + 1.444)
Where:
e, +1 e, - 1 1
= & r - 2. }{10)
CeffT 72 2 <\/ i+ 12h/w>

Hammerstad’'s microstrip synthesfis equations for
w/h in terms of Z, and ¢, are given below:

Forw/h<2
8e4

h=_¢¢
w/h =47

()]

For w/h>2
Wo2 B 1-m(2B-1) (12)
h = "
s B 1y+039- %01
2e, €,
Where:
a=20 J&tl, &1 (0.23+ 0.11
60 2 € +1 .
g 37
27,V e,

Hammerstad notes that for ¢, <16, the maximum
relative error is less than 0.5 per cent for w/hA >0.5;
for w/h <20 the stated error is less than 0.8 per cent.

Although these formulas may look formidable,
they can be solved easily with a hand-held scientific
calculator. These equations can also be quickly
solved with programmable calculators — solutions
with my HP-25 require less than 10 seconds (plus
programming time, of course).* If you don’t have a
calculator, the graph of fig. 5 shows how the ratio of
*Copies of the HP-25 programs will be sent to interested readers upon

receipt of a self-addressed, stamped envelope. Send requests to ham radio,
Greenville, New Hampshire 03048.
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fig. 6. Effect of finite conductor thickness on microstrip im-
pedance for 1/16” (1.6mm) and 1/32” (0.8mm) fiberglass-
epoxy circuit board. In most applications the correction
factor (eqs. 13 and 14) can be ignored for low impedance
microstrip; at impedances above about 70 ohms the cor-
rection factor should be included in the impedance cal-
culation.

strip width to dielectric thickness, w/h, affects the
characteristic impedance of the line for fiberglass-
epoxy circuit board (e,=4.8) and Teflon-fiberglass
board (e, =2.55). These are the materials most often
available for amateur work. For more precise results,
table 1 lists the required microstrip geometry for Z,
in 5-ohm steps.

effects of strip thickness

The microstrip impedance equations assume a
two-dimensional microstrip with zero thickness. For
very thin strips (¢/h<<0.005) the experimental and
theoretical results have been shown to be in excellent
agreement.14 For thicker strips, the effect of finite
strip thickness can be compensated by slightly
reducing the strip width as suggested by Wheeler.9
In other words, the effective microstrip width, wey, is
somewhat wider than the strip’s physical width. The
Hammerstad impedance formulas can be modified to
consider the thickness of the strip by replacing strip
width, w, with effective strip width calculated from
the following relationships

For _l£>J_ =016
h

2

Werf w t 2h

e - 2 b «n 13
3 w TR (It ) (3)
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For

< =016

w 1

h 2n
M = E) + i 1+ @

W T ) e

For microstrips with w/h>0.16 etched on 1/16
inch (1.6mm) fiberglass-epoxy circuit board, double-
clad with 1-ounce copper (¢ =35.6 microns or 0.0014
inch), the correction factor Aw is 0.041 li.e.,
wepr=w+ 0.041); for 1/32 inch (0.8mm) circuit board
the correction factor Aw is 0.074. For very thin
microstrip (w/h>0.16), the width correction is
somewhat greater; it also varies with strip width so
must be calculated separately for each different
width.

Except for very precise work where photo-
etching techniques are used and etching is careful-
ly controlled, the width correction factor may be
ignored for low-impedance microstrip etched on
common copper-clad board. For impedances above
about 70 ohms, however, the effect of strip thickness
should be considered (see fig. 6); at impedances
greater than 100 ohms the 1.4 mil (35 micron) con-
ductor thickness reduces the characteristic im-
pedance by as much as 10 ohms. {Note that the strip
widths given in tables 1 and 2 have been compen-
sated for strip thickness.)

microstrip materials

Of the many materials used in commercial
microstrip circuits, fiberglass-epoxy (G-10) circuit
board is the one available to most amateurs. Profes-
sional designers shy away from G-10 board at fre-
quencies above 200 or 300 MHz, but amateurs have
used it quite successfully in low-power circuits up to
1300 MHz. The losses of G-10 increase substantially
above 1300 MHz, however, so more expensive
Teflon-fiberglass board should be used for microstrip
circuits designed for 2300-MHz and the higher
amateur bands.

In addition to its loss, microscopic air pockets in
the fiberglass-epoxy cause small changes in dielectric
constant which can be troublesome in precision cir-
cuits. Some users have reported that the characteris-
tics of G-10 tend to vary widely from one manufac-
turer to another, but this problem is not confined to
G-10 — similar problems have been reported for
Teflon-fiberglass and alumina.’® One commercial
user | have talked to buys his substrate materials
from one supplier, and then purchases material only
in batch lots to ensure consistency.

Fiberglass-epoxy circuit board, copper-clad on
both sides with 1 or 2 ounce copper, can be obtained
from many supply houses in thicknesses of 1/32 inch
{0.8mm) and 1/16 inch (1.6mm). This material is also
manufactured in 1/8 inch (3.2mm) and 1/64 inch
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(0.4mm) thicknesses, but it's usually available only
on special order. Note that the specified thickness is
the overall dimension and includes the copper foil.
One-ounce copper* is 1.4 mils (0.0014 inch or 36
microns) thick; therefore, the dielectric thickness of a
double-clad 1/16 inch (62.5 mils or 1.6mm)} board is
59.7 mils (1.5mm) [62.5—2(1.4)]. This is the A di-
mension shown in fig. 1. To find the required micro-
strip width, simply multiply w/h times the dielectric
height h.

For example, assume you need a 75-ohm micro-
strip. From table 1, for 1/16 inch {1.6mm) fiberglass-
epoxy board, w/h=0.823 for Z,=75 ohms. There-
fore, the required microstrip width {not including the
correction factor for finite strip thickness) is

w=0.823 - 59.7=49.1 mils
(about 0.049 inch or 1.3mm)

The dielectric thickness of 1/32 inch (31.25 mils or
0.8mm) board, double clad with 1 ounce copper, is
28.45 mils {0.7mm). Therefore, the microstrip width
will be a little less than half that of the same im-
pedance line on 1/16 inch (1.6mm) board — 23.4
mils or 6mm for a 75-ohm microstrip.

*Called 1-ounce copper because one square foot of foil weighs 1 ounce.

Most samples of fiberglass-epoxy circuit board
which I've measured with a micrometer have been
very close to the specified thickness; |I've seldom
found circuit-board material so far off that it would
seriously affect microstrip width. If you want to make
this measurement yourself, carefully strip back the
copper foil from a corner of a sample and measure
the thickness of the dielectric — this is the critical
dimension.

You may also want to check the relative dielectric
constant of the board you're going to use. This can
be easily done by measuring the capacitance of a
carefully cut section of circuit board. The relative
dielectric constant is calculated by rewriting the well
known formula for parallel plate capacitors with ¢, as
the unknown . Ch

T 08842 A

where C is the capacitance in pF, h is the dielectric
thickness in mm, and A is the area in square centi-
meters. For dimensions in inches the formula is

e = Ch

T 2244 A
where C is the capacitance in pF, h is dielectric
thickness in mils, and 4 is the area in square inches.
For example, the capacitance of a 1 inch square
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{6.5cm2) of 1/16 inch (1.6mm) board, double clad
with 1 ounce copper, should be about 18 pF for
e,=4.8. Note, however, that the relative dielectric
constant of most materials decreases with increasing
frequency. This means your low-frequency
capacitance measurement may indicate a dielectric
constant between 5.0 and 5.5. If the capacitance of
the 1-inch square (6.5cm2) sample is between 19 and
21 pF, ¢, will be approximately 4.8 at the vhf and uhf
frequencies.

One of the advantages of Teflon-fiberglass circuit
board, other than its lower loss, is that physical
microstrip width and electrical length are larger than
substrates with higher dielectric constants. This is
very useful at microwave frequencies where high im-
pedance {(narrow microstrip) and fractional
wavelength lines are required. On the other hand,
substrates with higher dielectric constants such as
alumina (e, = 10) are used extensively in microwave
ICs where miniaturization is important.*

microstrip phase velocity

In addition to the characteristic impedance of
microstrip, phase velocity is the one other property
of major importance in vhf and uhf designs where
precise electrical lengths are needed for impedance
matching or other circuit requirements. As was
shown in eq. 1, the phase velocity, vy, is given by

c
Vecrf

where ¢ is the speed of light and ¢,y is the effective
dielectric constant. This may be rewritten to give
microstrip wavelength, \,, as a function of free-
space wavelength, \,

v =

Ao (15)
Veerf

where the free-space wavelength, A\,, can be found
from

>
1]
S
o
>
Q
]

A = 29980 (16)
° fMHz Cm)
A, = 11805 (inches) (17)
fMHz

The velocity factor, vy, which is a function of w/k, is
given in tables 1 and 2.

Example. Assume you need a 75-ohm quarter-

*A new microstrip substrate has been announced by the 3M Company.
Called Epsilam-10, it's based on a ceramic-filled Teflon material and has
the electrical properties of alumina, but can be cut with a razor blade or
shear and may be etched like any other printed circuit.
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wavelength matching transformer at 432.1 MHz;
your circuit is to be built on fiberglass-epoxy circuit
board (e,=4.8). From table 1, w/h for 75 ohms is
0.823; v,=0.544. A free-space quarter-wavelength
at432.1 MHzis

A, _ 29980

= £279Y  =17.35cm (6.83 inches)
4 4-432.1

Therefore —:’5 =0.544 - 17.35 = 9.44 cm

If you use the Hammerstad equations to calculate
the required microstrip geometry for a given value of
characteristic impedance, e, can be calculated
accurately with either eq. 8 (narrow microstrip) or
eq. 10 (wide microstrip). These same expressions
can also be employed if you use the simplified for-
mulas (eqs. 3 and 5), but there’s a simpler way if
you're not doing precision microstrip work.

The following formula, which was derived from
the work of Wheeler and Schneider, is somewhat
easier to use than the Hammerstad expressions,
covers the entire range of microstrip widths, and
gives good accuracy for practical work.

1

]+ =
eef=1+(e-1) 1/2< /1.+_LQ_> (18)

w/h
Consider the previous example where a 75-ohm
quarter-wavelength matching transformer was re-
quired at 432.1 MHz. Using the simplified formula

(eq. 3) to calculate w/h

w/h= 1228 1 -0.90
Fromeq. 18
J T S
eeff =7 +(3.8) 1/2 1 +Oi% =3.446
Vo =36 = 1.856
_ 1 _
%= ig56 - 0%
_Zgzo.54 - 17.35=9.37 cm

The small length difference of 0.7mm (0.028 inch}
will make no practical difference in circuit operation;
and don’t be concerned with what appears to be a
large discrepancy between w/h calculated with the
simple formula, and the accurate value of w/h from
table 1. The actual difference in strip width on 1/16
inch {(1.6mm) circuit board is only about 0.004 inch



(115 microns). Unless you are using photo-reduction
techniques and carefully control both etchant
temperature and etching time, you can’t maintain
this accuracy in your home workshop.

practical considerations

Theoretically, you can design a microstrip line for
any desired characteristic impedance, but at very
high values of Z, the conducting strip becomes so
narrow that it's impossible to compensate for the ef-
fect of finite strip thickness. With a strip width of 1.4
mils (36 microns} on 1 ounce copper, for example,
the microstrip is actually square; the impedance of a
zero-thickness conductor of this width is about 200
ohms — the impedance of the rectangular conductor
is 173 ohms or less; it can’t be calculated directly (the
width correction factor, eq. 14, is not accurate for
strip widths less than 2.8 mils or 71 microns etched
on 1 ounce copper).

Conversely, at very low values of Z, the microstrip
becomes so wide the rf current isn’t distributed even-
ly across the conductor, so it's impossible to accu-
rately predict performance. In addition, it's difficult
to prevent coupling to nearby circuitry. For micro-
strip impedances up to about 50 ohms, other nearby
circuit traces should be spaced a minimum of one
microstrip width away (i.e., in the illustration below
dimension B should be a minimum of three times the
strip width). Depending on the application and the
required circuit density, this places a lower limiton Z,,
at about 10 ohms. Note that dimension B should ba
about 10 times the microstrip width for impedances
above 50 ohms.

B
—
ADJACENT CIRCUIT ADJACENT CIRCUIT

/ ///:446‘*57/ 1,

Also to be considered are the effects of placing the
microstrip circuit in @ metal enclosure. Experimental
work has shown that a conducting enclosure tends
to lower both the impedance and effective dielectric
constant because the field lines are prematurely
terminated, thereby increasing the density of the
field lines in air. When the distance between the up-
per and lower walls is greater than five times the sub-
strate thickness, and when side-wall spacing is five
times the strip width or more, effects on microstrip
characteristics are negligible.

It's not important for most amateur applications,
but it should be mentioned that the formulas and
tables for Z, and ¢, presented in this article are valid
only to about 4000 MHz. Above 4000 MHz both Z,

and ¢, begin to change with frequency due to the
propagation of hybrid modes. This has been dis-
cussed in the engineering literature by a number of
researchers; interested readers are referred to
references 16 and 17.

conclusion

Microstrip transmission line is being used in many
applications at vhf and uhf. Aithough microstrip is a
relatively low Q transmission line and has greater
losses than air-spaced coaxial or troughline struc-
tures, it provides excellent performance in many low-
power circuits — indeed, there are some circuits
which would be impractical to duplicate in the home
workshop without the use of microstrip.

The design of microstrip circuits is the same as
that for more conventional transmission-line circuits;
if there is sufficient reader interest this will be the
subject of a future article.
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4 ELEMENT-3 BAND
10-15-20 METER BEAM

Cushcraft engineers have incorporated more than 30 years of design
experience into the best 3 band HF beam available today. ATB-34
has superb performance with three active elements on each band,
the convenience of easy assembly and modest dimensions. Value
through heavy duty all aluminum construction and a price complete
with 1-1 balun.

Enjoy a new world of DX communications with ATB-34!

SPECIFICATIONS

FORWARD GAIN - 7.5dBd WIND SFC - 54 Sa.Ft
F/B RATIO - 30 dB  WEIGHT - 42 Lbs
VSWR - 1.5-1 WIND SURVIVAL - 90 MPH
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assembled, 10 element yagis in one —
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the low end, and separate feed lines
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. Extend your horizon — Explore the excit-
ing new world of amateur satellite communications using
low power with our multi-polarized Twist Antennas. All
models include phasing harness for selectable linear or right/
left circular polarization. Two of these Twists may be mount-
ed on the A14T-MB mounting boom which is complete with
a pre-drilled plate for a readily available mast-through rotator.
Face this challenging frontier— Become a Specialist!

A144-10T $34.95 A432-20T $49.95
A144-20T $54.95 A14T-MB $15.95

SPECIFICATIONS
Model A147-20T A144-10T A144-20T A432-20T
Center Freq. (MH:) 144.5/146.5 145.9 145.9 432
No. Elements 10/10 10 20 20
Weight (ibs.) 6 35 6 as
Wind Surf. Area (ft.7) 1.42 .74 1.42 37
Mounting Center Rear Center Rear
Dimensions (Inches) 40x40x 140 40x40x70 40x40x140  14x14x57

More Details? CHECK — OFF Page 142

who enjoys the best of both worlds

— FM and SSB/CW.

A147-20T $54.95
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PERFORMANCE ARRAYS

Enjoy fade-free contacts on VHF/UHF with Twist Antennas and
Arrays. Excellent for scatter and other long-haul techniques. Double
your effective radiated power by stacking two Twists, or quadruple
ERP by stacking four Twists. Arrays are easily assembled for your
special communications requirement. Write for stacking and phasing
harness details concerning amateur and commercial frequencies.

Dependable communications — Now Yours!

IN STOCK WITH
DISTRIBUTORS WORLDWIDE

THE ANTENNA COMPANY
P.0. BOX 4680, MANCHESTER. N.H. 03108
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microwave path evaluation

How to plot

line-of-sight microwave paths
under varying

propagation conditions

to determine

if the path is clear

Interest in amateur microwave radio seems to be
at an all time high. Amateurs in the United Kingdom
recently set a new 10-GHz DX record of 324 miles
(521km) and with the recent introduction of inex-
pensive Gunn diode transceivers, equipment
availability has never been better.1

The communications capabilities of microwave
equipment now within easy reach of the average
amateur are initially rather astounding to the com-
mercial microwave user. The difference is, of course,
the luxury of working with 0 dB fade margins (on DX
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paths) and substantially narrower bandwidths. Those
two factors allow far greater working range with a
given power output.

One area of concern to both amateur and profes-
sional is proper path clearance. Since obstacles
along the path introduce loss, a signal should clear
path obstacles, either optically or effectively through
beam bending.

This article reviews the essential information an
amateur will need to evaluate a potential microwave
path before trying it. The information will be useful to
both microwave DX enthusiasts and to those who
wish to install permanent microwave links for
repeater control or other purposes.

distance and azimuth

For the short distances involved in nearly all
microwave paths, great-circle formulas are normally
not used to calculate distance and azimuth. This is
because these formulas assume a perfect spherical
model of the earth when, in fact, the earth’s surface
is oblate. In addition, it is difficult on very short paths
with small differences in latitude and longitude to
achieve the necessary degree of trigonometric func-
tion accuracy. The usual method used for short
microwave paths up to about 300 miles (482km) is to
first determine the number of miles per degree of
latitude and longitude in the vicinity of the path, and
then use a plane right triangle to determine the
distance and azimuth.

By incorporating a table of these distances into
linear regression formulas, it is possible to devise
equations which allow you to dispense with the
tables, within certain limits. The regression-derived

By Dennis L. Haarsager, N7DH, 483 South
Walnut, Boise, ldaho 83706



formula for the length of the horizontal portion of the
triangle is*

H=(0.004009m + 69.108348)(cos m)(h) (1)

and for the vertical part of the triangle

V=(0.011993m+ 68.513612)(v) (2)
The distance along the path is given by
D=VHZ+ VZ (3)
where m =the arithmetic average of the two
latitudes

v=the difference between the two latitudes
h=the difference between the two
longitudes

It is easiest to perform the arithmetic if minutes
and seconds are converted to decimal degrees before
performing the mathematical operations. These
regression equations are normalized for latitudes be-
tween 25°N and 60°N.

To find the azimuth, use equation 4

A=arctan V/H (4)

Note that 4 will be positive in the second and
fourth quadrants, and negative in the first and third
quadrants. Add this angle algebraically to 90° if the
destination is east of the starting point, and 270° if
the destination is west of the starting point. The
result will be the azimuth of the destination in
degrees east of north from the starting point. A bit of
ingenuity on your part will enable you to incorporate
angle 4 (not the azimuth) into a procedure for finding
intersecting points on map edges where you need to
use two or more maps to draft your path profile.

map usage

An essential step in path evaluation is drafting a
vertical profile of the path. Use standard graph paper
that has at least 10 squares to the inch or, better yet,
millimeter divisions. Choose vertical and horizontal
scales which will enable you to conveniently plot the
range of your path elevations and distance. The
smaller the scale you choose, the better the resolu-
tion will be.

For rough initial path evaluation, especially in hilly
or mountainous areas, the 1:250,000 scale
topographic maps published by the United States
Geological Survey (USGS) are adequate. Final
evaluation of potential obstruction points requires
use of the USGS’'s 7.5- or 15-minute series
quadrangle maps. The latter are available for most
areas in the United States. Maps and map indexes
are available at nominal prices from private map

*To convert the results of eqs. 1, 2, and 3 to kilometers, multiply
by 1.609344.

dealers, from USGS sales counters in major cities, or
by mail order from certain USGS offices.™

Another source of topographical maps, although
they are less useful for plotting microwave paths, is
your local airport’s private aviation flight shop; they
sell Sectional and World Aeronautical Charts
(1:500,000 and 1:1,000,000 scales, respectively)
published by the National Oceanic and Atmospheric
Administration. The scale of these maps is too large
for accurate microwave path profiles, but significant
changes in elevation are shaded on these maps, mak-
ing them useful for identification of possible DX
paths.

In making a path profile, assume the earth is flat
and choose some arbitrary elevation — normally the
lowest one along your path — as the base elevation
for your profile. Enter it on the bottom of your graph
paper and add elevation indicators from there ac-
cording to your vertical scale as illustrated in fig. 1.

The next step is to draw a line between the two
points which define your path on the map or maps
you are using. In most cases you will need to use

2200 -’-
z, . CONTROL POINT
LAKE AT K25 SO\ AT Kt
2100 + ;'/ R
J e ————
4 -7 A
2000 / L e 0.6 F AT 106HE
CONTROL * 4 N
N LAKE ATK=1,7 POINT AT K+ § ’
N Pid ~ x-2
W ys00 + 2] g 2 3
Iy AT, ’
N A .
\ P
- \ ~LaxE aT K+ %
I r#00 + - 3
©
W
x
1700 +
600 1
LAKE AT K+ 00 (INFINITY]
1300 + —t—t —+ + +——+ + 4

0 5 0 i 20 25 30 L] «0 43 50
DISTANCE (MILES)

fig. 1. Simple microwave path evaluation between two sites
50 miles (80km) apart. The dashed lines show the effects of
different values of K, a factor which indicates the earth's
effective radius and results from varying degrees of re-
fraction (see text).

more than one map to cover your path. You may
either tape adjoining map sections together or deter-
mine where your line intersects map edges by ap-
plication of the angle A and eqgs. 1 through 4. it will
be very important to the mathematical procedure to
determine the latitude and longitude of the two end
points as close as you can. Use the smallest scale
maps available for this determination. Carefully

*For maps of areas east of the Mississippi write to the USGS at
1200 South Eads Street, Arlington, Virginia 22202; for areas west
of the Mississippi, including all of Louisiana and Minnesota, write
to USGS c/o Federal Center, Denver, Colorado 80225.
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transfer elevations shown on the maps to the ap-
propriate distances on your profile.

Once the path profile is constructed, it will be
necessary to add a correction factor on top of the
plotted terrain to allow for the curvature of the earth.
This is a bit more complicated than it sounds because
the effective curvature of the earth changes with
varying atmospheric conditions.

Most amateurs are familiar with something called
the "“4/3 radio horizon,”’ but it is less well known that
this horizon is different in different geographical
areas, at different times of the day and year, and at
different elevations.

The amount and direction of bending or refraction
of a radio beam is dependent upon several at-
mospheric variables. A factor called K is used to in-
dicate the effective earth’s radius which results from
these varying degrees of refraction. On a grazing
path, that is, on a path where the microwave beam
just barely clears an obstruction, small changes in K
can make or break the path for communications by
““moving’’ that obstruction in and out of the
beam path.

The K factor is determined by how much another
variable, the radio refractivity index, changes over a
given change in altitude. The radio refractivity index
is normally designated as N and is calculated from
pressure, temperature, and water vapor data. When
N decreases by 40 units with a one kilometer increase
in altitude (the so-called standard atmosphere) K
equals 4/3. When N decreases by more than 40 units

table 1. Average K values for different localities and at-
mospheric conditions (adapted from reference 3j.

K description

1.17 Normal K for light refraction; radio refraction in dry, mountainous
areas above 7500 feet {2290 meters) elevation

1.20 Dry mountainous areas between 5000 and 7500 feet {1525 to 2290
meters)

1.25 Dry mountainous areas up to 5000 feet (1525 meters)

1.30 Inland plains during winter

1.34 Standard atmosphere K

1.50 Inland plains and northern coastal areas during summer; southern
coastal areas during winter

1.60 Southern coastal areas during summer

1.75 Extreme southern coastal areas during summer

per kilometer, the earth effectively flattens. At — 157
N units/km, K equals infinity and the earth is effec-
tively flat. When N decreases by more than — 157 N
units/km, K adopts a negative value and the earth
becomes effectively concave. Such extreme condi-
tions are called superrefractive.

Under certain atmospheric conditions the index
decreases by less than 40 N units/km or even in-
creases with increasing altitude. Under these condi-
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tions the earth’'s effective radius decreases (as
measured by K) and path obstructions are effectively
higher. When the atmosphere is homogenous, N re-
mains constant over the 1-km range and K equals
unity. In this case, there is no refraction and the ef-
fective earth’s radius is the same as the true earth’s
radius. During a humidity inversion, N can increase
by over 200 N units/km and X is reduced to less than
1/2. Such extreme conditions are called subrefrac-
tive.2

The amateur microwave DX enthusiast will be
most interested in typical values of K for the path in
use. The values for K given in table 1 will suffice for
this purpose.3 These values of K should be used in
eq. 5 to determine the earth’s effective bulge.*

B=d;d,/1.5K {5)

where: B =earth’s effective bulge in feet
d;=distance from starting point to test
point in miles
d,=distance from test point to destination
in miles

This earth bulge should be added on top of the
point you are testing for an obstruction as shown in.
fig. 1. Amateurs interested in establishing perma-
nent microwave links should add an amount for earth
bulge at K= 1 to allow for adverse propagation con-
ditions at certain times.4

other clearance requirements

In evaluating the path profile, an allowance should be
made for any trees or buildings known to be at the
control point. That's the point along the path which
gives the least vertical clearance for the microwave
beam. Consideration should also be given to these
non-terrain obstructions for points close in elevation
to the control point.

Finally, an allowance should be made for the space
taken up by the microwave beam itself. Without go-
ing too deeply into wave theory, every radio beam is
composed of concentric Fresnel (pronounced fray-
NEL) zones. The first Fresnel zone is defined by a
grouping of points representing all possible paths
which are one-half wavelength longer than a straight
line between transmitter and receiver.5 If it were
possible to view these points from the side of the
path they would represent a cigar-shaped ellipse.
The width of a Fresnel zone is therefore greater in the
middle of a path than at the ends. To avoid obstruc-
tion loss, it is necessary to have a beam clearance
equal to at least 0.6 first Fresnel zone radius over the

*In metric form, eq. 5 is
B=d,d,/12.75 K
where B is in meters, and d, and d, are in kilometers.



potential control point (terrain + earth’s buige + trees
or buildings). The formula for this Fresnel zone
clearance is given as*

0.6F;=43.25/d,d,/Df (6)

where 0.6F; = 0.6 first Fresnel zone radius in feet
D = path length in miles
f=frequency in GHz
d;, dyare definedineq. 1

To plot this additional clearance draw a straight
line from the antenna elevations at both the starting
(transmitting) and destination (receiving) points. The
Fresnel zone clearance is then added below this line
as shown in fig. 1. If there is 0.6 first Fresnel zone
radius clearance over your obstruction at the normal
K for your area, you will have near free space condi-
tions over the path most of the time. If there is 0.6
first Fresnel zone radius over K =1 (true earth cur-
vature), near free space conditions will exist over the
path for all but the most extreme atmospheric condi-
tions.

reflection analysis

Microwave signals may be reflected off certain sur-
faces such as open water or dew-laden fields of grain
— surfaces that appear smooth relative to the
wavelength of the microwave beam. If this reflected
energy arrives at the receiving antenna at or near
180° out of phase with the direct beam (when
clearance over the point is an even-numbered Fresnel
zone radius), severe fading can take place. Because
of this, it is recommended that amateurs interested in
installing permanent, reliable microwave links also
evaluate their potential paths for such refiection
points.
Since the position of a reflection point varies with
any change in the earth’s effective radius (K), reflec-
tion analysis begins with sketching in the potentially
reflective surface and other terrain features at differ-
ing values of K. This procedure makes use of eq. 5
and is illustrated in fig. 1. If the reflective surface is
not clearly blocked by intervening terrain at the same
K factor, it is advisable to make some computations
to determine if a reflected wave will reach your
desired receiving antenna.
The following formula may be used for such com-
putations.t
hy=dy |1, (d2= 4V
d 1.5k

where h;, hy= higher antenna and reflection
heights, respectively, in feet, above
the reflective surface plotted at
K= o0,

d; d,= distance from each antenna to the

potential reflection point, in miles

in fig. 1, the potential reflecting surface is the lake
which runs from mile 10 to mile 15 along the path.
Assume that the obstructing point for K=4/3 at
about 27.5 miles is not there. To calculate where the
reflection crosses mile 50, use eq. 7. Substituting,
h; =410 feet, d;=10 miles, dy=40 miles, and
K =4/3. This makes h; = 2240 feet. Adding this to the
height of the reflecting surface at K= o (1600 feet)
gives 3840 feet above sea level. Since this is well
above the planned receiving antenna height, no
reflection problems will be experienced because of
this reflection point. Similar calculations should be
made for other unobstructed potential reflection
points and at other projected values of X.

summary

In fig. 1, the example given assumes an operating
frequency of 10 GHz, and a normal K of 4/3. The
path profiled is 50 miles {80km) long.

At this K value, the user will have little more than
grazing clearance over the control point, which is
located 27.3 miles (44km) from the transmitting
antenna. There is not 0.6 first Fresnel zone clearance
over the control point, however, indicating that a
small amount of obstruction loss will be experienced.
For casual use, this loss will pose no major problem,
but for permanent installations the small clearance
will give fading problems whenever K goes below
4/3. Note that the receiving point is shadowed when
K decreases to about 1.22 or less.

The techniques outlined here will give the amateur
microwave user the basic information needed to
evaluate any potential path for normal communica-
tions possibilities. It does not preclude use in path
analysis for tropospheric scatter or refractive duct
communications, but such techniques require addi-
tional analysis beyond the scope of this article.

*In metric form, eq. 6 is
0.6F,=10.39Jd,d,/Df

where d,, d,, and D are in kilometers.

tAdapted from reference 4, page 17.
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$669%
The New SB-104A: The Advanced Concept
In Ham Technology—Now Updated

and Improved!

From front panel to rear apron this solid-state 80 through 10
meter transceiver is packed with the superior features and
performance that set Heath's SB series apart. Featuring digi-
tal frequency display, all new front end board, sensitivity less
than 0.5 uv, broadband design, and a solid 100 watts out,
you'll agree the SB-104A is the ultimate experience in Ama-
teur Radio. Only $669.95 Kit

$199%

HR-1680: The Perfect Choice for
your first Receiver

One look and you'll know . .. this is one outstanding receiver!
The HR-1680 covers 80, 40, 20, 15, and the lower 1 MHz of 10
meters and features solid state design, preselector tuned dual-
conversion MOSFET front end, excellent sensitivity, 4-pole
crystal IF filter for razor sharp selectivity, active audio filter-
ing, and a price that's unbeatable. Only $199.95 Kit

The new Heathkit catalog contains nearly

400 exciting radio, home entertainment,
FREE service and instrument products.

Send for yours today!

r---------- -----------1

veAm ] Heath Company, Dept. 122-370
Benton Harbor, Michigan 49022

Please send me my free Heathkit Catalog
| am not on your mailing list

Aetersondown...

Shown with opllounl $269%t5

Micoder™ Il installed

HW-2036A: The New Industry Leader

The HW-2036 is the transceiver that made 2-meter history; now
we've improved it with full 4MHz frequency coverage! Also fea-
tures 15 dB quieting with 0.5 xV in; a solid 10 watts out;
simplex or = 600 kHz offsets; full frequency synthesis, ex-
cellent audio, built in sub-audible tone encoding . .. the list
keeps going and at this price the HW-2036 is a super value!

Only $269.95 Kit

" $339%

Kit

HW-101: Amateur Radio’s
unbeatable value

If you're looking, search no further, because there isn't a bet-
ter performance value than the Heathkit HW-101. This 80
through 10 meter transceiver features LSB, USB and CW op-
eration, 180 watts PEP in on phone, sensilivity less than 0.35
microvolts, open chassis layout, easy circuit board assembly,
incredible performance and a price that's rock bottom!

Only $339.95 Kit
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There's more for the
Amateur at Heath!

Heathkit accessories to make your shack a showplace!

Prices are mail order net F.O.B., Benlon Harbor, Michigan.
Prices and specilications subject to change without notice.

(1) Fully assembled desk mike
Hi-Z dynamic, grip-to-talk, VOX and PTT with

cables. HDP-121A ................. 39.95
[2] VHF wattmeter

1-25 and 10-250 W ranges. Built-in SWR
bridge.

Kit HM-2102 .....

[3] HF wattmeter/SWR bridge
1.8-30 MHz range, handles up to 2000 watts.
Kit HM-102 .... ..37.95

(4] Hybrid phone patch

Has VU meter, 30 dB isolation, matches 3-
160 speakers & hi-Z or 600 ohm inputs.

Kit HD-15 ............. IE—— 1L

(5] Multiple antenna coax switch

SWR 1.1:1 max, 2 kW PEP rating.
Kit HD-1234 .......c.ciieviiinninnnn 10.85

Hi-Z ceramic mobile mike

PTT or PTT and VOX operation. Fully assem-
bled. GH-12A ..........conivnenns .. 12.95

“Cantenna"” dummy load
1 kW max. input; 1.5-300 MHz range with
SWR 1.5:1 or less. Oil not included.

Kit HN-31 .............. S ees . vs.14.95

Solid-state dip meter

Covers 1.6 through 250 MHz. Battery pow-
ered. Bat, not included.

K HD-1280 ......ccoviciaiansnnnss 59.95

Get a Catalog from your local
Heathkit Electronic Center Too!

You can get a FREE retail catalog by redeeming this coupon
in person at any of the 50 Heathkit Electronic Centers (Units of
Schlumberger Products Corporation) in major markets coast-
to-coast, where Heathkit products are displayed, sold and serviced.
(Retail prices on some products may be slightly higher.)

See list at right

More Details? CHECK — OFF Page 142

AVAILABLE LOCALLY

Visit the Heathkit Electronic Center
nearest you (Units of Schlumberger
Products Corporation) and see our
Complete Product Line.

Parts and service available. Retall prices
on some products may be slightly higher.

ARIZONA — Phoenix, 85017
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CALIFORNIA

Anaheim, 92805

330 E. Ball Rd. 714-776-8420

El Cerrito, 94530

6000 Potrero Ave. 415-236-8870

Los Angeles, 50007

2309 §. Flower 5t. 213-748-0261

Pomona, 91767

1555 Orange Grove Mm N. 714-623-3543

Redwood Cily, 9406

2001 Middlefield Rd. 415~355-8155

Sacramentio, 95825

1860 Fulton Ave, 916-486-1575

San Diego (La Mesa, 92041

8363 Center Dr. 714-461-0110

San Jose (Campbell, 95008)

2350 S. Bascom Ave, 408-377-8920

Woodiand Mills, 91364

22504 Ventura Bivd, 213-883-0531
COLORADO — Denver, 80212

5840 W. 36th Ave. 303-422-3408
CONNECTICUT — Hartford (Avon, 06001)

395 W. Main St. (Rte. 44) 203-678-0323
FLORIDA

Miami (Hialeah, 33012)

A705 W. 16th Ave, 305-823-2280

Tampa, 33614

4019 West Hillsborough Ave, B13-B86-2541
GEORGIA — Allanta, 30342

5285 Roswell Rd. 404-252-4341
ILLINOIS

Chicago, 60645

3462-66 W, Devon Ave. 312-583-3920

Chicago (Downers Grove, 60515)

224 Ogden Ave. 312-852-1304
INDIANA — Indianapolis, 46220

2112 E. 62nd St. 317-257-4321
KANSAS — Kansas City (Mission, 66202)

5960 Lamar Ave. 913-362-4486
KENTUCKY — Louisville, 40243

12401 Shelbyville Rd. 502-245-7811
LOUISIANA — New Orieans (Kennar, 70062)

1900 Veterans Memorial Hwy. 504-722-6321
MARYLAND

Baltimore, 21234

1713 E. Joppa Rd. 301-661-4446

Rockville, 20852

5542 Nicholson Lane 301-881-5420
MASSACHUSETTS

Boston (Peabody, 01960)

242 Andover St, 617-531-9330

Boston (Wellesley, 02181)

165 Worcester Ave,

(Rt. 9 }ust west of RL. 128) 617-237-1510
MICHIG,

Dllwil 432 19

18645 W, Eilght Mile Rd. 313-535-6480

E. Detroit, 48021

168149 E Eighl Mile Rd. 313-772-0416
MINNESOTA — Minneapolis (Hopkins, 55343)

101 Shady Oak Rd. 612-938-6371
MISSOURI — St. Louis (Bridgeton) 63044

3794 McKelvey Rd. 314-201-1850
NEBRASKA — Omaha, 68134

9207 Maple St. 402-391-2071
NEW JERSEY

Fair Lawn, 07410

35-07 Broadway (Rte. 4) 201-791-8935

Ocean, 07712

1013 State Hwy. 35. 201-775-1231
NEW YORK

Buffalo (Amherst, 14226)

3476 Sheridan Dr. 716-835-3090

Jericho, Long Island, 11753

15 Jericho Tumpike 516-334-8181

Rochester, 14623

837 Jeflerson Rd. 716-244-5470

White Plains

(North White Plains, 10603)

7 Reservolr Rd. 914-761-7690
OHIO

Cincinnati (Woodlawn, 45215)

10133 Springlield Pike 513-771-8850

Cleveland, 44129

5444 Pearl Rd. 216-886-2590

Columbus, 43228

2500 Morse Rd. 614-475-T7200

Toledo, 43615

48 S. Byrne Rd. 418-537-1887
PENNSYLVANIA

Philadelphia, 19149

6318 Roosevelt Bivd. 215-288-0180

Frazer (Chester Co.) 19355

630 Lancaster Pike (Rt. 30) 215-647-5555

Pittsburgh, 15235

3482 Wm, Penn Hwy. 412-824-3564
RHODE ISLAND

Providence (Warwick, 02886)

558 Greenwich Ave. 401-738-5150
TEXAS

Dallas, 75201

2715 Ross Ave. 214.826-4053

Houston, 77027

3705 Westheimaer 713-623-2090
VIRGINIA

Alexandria, 22303

6201 Richmond Hwy. 703-765-5515

Norfolk (Virginia Beach, 23455)

1055 Independence Bivd. 804-460-0997
WASHINGTON — Seatltle, 98121

2221 Third Ave. 206-682-2172
WISCONSIN — Milwaukee, 53216

5215 W. Fond du Lac 414-873-8250
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solution to the

The Marconi antenna

works great on the

lower amateur frequencies —
here’s how to make it play
using simple methods

and inexpensive parts

Since many transceivers include 160 meters,
many amateurs need a low-band antenna. However,
this can raise a number of guestions or comments,
such as:

1. Most trap or shortened antennas are very nar-
row band. Is there something simple that will cover
the entire low bands?

2. The cost of an antenna and transmatch may be
wasted if | find | don’t like 160 meters.

3. My lot is too small for even a quarter wavelength
on 160, so how can | put up something effective?

4. | tried to load a “compromise’’ antenna but
burned up my final amplifier before | got it to load. |
don’t intend to buy an antenna lab just to check out
an antennal

background

Radio Handbook has, for years, included one

low-band antenna problem

and as a 1/4-wavelength on 160 meters by shorten-
ing its electrical length with a variable capacitor. This
antenna works nicely, but may still be too long. The
Handbook suggests a 90-foot (27.4m) length for 80
and 40, and may make you think about loading it
for 160.

The latest edition of Radio Handbook suggests the
antenna be pruned to favor desired band segments.
This seemed to fit the needs of a friend who needed a
modest 160-meter antenna, so | agreed to “‘wring it
out.” The antenna started as a 94-foot-long (28.7m)
antenna and was a real bear on 80, since the 1/2-
wavelength point was at 4 MHz. Since it was end-to-
end with my Bobtail Curtain, | assumed it was coup-
ling to that antenna, so | re-erected it in the opposite
direction completely clear of all antennas and utility
lines. This was no improvement, so the antenna was
progressively shortened until it behaved.

taming the antenna

Table 1 shows the results. The column labeled
compensation indicates the component in series
with the antenna to make it purely resistive at that
frequency. At that point the R value was determined.
Notice that the 82-foot {25m) version will provide
operation on the high end of 160, all of 40, and all of
15 with low swr, and no matching is needed other
than the simple compensating element. You might
feel that the 94 footer (28.7m) should behave exactly
as the 180 footer (55m) does, with respect to im-
pedances. It won't for this reason: 160 and 80 are
very nearly harmonically related (1.8 to 3.6 MHz and
2 to 4 MHz). 80 and 40 are not: {3.5to 7 MHz and 4 to
8 MHz). If you set up the 94 footer (28.7m} for
resonance at 8 MHz, it will perform nicely at 80
meters. The 82 foot (256m) version in table 1 is reso-
nant at 7450 kHz.

It might be a temptation to let the antenna behave
as a 1/2 wavelength at 75 meters. It could be loaded
with a parallel-resonant tank circuit link coupled to
the rig. If your version had a flat top at a height of 1/8
wavelength or less, if it was built of no. 12 (2.7mm)
or smaller, and if it were located over soil having ex-
cellent conductivity (or a radial ground system), its

antenna — a 180-foot (55m) Marconi. This length By Bill Wildenhein, W8YFB, 41230 Butternut
works as a 3/4-wavelength antenna on 80 meters  Ridge, Elyria, Ohio 44035
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table 1. Values of compensating components for use with the low-band Marconi antenna (160 through 10 meters).

frequency R 94ft(28.7mltonorth R
kHz (ohms) compensation {ohms} compensation
1803 22 15.5uH 25 19.5uH
1830 30 11.5uH 30 18.0pH
3557 300 100pF 250 100pF
3646 500 100pF 350 80pF
3780 3800 80pF 500 70pF
3980 bk 30pF 1.5k 36pF
7005 100 240pF 48 3.35uH
7150 50 2.7uH
7200 115 150pF
7292 125 125pF 55 1.9uH
14,010 750 RESONANT
14,240 900 0.54uH
14,300 900 1.2uH
21,015 90 100 1.2pH
21,360 125 95 1.0uH
21,450 130 90 0.85uH
28,020 250 1.4uH 90 325pF
28,600 130 1.0ub 120 170pF
29,560 100 0.54uH 180 RESONANT

end impedance will be well over 10,000 ohms. That
means very high rf voltage in the station, BCl and
TVI become more severe, lead-in losses rise,
capacitor spacing would have to be much greater
(and cost much more). There would be a possibility
of very serious rf burns if a child happened to touch
the lead-in. It would be beyond the capabilities of
commercial transmatches.

COMBINED IN ACTUAL PRACTICE

(2172"DIA. 31/2" LONG,8 TURNS
PER INCH)

XMTR

i7-21 (COMPENSATING)

TOTAL 1000
BROADCAST VARIABLE

1174 DA | /8" LONG 16T P
(3em) (4.6cm)

SUBSTITUTE FOR TAPPED INDUCTOR

fig. 1. Loading circuit for the low-band Marconi. The L net-
work and compensating coil are one unit in the practical cir-
cuit. Voltage is low in this system, so an ordinary capacitor
from a broadcast receiver can be used for tuning. Sketch B
shows an alternative method for a tapped inductance.

94 ft (28.7m) tosouth g

82 ft (26m) to north R

(ohms) compensation {ohms) compensation
25 22.0puH 20 20.5uH
30 16.0uH 40 17.5uH

160 120pF 145 120pF
200 90pF 160 100pF
250 75pF 240 80pF
1k 35pF 500 50pF
75 1.2uH 58 2.3uH
60 1.8uH
63 RESONANT
65 520pF 63 1.2uH
750 SEE TEXT 350 75pF
800 SEE TEXT 1000 RESONANT
600 SEE TEXT 800 0.26pH
65 0.7uH 75 0.85:H
58 0.25uH 60 0.72pH
60 0.25pH 58 0.684H
175 0.25pH 110 190pF
250 0.4:H 80 100pF
100 0.55uH 110 75pF

instead, deliberately detune it by pruning it well
above 40 meters. The 82-foot (256m) version is reso-
nant at 7450 kHz in my backyard. Notice that the 80-
meter numbers become quite reasonable. Also
notice that the 40- and 15-meter numbers do not
change appreciably with changes in length. You
might be concerned that the antenna will lose effi-
ciency if not cut to exact resonance. By adding the
small compensating coil, you are resonating the en-
tire system.

the ground system

A good ground is essential for a Marconi antenna.
| use three radials for each band, 1/4-wavelength
long, and fanned out under the antenna. These
radials are tied to a ground stake just outside the
basement window. The lead-in is a scrap of no. 4
AWG (5mm) wire but could just as well be a scrap of
RG-8/U coax cable with shield and center conductor
tied together. A second ground stake about 8 feet
{2.4m) away is tied to the first with another scrap of
no. 4 AWG (5mm} wire. Inside the window, my cop-
per plumbing is also tied in with a piece of no. 4
AWG (5mm) wire. If you have hot water heating, the
plumbing in the basement may be copper pipe buried
in the concrete. This results in a large area of copper
capacitively coupled to ground. The ground wire
may be fastened to the copper plumbing with hose
clamps. A ground system such as this is very effec-
tive and results in an efficient antenna.
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An easy way to enter a basement window is to
replace a pane with plexiglass. This material may be
drilled (cautiously) for 1/4-20 (M7) brass bolts for
antenna and ground lead. Keep the antenna lead well
separated from the sash and ground lead. The most
desirable location for the tuner is on a shelf at the
basement window, with coax running to the rig. A
long ground lead is undesirable. In short, when using
a Marconi, don’t cheat on the ground! | have used
Marconis with only one radial cut for the lowest
band; another had no radials and only a water-pipe
ground. With the latter antenna | worked over 20
states on 160 with 12 watts on a-m. The present
antenna has convinced me of the value of a good
ground. | get good, solid contacts over at least a 500-
mile (800km) radius running 35 watts PEP on ssb.
This, again, on 160 meters.

leading circuit

Now let’s see how cheaply we can load this thing.
If you want the entire 160-meter band with unity swr,
the arithmetic goes like this:

XL = \/ﬁRIN—Rz = \/203650—202
= /1000~ 400 = 24.5 ohms
X = BRiNv _ 20x50 _ L g ohms
Xr 24.5
.159160 X .1591 4.
L#H=0560 L=05960x25=2.17y.H
fMHz 18
Cpp = 139160 _ 159160 _ 5147 ,p
fMHzXC 1.8x40.8

This is for the case where the antenna presents 10
ohms. Fig. 1 shows the circuit. The voltage across
the capacitor is low so an ordinary 3-gang broadcast
capacitor wili do nicely. The inductance above can
be added to the compensating inductance in the
form of one single coil.

Next, there are two ways to match the antenna for
80 meters. If you have an Amidon balun core it can
be rewound with the same number of turns, trifilar,
and connected as an autotransformer. Connect the
finish end of one winding to the start of the next.
Fig. 2 shows the hookup. If you jockey the im-
pedance values to duplicate mine (by varying anten-
na length), this system will result in a maximum swr
of 1.5 at any point in the 80-meter band.

The total expense of matching components for 160
and 80 is low enough that you can have separate,
pretuned networks for each band. On 40 meters the
antenna is so close to the proper impedance that
you need only a 2.5 uH coil in series with the antenna
fead, and with tap set for minimum swr. This will
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allow you to assess the capabilities of the setup. If
you like it, you can buy a Transmatch later. You may
have to add series inductance to get a commercial
Transmatch to tune 160.

Another solution for 80-meter matching is shown
in fig. 3. This is the reverse of the network shown in
fig. 1, since we want to step up the impedance. This
network will allow unity swr at any point in the 80-
meter band. Component values allow reasonable
cost if you are operating a transceiver barefoot.
Values are computed in this manner:

Xc =R _Rin_ = 500 o0
R—-Ry 500~ 50
= 500~/0.1111 = 166 ohms
XL =RR[N= 500x50= 150 ohms
Xc 166
159160 159160
C = = = 240 pF
PE T fumXc 4x 166 p
Ly = 0.159160 X _ 0.159160x 150 _ 6uH

This gives us the values for the 500-ohm point. In the
same way you can calculate the values for the 3.5-
MHz point.

Before you run away from the simple math shown
here, let me say that the amateur who usually uses
guesswork would look at that choice of coil and say,
"You're nuts! That coil might work on 20 but will
never tune on 80!"" Substituting a coil that ““looked”’
like an 80-meter coil, he’d hunt at length for a tap
position that would result in a match. Finding it with
the coil nearly shorted out, he’'d say, “Anyone can
see this isn’t right! It must be loading on a harmonic
or something! Better junk that antenna before you
getin trouble with the FCC!”’

Component values for an L network are, to a large
extent, controlled by the ratio of impedances to be
matched. Another reason for calculating the values is
that it often enables you to see trouble ahead. If you
didn’t take the time to calculate the values, you
might say, “Most commercial transmatches seem to
use big capacitors. | have a pair of 450 pF variables
here. With these | should be able to match
ANYTHING.”" A good example of this is the
““Moose’’ shown in the photo. Since | do a lot of
antenna experimenting | built this thing to give me a
wide range of capabilities as a pi network, or either
version of an L network. | calculated the values need-
ed for my antenna on 20 meters. The minimum
capacitance required made me suspicious. | wasn't
disappointed! The network in the photo has a
minimum capacitance too high to permit using it on



20! The minimum plus distributed capacitance of the
450-pF capacitors would certainly also be too high.

While this antenna is primarily intended for 160-80-
40-meter operation, it will work the higher-frequency
bands. On the higher bands it begins to take on the
characteristics of a long-wire antenna. For example,
as can be seen from table 1, variations in impedance
between voltage-feed and current-feed points
become progressively less as frequency increases.
The antenna will begin to exhibit directional tenden-
cies and can supply occasional surprises when you
hit the correct conditions. You'll probably want to
use a more effective antenna on the higher bands,
but this one is quite useful as a standby antenna. By
the same token, it will, obviously, do a good job of
radiating harmonics.

If TV!is a problem, a lowpass filter in the lead from
the transmitter to the matching network should do
the job. In my case, the TV set is located directly
above the rig. Total separation is less than 10 feet
(3m). The rig can be operated with shield covers
removed, but no TVI occurs on 160 through 40. Of
course, | use low power — 3% watts PEP, while the
big amplifier is down for modification. If you do ex-
perience trouble, the lowpass filter should be the

fig. 2. Schematic showing a method for matching the Mar-
coni to your rig for 80-meter operation. By varying imped-
ance values, this circuit will provide an swr of 1.5 across the
entire band.

answer unless you have excessive ground-iead
length. This will tend to couple the rf to the ac line. In
that case a lowpass filter may still help but may not
be quite as effective.

While on the subject of lowpass filters, it might be
a temptation to build one of the simple lowpass filters
described in the ARRL Handbook (late editions) for
use in cleaning up vfo outputs. This little filter is very
useful for its intended purpose but will behave as a
halfwave filter when used in the output of a transmit-
ter. For example, if the cutoff frequency were set a

little beyond 20 meters (for instance, if you used a
combination of 620 and 820 pF capacitors to yield a
14.5 MHz cutoff}, it will work beautifully on 20
meters. If you check it with the signal going into a
good 50-ohm load you'll find that each lower band
will show greater reflected power, making it useless
as a wide-range unit. The halfwave filter is a very ef-
fective single-band device. If you have TVI problems
on a single band, the filter can be an inexpensive and
effective cure. Just don’t be misled into thinking it
will perform well on all bands below the cutoff fre-
quency!

instrumentation and design aids

If you aren’t the experimenter type, you're prob-
ably worrying about all the L and C calculations. Be
smart! Send $2.00 to the ARRL for their Type A
Calculator. With this thing you can solve your L, C,
and F calculations in seconds. )'ve worn out three of
them over the years, and keep one at work and one
at home. Once you get used to the thing, you're
hooked. Instructions are printed right on the
calculator, so it's impossible to mislay or forget this
information.

A good practical example of the savings in time
and money is this: You might not have a grid dipper
but may want a cheap and dirty model just for this
antenna work. Perhaps you have a little two-gang
broadcast capacitor but don’t know its capacitance
range. Be assured it will work very well in a conven-
tional Colpitts oscillator. Perhaps you leave it on the
original chassis, use an existing socket, and haywire
the circuit. You may have some defunct octal tubes.
The bases can be the plugin coil forms. Take a guess
that in the Colpitts circuit the little capacitor will hit
100 pF somewhere in the vicinity of a capacitor set-
ting that puts it two-thirds meshed.

The ARRL calculator gives you the correct number
of turns on the tube base to hit some desired fre-
quency. Once you have the instrument running, you
can determine the total range of frequencies the coil
will cover.

Now you know the coil inductance and the end
frequencies. With the calculator you can determine
accurately the exact number of turns for any range.
The calculator will also tell you the true maximum
and minimum capacitance you have, which will in-
clude stray capacitance. You can use the calculator
to juggle turns to give a desired amount of overlap in
coil ranges. In other words, it takes out the
guesswork, and the time-consuming work of remov-
ing turns or rewinding coils repeatedly to achieve a
specific range.

The calculator also gives positive verification of a
hoped-for cost saving. For instance, in making the
dipper, you might look at the tube base and say, “‘I'll
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never get a 160-meter coil on that form!"” But the
calculator says you certainly will. For example, very
often an article might specify a certain length of
husky coil stock. Your calculator tells you what in-
ductance this represents. It enables you to say con-
fidently, “'That coil from a surplus tuning unit will be
correct, too.” Think about it. You saved the price of
the calculator with that one decision!

measuring antenna impedance

Possibly in your location the antenna impedances
will be somewhat different from mine. Or you might
have heard that two or three spaced wires, instead of
a single wire, will decrease the impedance at the
halfwave points. How much lower? You need to
measure the impedance but have no tools? The
Radio Handbook has carried a description of a simple
little bridge for a number of years. Itis the Antenna-
scope. The latest edition has a version that only goes
to 100 ohms. Earlier editions had a model that went
to 1000 ohms. For hf antenna work, that model is en-
tirely adequate. It is an inexpensive, two-evening
project and can be made from standard parts.

The meter need not be an expensive one since
we’'re concerned only with a null. You can substitute
one of the $1.50 surplus tuning meters used in stereo
amplifiers. It should have a 100 or 200 microampere
movement. Calibration requires nothing more than a
handful of resistors between 10-1000 ohms.

If you really want to go all out on antenna
measurements, Hank Keen described a bridge that
independently measures the R and X components. |
described a similar one in reference 2. While only a
little more costly and complex, both instruments will
do an excellent job. However, if properly used, the
little Antennascope is entirely adequate.

In addition to the Antennascope, you'll need a
source of low-power rf, This source can be a
vacuum-tube-type grid dipper {the solid-state models
don’t have the power output necessary to serve as
bridge drivers). You could also use a simple crystal
oscillator. This oscillator should be a vacuum-tube
type with a tuned-plate circuit link coupled to the
Antennascope. No tuning meter is required since the
Antennascope meter can be used to indicate maxi-
mum output from the oscillator. Again, this could be
built out of a scrap ac-dc set. The tuning capacitor in
the ac-dc set will be adequate. Plug-in coils wound
on tube bases will be satisfactory.

With the original tuning capacitor you can hit two
adjacent bands with a single coil. For instance, one
coil will hit both 160 and 80 meters. A second coil will
hit 40 and 20 meters. If you don’t have an rf choke
handy, use one pie from an old 455-kHz i-f
transformer.
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G COMPENSATION

XMTR

band L C C compensation
80 3-6uH 12turns 2” dia. 240-440pF, 1kV 50-120pF, 1kV
(5B1mm} 1-1/2” {38mm)
long
20 1.4-2.54H 12turns 2” 40-80pF, 1kV shorted out
dia. (52mm) 1-1/2”
{38mm) long
10 0.25-0.35pH 12 turns 50-60pF, 500V 75-200pF, 500V

27 dia. (5tmm) 1-1/27
{38mm) long

fig. 3. Alternative matching circuit for 80 meters.

Another solution is possible if you have a service-
type signal generator. Many of these units have an
open circuit output of about 0.3 volts. Make a “mini
linear’” using a hot pentode such as a 6AG7, 6CL6, or
6GKB6. Don't tune the input — just use a 10k resistor
to ground. Tune the output and link couple it to the
Antennascope. Set it up according to the tube
manual values for class A operation. If output is
marginal, tune the link. If you're using this technique
or a grid dipper, don't rely on dial calibration; verify
the frequency with your communications receiver.

measurement technique

The proper technique to ensure accurate measure-
ments is this: In each case, the antenna must first be
made resonant. Table 1 will give you a rough idea of
the compensating element needed to ensure exact
resonance. Example:

1. On 160 meters, connect about 30 puH of in-
ductance between antenna and ground.

2. Couple a dipper to the coil and carefully short
turns until a dip occurs at the desired frequency.

3. Disconnect the grounded end of the coil from
ground and insert the Antennascope between
ground and the end of the coil.

4. Feed power to the Antennascope at the same
frequency.

5. Adjust the Antennascope for a null on its meter
and read the resistance indicated. Also note the in-
ductance needed to obtain resonance.

On 40, if your antenna is similar to mine, you could
use the same technique but with a smaller coil. On 80



you'd use a section or two of a broadcast capacitor in
series with the antenna. The free end of the capacitor
goes to a 2-turn link coil to ground. The dipper is
coupled to the link, and the series capacitor is ad-
justed for a dip. Then the Antennascope is con-
nected in place of the link. At halfwave resonance,
the impedance is very high. If you connect a link to
ground, you may not be able to find a dip — or the
dip may be very shallow. Thus, on 80 meters, it
would be best to start at 3.5 MHz. The antenna will
be far enough from the half-wavelength resonant
point to enable you to get a dip. The dip may still be
shallow, but it can be found. A similar situation exists
on 20 meters.

Another technique is to judge resonance by
deepness of dip on the Antennascope. For instance,
the Antennascope could be connected directly from
antenna to ground on 80 meters. You may find that
its null is shallow. This will make it difficult to deter
mine the exact R value. You can connect the series
capacitor between the Antennascope and antenna.
Adjust the capacitor carefully to find the point where
the null on the Antennascope is deepest. If this is at
the point of minimum capacitance on the series
capacitor, you may want to use a smaller capacitor.
Finally, find a point with the series capacitor where
the null is deep and sharp. This makes it easy to ob-
tain the exact R value.

On 20 meters you may have to use either a small
inductance or fairly large capacitance to find
resonance (depending upon the frequency in the 20-
meter band). At some point the antenna may be
resonant and will require no compensation. (This is
the advantage of using the more complex bridge
mentioned earlier.) Incidentally, in a situation such as
the 82-foot (25m) antenna at 20 meters, the reactive
component is small enough so that no compensating
element must be used with an L network. A standard
L network will accommodate this reactive compo-
nent, which simplifies matching.

This antenna does a good job on the low-
frequency bands. | hope this description makes it
easy for you to obtain top performance. With the
simple equipment and techniques described, you can
be assured of an exact match without even turning
on your rig. One last warning: The antenna length is
measured from the far end to the point where it con-
nects to the tuner. Have fun!
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71_’l 1/4 KILOWA TTﬂ

LINEAR AMPLIFIER

TPL proudly presents the first true power 1/4KW
SSB/AM, FM or CW solid state
2 meter linear amplifier

Model 2002

The 2002 utilizes the latest state of the art engineering in-
cluding micro-strip circuitry and modular construction. The
three final transistors combine to produce 250W when driven
by 15W or more at 13.8VDC.

A remote control plug allows you to operate with the ampli-
fier ON or OFF, or in SSB/AM, FM or CW from the dashboard.
This broad band amplifier will cover the entire 2 meter band
with no degradation and will also cover the adjacent MARS
channels with only a slight degradation.No tuning is required.

A seven pole low pass filter attenuates all harmonics 60dB
or greater as required by the FCC.

Model 2002* $479.00

* can be ordered for repeater application.
19" rack and panel mounted with cooling fan

POWER INPUT:
5-20W Carrier FM or CW
20W PEP maximum SSB or AM

POWER OUTPUT:
200-250 carrier FM or CW
300W PEP SSB or AM

FREQUENCY RANGE:
144 to 148 MHz*
* will operate with slight degradation at
142 and 150 MHz.

HARMONIC ATTENTUATION:
All Harmonics Attenuated 60 dB or Greater

CURRENT DRAIN:
FM-40 Amps @ 250W
S$SB-30 Amps @ 300W PEP

DUTY CYCLE:
FM 50% @ 150W 33% @ 250W
SSB 60% @ 150W 50% @ 250W

for additional information contact

Jﬂ COMMUNICATIONS INC.

1324 W 135TH ST . GARDENA, CA 90247 (213) 538-9814

A.C. Simmonds & Sons Lid., 975 Dillingham Rd.. Pickering, Ontario L1W 382
Export: EMEC Inc., 2350 South 30th Avenue, Hallandale, Florida 33009
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a review of

Phasing methods for

ssb signal generation

have provoked

much controversy —

here's an article

that provides

some interesting information
to the contrary

A revival of interest in ssb phasing systems seems
to have occurred in recent years, a trend | whole-
heartedly endorse. Thus it'’s time to discuss the
various phasing techniques used and to introduce
some new or little-known techniques, which in my
opinion, may revolutionize traditional approaches for
obtaining ssb signals by this method.

Using the rf-phasing methods discussed near the
end of the article, it is my opinion that direct-
conversion ssb generators and receivers can be made
that cover an octave or more in bandwidth. This is
the so-called ““third-method’ of ssb-signal genera-
tion in which the desired output signals can be
obtained without using cumbersome heterodyne
methods with filters and their problems of frequency
drift, which require periodic realignment.

economic considerations

ssb phasing techniques

practical reasons it's implemented as shown in fig.
1(B). The key to the whole technique is the phasing
networks — this may be stating the obvious, but
their design, construction, and adjustment, and the
difficulties encountered therein account for much
constructor resistance to phasing ssb. Phasing ssb is
mostly looked on as not a ‘proper’’ method of gener-
ating ssb, an opinion | entirely reject. I've always
thought that the filter method is really a brute-force
technique.

It's possible to obtain opposite-sideband suppres-
sion of more than 50 dB with narrow bandwidths,
but the subsequent amplifier stages degrade this

BALANCED
MODULATOR

CARRIER
OSCILLATOR

90 AUDIO 20° ss
PHASE -SHIF T! PHASE -SHIF T C:E'ﬁ'g:g 8,
NETWORK NETWORK UTRUT
AUDID
o——u

INPUT
BALANCED

MODULATOR
BALANCED
MODULATOR
CARRIER
OSCILLATOR
90* AUDIO 90° ss
AUO ol prase -SHIF I——‘ PHASE-SHIFT cr?éﬁ;g:g 8
INPUT NETWORK NETWORK QUTPUT
BALANCED

MOOULATOR

fig. 1. Classic phasing method for generating ssb signals
(upper). For practical reasons, the method is implemented
as shown in the lower drawing.

suppression and, as they generate intermodulation
products at high levels, some of the advantage
is lost.

As the state of the art existed some 20 years ago,
when most ssb equipment was homebrewed, the

A block diagram of the classic phasing method of By Roger Harrison, VK2ZTB, 14 Rosebery
ssb generation is shown in fig. 1(A). More usually for ~ Street, Balmain 2041, Australia
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filter method was somewhat easier to implement.
However, cost is almost always a consideration in
homebrew projects, and the phasing method has a
great advantage here. Furthermore, using some cir-
cuit technigques described later, my opinion is that
the phasing method is easier to implement than the
filter method. Although you must spend $30 - $50 an
a filter and matched upper and lower sideband
crystals and a further $5 - $10 on components, a
phasing generator can be built for around $10 or less.

Even if you buy a batch of surplus crystals and
make your own filter the cost will be considerable.
Furthermore, the filter will require a great deal of time
and effort to align — without guaranteed results. In
my opinion, simplification of both circuit and align-
ment, as in the phasing system, is a step forward in
which you can do the job required and still achieve
adequate specifications.

ssb requirements

Let's look at what specifications are considered
“‘adequate’’ for ssb. Opposite sideband suppression
is important; after all, you have to live with your
neighbors. Opposite sideband suppression of —40
dB is quoted in many texts as reasonable. However,
with moderate output power —35 dB can be
tolerated. Such suppression can be obtained with
phasing techniques, but with some circuits it's dif-
ficult to maintain this number; in other circuits it can
be exceeded.

Carrier suppression with phasing ssb depends on
balanced-modulator performance, as with filter
systems. Suppression of —50 dB may be obtained
with filter systems, depending on the type of mixer.
The bandwidth of filter-type ssb systems is mostly
determined by the filter. These bandwidths range
between 2.1 and 3.2 kHz for most commercially
available equipment, which usually has a 6-60 dB
shape factor of more than 2.

+
47pF

ok h L
w1 T

BC 177

MPF 102

[[e]o].}

+
68pF -—ﬁ }—T
apF
4.7k

100K
220

6 /;7 A

C1 607 pF (560 pF and 47 pF, 5% capacitors in parallel)

C2 1215 pF (390 pF and 820 pF, 5% capacitors in parallel)

Cc3 2430 pF (2200 pF and 220 pF, 5% capacitors in parallel}

C4 4860 pF (4700 pF and 150 pF, 5% capacitors in parallel)

R1,R2  133.3k (E96 series) or 100k and 33k, 1% resistors in series, or 1.2
meg, 5%, and 160k, 1% resistors in parallel

fig. 2. An audio phase-shift network (psn) for homebrew ssb
projects popular from the early 1950s to the present. It was
marketed by the Millen Company and by Central Electron-
ics. Preferred capacitors are 1% or 2% silver mica, NPO
ceramic, or polystyrene.

With phasing systems bandwidth depends on
audiostage bandwidth and the audio phase-shift net-
work. Unless elaborate sharp cutoff audio filters are
used, the shape factor is not as good as in the filter
system. However, this isn't a major problem, and
many operators find phasing-type ssb easier to tune
(on receive) and often describe it as having a more
natural quality. It’s easy to weight the audio response
of a phasing generator to provide improved intelligi-
bility.

Maintaining the specifications, particularly op-
posite sideband suppression, has always been a
problem with phasing-type ssb systems, requiring
periodic realignment of the phase-shift circuits.
Opposite-sideband suppression was largely a func-
tion of component stability (that is, frequency drift).

100

100
VA8 12V SWITCHED!

+i2v

SIDEBAND
SWITCH

100pF

fig. 3. Audio stages of the “Tucker Tin Mark Il”" (reference 1), a phasing ssb transmitter using the phase-shift network shown in

fig. 2.
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VOLTAGE
INPUT
RATIO
72

C1 24.2 nF or 24200 pF (22 nF polycarbonate or polystyrene and a 470
pF silver mica, NPQ ceramic, or polystyrene, connected in parallel)

C2 8.06 nF or 8060 pF (4.7 nF and 3.3 nF in parallel, or 6.9 nF and 1.2
nF in parallel, or 8.2 nF and 0.47 .«F in series, polycarbonate or
polystyrene capacitors)

C3 5.35 nF or 5350 pF (5.6 nF and 0.12 xF in series, or 4.7 nF and 680
pF in parallel, polycarbonate or polystyrene capacitors)

Ca 4.03 nF or 4030 pF (3.9 nF and 120 pF in parallel, polycarhonate or
polystyrene capacitors)

C5 1.78 nF or 1780 pF (1.8 nF and 0.18 xF in series, or 1.5 nF and 270
pF in parallel)

o) 892 pF (560 pF and 330 pF in parallel; use silver mica, NPO
ceramic, or polystyrene capacitors)

R1 20k E96 series or two 10k, 1% resistors in series
R2,R3 60.4k E96 series, or 27k, and 33k, 1% in series, or two 120k in
parallel

fig. 4. Phase-shift network first popularized by W2KUJ
(reference 1).

With modern components and circuit techniques,
these problems can be overcome, as we shall see.

audio phase-shift networks

Two types of phase-shift networks are used — ac-
tive and passive. The latter are most widely used, but
we’ll examine both.

In the heyday of homebrew ssb, several commer-
cially made audio phase-shift networks were avail-
able; the Millen and B&W 204 being perhaps most
widely used. The Millen network is shown in fig. 2.
Its popularity over the past 20 years is probably due
to its relative simplicity. When properly adjusted the
differential phase shift between outputs can be main-
tained within + 1.3° of 90° over the audio range from
225 to 2750 Hz. This results in an average opposite-
sideband suppression of 45 dB. Using off-the-shelf
1% or 5% resistors and 2% or 5% capacitors, an
opposite-sideband suppression of 40 dB can be
achieved. The circuit has two other distinct ad-
vantages: it requires a minimum of 12-14 compo-
nents, and the overall loss is about 10 dB, which is
the lowest of all the RC networks to be described.

The Millen circuit requires unequat drive voltages
at inputs X and Y (fig. 2) in the ratio of 7:2. The
source impedance is about 2k. The circuit may be
driven by a specially wound transformer (weli-nigh
impossible to obtain today), which would have to be
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built. Another alternative is to drive the circuit from a
phase splitter (that is, 180° out of phase) through the
RC network shown. The 100-ohm trimpot is then ad-
justed so that the audio voltage on input Y is only
28.5% of that on X. Alternatively, the pot may be
adjusted to provide equal-amplitude signals at the
outputs, A and B.

The audio bandwidth must be restricted as the dif-

ferential phase shift between A and B departs further
from the required 90° outside the bandwidth men-
tioned, thus markedly degrading the opposite side-
band suppression. A rolloff of at least 12 dB per oc-
tave above about 2.5-3.0 kHz is recommended —
preferably 16 dB per octave. The low frequency
should be rolled off at about 10-12 dB per octave
below 300 Hz.
The outputs must drive a very high impedance,
preferably an fet source follower. The ““Tucker Tin
Mark Il ssb transmitter! used this phase-shift net-
work, which was driven by a phase splitter. The out-
puts drove two fet source followers as shown in fig.
3. The audio amplifier, which has a high-impedance
input, is arranged to provide the appropriate frequen-
cy response and gain, making it suitable for use with
either crystal, ceramic, or dynamic microphones.

The phasing and audio-frequency balance pots are
adjusted to provide minimum opposite-sideband sup-
pression during alignment and rarely need readjust-
ment. The phase-pot is used to adjust the input drive
voltages to the phase-shift network in the correct
ratio. The Tucker Tin was a highly successful kit. It
was made available by the Upper Hutt branch of the
NZART. Phase-shift network components were
standard off-the-shelf 1% resistors and 5%
capacitors.

cl
242nF Zglk
li

c6

892pF
c2
BO6nF.
weiT3

120k
90°
5k, CT 120k G5 R3
178nF < 60k

ca
4.030F

R2
60k

20K
5.35nF
c3
R1 125k (124k or E12 series, 120k and 4.7k, 1% resistors in series)
R2 198k (196k E96 or E12 series, 180k and 18k, 1% resistors in series)
R3  487.5k (487k E96 or E12 series, 470k and 18k, 1% resistors in
series, or 3.9 meg, 5%, and 560k, 1% resistors in parallel)

R4 770k (768k E96 or E12 series, 12 meg, 5%, and 820k, 1% resistors
in parallel, or 680k and 82k, 1% resistors in series)

fig. 5. Network designed by Dome (reference 4). Circuit
must be driven by equal-amplitude, opposite-phase sig-
nals as shown or from a phase splitter. Qutput must be a
very high impedance.



C1 10.5 nF or 10500 pF (10 nF and 470 nF in parallel)
Cc2 32.3 nF or 32300 pF {27 nF and 560 pF in parallel)
C3 7.14 nF or 7140 pF (6.8 nF and 330 pF in parallel)
c4 5.38 nF or 5380 pF (4.7 nF and 680 pF in paratlel)
c5 2.38 nF or 2380 pF (2.2 nF and 180 pF in parallel)
(o 1.2 nF or 1200 pF (1 nF and 200 pF in parallel) AUD10
R1,R2 90k (22k and 68k, 1% in series) i

>

2K-10KCT
TRANS - c3
FORMER 700

fig. 6. Modified Dome phase-shift network.

R2
90k

500k POT 470k
ce
I.2nF /;7
Cc5

8 ouT

A OUT

R
90k

A-B = 90° PHASE SHIFT G

Outputs may drive an impedance as low as 1
meg, which swamps the input impedance of
the following stages (usually a source fol-
lower or similar circuit). Polycarbonate or

[
e

T 180k ‘ 820k /}7

NOTE: ALL COMPONENTS WITHIN %

polystyrene capacitors should be used for values above 1 nF (1000 pF}; polystyrene, silver mica, or NPO ceramics below 1000 pF.

A similar circuit (fig. 4), having different values to
accommodate a lower input impedance, was first
popularized in the “SSB Jr.,”” a phasing-type ssb
transmitter designed and described by Don
Norgaard, W2KUJ.2 Bandwidth and differential
phase shift characteristics are much the same as in
the circuit of fig. 2, which has the distinct advantage
of a minimum component count of 14. Standard E24-
series 1% or 5%, silver mica, or NPO ceramic
capacitors are preferred and are readily available.

The resistors may be 1% or 5% with values from
the EY6 series as indicated. Alternatively, they may
be derived from 1% or 2% tolerance types from the
E12 series. If E96-series resistors are used, the com-
ponent count is 9, whereas if E12 series are used with
values in series or parallel combination, the compo-
nent count is 13 (including the 100-ohm pot). The pot
can be a carbon or wirewound type. A carbon type
with a Cermet element is preferred.

As for the circuit in fig. 2, the phase-shift network
requires the X and Y input voltages to be in the ratio
of 7:2. The pot is used to set this ratio. The circuit
can be driven from a simple fet phase splitter with
equal-amplitude outputs or by a transformer. A very
high impedance must be presented to the outputs,
and fet source followers are again recommended.

For maximum results the two networks just

AUDIO FILTER
AMP.

15 OHM
SECONDARY

A6
NOTE : ALL COMPONENTS WITHIN 1% 39k Zin

described (figs. 3 and 4) can be aligned by making a
portion of each capacitance a trimmer, then the en-
tire phase-shift network can be adjusted for
minimum phase deviation (from 90°) over the fre-
qguency range. An audio oscillator and scope are
necesssary. The procedure is described in reference
3. Details for aligning the Tucker Tin circuit are given
in reference 1.

A detailed and very useful discussion on the
design, construction, and alignment of audio phase-
shift networks is given in reference 3. An alternative
procedure is to measure a group of components on a
precision bridge, selecting those within 1% of the
values given in the circuit. The only adjustment then
is to get the input-voltage ratios correct.

The Dome network4 shown in fig. 5 has the ad-
vantage that it can be driven directly from a balanced
input such as a center-tapped transformer or phase
splitter. However, as with the two previous circuits,
the outputs must be presented to a very high im-
pedance. If components are close to the values
specified, deviation from 90° phase shift will be
about +1.5° between about 270 Hz and 2.9 kHz.
Restricted audio bandwidth must be used, as
discussed previously.

Another disadvantage of the circuit in fig. 5 is its
high loss, which is about 15 dB compared with 10 dB

fig. 7. Network designed by Van Heddgem (refer-
. ence 5) for solid-state applications. Values of R3
M0 and R6 include Z;,,. All values shown in the schema-
tic should be within 1% or better. The ratio of R7/R8
=3.83 (within 1% or better).
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for the previous two circuits. However, it's usually
not too difficult to provide sufficient gain margin in
the audio stages to compensate.

One of the disadvantages with all the circuits
described thus far is the necessity for the outputs to
be presented with a very high impedance. The phase
shift is affected by load-impedance variations, with a
consequent degradation in opposite-sideband sup-
pression. If the output impedance can be defined,

5.5k

0ISINF
b

7

could be built for solid-state applications. See fig.
7.The input impedance of the following emitter-
follower stages is taken into account when
calculating R3 and R6. Note that input and output
impedances are quite low compared with those in the
previous circuits. Many standard component values
may be used.

In contrast with the original Dome network, the
circuit of fig. 7 requires that the input drive voltage

MATCHED
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BIFILAR LINK
263pF
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j-;omF
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150pF S634 10.5mMz
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I50pF  BIFILAR LI

™
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fig. 8. Passive phasing generator by W. Doyle, W7CMJ (reference 6).

and a practical value lower than the input impedance
of the following stage selected, then the effect of any
variations in load impedance can be swamped.

Southwell3 discusses a variation of the Dome net-
work#4 in which the network outputs drive 1-megohm
loads placed across the inputs of the following
stages. The circuit is shown in fig. 6. Amplitude
balance at the outputs may be obtained by a fixed
voltage divider and by a pot in the other load
resistance. The original circuit was designed to drive
a cathode follower, whereas I've shown a source-
follower stage.

Van Heddegem5 discussed modifications to the
basic Dome network in which a suitable network

be in the ratio of 3.83:1. The circuit was later used by
Doyleb in his passive ssb generator. The ratio of the
two input resistors, which determine the input-
voltage ratios, must be accurate to within £1% or
better.

input impedance is noncritical but should be low.
Doyleb uses two bk pots to adjust output levels and
impedance for best opposite-sideband suppression.
His circuit is shown in fig. 8. According to Van
Heddegem5 the network should work well between
280 Hz and 2.8 kHz. Audio must be restricted in
bandwidth to maintain opposite sideband suppres-
sion. No numbers are given as to how close the
phase shift remains at 90°. Component count is

fig. 9. Phase-shift network using RLC components developed by Westinghouse in 1944 and described by Cheek (reference 7).

Q47yF

-—fvvv-—-—_) }_ PR
X
L L 1
~aok 8OO Hz INPUT -
3”% DE -EMPHASIS ﬁ";f““"“ he
T = [

N

Circuit has a minimum of 9 components.
The 40-mH inductors may be made from
88-mH toroids. The 6-henry inductor may
be an ordinary iron-core choke. Alternative-
ly, all inductors may be wound on pot cores
or low-frequency toroid cores.

";ggbr'g"s%’;"g:s L1 176 turns no. 26 (0.3mm) enameled wire on a
single bobbin in a Vinkor LA2330 pot core
L2 2090 turns no. 42 {0.06mm) on a single bobbin in
a Vinkor LA2330 pot core
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enameled wire, in each half of a doubie bobbin in
a Vinkor LA2330 pot core

j,/ T1 2 windings, 176 turns each, no. 34 (0.16mm)
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fig. 10. Wideband active audio phase-shift network described by Norgaard (reference 2) and Southwell (reference 3). Each RC
network is adjusted for 45° phase shift, grid-to-grid, at the frequencies indicated. Circuit loss is about 8-10 dB.

only 12 if E96-series or selected E12-series com-
ponents are used.

If you wish to build this ssb generator, | recom-
mend that you read reference 3 for adjustment and
alignment. (The rf phase-shift circuit is discussed
later.) No numbers are given for opposite-sideband
suppression, but it appears that at least 30 dB is
obtainable.

+5v

206 Hz
100k
a7k
L
39uF 47k 100k
f'—*AL—
INPUT e 100k

OIuf ;

4985 Hz

So far all phase-shift networks considered have
been made of RC combinations. Networks using R,
L, and C combinations are quite rare in the literature,
probably because the inductances in a phase-shift
network of this type are not off-the-shelf items.
Nevertheless, such a circuit has certain merits; one in
particular is shown in fig. 9. This circuit was
developed by Westinghouse in 1944 and subsequent-

1657 Hz 20060 Hz

100k 100k

100k 100k

100k
- OdpF

4.7k 5k H'_J

JOnFj; 2nFj7\

597 Hz. 4853 Hz

fig. 11. Modern wideband active phase-shift network described by Dickey (reference 8) uses two LM324 quad op amps. Input
circuit provides aperation fram a single 5-volt supply. Each stage is adjusted for 90° phase shift, input-to-output, at the fre-

quencies indicated. Circuit has unity gain {(no loss).
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ly described by Cheek.7 Components are noncritical.
Resistors and capacitors can be standard 5% or 10%
components. Composition resistors and paper
capacitors were used in the origina! circuit. The main
requirement is that each 40-mH inductor resonate
with the 1-uF capacitor at 800 Hz. Exact values aren’t
critical as long as components of the specified
nominal values are used.

The 6-henry inductor and the 6200-pF capacitor
must resonate at 800 Hz. The 40-mH inductors may
be made from 88-mH toroids, which are readily
available in the surplus outlets. These inductors con-
sist of two 44-mH coils wound on a toroid core and
connected in series.

Using a scope or vtvm and an audio oscillator, it's
easy to resonate a 44-mH inductor and a 1-uF
capacitor to 800 Hz. Just remove turns from the
44-mH winding until resonance is obtained. The
exact frequency has no magic about it; 800 Hz is the
geometric mean of 160 and 4000 Hz, which ade-
guately covers the speech band. Ensure that each LC
circuit resonates to the same frequency. This fre-
quency could just as easily be 750 Hz (geometric

CARRIER

INPUT

;Lé
:

i

o

c 0
o ST 0o
LR
Zm
c [4
) A A _) }-
CARRIER, R T PUSH-PULL
weuT O 90° CARRIER 90°
R INPUT
Y 4
R
ﬁ -~ AMA—
A 8
[T
e (o)
COILS COUPLED 0.5t 08
R OF CRITICAL COUPLING
CARRIER so* CARRIER
INPUT INPUT
™ 500

fig. 12. Passive rf phase-shift networks commonly used in
phasing ssb designs over the past 30 years, which are dis-
cussed in the text. All are suitable only for single-frequency
use or for a very small frequency range.
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fig. 13. Coaxial-cable quadrature phase-shift network.

mean of 200 and 2800 Hz) or 900 Hz {geometric mean
of 270 and 3000 Hz).

Transformer T1 consists of two windings having
equal numbers of turns wound on the same core
resonated at 800 Hz with the 1-uF capacitor. The two
windings are connected in series: dots in the circuit
in fig. 9 for T1 indicate the start {or finish) of each
winding. As an alternative, each inductor could be
wound on a standard pot-core assembly or a low-
frequency toroid.

P
INPUT o————

COAXIAL CABLE ELECTRICAL % SAME
l IMPEDANCE

AS CQAX

fig. 14. Quadrature phase-shift network after Taylor (refer-
ence 13) centered on 14.25 MHz. Output amplitudes are
within 0.8 dB between 13,8-14.6 MHz.

The two quadrature outputs, A and B, can drive
low-impedance loads. The characteristics of the
phase-shift network are unaffected by the load im-
pedance, which may be between 400 and 600 ohms.
Input impedance is about 5k and should be floating
with respect to ground. The input should be driven
by a transformer or a differential amplifier.

The speech amplifier preceding the phase-shift
network should include deemphasis for frequencies
below 800 Hz. If the network is transformer driven, a
deemphasis network consisting of two 15k resistors
and two 47 nF (= .047 uF) capacitors, connected in
series with each input terminal, serves this purpose.
The input impedance then will increase to about 40k
and the input transformer should be selected to drive
such an impedance. This is suggested by Cheek.”?

The network will maintain the phase shift within 1°
or better between 300 Hz and 3.5 kHz. The amplitude
balance between the quadrature outputs is within
2% or better between 200 Hz and 4 kHz. Thus, it's
easy to achieve an opposite-sideband suppression of
about 40 dB, which is certainly one of the advan-
tages of this particular cireuit. 7 iat and the quite low



INPUT (50 OHMS)

Fr=79 MHz

r——— ™
8 (50 OHMS)

A (50 OHMS)

C1,C2 26.3 pF (27 pF, 5% NPO ceramic or silver mica)

C3,C4 110 pF, 5% NPQ ceramic or silver mica

C5,C6 390 pF, 5% NPO ceramic or silver mica

C7.C8 1605 pF (2700 pF and 3900 pF, 5% polyfilm capacitors in series)

L1,L2 1.05 gH. 5 turns no. 26 (0.4mm} enameled, closewound on
Philips 020-91010 toroid core

L3.14 4.36 xH. 12 turns no. 26 (0.4mm) enameled wound on Philips
020-91010 toroid core, turns spread evenly around circumference
of core

165,L6 156.4 uH. 24 turns no. 26 (0.4mm) enameled, wound on Philips
020-91010 toroid core

L7,L8 64.2 uH. 48 turns no. 30 {0.25mm) enameled, wound on Philips
020-91010 toroid core

T1,T2 See text
T3

fig. 15. Wideband 90° phase-shift network using two 45°
bridge circuits (courtesy of Jim Koehler, VESFP/VK2BOV}.

input and output impedances together with the
relatively noncritical nature of the components, gives
this circuit quite an edge on the RC circuits dis-
cussed.

The overall loss is 12-14 dB {excluding the de-
emphasis circuit), which is comparable to the RC
circuits. The audio stages preceding the network
must have a sharp cutoff above 3 kHz, a common
feature of all networks discussed. The minimum
component count of 9 is also an attractive feature
and is competitive with the circuit in fig. 4.

A point worth noting is that the low output im-
pedance of the network in fig. 9 makes it suitable for
driving low-impedance diode bridge balanced
modulators.

Active audio phase-shift networks were used in
many early designs for ssb exciters. These circuits
generally consisted of a cascaded series of triode
phase splitters with RC networks coupling each
stage as shown in fig. 10. This circuit is discussed by
both Sothwell3 and Norgaard,2 amongst others.
Each stage produces a 45°phase shift at a particular
frequency. The frequency of each RC network is

Fr=19MMz

Fr=18.8 MHz 1

chosen so that the entire network produces a dif-
ferential phase shift within * 1° between 70 Hz and
5.5 kHz.

This type of network needs alignment, but the pro-
cedure is more complicated to explain than to ac-
complish and is not outside the expertise of most
amateurs. All you require is a passing acquaintance
with a scope and an audio oscillator. Once adjusted,
the network will maintain its alignment for con-
siderable periods. The wide bandwidth allows good
opposite-sideband suppression over the speech
bandwidth of 300 Hz to 3 kHz. The circuit has ex-
cellent phase and amplitude stability. Overall loss is
about 8-10 dB. The circuit can obviously be adapted
to use modern fets.

A more recent circuit, using two quad op-amps,
was described by Dickey.8 He claims this circuit will
provide two equal-amplitude outputs that differ in
phase by 90° within +2° over the frequency range

INPUT {50 OHMS)

T

(%] L7
0465pH 242 pH

T3

90*
A (30 DHMS) B (50 OHMS}

C1,C2 12 pF, 5% NPO ceramic or silver mica

C3,C4 46 pF 147 pF, 5% NPO ceramic or sitver mica)

C5,C6 153 pF (150 pF, 5% NPO ceramic or silver mica)

C7.C8 604 pF (680 pF, 5% NPO ceramic or silver mica in series with 5600
pF, 5% polyfilm capacitor)

LI,L2 0.465 xH. 5 to 6 turns no. 22 (0.6mm) enameled on
579x250x312/900 Neosid toroid, turns spread evenly around cir-
cumference

L3,L4 1.84 uH. 6 turns no. 30 (0.25mm) enameled wire, closewound on
Philips 020-91010 toroid core

L5116 6.13 uH. 12 turns no. 26 (0.4mm)} enameled, waound on Philips
020-81010 toroid core, turns spread around 2/3 the cir-
cumference

L7,L8 24.2 yH. 27 turns no. 30 (0.25mm) enameled, wound on Philips
020-91010 toroid core

T1,T2, Wound on Neosid 1050-1-F14 of Indiana General F684-1 balun

T3 core. Twist together three 7”7 (180mm) lengths of no. 26 (0.4mm)
enameled wire and wind 3 turns through 2 holes; connect two
wires in series for the 200-ohm winding

fig. 16. 3-30 MHz quadrature phase-shift network. Maximum
phase error is about 1°. Overall loss of this network and that
of fig. 15is about 6 dB.
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100 Hz to 10 kHz. High-fidelity ssb! The circuit is
shown in fig. 11. Two LM324 quad op-amps are
used. Each stage is adjusted, using the 47k trimpot,
to produce a 90° phase shift at the frequencies
shown. The design values were calculated from data
published by S. D. Bedrosion,? if you're interested in
getting into heavy phase-shift network design. The
circuit in fig. 11 has the advantage of having mini-
mal loss.

Alignment techniques for both circuits in figs. 10
and 11 involve the use of an audio oscillator and a
scope, as mentioned above, a phase meter, or a net-
work analyzer. A technique using the oscillator and
scope is discussed in detail in the references.

For further reading the article by Wade10 is recom-
mended. An excellent description of simple methods
for aligning phasing-type ssb exciters is given by Fred
Johnson.1

rf phase-shift networks

Again, both active and passive phase-shift net-
work designs are available. The networks commonly
used in phasing ssb designs over the past 30 years
are illustrated in fig. 12. Popularity seems evenly
divided among the various circuits with the exception
of E, the pi network. The RLG circuit in B is simply a
variation of that in A. Input or output impedances are
a consideration in all cases; the component values
are dimensioned to accommodate external circuit
conditions,

The networks in figs. 12 A, B, C and D are quite
simple to set up. Usually, one of the components is
made variable to provide phase adjustment for final
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fig. 17. The 7473 IC connected to produce quadrature
square waves.
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circuit trimming. Extra components may be added to
account for circuit strays as necessary.

The first two circuits exhibit an output phase
characteristic that does not vary with frequency, but
the relative amplitudes vary markedly either side of
the design frequency. The circuits in C and D also ex-
hibit the same characteristics, but the impedance
varies also. The network in C exhibits least variation
in this respect. Alternatively, another capacitor and
resistor may be inserted in series with output termi-
nals A and B respectively in the circuit of fig. 12D to
reduce output impedance variation.

The technique of using two under-coupled tuned
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circuits, as in fig. 12F, was first popularized in
reference 11 in 1950 and has been used in several
phasing ssb transmitter designs since then. In prac-
tice, the two tuned circuits are coupled by 50% and
80% of critical coupling, and the links are adjusted to
achieve equal-amplitude output. Secondary tuning is
adjusted to provide the correct phase shift between
the outputs. A very complete discussion on theory
and practical considerations of this technique is
given by R. W. Martin, VK2AHI.12
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l 7\|L oA
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o /J7 L \Lﬂ s

fig. 18. Digital quadrature-phase rf circuit given by Shubert,
WABJYK (reference 15).

All circuits shown in fig. 12 suffer from three
disadvantages:

A. They work only over a narrow range of frequen-
cies and are thus limited to fixed-frequency applica-
tions or operation over bandwidths of 100 to 200 kHz
at best.

B. Ali need periodic realignment as they are subject
to drift due to environment (temperature, etc.) and
component aging.

C. The practical upper-frequency limit is about 15
MHz at best, depending mostly on strays, external-
circuit conditions, and component performance. In
any case, using these circuits above 10 MHz is not
recommended.

A technique that has occasional mention in the
literature, but which I’ve not yet seen applied, is the
use of coax cable as a phase-shift element in an ssb
exciter. An electrical quarter wavelength of coax ex-
hibits a phase shift of 90° at the design frequency
and will remain within +1° of this amount over a
small bandwidth. Coax cables are relatively unaf-
fected by temperature changes that would cause
marked changes in the circuits discussed so far. The
low impedance is an advantage in some instances
(e.g., where diode-ring balanced modulators are
used). Amplitude differences between the two out-
puts are not a consideration. This technique is exten-
sively used in antenna phasing applications.
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fig. 19. Quadrature signals can be generated over a wide
band by adapting the third method of ssb-signal generation.

A coax-cable quadrature phase shifter is shown in
fig. 13. No real theoretical upper frequency limit
exists for this method, but practical [imitations put it
at about 190 MHz. A coaxial line-stretcher would be
useful here. A coax-cable quadrature phase-shift net-
work has the same disadvantages as those of the cir-
cuits in fig. 12, only slightly less so. An electrical
quarter wavelength of coax on 10 MHz is nearly 16.5
feet (5m) long. This technique is probably best for
fixed-frequency or narrowband use above about 15
MHz. Small-diameter cables, such as Microdot, of a
suitable impedance are best as they are less bulky
than standard cables such as RG-58/U.

Passive wideband rf phase-shift networks for ap-
plication in phasing ssb exciters are rare in the

FIXEQ- FXeD g w00
FREQUENCY - QUADRATURE
vFo QUADRATURE FREQUENCY OUTPUT SIGNAL
0SCILLATOR
HYBRID - Joor
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50 1d8,
LOCAL OHMS
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RE s QUADRATURE
INPUT PHASE-SHIFT
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This circuit, fig. 14, will maintain 90° phase-shift
and output amplitudes within 0.8 dB between 13.8
and 14.6 MHz. A bandwidth of 800 KHz isn't
exactly wideband, but is certainly much better than
the 100-200 kHz bandwidth of the circuits in fig. 12.
The trimmer provides phase adjustment. As men-
tioned, Taylor'3 used this circuit in a direct conver-
sion receiver, but it could be used in a transmitter as
well. You could generate ssb signals directly on the
desired output frequency rather than on a fixed fre-
quency, which requires heterodyning to the desired
output frequency, as in common practice.

Real advantages exist when generating ssb signals
on the desired output frequency. The only spurs to
contend with are those associated with opposite-
sideband suppression and with intermodulation
distortion, both of which must be considered in any
heterodyning system.

Then there’s the simplicity of the circuitry. A major
push behind the development of modern IC circuits is
the simplicity of the following circuitry; therefore, cir-
cuit simplicity is certainly an advantage. Circuit com-
plexity isn’t necessarily synonymous with sophistica-
tion or “‘the state of the art.”

Quadrature rf phase-shift networks that operate
over an octave or more in frequency were described
many years ago. However, you must search the liter-
ature on antennas and circuit theory to find them.

The network in fig. 15 is through the courtesy of
Jim Koehlor, VEBFP/VK2BOX, who designed it for a
circularly polarized antenna system. Two bridge net-

” §r3 558 INPUT=OUTPUT

SIDEBAND
Ta E SELECT

V4 l AUDIO
/;;NPUT-OUTFUT

fig. 20. Suggested bilaterial direct-conversion phasing ssb generator-detector. T1-T4 are wideband rf transformers. T5-T7 are
audio transformers to suit the audio phase-shift network used. A wideband rf transformer may be used instead of the 7-dB pad.

literature. Richard Taylor, W1DAX, described a cir-
cuit in the Septmember, 1969, issue of QST13 used in
a direct-conversion ssb receiver for 14 MHz. The arti-
cle was reprinted in the ARRL's Single Sideband for
the Radio Amateur, fifth edition, 1970.

works each provide 45° phase-shift between 1 and 15
MHz, resulting in a differential phase shift of 90° over
that range. Phase error is less than 1°, and the
amplitude differences between outputs is less than
0.5 dB over the range. This rf phase-shift network
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makes direct-conversion phasing ssb generation
possible and has application in direct-conversion
receivers. Third-method ssb generation, with output
directly on any desired frequency between 1 and 15
MHz, is also a possiblity.

A network designed to cover 3 to 30 MHz is shown
in fig. 16. It has characteristics similar to those of
fig. 15. Input and output impedances of each bridge
in both networks is 200 ohms. Transformers T2 and
T3 transform the impedance to 50 ohms, which is
convenient.

Although the inputs of each bridge are in parallel,
making the input impedance 100 ohms, T1 may be
the same as T2 and T3, as the mismatch has no
serious effect on network performance. The three
transformers are constructed as wideband baluns
having a turns ratio of 2:1. Small toroids or dual-
hole balun cores, such as the Neosid 1050/1/F14 or
Indiana General F684-1, are suitable. The input and
output windings must be isolated. To use dual-hole
balun core, twist together three 7-inch (180mm}
lengths of 26 or 30 B&S or AWG (0.3 or 0.25mm)
enameled copper wire at about two twists per 3/8
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resonate with the capacitor at the frequency in-
dicated. Each series arm is temporarily connected as
a parallel-tuned circuit to enable adjustment. This is
very simply done with grid-dipper and a monitoring
receiver. Sufficient accuracy is easily obtained. Of
course, if you have a network analyzer or phase
meter, the job is a little simpler.

Wideband active rf phase-shift networks involve
digital techniques. This technique involves cross-
coupled JK flip-flops and was described by A. J.
Turner.14 The circuit is shown in fig. 17. The upper
frequency of such circuits is limited by the phase jit-
ter between the two outputs and is somewhat below
the upper clock speed limit of the device used. The
clock frequency of the circuit shown in fig. 17 must
be four times the desired output frequency.

A circuit that requires a clock frequency only twice
the desired output frequency is presented in fig. 18.
This circuit is by G. K. Shubert.15

The disadvantage of the digital technique is the
nonsinusoidal output waveform and the attendant
harmonics that must be removed. Although these
may be reduced with simple low-pass filters, extra

$S8 INPUT - OUTPUT

SIDEBAND -
AUDKD
SELECT INPUT - QUTPUT

fig. 21. Another suggested bilateral direct-conversian phasing ssb generator. T1-T4 are wideband rf transformers. T5 is an audio
transformer chosen for the phase-shift network used. As in the circuit of fig. 20, the 7-dB pad may be replaced by a wideband rf

transformer.

inch (10m). Wind three turns through the two holes
and connect two of the wires in series to make the
200-ohm winding. If desired, the secondaries of T2
and T3 may be arranged 1o drive diode-ring balanced
modulators directly.

It's important that coupling between the tuned cir-
cuits in each arm of the bridge, and between each
bridge, be kept to a minimum. Also, the Q of each
coil must be at least above 50 or 60. Consequently,
toroids have been suggested, although standard coil-
former and screened-can assemblies (with ferrite cup
cores) have been used successfully. Each arm is con-
structed individually and the inductor adjusted to
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spurs are undesirable. The digital technique has the
big advantage of requiring no adjustment.

Another technique for producing broadband
quadrature rf signals, adapted from third-method ssb
generation, is suggested by Taylor.13 A block
diagram, fig. 19, illustrates this. However, its relative
complexity puts this technique at a disadvantage.

The networks in figs. 15 and 16 and the circuits in
figs. 17 and 18 may be used for direct-conversion
generation or reception of ssb signals using either the
phasing method or the third-method as already men-
tioned. Indeed, it should be possible to build a
passive phasing exciter using a combination of the



techniques discussed. The third method produces
superior performance with regard to opposite side-
band and carrier suppression than either the phasing
or filter techniques.

Fig. 20 shows a suggested bilateral direct-
conversion phasing-type ssb generator/detector. It
may be possible to use all-passive techniques. The
audio phase-shift network may exhibit too much loss
for successful operation and the bilateral feature of
the circuit may be impossible to realize. T1, T2, T3,
and T4 are wideband rf transformers as suggested
previously. T5, T6, and T7 are audio transformers to
suit the audio phase-shift network. A 7-dB resistive
pad may be used to isolate the local rf input.
Alternatively, a wideband transformer may be
substituted.

Fig. 21 is a somewhat simpler circuit using series-
bridge-diode balanced modulators instead of the
ring-diode balanced modulators. Comments similar
to those for fig. 20 apply. Performance may not be
quite as good as the previous circuit, but the simplic-
ity may be an advantage. The phasing of the sec-
ondaries of T3 and T4 in both circuits is important.
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Construction details
for the Digiratt

R/Y generator

that can be used

with the

Digiratt afsk generator
or as a stand-alone accessory

The Digiratt R/Y test generator is a companion unit
to the original Digiratt precision AFSK generator and
phase-locked-loop terminal unit featured in an earlier
issue of ham radio magazine (September, 1977); it
can be used with that unit or as a stand-alone ac-
cessory for RTTY enthusiasts.

While it would be simpler, from a design stand-
point, to use a PROM (Programmable Read Only
Memory) as the heart of the unit, | decided not to go
this route for two reasons. First, few hams possess
the required equipment necessary to program the
PROM. Second, few people have the patience to do
the programming. | also thought that more people
would be interested in building a unit which used
readily obtainable ICs. Those who do build the com-
plete unit will have a non-mechanical device which
generates 64 RYs, a carriage return, and a line feed.

The Digiratt R/Y generator is an eleven IC, TTL-
based device for generating the 5-level Baudot code.
It has on-board encoding for automatic sequential
generating of the Baudot code necessary to print the
letters R and Y. Additionally, encoding is provided
for carriage return and line feed code generation.

RTTY test generator

select either the RY message, carriage return (CR) or
line feed (LF) code.

The unit was designed in such a way that by con-
structing only that portion of the schematic {fig. 1)
enclosed by the dashed line, an RY generator only,
can be built which deletes the CR and LF provisions.
If this is done, the unit will print RYs continuously
without regard to line length. Additionally, provision
is made for “‘normal’’ and '‘inverted’’ output data to
key transmitters with either mark high or space high
signals. Finally, the unit is designed to operate at
slightly less than the full 60 wpm. Older Teletype
machines and those slightly out of adjustment should
be able to copy the test message with little difficulty.

shift registers

Before examining the details of the schematic
diagram (fig. 1), the basic operation of a shift
register should be understood. The SN74165
registers used in this design are capable of changing
an 8-bit parallel data bus into a serial stream of
pulses. The parallel information is first loaded into
the registers by the application of the load data
puise. Next, for each clock pulse that is received the
bit pattern is serially shifted one register to the right.
in this way, at the end of eight clock pulses the entire
8-bit data pattern is now in a serial form. By hard-
wiring the paraliel input ports to a known pattern, a
specific character, in this case CR and LF, can be
generated. The hardwired pins, from right to left, or
the first to last bit out are, 6, 5, 4, 3, 14, 13, 12,
and 11.

The Baudot code used for Teletype is composed of
5 either mark or space conditions. Different combina-
tions of the marks and spaces represent the actual
letters, symbols, and functions. In addition to the
first 6 bits, a start mark precedes the actual informa-
tion. Finally, a stop pulse is used to indicate the end
of the character. For the RY test generator I've com-
bined the last two bits from the shift register into a

Logic is provided which keeps track of the number of By John Loughmiller, WBSATW, Route 1,
characters printed and steers the output port to  Box 480C, Borden, Indiana 47106
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slightly longer than normal stop pulse, 44 vs 31 ms.
While this will slightly reduce the speed of the
machine, it insures that older machines will print cor-
rectly.

circuit description

U1 is the clock puise generator and, as such, is the
heart of the system. The output from pin 3 provides a
puise train with a 45.45 hertz rate which is applied to
the clock inputs of shift registers U4, U9, and U10.
These pulses are also applied to pin 4 of U2 which
divides the rate by a factor of eight (5.68). The divid-
ed signal then becomes the load data pulse for the
shift registers.

To generate the required pulse configuration for
the CR and LF functions, the eight parallel inputs of
the shift register are hardwired to either 1 or 0. Initial-
ly, the load data pulse loads this hardwired informa-
tion into the shift register. Each clock pulse then
shifts the information one position. On the eighth
pulse, new information is again entered into the shift
register. Every eight pulses you will have a complete
bit pattern available for use.

In addition to functioning as the load data pulse,
the 5.68 hertz pulse rate is inverted and then used to

clock US, U6, and U7. US is a J-K flip-flop that will
alternately change the hardwired pattern of the RY
shift register. In this way, the shift register will pro-
ducean R and then a Y as the IC toggles. U6 and U7
are wired to divide by the fixed rate of 66. And, with
the addition of U8, are the basis for producing the 32
RYs and the CR, LF on each line.

With the count initially at 66, a CR is generated,
count 65 produces a LF with RYs being produced on
the rest of the counts. At the end of the count cycle,
the counters are preset to 66 and then start
decrementing again. The actual selection of the RY,
CR and LF bit pattern is done by a 4:1 multiplexer,
U11. The signals from U8 determine which pattern is
selected as the ultimate output.

Switch S1 is used as a manual reset to ensure that
each line starts with an R. Normally, the reset is per-
formed after the counter decrements down from 66.
Holding the switch closed will result in continuous
CRs being sent. This technique is not recommended
if 74LS series ICs are used.

construction

The construction of the RY test generator is non-
critical. The only special precaution that should be
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fig. 1. Schematic diagram of the RY test generator. The position of the jumper will permit you to select either inverted or normal
RY information. A suitable loop keyer is shown in fig. 1, ham radio, September, 1977, page 27.
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635V.1 Collins Preselector band pass Filters — They're back!
2 to 3 MHz, 1 kHz steps, with copy of manual and rack and
cannector, $275.00

RF Power Meter - identical to HP Model 430C
- Read article April '77 HR Mag., Pg. 44 for
use. Copies of article available on written re-
quest. Our special purchase is your gain at
$34.95 ea. Note: This is Gen'l Microwave,
451, Bolometer/thermistor mount available
with purchase. $45.00

Audio Compressor AN/GSA-33 -
Five identical plug-in compres-
sor amps with power supply in
19 inch rack, all solid state,
60042 in & out, great for auto
patch and phone patch. Weighs
less than 30 Ibs, Built like a battleship. $34.95

RECEIVERS

Collins 651F-1, 2 to 30 MHz in 100 eycle steps, digital tuning,
USB/LSB/ISB. Stability: 1 part in 108, Completely remote
controlled, with all racks, connectors, control head., $1400.00

R-388/51J — Collins 0.54 to 31 MHz $375.00
R-390A — 0.54 to 31 MHz, overhauled complete $595.00
SPECIAL! R-390 with CV591 SSB Converter and outboard audio
amp. All in neat 19 rack, Special! $500.00
RACAL Model 6217A, 980 kHz, 32 MHz, All Solid State, takes
about 3 inches of rack space, digital tuning $1600.00

LTV G111 Panoramic Recvr includes CRT display, 100-150 MHz
with converters. Will make a fine spectrum analyzer. $150.00

D2

CEl type 415. 60-250 MHz, all solid state, modular constr,, xtal
controlled, 4 channels. Incredible value, $85.00
SR-13A, 2 to 30 MHz, good condition. $285.00

TEST EQUIPMENT

Frequency Counter, LTV Model G-195, all solid-state  $195.00

Tektronics 545, several to choose from, 3175 to $375, de-
pending upon condition; call or write.

ANOTHER MICROWAVE GOODIE: 2.2 KMc Solid State Trans-
ponder — includes circulator, balanced mixer, LO (SMA

! TMR-5 with front end plug-ins to cover
105 140 MHz and 200-260 MHz.  $250.00

connectors alone worth the price). $34.95

HP60BD, 10-420 MHz. $425.00

Crystal Detectors, HP-423A or equivalent, $25.00

TRM-3 Signal/Sweep Generator wuth built-in display, 10 to 420

MHz (actually contains HP-608A $325.00
TRANSMITTERS

PAL-1K, one kilowatt output linear amplifier, 2.32 MHz con-
tinuous, with all power supplies and manual; unit requires
only 100-mW drive, uses 8295 final, vacuum-variable tuning,
complete metering. A real buy . . . $550.

GPT-750 Transmitter mid. by the Technical Material Corp., 2
to 32 MHz, CW/USB/LSB/ISB, one KW to the antenna, 24
hrs. a day if you're so inclined — with documentation, fair
condition, built like a battleship. $375.00

Standard T/T pad mounted in
a sturdy steel case incl. 2 val-
ume pots & 1 push button
labeled “Sterec” - Also has 2
phone jacks for headphones,
microphone, etc. Will make a
fine control head. $24.95

T/T Decoder Board — This
board was removed from a
language lab remote control
system, You draw the sche-
matic (because there wasn't
one with the board). $34.95

Inductuners, mfd by Mallory, 6 turn, 4 stage, P/N 4467001,
Brand New. $25.00 ea.

Wanted: Cables, Accessories, Test Set, etc. for RT400/ARCGS,
Especially Radio Set Control, C-1210/ARC-21.

DISE—BAP, 19075 BRAEMORE RD.

NORTHRIDGE, CA. 91326 213-360-3387

Cal. Residents - add State Sales Tax. Unfortunately, Disc-Cap
can only service U. S. customers.
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fig. 2. Component placement diagram for the board sup-
plied by Circuit Specialists.

observed is to install the V. bypass capacitors on the
board with the ICs (fig. 2). In extreme cases of rf
interference, you may have to install additional
bypass capacitors on the ICs. The power supply can
be based on the popular LM309 with adequate heat
sinking.

The first portion that should be assembled is in-
dicated by the dotted line in fig. 1.* This portion will
send a continuous stream of RYs. R1 should be ad-
justed to have the oscillator running at 45.45 Hz. If a
counter is not available, R1 can be adjusted until the
machine starts to print correctly.

*A drilled and plated circuit board is avalable from Circuit Board

Specialists, Box 969, Pueblo, Colorado 81002 for $6.50. A complete kit of
parts is also available from Circuit Specialists for $22.00.

ham radio
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Get in touch with the distributor in your

Every Rockwell-Collins Distributor is

a real pro at answering questions and

solving problems.

He’ll show you how to operate specific
equipment, discuss peripheral gear, check
everything out when you get it, even help with
installation. And he’ll be there to support

your needs for years to come.

ALABAMA COLORADO

Birmingham — Ack Denver — *C. W. Electronic
Radio Supply Company Sales Company

ARKANSAS FLORIDA

De Witt — Moory Miami — Amateur Radio
Electronics Company Center, Inc.

CALIFORNIA Miami Springs — *Argon

Anaheim — Henry Electronics Company
Radio Co_, Inc. Orlando — Amateur

Burlingame — Electronics Supply

Pensacola — *Grice

*Ham Radio Outlet -
Electronics, Inc.

Los Angeles — *Henry

Radio Co , Inc. GEORGIA
San Diego — *Gary Atlanta — *Ack Radio
Radio Inc. Supply
San Jose — Quement HAWAII
Electronics Honolulu —
“Honolulu Electronics
ILLINOIS

Peoria — Klaus Radio Inc.

INDIANA

Terre Haute — *Hoosier

Electronics, Inc
KANSAS

Overland Park — *Associated
Radio Communications, Inc.

LOUISIANA

Metairie — *Thomas J.
Morgavi Electronics

MARYLAND

Wheaton — "Electronics
International Service Corp.

MICHIGAN

Muskegon — Electronics
Distributors, Inc.

MINNESOTA
Minneapolis —

*Electronic Center, Inc,

MISSISSIPPI

Jackson — **Coker o
Electronic Service

area. (And ask for a copy of the Rockwell-
Collins Amateur Equipment Catalog.)
Or contact Collins Telecommunications

Products Division,
Rockwell International,
Cedar Rapids, lowa 52406.
Telephone 319/395-4493.

MISSOURI
Butler — Henry Radio
Company
St. Louis — *Ham Radio
Center
St. Louis — *MidCom
Electronics, Inc.
NEBRASKA
Potter — **Western
Nebraska Electronics
NEW HAMPSHIRE
Concord —
Evans Radio, Inc.
NEW JERSEY
Maple Shade —
**Communications
Service Company
e

<".;

NEW YORK

Amsterdam — Adirondack
Radio Supply, Inc.

Farmingdale, L.). — *Harrison
Radio Corporation

New York — *Barry
Electronics Corporation

New York — Harvey
Radio Company

Valley Stream — Harrison
Radio Company

NORTH CAROLINA

Asheville — Freck Radio
& Supply Company

Otto — Slep Electronics
Company

OHID

Cleveland — Amateur
Electronic Supply

Columbus — **Central
Communications

OKLAHOMA

Ponca City — **Starks
Avionics & Communications
Service

OREGON

Portland — *Portland Radio

Supply Company

PENNSYLVANIA

 Drexel Hill — Kass

Electronic Distributors
Trevose — *Hamtronics

e
'd TEXAS
1 Abilene — *Howard Radio

¥ Dallas — *Electronic

Rockwell

o\

Center, Inc

Garland — *Teco, Inc.

Houston — *Madison
Electronics Supply

WASHINGTON

Seattle — *ABC
Communications

Spokane — *HCJ
Electronics

Tacoma — C & G Electronic
Company

WISCONSIN

Milwaukee — *Amateur
Electronic Supply

*DISTRIBUTORS/SERVICE AGENCIES

**SERVICE AGENCIES ONLY

International

wherne science gets down 1D business



If you're interested
in trying microwaves,
but don’t know
where to start,

this bibliography

of amateur microwave articles
will get you off
on the right foot

Many amateurs have expressed an interest in
microwave communications, but the techniques at
microwave frequencies are considerably different
than those used at vhf and uhf, so many amateurs
don't know where to start. The following
bibliography was prepared with this in mind. Far
more good microwave information is documented in
the amateur radio publications than is generally
realized. Also included is a number of excellent
books on the subject, as well as a short list of articles
in other publications which are especially useful to
the amateur microwave enthusiast; these publica-
tions can often be found in a local library.

If you're looking for the maximum amount of
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microwave bibliography

microwave information in the least amount of spact
obtain a copy of the 3rd edition of the RSGB"
VHF/UHF Manual and read Chapter 3 — it contains
more amateur microwave data per page than any
other single publication.

In the field of microwave textbooks, there are a
great many which are of limited use to amateurs;
those books are not listed in the following
bibliography. Microwave books which are listed in
the bibliography were chosen because they had
something to offer to the amateur microwave en-
thusiast. Lance’s Microwave Measurements, for ex-
ample, is an excellent introduction to microwave
techniques for those readers who are looking for the
non-mathematical approach. Microwave Transmis-
sion Design Data is a paperbound reference which
covers many microwave subjects but is especially
valuable for its explanation of circular waveguides.
Very High Frequency Technigues is a compilation of
a number of experiments from which the amateur
can obtain cavity design information and practical
transmission line information for new designs. The
book, Principles and Applications of Waveguide
Transmissions, provides excellent coverage of
transmission lines and conical antenna design.

Microwaves are really simple, when you get to
know them, and microwaves are far superior to the
lower frequencies for line-of-sight point-to-point
communications. Microwaves are also an ex-
perimenter's paradise, and far less expensive than
432 MHz was fifteen years ago — and much more
satisfying. Microwave is one area where amateurs
can still contribute to the art of radio communica-
tions — the following bibliography will head you in
the right direction.

By Cliff Buttschardt, W6HDO, 1488 Warner
Street, Chico, California 95926
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AND DG-5 DIGITAL FREQUENCY DISPLAY

The NEW TS-520S combines all of the fine, field-proven characteristics of the original TS-520 together
with many of the ideas, comments, and suggestions for improvement from amateurs
worldwide. Kenwood'’s ultimate objectives. .. to make quality equipment available at reasonable prices.

FULL COVERAGE TRANSCEIVER
The new TS-520S provides full cover-
age on all amateur bands from 1.8 to
29.7 MHz. Kenwood gives you 160
meter capability, WWV on 15.000
MHz., and an auxiliary band position
for maximum flexibility. And with the
addition of the TV-502 and TV-506
transverters, your TS-5208S can cover
160 meters to 2 meters on SSB and CW.
DIGITAL DISPLAY DG-5 (option)

The new Kenwood DG-5 provides easy.
accurate readout of your operating fre-
quency while transmitting and receiving.
OUTSTANDING RECEIVER
SENSITIVITY AND MINIMUM
CROSS MODULATION

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

A new audio compression amplifier gives
you extra punch in the pile ups and
when the going gets rough

VERNIER TUNING FOR FINAL
PLATE CONTROL

A new vernier tuning mechanism allows

easy and accurate adjustment of the
plate control during tune-up.

FINAL AMPLIFIER

The new TS-520S is completely solid
state except for the driver (12BY7A)
and the final tubes. Rather than substi-
tute TV sweep tubes as final amplifier
tubes in a state of the art amateur trans-
ceiver, Kenwood has employed two
husky S-2001A (equivalent to 61468B)
tubes. These rugged, time-proven tubes
are known for their long life and superb
linearity.

HIGHLY EFFECTIVE NOISE
BLANKER

An effective noise blanking circuit
developed by Kenwood that virtually
eliminates ignition noise is built-in to
the TS-5208S.

RF ATTENUATOR

The new TS-520S has a built-in 20 dB
attentuator that can be activated by a
push button switch conveniently located
on the front panel.

VFO-520S — NEW REMOTE VFO
The VFO-520S remote VFO has been
designed to match the styling of the
TS-5208 and provide maximum oper-
ating flexibility on the band selected
on your TS-520S.

AC POWER SUPPLY

The TS-520S is completely self-con-
tained with a rugged AC power supply
built-in, The addition of the DS-1A DC-
DC converter (option) allows for mobile
operation of the TS-520S.

EASY CONNECTION PHONE PATCH

The TS-520S has 2 convenient RCA
phono jacks on the rear panel for PHONE
PATCH IN and PHONE PATCH OUT.
CW.520 — CW FILTER (OPTION)
The CW-520 500 Hz filter can be easily
installed and will provide improved
operation on CW.

AMPLIFIED TYPE AGC CIRCUIT
The AGC circuit has 3 positions (OFF,
FAST, SLOW) to enable the TS-520S
to be operated in the optimum condi-
tion at all imes whether operating CW
or SSB.

The TS-520S retains all of the features
of the original TS-520 that made it tops
in its class: RIT control ® 8-pole crystal
filter » Built-in 25 KHz calibrator * Front
panel carrier level control * Semi-break-
in CW with sidetone « VOX/PTT /MOX ¢
TUNE position for low power tune up
* Built-in speaker * Built-in Cooling Fan
* Provisions for 4 fixed frequency chan-
nels » Heater switch.
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Amateur Bands: 16010 meters
plus WWV (recewve only)
Modes: USB, LSB, CW
Antenna Impedance: 5075 Ohms
Frequency Stability: Within =+ 1
kHz during one hour after one
minute ol warm-up, and within
100 Hz dunng any 30 minute
period therealter
Tubes & Semiconductors
Tubes 3
(S2001A x 2, 12BYTA)
Transistors 52
FETs 19
Diodes 101
Power Requirements: 120/220 V
AC, 50/60 Hz, 13.8 v DC
(with optional DS-1A)
Power Consumption: Transmil
280 Watts  Receive: 26 Watts
(with heater off)
Dimension: 333(13'%) W x 153 (6-0)
H x 335(13- (13-3/16) D mm(inch)
Weight: 16,0 kg(35.2 Ibs)
TRANSMITTER
RF Input Power: SSB: 200 Watts
‘PEP CW, 160 Watts DC
Carrier Suppression: Better than
-40 dB
Sideband Suppression: Better
than -50 dB
Spurious Radiation: Better than
A0 d@
Microphone Impedance: 50k Ohms
AF Response: 400 to 2,600 Hz

TRIO-KENWOOD COMMUNICATIONS INC. 1111 WEST WALNUT/C

RECEIVER

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

Selectivity: SSB:24 kHz/-6 dB,
4.4 kHz/-60 dB

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

Image Ratio: Better than 50 dB

IF Rejection: Better than 50 dB

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

AF Output Impedance: 4 to 16
Ohms

DG-5

SPECIFICATIONS

Measuring Range: 100 Hz to
40 MHz

Inpul Impedance: 5 k Ohms

Gate Time: 0.1 Sec

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

Measuring Accuracy. Internal time
base accuracy +0.1 count

Time Base: 10 MHz

Operaling Temperature
50" C/14° 122° F

Power Requirement: Supplied
from T5-5205 or 12 to 16 VDC
(nominal 13.8 VDC)

Dimensions. 167(69/16) W x
43(1-11/16) H « 268(10-9/16) D
mm{inch)

Weight: 1.3 kg(2.9 Ibs)
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VFO-520S

Here's the perfect companion for
your TS-520S . . . the new solid
state remote VFO designed for the
TS-5208S. This handsome accessory
features its own RIT circuit and
control switch and, of course, adds
greatly to the versatility and
pleasure of your own station.

(Also compatible with the TS-520.)

AT-200

A versatile addition to any station.
Serves as an antenna tuner, an
antenna switch, an SWR bridge
and an in-line wattmeter. May be
used on all HF amateur bands
from 160 to 10 meters. Perfectly
matched to the TS-520S and TS-
8208, but can be used with any
HF transceiver or transmitter with
less than 200 watts output
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introduction to

What's a GaAs fet? Certainly not a gaseous field-
effect transistor, as a misguided soul recently asked.
GaAs fet is short for Gallium-Arsenide field-effect
transistor; it is the hottest new uhf and microwave
component, and is being widely used in industrial
and military applications.

Gallium Arsenide is one of the newer semicon-
ductor compounds, which until recently was used
primarily for LEDs and microwave diodes. If you
remember the Periodic Chart of the Elements from
basic chemistry, you’'ll find the common semicon-
ductors, silicon (Si) and germanium {Ge) in column
IV of the chart, indicating they have four free elec-
trons. 1t has also been found that semiconductors
can be made by combining an element from column
I, such as gallium (Ga) or indium {In), with an ele-
ment from column V, such as phosphorous (P) or
arsenic (As). The combined compound apparently
has an average of four free electrons and acts as a
semiconductor. The more successful combinations
are gallium arsenide (GaAs), indium phosphide (InP),
and gatlium phosphide (GaP).

What is the advantage of using these exotic
semiconductors? It arises from the higher carrier
mobility of these materials — the electrons move
faster than they do in silicon or germanium. This is
the key to high-frequency performance; the max-
imum operating frequency of any amplifying device
is limited by the time it takes a signal to pass through
it (transmit time in a vacuum tube for example).

GaAs fet construction

Gallium arsenide is the most commonly used of
these 11I-V semiconductors; with appropriate doping,
it is used for field-effect transistors, infrared LEDs,
and many types of microwave diodes including Gunn
oscillators. The fets are fabricated on an epitaxial
layer of the proper doping, with the channel defined
between the high-conductivity source and drain
areas (fig. 1). To take full advantage of the high car-
rier mobility for high-frequency performance, very
short channels or gate lengths, are used. Typical
gate length is one micron (10-6 meter) for a
microwave GaAs fet; some devices are available with
a half-micron gate length. The fundamental limita-
tion is the wavelength of the ultraviolet light used to
expose the photoresist, which is approximately 1/3
micron.

A one-micron gate seems very small, and it is,
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even though it is much wider than it is long —
typically 100 to 150 microns wide. The current path is
therefore relatively short and wide, a good high-
frequency configuration. To increase power capabili-
ty, several gates are paralleled for higher current.
Fig. 2 shows a typical GaAs fet structure with four
gates in parallel (hidden by metallization). The gate
itself is a Schottky junction, as opposed to the com-
mon P-N junction found in fow-frequency fets.

How high in frequency do GaAs fets work? In the
laboratory they have been operated to 22 GHz and
higher. Commercially available devices work well up
to about 12 GHz as low-noise amplifiers and power

[p/m,\, DEFECK
U g R

Ld)’[,?

fig. 1. Construction of the GaAs fet, showing the channel
between the high-conductivity drain and source areas.

By Paul C. Wade. WA22Z2ZF, GaAs FET Appli-
cations Leader, Microwave Semiconductor Cor-
poration, 100 School House Road, Somerset,
New Jersey 08873



fig. 2. GaAs fet chip structure as seen by a scanning elec-
tron microscope.

amplifiers, and at even higher frequencies as oscilla-
tors. And this performance is obtained at low supply
voltages, 3 to 12 volts.

At present, it is as low-noise amplifiers that GaAs
fets really shine. Available noise figures were
previously only obtainable with the best parametric
amplifiers and MASERs. For instance, some GaAs
fets offer noise figures under 2 dB at 4 GHz, and
under 4 dB at 12 GHz. A few of these devices are
finding their way into amateur hands; at the recent
Eastern VHF/UHF Conference, K2UYH's 432-MHz
preamp, using a NEC V244 GaAs fet, had a measured
0.8 dB noise figure! However, the prices for these
devices, while dropping, are still rather steep.

Power GaAs fets are newer, but are also showing
respectable performance. Devices are commercially
available with 1 watt output up to 8 GHz, and more
than 6 dB power gain. Since these are linear devices,
unlike bipolar microwave transistors, the power and
gain are specified at the standard 1 dB compression
point.

fig. 3. GaAs fet chip flip-chip mounted in package.

One problem with power GaAs fets is adequate
heat sinking, since gallium arsenide has a thermal
conductivity much lower than silicon. Normally,
planar transistors are fabricated with the active area
up and the heat is conducted through the bulk
semiconductor material underneath. With power
GaAs fets, however, some manufacturers are using
an inverted mounting technique, with the source
metallization attached directly to ground, as shown
in fig. 3. This technique not only halves the thermal
resistance, but also reduces the source inductance,
which improves stability.

Investigation of GaAs fets as oscillators has only
begun recently. To date, we have obtained as much
as 0.6 watt output at 9 GHz from an oscillator. The
highest frequency oscillator we have made so far was
at 17.1 GHz, where we obtained 100 milliwatts from
the waveguide oscillator shown in fig. 4.

precautions

GaAs fets also have a reputation for being fragile,
but all new semiconductor devices pass through this
stage; they inevitably become more rugged as better
manufacturing techniques are developed. The latest

fig. 4. A GaAs fet 17-GHz waveguide oscillator,

GaAs fets are damaged only by excess voltage or ex-
tremely high temperature (>300°C). An excessive
voltage applied between the source and drain causes
a bulk breakdown, which unlike avalanche
breakdown in a transistor, is irreversible. With the
addition of protective zener diodes, however, GaAs
fets are as rugged as most microwave semiconductor
devices.

It may seem that GaAs fets are too rare, exotic,
and expensive for amateur use, but many new
devices started out this way. Then, radio amateurs
like K2UYH, who needs the improved low-noise per-
formance for his moonbounce work, began using
them. Finally, after a few years, price and availability
become more reasonable and formerly exotic devices
come into general usage. This may or may not hap-
pen with GaAs fets, but amateurs should keep an eye
on new technologies for the future.

*All photographs courtesy Microwave Semiconductor Corporation
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new op amp

challenges the 741

The new CA3140 IC op amp
from RCA features a
high-impedance

mosfet input stage,
improved slew rate,

and wider frequency response
at comparable cost
to the popular 741

For several years the 741 op amp IC has been the
popular workhorse for both industrial and hobbyist
circuit designers. Why? Because it’s inexpensive and
simple to use. Of course, its slew rate isn’t too great,
and its input bias current isn’t anything to write home
about, but what do you expect for twenty-five cents?

Now there’s another op amp IC on the market
which | think deserves as much attention as the 741;
it's the new RCA CA3140. Like the 741, it requires no
external frequency compensation components, and
its output is short-circuit proof. Its pin configuration
is the same as the 741, and RCA claims the CA3140 is
a direct plug-in replacement for the 741 in most ap-
plications.

So, what's so special about the CA3140? For
openers, it has mosfet input transistors {diode pro-
tected) which means you can use much higher value
resistors in the input circuit without worrying about
their effect on output offset voltage. Another big ad-
vantage is that the slew rate of the CA3140 is an
order of magnitude faster than that of the 741. Sup-
ply voltage range for both op amps is the same; 12
to 1 18 volts.

Now for the price. At this writing, it's available in
an 8-pin TO-5 can for 80 cents in small quantities. It is
reported that it will soon be available in the popular 8-
pin minidip plastic package for 72 cents. The slight

Table 1 lists some important parameters for both
the 741 and the CA3140, so you can quickly see what
you're getting for your money. Specs given are for
the commercial versions.

The big differences between the two op amps are
clearly input resistance and bias current, and slew
rate. Typical curves for the devices show that max-
imum output voltage swing for the 741 is flat out to
10 kHz before it starts falling off at higher frequen-
cies, while the CA3140 is flat out to 100 kHz. Fig. 1
shows a block diagram of the CA3140, and fig. 2
shows the schematic diagram.

a disadvantage

There is one point on which the 741 is superior to
the CA3140: the 741 will drive a lower resistance load
than the CA3140 will. My experience shows that
severe clipping of the output occurs on negative
peaks when the load resistance on the CA3140 is
1200 ohms. If the load resistance is increased to 2000
ohms, this problem disappears. The 741 output cir-
cuit is a complimentary npn-pnp emitter follower,

BIAS CIRCUIT
s

CURRENT
AND REGULATOR
200pA Y/ .6ma 200pA
A=10 A=0,000,

NULL CA3I40

fig. 1. Block diagram of the new RCA CA3140 op amp IC
which is a direct plug-in replacement for the popular 741
in most applications, but features a mosfet input stage for
high input impedance. ’

while the CA3140 has an npn emitter follower with a
current source in the emitter circuit.
application

Since the input current to the CA3140 is so low,
many megohms of unbalanced resistance may be

difference in cost as compared to the 741 seems very,
reasonable for the higher performance of the By Courtney Hall, WASSNZ, 7716 La Verdura

CA3140. Drive, Dallas, Texas 75248
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table 1. Spacifications of the 741 and RCA CA3140 op amp (Cs,

compared at +25°C.

parameter 741 CA3140 units
Input resistance (typical) 20 1.5x 106 megahms
Input bias current (max) 500,000 50 picoamps
Input offset voitage {(max} (] 15 millivolts
Slew rate (typical) 0.5 9 volts/us
Large signal voltage gain (min) 20,000 20,000 volts/volt
Output resistance (typical) 75 60 ohms
Power supply rejection (max) 150 150 4 volt/volt
Common mode rejection ratio {min) 70 70 d8

used in the input circuit with no appreciable dc out-
put offset due to bias current. Consider the circuit of
fig. 3. The inverting input terminal sees a parallel
equivalent resistance of 10 megohms. Since the
maximum input bias current is 50 pico-amperes
{0.00005 microamp), the offset voltage due to bias

INPUT STAGE

current will be no more than 0.5 millivoit. Therefore,
for most applications, you can use just about any
resistor network you choose on the input and forget
about its effect on the offset voltage.

{ took advantage of this feature of the CA3140,
plus its high slew rate, to build the simpie Wien
bridge sine wave generator shown in fig. 4. Both ICs
are CA3140s. U1 is the oscillator, and U2 provides a
constant 600-chm output impedance, regardless of
the amplitude setting.

The resistor network at the output lets U2 see a
load resistance of 2000 ohms when the output ter-
minals are connected to a 600-ohm load; it also
causes the output terminals to look like a 600-ohm
source. Maximum output amplitude into a 600-ohm
load is about one volt rms,

Frequency range of the Wien bridge oscillator is 30
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fig. 2. Schematic of the RCA CA3140 op amp IC with diode-protected mosfet input stage. As compared to the 741 op amp, the
CA3140 offers higher input impedance and improved slew rate. Typical specifications for the two devices at room temperature

are listed in table 1.
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Hz to 100 kHz and is flat within 0.5 dB, due to the ex-

cellent gain control characteristic of the thermistor in [
the feedback circuit of U1. The 10k pot is adjusted ' Wimm -
for best waveform. Total harmonic distortion is less

than 0.5 per cent at all frequencies., C1 and C2 is a
two-gang 450-pF air variable. Its frame must be in-
sulated from ground; | mounted it on a piece of plexi-

[
|
glass and used an insulated shaft coupling to con- | o Aeso g0
|
|
|
I
i

nect it to the dial. A trimmer capacitor is needed to

20M
KA 1m0 |12 | 208 |20

'1
[ . 'lﬂ g

fig. 3. Maximum dc offset of this circuit due to bias current

FENWAL
Ga3SN

: s fig. 4. Wien bridge sine-wave oscillator using two RCA
i80.5 millivolt. CA3140 op amps covers 30 Hz to 100 kHz with less than 0.5
per cent total harmonic distortion. The 10k pot is adjusted
for best waveform. Capacitor C1 and C2 is a two-gang 450-

balance out stray capacitance from the capacimr pF variable with its frame isolated from ground. Maximum
frame to ground outputinto a 600-ohm load is about 1 volt rms.

a word of caution At +125°C, its value will be roughly 1000 times
The input bias currents given above are for +25°C greater than at room temperature. Input bias current

ambient temperature (room temperature). As for the 741, however, actually decreases as

temperature increases, the input bias current of the temperature rises.

CA3140 will approximately double for each 10°C rise. ham radio

AL 8229

2 Meter Synthesized Transceiver = 800 Frequencies in 5 KHz Steps
Variable RF Power 2-25 Watts = 6 Digit LED Frequency Display
Exceptional Transmit Audio = Optional Plug-in Touch Tone Encoder

Designed and manufactured in America, using State-of-the-Art digital technology,
the S 2 25 is a high quality transceiver with excellent specifications. Of paramount
importance to the user is its outstanding overall performance, both in transmit
and receive mode. Write for complete technical specifications on this fine example
of American craftsmanship.

AMCOMM 730 West McNab Road, Fort Lauderdale, Florida 33309
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Mox; Tines

SENSITIVITY

MiNImum *, \
MAXIMUM

mmsmnfn LOADING

e\

ROTARY IN DUCTOR

FUNCTION

"\, _ ForRwasp

" REFLECTED

ANTENNA' LOADING

Where else can you find all these features?

AXI TUNER without SWR (Assembled) $259.00 MAXI TUNER without SWR (Kit Form) $229.00

Presents 50-75 ohm resistive load to your
transmitter using virtually any antenna system

Improved ultimate transmatch circuit

Continuous coverage 1.7-30 MHz, including
MARS plus much more

Rotary inductor (28 UH)

Dual 500 pF capacitors, 6000 volts peak to peak
Handles 3 kw PEP

Heavy duty custom balun transformer

Matches unbalanced coax lines, balanced
open-wire or twin-lead lines, and random length
end-fed wires

AXI TUNER with SWR (Assembled) $289.00

Cast aluminum counter dial on rotary inductor,
0-99.9 turns

6 to 1 ratio vernier drives on both capacitors for
velvet-smooth tuning

0-100 logging scale on verniers for accurate
resetability

Monimatch SWR metering

Available in kit form or assembled

One year warranty!

14 inches wide, 62 inches high, 132 inches
deep, 15 pounds

Custom vacuum variable designs and in-
dividual components available

MAXI TUNER with SWR (Kit Form) $259.00
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Check these advanced features:

e State of the art three shift active filter
demodulator

C.W.L.D. (prom programmed)

= ; : * 60 ma constant current loop suppl

* Three shift AFSK using function generator RPN
chip ® Autostart

e Regeneration on both receive and transmit ¢ L.E.D. tuning indicators for easy tuning
using UART

PRICED AT ONLY $239.50

Write for information or see them at

Cohoon Amateur Supply G. Hutter-Kunststofftechnik Mid Com Electronics, Inc.
Highway 475 Postfach 2129 2506 South Brentwood Blvd.
Trenton, Ky. 42286 D-8990 Lindau (B) St. Louis, Mo. 63144
Germantown Amateur Supply West Germany
3202 Summef AVe_ {Dealer for Germany, Ausira, Switzerland) N & G Dislﬂbutors

: 4545 N.W. 7th St.
Memphis, Tenn. 38112 International Commercial Sales  piami Florida 33126
Ham Radio Center 14 Pleasant View Drive '
8342 Olive Blvd. Annawan, lll, 61234

St. Louis, Mo. 63132

IN Fo TEc “’ |I°0R|'0RATED Specializing in Digital Electronic Systems

2349 Weldon Pkwy. St. Louis, Missouri 63141 Phone (314)576-5489
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MICROPROCESSORS

microprocessors:
a microprocessor
controlled CW keyboard

Now that the microprocessor has made the
homebrew computer possible, its popularity should
tend toward dedicated applications in amateur radio.
In this article, a preprogrammed microcomputer is
designed to function as a Morse Code keyboard with
extra features providing the utmost in flexibility. This
project is an attractive alternative to its discrete
equivalent with numerous gates, flip-flops, binary
counters, and diode matrices.

The code computer was designed around the
MCS-6504 microprocessor by MOS Technology. The
other devices connected to the processor chip com-
prise a software simulation of a discrete logic system.
The software for this project was developed and
debugged with the aid of a KIM-1 microcomputer.
After the program was working to my satisfaction,
the source listing for the software package was
transferred to the 1702A EPROMs for permanent
storage. Thus, the system is running upon applica-
tion of power.

However, this system does more than synthesize
Morse code from an ASCII keyboard. It also provides
control functions, for operator convenience, which
are unheard of in similar units of discrete design. The
features of this system are:

1. Variable code speed, 5 to 99 wpm range. Code
speed is entered digitally from the numeric keys on
the keyboard.

the machine is sending. At 10 wpm, it's possible to
get five minutes ahead of the machine.

3. Automatic character spacing. Word spacing is
provided by the operator’s depressing the SPACE bar
on the keyboard.

4. 64-character auxiliary buffer for storing repeated
messages like CQ or cail-up sequences. Data can be
entered into the auxiliary buffer without causing in-
terference to the FIFO.

5. BACKSPACE command. A backspace routine is in-
cluded in the software for FIFO error correction, and
operates like the BACKSPACE key on a typewriter.
For ASCIl keyboards without a BACKSPACE key,
CONTROL H can be used.

6. Automatic default. lllegitimate control characters
are ignored by the program to prevent a software
lock-up condition. Control characters are used for
code speed entry, auxiliary buffer data entry, aux-
iliary buffer data transfer to FIFQ, and backspacing.

7. TRANSMIT/RECEIVE output. This reed output
automatically switches your transceiver from receive
to transmit when you begin typing. The rig will stay
on the air until the FIFO is empty.

8. Warning lights. Two indicator lamps are provided
to prevent the operator from filling the FIFO to the
OVERFLOW point. Lamp 1 lights when there are less
than 64 character spaces left in the FIFO. Lamp 2
{condition red) turns on when the operator is within
16 characters of OVERFLOW.

9. FIFO full output. This signal from U13 goes to a
logic 1 when the condition red lamp goes on. It stays
high until the condition yellow lamp turns off. This
output can be used to control a paper-tape reader.

2. 256-character first-in-first-out (FIFO) buffer By James W. Pollock, WB2DFA, 6 Terrace
memory. This allows the operator to type faster than ~ Avenue, New Egypt, New Jersey 08533
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10. By adding a serial-to-parallel converter, like a
UART, the system can be used with an ASR-33 or
similar Teletype, CRT serial data terminal, etc.

Although construction is not especially critical,
this project is not recommended for the beginner; an
experienced hardware hacker should encounter no
difficulty. The cost of this project including power
supply, ASCIl keyboard, enclosure, and all parts is
less than $200. About half of that figure will be in-
vested in the iCs alone. Knowledge of basic
microprocessor operation and programming is
recommended, but is not a requirement to build the
system since the EPROMSs store the system'’s opera-
tion program.

It's important that the builder be very meticulous
while assembling the system. Since computers do
only what they are told to do, a miswired address or
data line will wreak havoc. Interchanging EPROMs U6
and U7 will have the same effect. The instructions for
the program have been listed in a specific order to
define the behavior of the Morse keyboard. Inter-
changing the EPROMs, in effect, scrambles the order
in which the instructions are to be executed.

system operation

The heart ot this code computer is a 6504
microprocessor which is a software compatible
cousin to the 6502. The 6504 was chosen for its lower
cost and compact 28-pin package design.

The crystal oscillator {U1C and U1D) functions as
the system clock (see fig. 1). U2A divides the 1-MHz
clock down to 500 kHz to compensate for the slow
speed of the 1702A EPROMs. Since the access time
for the 1702A is usually specified at 1 psec, the
operation of surplus units may be marginal at the full
1-MHz clock rate. Thus, a system clock of 500 kHz
was chosen to prevent EPROM access timing prob-
lems without resorting to buying factory prime
units.

Pin 28 {92 out) on the 6504 is used to coordinate
the read/write timing of the RAMs {U8-U11) and the
peripheral interface adapter (PiIA), U12. UBA, USB,
and USC buffer the read/write and ¢2 signals to pre-
vent loading effects on the microprocessor.

The PIA (U12) is used to interface the data bus of
the microprocessor to the ASCIli keyboard, keying
relay, xmt/rcv relay, side tone oscillator, and the
FIFO warning lamps. Thus, the PIA chip is used as an
I/0 port for the system. Port A is used to read the
seven-bit input from the ASCII keyboard. Pin 2 of the

*A PROM programming service is available from Keith Petersen, 1418
Genesee Street, Royal Qak, Michigan 48073. For this project only, the cost
is $6 for programming plus $1 for shipping and handling, per pair. Send the
PROMSs in a conductive carrier to prevent static discharge damage.

PIA is bit 0 of Port A and is used as the serial output
for the Morse code information that switches the
side tone oscillator (U13) and the keying relay driver
transistor (Q4). Port B is used as an output latch for
the FIFO status flags.

1. Pin 25 — TRANSMIT/RECEIVE output
2. Pin 24 — Condition yellow output
3. Pin 23 — Condition red output

In addition to two /O ports, the PIA is equipped
with a read/write interval timer that is used exten-
sively for the timing of dots, dashes, and spaces. The
timer is programmable in discrete steps of two
milliseconds with a 500-kHz time base.

The PIA also has a 64 by 8 bit RAM that can be
used for scratch pad, or temporary program storage.
The RAM, however, was not used on this system.

The RAMs (random access memories) chosen for
this project are 2111's (U8, 9, 10, 11). These chips are
organized as 256 by 4 bit devices, and are used in
pairs to accommodate the 8-bit data bus of the
microprocessor. Thus each pair {U8, U9, and U10,
U11) makes up a 256 by 8 bit memory page for a total
RAM storage of 512 bytes. As seen in fig. 1, the
RAMs are used as temporary storage for the system
scratch pad and messages entered via the keyboard.

These particular RAMs, like the microprocessor,
have a bi-directional data bus that permits OR tying
to the CPU for ease of construction. The R/W signal
from USE, when a logic 0, allows the RAMs to send
data to the CPU; when a logic 1, they will accept
data.

The bi-directional data bus of the CPU, pins 18-25,
is OR tied with the data bus pins of the EPROMSs,
RAMs, and the PIA. Since these lines are tri-state,
ORing them in this fashion greatly simplifies con-
struction. These |/Q pins are in a high impedance
state when the chip select (CS) pin of the IC is a logic
1. Since the address bus is a ‘‘one-way street,”’ these
lines are also tied together.

Selection of the support devices is accomplished
by U3. The high order address lines of the CPU, are
decoded by U3 which in turn presents a logic 0 at the
CS pin of the appropriate device. Address lines
A8-A10 select the support device (RAM, EPROM, PIA)
while the low order address lines Ag-A; select a
memory cell within that device. Table 1 shows the
selection scheme with regard to the address lines.

table 1. Device selection by the microprocessor.

device selected A10 A9 A8
Ugand U9 0 0 0
U10and U11 0 0 1
U12 1 0 1
ué 1 1 0
U7 1 1 1
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In order to have data from the keyboard processed
by the CPU, the strobe output from the keyboard
drives the Interrupt Request pin (IRQ) with a
negative-going pulse. The negative-going pulse at
the IRQ input is about 10 usec long. Using the IRQ in-
put in this manner alerts the CPU to the fact that
keyboard data has been entered for processing. A

FETCH MORSE
PATTERN FROM
LOOK UP
TABLE

STORE IN
MORSE
REGISTER

INSERT DELAY

OF 3(1) FOR

JCHARACTER  SPACING

MORSE
REGISTER
=80

SHIFT
REGISTER
ONE BIT_TO
THE LEFT

SEND DASH

OF LENGTH
3N T

SEND DOT
)

WAIT, DELAY
FOR PERIOD
OF i (1)

]

fig. 2. This flow chart shows the ASCII to Morse conversion
used in the keyboard.

subroutine then fetches the keyboard data from the
PIA and stores it in memory each time a key is
pressed.

Any ASCIl encoded keyboard with TTL compatible
output levels will easily interface with the computer.
Pins 34-40 are the ASCIl inputs to the PIA, with pin
40 being the least significant bit, B1. The KBD-5
ASCIl keyboard kit by South West Technical Pro-
ducts is a good choice. Regardless of the keyboard
you select, bear in mind that the keyboard must be
programmed for upper case characters; lower case
characters will not work in this system.

On the KBD-5, the BACKSPACE key is uncom-
mitted and must be connected to the on-board en-
coder. In my case, | connected the leads for the
BACKSPACE key to pins 26 and 36 of the AY-5-2376
encoder. The ASCIil output will then be 0001000
when the key is pressed. One additional point should
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be remembered: the ASCIl outputs are not latched,
and will only be present when the key is pressed.

ASCII to Morse conversion

The generation of the Morse character for its ASCII
equivalent begins by using table 2 for U6. As an ex-
ample, the ASCII code for the letter F is 1000110 or
464,0x. The CPU looks at the 46th position in table 2.
At position 46y, the number is 00101000 or 28pex.
The CPU stores this value in a memory location for
shift operations during the code synthesis process
and for future reference.

table 2. Look-up table listing for U6

Morse code hex
ASCIlI hex group equivalent
A 1000001 41 01100000 60
B 1000010 42 10001000 88
c 1000011 43 10101000 A8
D 1000100 44 10010000 90
E 1000101 45 01000000 40
F 1000110 46 00101000 28
G 1000111 47 11010000 DO
H 1001000 48 00001000 08
| 1001001 49 00100000 20
J 1001010  4A 01111000 78
K 1001011 4B 10110000 80
L 1001100  4C 01001000 48
M 1001101 4D 11100000 EO
N 1001110  4E 10100000 AD
o) 1001111 4F 11110000 Fo
P 1010000 50 01101000 68
Q 1010001 51 11011000 D8
R 1010010 52 010610000 50
S 1010011 53 00010000 10
T 1010100 54 11000000 co
U 1010101 55 00110000 30
\Y 1010110 56 00011000 18
w 1010111 57 01110000 70
X 1011000 58 10011000 98
Y 1011001 59 10111000 B8
b4 1011010  5A 11001000 cs
0 0110000 30 11111100 FC
1 0110001 31 01111100 7C
2 0110010 32 00111100 3C
3 0110011 33 00011100 1C
4 0110100 34 00001100 oc
5 0110101 35 00000100 04
6 0110110 36 10000100 84
7 0110111 37 11000100 c4
8 0111000 38 11100100 E4
9 0111001 39 11110100 F4
(,) 0101100 2C 11001110 CE
(=) 0101101 2D 00010110 16 SK
{.) oMo 2 01010110 56
{?2) o1onmn 2F 00110010 32
() 10110M 5B 01010100 54 AR
(1) 1011101 5D 10010100 94 DN
(1) 1011110  5E 10001100 8C BT
{:) 0111010 3A 11100010 E2
(;) o101 3B 10101010 AA



The Morse buffer register will contain the informa-
tion from table 2 as:

C B B6 B5 B4 B3I B2 B1 BO

X 0 o 1 © 1 0 0 o =28,

The Os represent dots and the 1s represent dashes.
The actual code pattern is determined by inspecting
the bits, from most to least significant. The remain-
ing bits are used to denote completion of the
character by putting a 1 after the character and Os
after the one. The software will then check for
10000000 (80peyx).

The arithmetic shift left (ASL) instruction is used
to shift the code group into the CARRY flag one bit at
atime.

C B? B6 BS5 B4 B3 B2 B1 BO

START X/O 0 1 0 1 0 0 0
1st ASL 0‘_,0 1 0 1 0 0 0 0
2nd ASL U/'I 0 1 0 0 0 0 0
3rd ASL 1,/0 1 0 0 0 0 0 0
4ath ASL 0 1 1 0 0 0 0 0 0

Upon execution of ASL, B7 is shifted into the CARRY
flag and the other bits in the Morse register are
subsequently shifted to the left. The shifts are per-
formed until the content of the register is 1000 0000
(80,ex). In the case of the letter F, four shifts are
used.

Morse characters are synthesized in dot-space and
dash-space pairs. The state of the CARRY flag deter-
mines whether a dot-space or dash-space pair will be
sent by the timing loop software to the keying relay.
When the final shift occurs, the program inserts a
time delay equivalent to three dots to provide proper
spacing before the next character.

The flow chart illustrating the entire ASCIl to
Morse conversion technique is shown in fig. 2.

control characters

Control characters lend a greater flexibility to the
system by allowing the operator to change the

The CW keyboard is housed in a 14 x 11 x 3 inch (36x28x8
cm) cabinet available from Nu Data Electronics, 104 North
Emerson Street, Mount Prospect, lllinois 60056.

LM309K

’-.E uis  |2L sysrem Losie

H SO ﬂ‘) g

252 VCT 4T A
TRANSFORMER

" INaT 38
cRi BV /IW

Lm-320-27
TOP VIEW

fig. 3. Schematic diagram of the power supply. The LM309K
should be mounted on a heatsink. Note that the case of the
LM320-12T must not be grounded. The bridge rectifier's
rating is 100 PIV, 1 ampere; the transformer is 25.2 Vac. 1
ampere,

+ 5 volts ground 8to 9volts

u1 SN74L00 14 7
u2 SN74L74 14 7
u3 SN74L42 16 8, 12
u4 MCS-6504 4
us SN74L04 14 7
ue6, 7 1702-A 12,13, 15, 22; 23 16, 24
ug-11 21 18 8
u12 MCS-6530-005 7, 16, 20 1.5 6 8§,

10, 11, 12
u13 SN74L74 14 7

u14 NESS5V 8 1

course of program execution, and perform software
generated control sequences solely from the
keyboard. The control character is implemented by
pressing the CONTROL key first and while keeping it
depressed, the desired alpha-numeric key. The
following control characters are programmed for use
with this system:

BACKSPACE (CONTROL H)
CONTROL X

CONTROL S

CONTROL L

CONTROLT

RETURN (Carriage return)

ook N-

BACKSPACE is used only for FIFO error correction.
This key backs up the FIFO pointer to the last
character entered; the keystroke that follows will
replace that character. This feature literally makes it
possible to send perfect code. Since the BACKSPACE
key can be used to correct mistakes as they are
made, a special key for the standard error signal (8
dits) was not included in the software.

CONTROL X is used for entering the code speed en-
try routine. For example, the code speed can be
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changed to 25 words per minute by the following
seguence:

1. CONTROL X
2. 25
3. CONTROLS

CONTROL X allows the operator to enter the two-
digit code speed into a buffer. CONTROL S then in-
itiates a subroutine that programs the interval timer
by calculating the equivalent time element for that
code speed. The calculation was based on the ARRL
rule that 12 wpm is analogous to 5 dits per second, or
10 Hz. Thus, from wpm, the time interval can be
calculated. Since the interval timer is binary and not
decimal, the timing interval must be converted to
hexidecimal.

After all the conversion constants are computed,
the final equation is

L16= 350 mulliseconds (1

wpm
The division is performed in the microprocessor by
using a repeated subtraction technique that performs
the subtraction in decimal, and counts the number of
subtractions in hex (base 16).

CONTROL L is used to store call-up or CQ se-
quences in the 64-character auxiliary buffer. When
CONTROL L is activated, the contents of this buffer
are, in effect, erased. The auxiliary buffer can be
loaded as follows:

1. CONTROL L

2. CQCQCQCQCQCaDnE
WB2DFA WB2DFA WB2DFA K

3. RETURN

The RETURN key jumps the program back into its
normal flow, and the auxiliary buffer can be recalled
by depressing CONTROL T. If it is desired to save the
auxiliary buffer for later recall, the RETURN key is
used so that the operator can go on with typing data
into the FIFO.

There are many situations in which this buffer can
be used to make the operator more efficient. For ex-
ample, while your QSO partner is answering, you can
load a signing sequence as follows:

1. CONTROLL
2. K2SMN K2SMN DE WB2DFA
3. RETURN

When he is finished, you go on the air instantly by
hitting CONTROL T and start typing your QSO. After
the auxiliary buffer is empty, the FIFO memory is
read out, in the order in which characters were
entered.

To finish your transmission, you can recall the aux-
iliary buffer data by using CONTROL T again.
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1. CONTROLT
2. ARARK

After the content of the transmission has been sent,
the FIFO will send K2SMN K2SMN DE WB2DFA
AR AR K.

If a mistake is made while entering data into the
auxiliary buffer, you must start all over again by
depressing CONTROL L. BACKSPACE will not correct
auxiliary buffer errors. When using a data terminal or
a TV type terminal to enter data, the capacity of the
auxiliary buffer will be one line of text.

construction

Since construction of this project involves the
handling of MOS devices, their handling precautions
should be observed. It is best to leave the EPROMS,

+l
| l | | PINS 1,6
N = I (U 0

304S
- 128 *{
’I ” I | | PIN 7
2pS 2uS
sv
0.1
15 ;;7
A8 s —
FROM 1a EN NOTE : PINS 289
6504 A9 —————— , SHOULD DISPLAY A
cPY 3 U3 |- Loeic “1" output
AIQ 2 DURING THE "STAND-
2 — BY " CONDITION .
LI

i
fig. 4. System timing pulses that are on U3, the chip select
IC, during the halt loop.

CPU, PIA, and RAM chips in their protective carriers,
installing them last. The use of sockets is highly
recommended; a one-dollar socket is good insurance
for the prevention of irreparable damage to a 20
dollar CPU or 18 dollar PIA.

The best place to start building is the power supply
(fig. 3), measuring the output voltage from
regulators U15 and U16, +5 and — 12 volts respec-
tively. The potential at the cathode side of CR2
should be —8 to — 9 volts. After the voltage checks
have been made, all capacitors, resistors, diodes,
and transistors should be installed. Do not install any
of the ICs before checking the pin voltages shown in
fig. 3. When the voltage and continuity checks



agree, it's safe to proceed installing the U1, U2, and
U14 circuitry.

After you've re-applied power, check pin 8 of U1C
for a 1-MHz signal, then pin 6 of U2 for a 500-kHz
square wave. The tone oscillator, U14, should put
out an 800-hertz square wave when pin 4 is tied to
+5 volts by a clip lead. The tone should stop when
pin 4 of the 555 oscillator is grounded.

The next step is the installation of the CPU,
EPROMs, and RAM chips, along with their support
devices, U3, U5, and U12. When power is re-applied,
the tone oscillator should be running. Momentarily
grounding pin 1 of U4 will stop the tone. This means
that the microprocessor has stepped through the
eonfiguration software, and is executing the STAND-
BY routine in U6. Verification of this condition can be
made by comparing the waveforms from U3's out-
puts, with those depicted in fig. 4. Also, the output
pins of U12, pins 2, 23, 24, and 25 should be at
logic 0.

The address and data lines of the CPU can only
drive one standard TTL load. Therefore, it is
necessary to use low-power TTL (SN74L00 series)
devices so the microprocessor can reliably drive the
address, R/W, and clock pins of the EPROMs, RAMs,
and the PIA. SN74LS00 devices could also be
substituted. Note that the 1-MHz oscillator uses an
SN74L00 in a self-biasing scheme provided by the
4.7k resistors. A standard SN7400 will not work with
the values shown in the schematic.

The system, as is, represents a minimal configura-
tion. The CPU itself is capable of addressing a total of
8192 bytes of memory; of this amount, only 1024
bytes are used for RAM and PROM. Address locations
0200 to 04FF are not used.* Thus, the system can be
expanded by adding RAMSs or more |/ 0O with software
to supervise the expansion in the PROMs for loca-
tions above address 0800. However, expansion of
the basic system means buffering the address and
data bus by means of TTL inverter pairs on the ad-
dress lines, and a transceiving buffer on the data bus.

*A copy of the memory map and programming information for the EPROMS
is available by sending a self-addressed, stamped envelope to ham radio,
Greenville, New Hampshire 03048

references
1. Brice, Ward, Microprocessor/ Microprogramming Handbook, Tab
Books, Blue Ridge Summit, Pennsylvama, 1975
2. L. Krakauer, "Efficient Storage of Morse Character Codes,”” BYTE,
Ocrober, 1976
3. W. Sewell. WBSNYC, “If Sam Morse could see us now,”” BYTE,
October, 1976
4. ). Pollock, WB2DFA, 1000 WPM Morse Code Type,” 73, January
1977
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GREGORY ELECTRONICS

The FM Used
Equ:pment People.

START THE NEW YEAR
WITH A COPY OF
GREGORY ELECTRONICS

NEW 1978
CATALOG

- GREGORY ELECTRONICS CORP.

245 Rt. 46, Saddle Brook, N.J. 07662
Phone: (201) 489-9000

Saga
A sriliant Of the
Account of
interationas YACUUM Tube
History, by Gerald F. J. Tyne
Science and A fascinating detail-
Industry ed record of the sci-

extending entific research,

over a 250 Pioneer inventions,
development, appli-
cations and pro-
duction of early
vacuum tubes. A
giant, extremely
comprehensive book
— one bound to
become the standard
reference in its field.
Profusely illustrated.
A must for your col-

lector's library.
Order 21470 59.95

year period . . .

ham radio's communications huoksture-'
GREENVILLE, NH 03048 |

Send me SAGA of the VACUUM TUBE, '
enclosed is $9.95.
Name

Address l
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The New Sigma XR3000D
Linear Amplifier
Compare!

HOLIDAY SALE

$699

2 Day Air Shipment

Anywhere in US

Airport to Airport $36

Alaska and Hawai Slightly Higher

Features:
Custom computer gr;ide commercial components, capacitors, and tube sockets « Full band coverage 160-10 meters including mars
manufactured especially for high power use—heavy duty 10Kw silver plated ceramic « 2000 watts P.E P. SSBinput. 1000 watts input continuous
band switches « Silver plated copper tubing tank coil « Huge 4 easy to read duty, CW, RTTY & SSTV

meters—measure plate current, high voltage, gnid current, and relative RF out » Two Eimac 3-500Z conservatively rated finals

put + Continuous duty power supply built in = State of the art zener diode standby and = All major HV and other circuit components mounted on
operating bias provides reduced idling current and greater output efficiency = Built in single G-10 glass plug in board. Have a service problem?
hum free DC heavy duty antenna change-over relays = AC input 110V or 220V AC, (Very unlikely) Just unplug board and send to us

50-60Hz « Tuned input circuits = ALC-rear panel connections for ALC output to ex + Heavy duly commercial grade quality and construction se
citer and for relay control = Double internal shielding of all RF enclosures = Heavy ond to no other unit at any price’

duty chassis and cabinet construction and much, much more « Weight: 90 Ibs. Size: 92" (h) x 167 (w) x 153" (d)

HOLIDAY INTRODUCTORY SPECIAL!

New! Sigma Model AF250L
Deviation/Modulation Meter T —

Fe;:ures:iﬁ le for Commercial Use $169

Extremely stable local oscillator for easy measuramant of HF, VHF, and UHF bands
ploying negative feedback to insure extramaly high stability @ Easy 1o read, accurate
linear scale ® Direct off the air signal measurement capability

Specifications:
Frequency. 1.8MHZ-520MHZ /3 range select (A, B. C, EXT). A range: 26.5 MHZ-40MHZ, B range. 48MHZ-60MHZ, C range. 140MHZ-156MHZ,
EXT range 1 BMHZ-520MHZ (Need Signal Generator) - Generous overranges=Input level (1) Through type input level IW-200W (RF Input Ter
minal) (2) Direct input level Mare than 80db/500hm impedance = Amplitude modulation degree. 0-100% « Frequency deviation
0-20KHZ « Accuracy + /-3% of full scale = Intermediate frequency 10 7MHZ « Local input trequency (EXT Range) = Measuring frequency
+/-10. 7MHZ » BF Attenuator 0-60db variable = Audio signal oscillator (1) Audio Frequency— 1,000HZ (1 KHZ), (2) Output level—More than 1V
RMS « Power Source: AC117V = Dimensions H-5'%" (140mm). W-10%" (260mm). D-7%" (184mm) = Weight 7 Ibs

TS E——
FMSC-1  Scenner for
SIGMA RF-2000 SWR & POWER METER SPECIAL SCANNER SALE KOK FM 144 and 7400
. canner or  Trio
000N Fros Rance 25, | FORKENWOOD TR-74004 NN NN e
000w ull scan 146 and 14
150 MHz Please do not 1 COnsecutr
& confuse the RF2000 with ‘ L G L *® :::: c:I ::v :h;:l." -:rrrul
- similar sppearing lower ke ul - 2 @ Scan rae 1 MHe 2
priced uns AF2000 s an \ saconds iml'uslnbknr‘ -
individually calibrated ._,_..__._._1“ L1LlLIllill] i . Controls Scan. Hold
professional guality 5 =t e 3 g P P ¢ E Latch Uqra;- BO0  KHz
instrumant. Unequaled at 2 [ L [ n,
’ many limas tha price Sire 14 Channel Programmable FMSC-1 reg 5169 899 ;::::‘mr:o':‘uo::'. ;:)r:;:ll!
In 7wl x 21737 (d) teg 8109 — 866 7400 Scanner || Rag $189 9118 installanion
EKDK| SPECIALSALE FMOF2 o1 Mtz Otiset Option k(N0 || Standard-New 2 Meter NEW! 6 METER
FM 144 ACCesSSOMes FMTE-1 Sub Audible Tone (100 He FM Transceivers FMS50-10SXRII
e T UMD 7203 1 *12 || Model SRC 146A Special Sale
FMTP-1 Touch Tone Pad $59 FM 2018R ALU - SHC 1464 sin4
FMTP.2 Touch Tone Pad with 10 Number ISR focestore A and 94 94 NI
Programmable Memaory 5899 FMPS-4R Regulaed AC PS 649 ¢ Ch 84
FMTD-1 Private Call Decoder for use with FMMC -1 Microphone with Built-in 15
and Programmaed by Any Touch Tona Pad 549 A £ Ant and Whip S
Touch Tona Pad 875 MARS.CAP* Opuion Kit - Any Frequency N1-cag X
SC 12A Audible Tone Encoder Decodar 865 Any Spin 86 = 51.00-53.995 MHz 600 channals
FMSC.1 Scanner-Aandom Any Range . 899  FMAT-1 % Wawve Portable Antenna for Heg 3414 .
MARS.-CAP Option Kit - Any Frequency Hotel, Motel or Apartment .. $7.95 NEW!!! Touch Tone pad Holiday Sale—Price 9339
Any Spiit 812 Extra DC Cord & Plug $3 50 letel vd and v $289
FMOF-1 Offsat Option Kit - 2 Extra Service Manual 54 00 completely wirea and NEW CDE HAM 1ll ROTATORS
Positions, Crystals Required .. 810 Mounting Bracket (Extra) 56 00 ready to plug in-569 00 Reg. $159.95—5125
AMATEUR-WHOLESALE ELECTRONICS =P irem
8817 S.W. 129th Terrace, Miami, Florida 33176
COURTEOUS PERSONAL SERVICE—SAME DAY SHIPMENT « Prices subject to change withoul nolice. | sassauinicass ﬂ mlgswﬂrg?tgjnmfand 350-XL
Telephone: (305) 233-3631 + Telex 51-5628 - Store Hours: 10-5 Mon.-Fri. (Do s bonys und pockage offers
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FM2015R

INTRODUCTORY

$

Regulated AC/PS
Model FMPS-4R . . . 849.00

[ —— B KDK

Does Your Unit Cover The New
Sub-band 144.5 - 145.5 MHz?

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

® 5 MHz Band Coverage - 1000 Channels (instead of the usual 2MHz to 4MHz-400
to 800 Channels) ¢ 4 CHANNEL RAM IC MEMORY WITH SCANNING e
MULTIPLE FREQUENCY OFFSETS @ ELECTRONIC AUTO TUNING - TRANSMIT
AND RECEIVE e INTERNAL MULTIPURPOSE TONE OSCILLATOR e RIT o
DISCRIMINATOR METER - 15 Watts Output - Unequaled Receiver Sensitivity and
Selectivity - 15 POLE FILTER, MONOLITHIC CRYSTAL FILTER AND
AUTOMATIC TUNED RECEIVER FRONTEND, COMPARE! @ Superb Engineering
and Superior Commercial Avionics Grade Quality and Construction Second to
None at ANY PRICE.

PRICE

2990%

Towch Tons Pad
@ LED indicator

balance

-

® only 3-3/4"x 2
54900

FREQUENCY RANGE Receive and Transmit: 144.00 to 148.995 features which are found in only the most sophisticated and
MHz, 5Khz steps (1000 channels ) INCLUDING NEW BAND 144 5- expensive aircraft and commercial transceivers
145 5MHz + MARS-CAP * ® TRUE FM Not phase modulation - for superb emphasized hi-fi audio
LED DIGITAL READOUT. quality second to none
4 CHANNEL RAM SCANNER WITH IC MEMORY  Program any 4 ® RIT CONTROL Used to improve clarity when contacting stations
frequencies and reprogram at any time using the front panel with off frequency carrier
controls-scan all or part of the memory-saarch for occupied (closed) ® MONITOR LAMPS 2 LED's on front panel indicate (1) incoming
channel or vacant (open)channels. Internal Ni-Cad included to retain signal-channel busy, and (2) Transmit
memory (no diode mattix to wire or change) ® FULLY REGULATED INTEGRAL POWER SUPPLY Operatng
MULTIPLE FREQUENCY OFFSETS: Three positions AB.C, voltage for all 9v circuits independently regulated. Massive
provided for installation of optional crystals: EXAMPLE - 1 MHz Commercial Hash Filter

offset. Duplex Frequency Offset Built in - 600 Khz PLUS or MINUS 5 ® MODULAR COMMERCIAL GRADE CONSTRUCTION: 6
KHz steps, plus simplex, any frequency Unitized modules eliminate stray coupling and facilitate ease of

INTERNAL MULTIPURPOSE TONE OSCILLATOR BUILT IN maintenance

1750Hz tone burst for “whistle on operation’’ and sub-audible tone ® ACCESSORY SOCKET: Fully wired for touch tone, phone patch,
operation possible by simply adding a capacitor across the terminals and other accessories. Internal switch connects receiver output to
provided. Internal 2 position switch for automatic and manual internal speakar whan connactor 1$ not In use

operation, tone burst or sub audible tone PL - adjustable 60-203Hz e MULTI-PURPOSE METER Triple Function Meter Provides
(100 Hz prowvided) Discriminator Meter, 'S Reading on receive and Power Out on
AIRCRAFT TYPE FREQUENCY SELECTOR: Large and small Transmit

coaxially mounted knobs select 100KHz and 10KHz steps ® RECEIVE: Better than .25uv sensitivity, 15 POLE FILTER as well as
respectively. Switches click-stopped with a home position facilitate monalithic crystal filter and AUTOMATIC TUNED LC circuits provide
fraquency changing without need to view LED's while driving and superior skirt selectivity - COMPARE|

provides the sightiess amateur with full Braille dial as standard o HIGH/LOW POWER OUTPUT 15 watts and 1 watt, switch
equipment selected. Low power may be adjusted anywhere between 1 and 15
FULL AUTOMATIC TUNING OF RECEIVER FRONT END AND watts Fully protected-short or open SWR.

TRANSMITTER CIRCUITS: DC output of PLL fed 1o varactor diodes e OTHER FEATURES Dynamic Microphone built in speaker, mobile
in all front end RF tuned circuits provides full sensitivity and mount, external 5 pin accessory jack, speaker jack, and much, much
optimum intermodulation rejection over the entire band. APC (AUTO more. Size 2% x 7 x 7% All cords, plugs, fuses, microphone hanger,
POWER CONTROL) - Keeps RF output constant from band edge to etc. included. Weight 5 Ibs

band edge. NO OTHER AMATEUR UNIT AT ANY PRICE has these

Manufactured by one of the world's most distinguished Avionics manufacturers, Kyokuto Denshi Kaisha, Ltd.
First in the world with an all solid state 2 meter FM transceiver.

The FM20156R Does, PLUS MARS-CAPI*

FMMC-1 Micro
phona with Built-in

® New! Auto Key up

® Adj level and tone

Aegional Saiss & Service Canters
Bay E

@@ AMATEUR-WHOLESALE ELEGTRONICS 7™

ast Senford Commumications. nc

NN 8817 S.W. 129th Terrace, Miami, Florida 33176 DEALER INQUIRIES INVITED. Colomie. N3

Telephone (305) 233-3631 @ Telex: 61-56628 PLEASE ORDER FROM YOUR LOCAL guiwen Unwaral Service
U.S. DISTRIBUTOR DEALER OR DIRECT IF UNAVAILABLE. (814) 221-2336

J
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mobile color code

Dear HR:

| would like to propose a standard
color-coding system for mobile
antennas so that one mobiler could
quickly tell visually what band
another mobiler was operating on at
that time. Using the standard resistor
color code, the following colors
would be used for each of the high-
frequency amateur bands:

80 meters gray-black
40 meters yeilow-black
20 meters red-black

15 meters brown-green
10 meters red-gray

The red-gray code is chosen for 28
MHz because of its higher visibility
over brown-black for 70 meters.

The two colors for each of the
bands could be applied with colored
tape {or paint) to the antenna loading
coil, displayed on a pennant flying
from the tip of the antenna, or shown
with two colored tape strips on the
rear bumper.

Ray Day, WB6JFD
Palos Verdes, California

fm repeater channel
spacing
Dear HR:

I wish to thank Jerry Pulice,
WB2CPA, for his fine article on direct
synthesizers (August, 1977). The
technical portions appear to be most
needed in the fm community,
especially for repeater usage (it's
amazing what spurs on a mountain

can do).
This letter is to comment on a

20 january 1978

statement made by Jerry in dis-
cussing the local-oscillator noise per-
formance of his synthesizer. His
statement, ‘In normal operation,
crystal-controlled equipment would
be able to maintain DX communica-
tions within 10 kHz of a repeater
channel,” is misleading and requires
clarification.

As is well known, fm spectrum
width is wider than the actual devia-
tion. In fact, the bandwidth actually
occupied by a narrowband fm signal
is very close to twice the sum of the
deviation and maximum modulation
frequency. For voice operating a 5
kHz peak deviation (typical repeater
operation), the bandwidth of the
transmitted signal is 13 kHz or 6.5
kHz from the carrier or no-modulation
frequency. A receiver with 156 kHz
bandwidth would have interference
when tuned within 7.5 +6.5=14 kHz
of the transmitter. In actual practice a
physical spacing of 40-50 miles (64-
80km) is required for operation of 15-
kHz channels, and 10-kHz spacing is
totally impractical.

This condition is becoming a
serious problem in the high density
areas (like Southern California), not
because of Jerry’'s statement, but
primarily because of the transceiver
manufacturers’ insistence that their

radios offer ‘400 channels’’ simply
because they can be tuned to 400
discrete 5-kHz frequencies. In reality,
there are only a theoretical maximum
of some 100 channels from 146-148
MHz, but due to the repeater band-
plans based on 15-kHz (or 30-kHz)
spacing, only a theoretical maximum
of some 80 channels are available.
This is with /idea/ equipment. With
real receivers and transmitters
available today, this number is closer
to 60 discrete simultaneous channels

available from one location.
Robert O. Thornburg, WB6JPI
Studio City, California

300-Hz crystal filter for

Collins receivers

Dear HR:

Referring to the article by W1DTY
in September 1975 ham radio, | have
found that the transistor impedance
matching circuit, which has an input
impedance of less than 15 thousand
ohms, caused a 10 dB insertion loss
when used with my 75S3C. To pre-
sent a high impedance input, | modi-
fied the circuit as shown in fig. 1.
This method gives the same output
as the other filters in the receiver and
properly matches the crystal filter.

10k

2.2k

2N3819
o

[

INPUT 2™

I

0.

Olos v

T
X455KF 300

CRYSTAL FILTER

VV
2w
10-12v

ear Lo

oUTPUT

r

r
”

fig. 1. High-impedance matching circuit for the 75S3C.



The circuit is mounted on a small
Veroboard held in place with nuts on
the filter mounting screws. The
whole unit fits nicely under the
screening can without defacing the
receiver in any way. | am very pleased
with the performance of the filter.
The attenuation is approximately 80
dB when 600 Hz from the center fre-
qguency.
C. H. Foulkes, G3UFZ
Herts, England

IC-crystal oscillator

Dear HR:

VK2ZTB is to be congratulated for
his excellent article in March 1976
ham radio. However, it did have one
omission in the section on IC oscil-
lators. The Motorola MC12060 and
MC12061 are specifically designed as
series-mode crystal oscillators. The
MC12060 covers 100 kHz to 2 MHz
and the MC12061 2 MHz to 20 MHz.
Both ICs produce sinusoidal, ECL and
TTL outputs. The MC12061 has also
been operated as an overtone oscil-
lator by connecting the components
as shown in fig. 1. Also, not men-
tioned in the data sheet* is the ability
to get twice the oscillator frequency
by tying the sinewave outputs (pins 2
and 3} together. This connection per-
forms a full-wave rectification of the

*Motorola MTTL Phase-Locked Loop Components,
MC12060 Data Sheet.

VOLTAGE
REG osc

SINE
AGC WAVE
FILTER QUTPUT
ai —

sinewaves to achieve the doubling.
These two features allow VHF oscil-
lator signals to be easily developed in
one IC package with only one tank

circuit.
Ron Treadway, W7EKC
Scottsdale, Arizona

low-resistance
measurements

Dear HR:

In the September, 1977, issue of
ham radio, the accuracy of a low-
resistance measurement method is
indicated as being in the range of
1or2%.

This is not always the case,
however, since an error of plus 100%
will occur when the resistance being
measured, R,, is equal to the
resistance of the millivoltmeter, R,,.
In fact, only when the resistance of
the millivoltmeter is infinite is the
method strictly accurate.

Since the millivoltmeter shunts the
unknown resistor and the total line
current is 100 mA

(Vi/Ryp) + (Vi /Ry)= 0.1 ampere
Hence 10V,,=R, X R,/(R,,+R,)

where V, is the voltage across the
millivoltmeter. In other words, the
method gives the resistance not of
the unknown resistor, R,, but of the
combined resistance of R, and R, in
parallel.

ol
ME CL_ . (CRYSTAL HARMONIC) X2
OUTPUT

1Q_ MTTL
MITL =9 outPur

i

fig. 2. Pin connections for using the MC12061 as an overtone oscillator.

When selecting the millivoltmeter,
one should be sure that its resistance
is at least 50 times (and preferably 100
times) the highest resistance to be
measured to maintain the stated ac-
curacy of this useful method. The
percentage accuracy of the method,
insofar as the resistance of the
millivoltmeter is concerned, is limited
t0 100 (R,/R ).

Ed Sampson, W1PT
Brockton, Massachusetts

magnetron
development

Dear HR:

| have read with considerable
interest W1HR’s article on ‘“'Solid-
State Microwave RF Generators” in
the April, 1977, issue of ham radio.

In the opening paragraphs where
W1HR briefly reviewed the history of
devices used to generate microwave
power leading up to the modern solid
state devices, | felt that some
reference should have been made to
the considerable work done by Dr.
Eric Megaw, G6MU, on the split and
muiti-segment anode magnetrons
principally done for the Marconi
Company. Eric Megaw worked at the
General Electric Co. Ltd., Research
Labs at Wembley. Also the develop-
ment of the first high power cavity
magnetron developed at Birmingham
University in February, 1940, which
gave 400 watts CW at 9.8cm, and
later pulse types for our radar, might
have been mentioned.

You are no doubt well aware that
microwave activity in the UK is
growing significantly, largely under
the direction of Dain Evans, G3RPE,
and his associates. We how have
three 10-GHz beacons operating at
the Isle of Wight, Alderney (Channel
Islands), and Romford in Essex.
Microwave Associates at the Luton
factory are considering another
beacon in this band, and one in Aber-
deen is projected.

G.R. Jessop, G6JP
General Manager, RSGB
London, England
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Someday

all radios
will be tuned
this way
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First with SSB HF Digital Tuning, is only the beginning
of what the amateur gets from the CIR Astro 200.

synthesizer circuit equency dnft, with no VFO to calibrate

board shown {}rl 28" |Ili||' 9.5"wide x 12.3" deep

llustrates the Ideal for mobile use or, with accessores,
Standard Features: ( \3|'-t|1.!'|,{.|l nm on provides complete hxed station
Electronic Tuning/All Solid high quality epoxy operation. Net Price $995.00

State/Digitally Synthesized/200 Watts glass maternal, with Accessories: AC Power supply
PEP Input/Full RF Filtering/Digital clean design $135.00; Speaker in cabinet $29.95
Readout/Noise Blanker/Squelch/ backed by vears of Station operating console with phone

Variable Speech Processing/Full experience in designing and atch, 24 hr. digital clock, speaker, 10

Metering/WWV Receiver/VOX/ manulactunng military and commer
{ I

n. timer $295.00. Desk microphone

LSB-USB-CW Simaniations. equlEmment $38 00, Mobile mount $12.00. Mobile
Reliability Itinf i $15 00 400 Hz narrow band CW
The heart of the ASTRO-200 1hi continued use Each circuit board $50.00
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SEE THE CIR
“ASTRO 200"
at the following Dealers

U.S.A.

California

Gary Rado,

San Diego

Ph 714-292-1440
Ham Radio Outlet,
Burlingame

Ph 415-342-5757
Ham Radio Outlet,
Anaheim

Ph 714-761-3033
Ham Radio Outlet,
Van Nuys

Ph 213-988-2212
RQT Enterprises
Los Angeles

Fh 213-751-4191
Quement Electronics,

San Jose
Ph 408-998-5900
Western Radio

San Diego

Ph 714-239-0361

Florida

Amateur Electronic Supply,
Orlando

Ph 305-894-3238

Idaho

Custom Electronics,

Boise

Ph 208-343-0682

Ross Distributing Co.,
Preston

Ph 801-852-0830
Hlinois

Erickson Commumications,
Chicago

Ph 312-631-5181
Kansas

Revcom Electronics,
Garden City
Ph 316-276-3470

Massachuseits

Tults Radio,
Medford
Ph 617-395-8280

Michigan

Electronic Distributors, Inc.,

Muskegon
Ph 616-726-3196

Nebraska

Electronic Research,
Kearny

Ph 308-234-3132
Communications Center,
Lincoln

Ph B0D0-228-4097

Scott Electronics Supply,
North Platte

Ph 308-532-9260
Scott Electronics Supply,

Lincoln
Ph 308-464-B308

Nielsen Communications,
Inman
Ph 402-394-5405

New York

CFP Communications, Inc
Horseheads

Ph 607-739-0187
Harrison Radia,
Farmingdale

Ph B0OO-645-9187

Ohio

Amateur Electronic Supply,
Cleveland

Ph 216-486-7330

Oregon

Coleman's Lafayetle
Electronics,

Medlord

Ph 503-779-7776
Eugene Amateur Radio,
Eugene

Ph 503-68B-1412
Portland Radio Supply,
Portland

Ph 503-228-8647

Pennsylvania

Hamtronics

Trevose

Ph 215-357-1400

South Dakota

Burghardt Amateur Center

Watertown

Ph 6058867314
Texas

Mitee Electranics Corp.,

Houston
Ph 713 688.4228

Washington

ABC Communications
Seattle

Ph 206-364-8300
ABC Communications
Everett

Ph 206-353-6616
ABC Communications,
Bellevue

Ph 206-455:0224
Wisconsin

Amateur Electronic Supply,

Milwaukee
Ph 414-442-4200

Wyoming

Denco Communications Center
Casper

Ph 307-234-9197

CANADA

Glenwood Trading Co., Ltg
278 East First St

North Vancouver B.C
Canada V7L 7BS

Ph 604-984.0404

OTHER COUNTRIES
Magnus

5715 North Lincoln Ave.,
Chicago, Ill. 60659
312-334-1502

LES Konsult AB,

Box 11078

5-161 11 Bromma,
Sweden
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KESTER

KESTER
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Handymen! Hobbyists! i@i‘ |
DO-IT-YOURSELFERS! '—

Let Kester Solder aid you in your home repairs or hobbies. For that household
item that needs repairing — a radio, TV, model train, jewelry, appliances, minor
electrical repairs, plumbing, etc. — Save money — repair it yourself. Soldering
with Kester is a simple, inexpensive way to permanently join two metals

When you Solder go “First Class' — use Kester Solder.

= RPN

~)

For valuable soldering information send self-addressed stamped envelope to
Kester for a FREE Copy of “Soldering Simplified’".

L] KESTER SOLDER
QI“OI“I 4201 WRIGHTWOOD AVENUE/CHICAGO, ILLINOIS EDGSS‘J

12K x8 memory kit
for the Heath H8

$235.00

iy welcome ou

h the Heath
w HE. (hganized as two independeni
BK block and one 4K Has the
features as our ECONORAM

Popular 8K x 8 memory plugs into

IMSALot

1 S 100 mact

all static design, swiich selectec

and pl n, sockets for all |Cs
ing—plus the required hardware
connector to mate mechanical
‘oui can have our 12K board

¢ Heath Company's BK

WNCE You've

the ECONORAM™ name

ame to ex

Kit lorm §130: assembled, tested war-
ranted for 1 year $150; SPECIAL - Four
ECONORAM 1I'™ kits $475 (32K of
memory)

ducts canying

I—III.:—I.I._IIIJ

Al

cted computer kits

10 SLOT MOTHERBOARD ($90; 18 SLOTS $124) These 5 10

r

motherboards sctivee i
cuitry Tell us

Bl ACTIVE TERMINATOR ($29.50) Il

board ing active wermination. cleans ug

ome with edge connectors ane

vou read Ham Radlo, and

2 for the following specials

or vou e eligible

4700 uF a1 50V computer grade capac

ftors, with mounting brackets, For sup
plies, audio amps, etc H/%4.95
House number GI631 type dual gate
MOSFET ldeal for RF amp and mixer
applications, with a 3.5 dB NF at 20
MHz 4/%200

Please note: these prices good through

February 28, 1978

s, hardware

DE

TERMS: PMease allow up 10

excass refunded Cal
VISA® ‘Mastercharge® orders call (415)
5620636, 24 hours

BILL GODBOUT ELECTROMNICS
BOX 2355, OAKLAND ARPORT, CA 4614

FHREE FLYER: We carry many items of interesi (o all elec- [l
tronic hobbyists, Send us your name and address, we'll

or write direct to CIR for free brochure

More Details? CHECK — OFF Page 142
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CMOS programmable

divide-by-N counter

Most divide-by-N counters require
either a complicated system of gates
or pin strapping; changing the divisor
is difficult for either method. If the
speed of the circuit is such that a
CMOS IC can be used, a single con-
nection change will permit division by
any integer between 2 and 10. This
can be done with a simple, single-
pole switch.

This divide-by-N counter uses an
RCA CD4017A Johnson decade
counter. In normal operation, the

¥
- D-OO-B-DOG

y w "

Coan A
- i ol s il Sl ‘a'
TI‘.}-(EH?-(?)-CBHFH’)ﬁ
1

fig. 1. The CD4017A connected as a divide
by 7 counter. The resistor is used to hold
the reset line low. When the appropriate
number is reached, that output and the
reset line are driven high, resetting the
counter. To divide by other integers, pin
15 should be connected to the desired out-
put. For example, pin 1 for a divide by 5. or
pin 7 for a divide by 3.
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counter provides decimal outputs
that are low and go high only at their
respective time slots. For divide-by-N
operation, the reset line of the
counter is connected to one of these
outputs, depending on the desired
divisor. As the count progresses,
each decimal output goes high and
then low until the count reaches the
one connected to the reset line. The
counter is then reset, and the output
of the divider appears on the 0 line.

Fig. 1 shows the circuit connected
to divide by 7.

It should be noted that to divide by
10, no feedback is used and the inter-
nal gating of the counter is permitted
to function in the normal manner.
Division by 0 and 1 are not permitted.
For division greater than 10, this cir-
cuit can be cascaded with other
divider schemes.

Ken Stone, W7BZ

socket label for

integrated circuits

How many times have you bor-
rowed integrated circuits from other
boards and then when you went to
return them, forgot which chip went
in which socket? Well, it happened
once too often for us. We decided
that anything would be better than
retracing circuits to determine which

integrated circuit goes where,
Various labeling methods were
tried. Decals were too hard to apply
in cramped spaces; painting was out
due to a total lack of manual dexter-
ity. Finally, strip labeling worked and
has been adopted for labeling old and
new boards. This is done by typing,

or printing , the IC type on strips of
gummed paper which are then
trimmed to fit the goove between the
rows of pins. The result is neat, ac-
curate, and inexpensive. In addition,
the labels are visible only when the in-
tegrated circuit is removed from its
socket.

John M . Franke, WA4WDL

Norman J. Cohen, WB4LJM

using the National
NCL-2000 with the
Drake T-4XC

After finally moving to a QTH



TO
NCL-2000
ALC

L
ouTPUT

IN4QO3
SILICON
DIODE

ING7534
2N305%

27k

2N2907a

22k
T0

BIAS SUPPLY

iN AC-4
(APPROX. -60V)

fig. 2. Schematic diagram of the ampiifier for use between the NCL-2000
amplifier and a T-4XC. The zener diode has a 36-volt rating. A 1N4003 or
equivalent diode is used in the collector of the 2N3055.

where | could use my NCL-2000, |
found that the alc output level was in-
sufficient to drive the T-4XC. To
overcome this difficulty, | designed a
simple amplifier to make the equip-
ment compatible. No adjustments are
necessary, and the circuitry can be
conveniently built into the Drake
AC-4 power supply.

Parts selection is not critical. If a
higher voltage transistor is used in
place of the 2N2907A, the zener
diode can be eliminated. However, a
very low-leakage transistor will be
necessary to keep from turning the
2N3055 on. The 2N3055 was probably
overkill for this application, but it was
the only high-voltage transistor in the
author’s junkbox.

Without the modification, the
NCL-2000 would severely flat top
unless careful attention was paid to
the GAIN control on the transmitter.
After modification, no flat topping
is evident on the monitor scope even
if the GAIN control is operated wide
open. Of course, the severe compres-
sion renders speech unintelligible.

Edwin R. Ranson, K5ER

"z
VAC

fig. 4. Schematic diagram of the complete power
supply with current and thermal overload protection.

ct c2
1000uF O.luF
s50v

a simple adjustable
IC power supply

Last year, National Semiconductor
introduced the first 3-terminal ad-
justable positive voltage regulator.
When used with a few external com-
ponents, the LM117 is capable of
delivering voltages from 1.25 to 37
volts at 1.5 amps. Mounted in a TO-3
case, this device is also protected

LMuT
VinO—— Vin Vour
ADJUST ‘ b
VREF R
Taoy l
fiialAr
/2 R
77

fig. 3. Basic configuration for the LM117
adjustable IC voltage regulator.

against current and thermal
overloads.

In normal operation,! the LM117
regulator develops a 1.25 V reference

(Vger) between its output and adjust-

CR2

OVour

ment terminals, as shown in fig. 3.
Since this reference voltage is con-
stant across R1, a constant current
flows through the output set resistor
R2, so that the output voltage can be
calculated from

R2
Vour=VRer(1+g; ) +LapR2

Typically, Vggp=1.25V, and
IADj= 50 pA, so that

Vour= 1.25 (1 +£§ ) +
(50 pA)(R2) volts

As shown in fig. 4, the input
voltage is provided by a simple bridge
rectifier and capacitor input filter ar-
rangement delivering approximately
37 Vdc. The 0.1 uF disc bypass
capacitor C2 is strongly recommend-
ed if the regulator is physically
located some distance from Ct. C3
(10-uF tantalum) is added to improve
the ripple rejection.

Although the LM117 is capable of
good load regulation, typically 0.3 per
cent at constant junction tempera-
ture, the 240-chm current-set resistor
R1 should be connected directly to
the regulator’s output terminal, rather
than near the load. When external
capacitors are used with any IC
regulator, it is wise to add protective
diodes to prevent the capacitors from
discharging through low current
points in the regulator. Therefore,
CR1 protects against C4, and CR2
protects against C3.

reference
1. Linear Data Book, National Semiconductor
Corporation, Santa Clara, California 95051,
June, 1976.

Howard Berlin, W3HB

+0UTPUT
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37v
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On most 4, 5 and 6-element antennas,
only 3 elements at any one time on any
one band are working. The rest are
goofing off.

So counting elements is no way to
judge an antenna.

This 3-bander uses every one of its 4
elements all the time for maximum
forward gain and maximum

TB-4HA

Heavy-duty, four-
working-element an-
tenna for 10, 15 and
20 meters. $259.95

TB-3HA

Heavy-duty, three-
working-element an-
tenna for 10, 15 and
20 meters. $199.95

el e

Light-weight, two-

working-element an-

tenna for 10, 15 and
20 meters. $129.95

MB-40H

——

Heavy-duty, two-
working-element an-
tenna for 40

meters. $199.95

front-to-back ratio.

And that adds up to an antenna that
works harder. With no idle elements to
increase windage and bulk.

A good reason why the TB-4HA
is known both for performance
and toughness.

In fact, all of Swan's beam antennas

SWAN BEAM ANTENNA SPECIFICATIONS. For 52- ohm coaxial feedlines -\

—f '7"7_7 / /& /'

Hf & ff o o 4

(Prices FOB Oceanside CAJ

Dealers throughout the worla
or order direct from

Swan,

share a reputation for working harder Sl S, e

for every dollar you invest in them. TBaHA | 20'x15 Izs 10| 18-6" tomun 148 1bs sv,qn ™ E LE CI,B 0 NICS
Swan beams are precision e : W 305 a.mm Roac oce-amnuc CA 92054

engineered for a full 2000-watt PEP To-SHA| ASAR” |amat | e [amomen) 1100, 4307 .| i (7141 757.7525

rating and a VSWR of 1.5:1 or better at TB2A | 65x15 | 278" | 143" | 80mph | 60Ibs. | 18saft | 181bs

resonance. And besides optimum gain - -

and front-to-back ratio, they're easy to MB-A0H | 1575'x15 | 30-4" | 176 I 100 mph| BOIbs. | 25sqft. | 40 Ibs

Install and tune.

Order a Swan beam today. Use your
Swan credit card. Applications at your
dealer or write to us. Who needs
antennas that goof off?

SWAN TB-4H#
FINALLY A BEAN ANTENNA
THAFDOES SOMETHING |
JT THE.GOOF-OFF IENT.




Our new 4010V expandable 4-band
antenna is designed for the operator
who wants to straddle continents at
a down-to-earth price.

One reason the 4010V saves you
money is because it's simpler. For
example, it doesn’'t need a
counterpoise. And it's easy to install.

The new 2000-watt PEP trap
vertical comes in short lengths
complete with mounting plate. So
with easy set-up and no ground
radials to contend with, you can't
beat it for getting on the air fast
when you're in the great outdoors.

And It's also ideal for mobile homes 4
and apartments.

Then when you feel like exploring
eters, expand your 4010V to five
bafgs with the Swan 75 AK kitand 3

=

you'Mg into a whole new world.
- 75 AK 75-meter kit

-

ot /'

1040V Vertical Antenna.

Butif you're interested in a more
permanent installation with one of
the most effective verticals made,
check out our 1040V.

The rugged 4-band 1040V trap
vertical for 40 through 10 meters is
well-known for completeness.

When you open your 1040V box
what you see is what you need.

Like copper wire to make two
counterpoise radial wires for each
band, egg insulators and a base
mounting plate.

And when you're ready for 75
meters you can expand to five bands
with the Swan 75 MK kit. Which is
noted for the same attention to
completeness as the 1040V.

Buy a Swan 4010V or 1040V
expand-a-band-later vertical today.

75 MK 75-meter kit

Use your Swan credit card and pay
later, too. Applications at your dealer
or write to us.

4010V 4-band trap vertical

antenna. 74.95
75 AK 75-meter kit. 39.95
1040V 4-band trap vertical

antenna. 2295
75 MK 75-meter kit. 39.95

(Prices FOB Oceanside, CA)
Dealers throughout the world
or order direct from
Swan,

ELECTRONICS

A subsiciary of Cubic Corporation
305 Aairport Road, Oceanside, CA 92054
17141 757-7525

EW 4010V VERTICAL ANTENNA.
[T LOOKS AS GOOD TO

YOUR POCKETBOOK AS

IT DOES TO YOUR
TRANSCEIVER.

4010V Vertical



products

For literature on any of the new
products, use our Check-Off
service on page 142.

5-kW beam balun

Palomar Engineers introduces a
new balun for beam antennas. With a
ratio of 1:1, the balun couples coaxial
cable to balanced 50- or 75-ohm an-
tennas. An adjustable U-bolt provides
convenient mounting to a 2-in. (51
mm) mast or boom.

The balun is rated at 5 kW PEP
(2 kW CW Continuous Commercial
Service) between 1.7 and 30 MHz.
It features all stainless-steel hard-
ware. The wire leads from the trans-
former are brought out for direct con-
nection to the beam driven element
— no solder lug connections to
deteriorate in the weather. All input
and output terminals are directly
connected at dc to provide lightening
protection.

The beam balun is wound with
teflon-insulated wire on an rf ferrite
toroid core, has uhf (S0-239) con-
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nectors, and is epoxy encapsulated
in a white PVC case so it can be used
in any climate. Loss through the
balun is less than 1.0 dB. Size is
4% in. (114mm) diameter with case
height of 2% in. (64 mm). Weight of
balun and hardware is 2% pounds
(1.2kg).

Price is $37.50 postpaid in U.S.
and Canada. For more information,
write to Palomar Engineers, P.O. Box
455, Escondido, California 92025.

full-feature frequency
counter

Here's a high accuracy frequency
counter for those working within the
Citizen Band and Amateur disci-
plines. The counter has recently been
made available from Communications
Power, Inc. Designated model CPI
FC-70, the frequency counter
features a bright seven-digit LED
readout with anti-glare louvers —
great when you're working in a dimly
lit environment.

Resolution is within 10 hertz; ac-
curacy is rated at 0.0003 per cent,
which is considerably higher than the
FCC’'s 0.005 per cent requirement.
The FC-70 accepts 400 watts of
throughput power. It has a high-
impedance input, which means it's
easily used with rf oscillators and grid
dippers. It's also useful for testing

i-fs, filter characteristics, and crystal
response,

The FC-70 operates from either 12
Vdc or 115 Vac. Quick disconnect
cables are supplied for both voltages.
The FC-70 has a guaranteed upper
frequency limit of 40 MHz; 55 MHz is
typical. Looks like a nice piece of test
equipment for the serious technician
working with high-frequency com-
munications equipment.

For more information on the CPI
FC-70 counter, as well as information
on CPI's complete product line, write
Mr. Robert Artigo, Communications
Power, Inc., 2407 Charleston Road,
Mountain View, California 94043.

prototype
high-frequency
receiver

Ulrich Rohde, DJ2LR, has con-
tributed many excellent articles on
the subject of high-frequency re-
ceiver design, and a number of read-
ers have asked if these design ideas
have ever been incorporated into a
receiver, The answer is yes — in a
prototype built by DJ2LR’s firm,
Rohde & Schwarz. Although the
receiver is a prototype and has never
been placed in production (so is not
available on the market), a list of its

More Details? CHECK — OFF Page 142



performance characteristics should
spark the imagination of those ama-
teurs who are still interested in build-
ing their own receivers.

The Rohde & Schwarz prototype
is a frequency-synthesized, double-
conversion communications receiver
covering the range from 10 kHz to 32
MHz in steps of 100 Hz, selectable by
thumbwheel switches. In addition,
the receiver is fine-tuneable + 500 Hz
from any preselected frequency set
by the thumbwheel switches!

In operation, a signal is received by
an /nternal active antenna or from
either of the two external antenna
input terminals and applied through
switchable filters to a high-power,
double-balanced mixer where it is
converted to the first i-f at 41 MHz.

The first i-f signal is amplified by a
push-pull, low-noise fet amplifier,
passed through a +3.5 kHz band-
width crystal filter, and delivered to
another high-power, double-
balanced mixer where it is converted
to the second i-f at 455 kHz.

The output signal from the second
i-f is fed into a low-noise, power fet
and a diode circuit, and then through
selectable mechanical filters. The
signal is then demodulated by either
the ssb/CW product detector or the
a-m detector, depending upon the
receive mode desired. Two independ-
ent agc circuits provide fast-attack
slow-decay characteristics (hang
agc) for ssb/CW or medium response
for a-m reception,

The audio amplifier has a built-in
limiter and an active CW filter for
improved reception. Audio output is
through a built-in speaker, or may be
taken from a rear panel connector. A
rechargeable, built-in Ni-Cad battery
power supply provides for five hours
of continuous operation. An external
power supply may be plugged in, if
desired; requirements are 13.5 volts
minimum, 24 volts maximum; nomi-
nal current drain is only 250
milliamperes.

Frequency stability is +1 ppm,
internal, or an external frequency

More Details? CHECK — OFF Page 142
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...every towerin
the world should be
made this good.

Once in a while something really big
comes along like Tri-Ex’s all new W-80 Joblg
we decided to call it the “Big W".
it's the big one of Tri-Ex's “W" Series
tow.é:'rl the W-51. A
y on was . A superb per-
former and very popular still.
Last year came the W-67. Higher, bigger,

stror'lfer.
ow the W-80, Tri-Ex’s “Big W" tower.
Excellent Performance

Provides good DX capability at low
costs. And if you're watching the sunspot
cycle—it's now on an upswing for better than
a transmission and ion.

“Big W” is a free-standing, crank-up
tower that goes a full 80-feet up. You can
lower it with relative ease under windy condi-
tions using “Big W’'s” comfortably positive
pull-down cable to protect your antenna load.

inherently Strong

As with all “W" Serles towers, the W-80 is
made of hl&h strength steel tubing logs with
solid rod “W” bracing. Stable? You bet!

Hot dipped galvanized after fabrication.
Long lasting. Five sections. Included is a free
rlgl base mount. And the top plate is pre-
drilled for a TB-2 thrust boarlna.

Is Tri-Ex’s “Big W” your kind of tower?
Better believe it! Write today or see your
nearest dealer. Ask about the W-80. It’s real.

NEW
“BIG W”

ri=Ex
TOWER CORPORATION

7182 Rasmussen Avenue, Visalia, California 93277
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Mini

@Al Metal Cabinet @ Crystal Time Base
@8 Digit 4 LED Disploy ®115V or 12V Operation
®input Cable Included ®Push Button Controls

7208 COUNTER s
ounter - N

60 MHz il milye

600 MHz T [
E [— - »

{with optional prescaler) [—

-_—
CGeneral Purpose Low Cost Counter Without the Sacnifice of Basic Performance

“Check the features we have that some other low cost counters don't have.”

®12V Input Jack ® Gate Light ®Sansitivity €10 MY
1-800-828-7422
7208 60 MHz Kit ....... $119.95 Assembled .... 169.95 = e
720BA 600 MHz Kit.. $149.95 Assembled ... 199.95 N 54

L m[ﬂ[‘]“ﬁ DAVIS ELECTRONICS 636 Sheridan Dr., Tonawanda, NY 14150 716/874-5848

® Completely Auto Decimal Paint

@ Selectible Gate Times (1 sec & .1 sec) .

& State of the Art LS| Circuitry ORDER NOW
Call Toll Free

P A

Lou Anciaux, WB6NMT; Chip Angle, N6CA; and
Carla Witmer, the people of Lunar Electronics,
makers of linearized amps, pre amps, counter-gener-
ators, and mobile antennas.

Lunar is a new company, but Lou and Chip are
experienced hams, and skilled electronic engineers,
with new ideas for providing better products for the
ham. Like Lunar's 2M 10-80P. A 2 meter amplifier/
preamplifier.

The perfect combination of Power Amplifier and
Receiver Preamplifier. The SCS 2M 10-80L Power
Amp and “Anglelinear” 144 Preamp in a single,
functionally designed package. Features include ten
watts input—eighty watts output, harmonic reduc-
tion exceeding 60 dB, variable T-R delay for CW/
5SB, and Preamplifier selectable independent of
power amplifier. Introductory price $189.95
LUNAR PREAMPS

Originally developed by Chip Angle, the Angle-
linear receiving preamplifiers meet the most de-
manding needs where low noise is important.

MEET THE AMATEUR
POWER HOUSE GANG!

"

Several models available from $34.95

NEW MODEL DX-555P COUNTER GENERATOR with
preselector.

Two vital pieces of test equipment in one. Counter
has 5 digit display with 7 digit readout capability.
30+ MHz basic counter (220+ MHz with pre-
sealer). Generator output displayed on counter use-
ful as accurate signal generator

DX “)” ANTENNA

Perfected by W6DXJ, this is without doubt the
finest antenna of its type. The rugged construction,
quality components, and gold aldonized aluminum
radiators ensure peak efficiency under all operating
conditions. Standard model $29.95. Collapsible
model $34.95.

For complete description and specifications,
see your Lunar dealer (listed below) or write for
brochure.

See the new VHF/UHF Transverter System at SAROC,
Booth #82.

DEALERS: Ron Com 820 Whittier Drave, Beverly Hills, CA 90210 « Ham Radio Oul
let, 2620 W. La Palma Avenge, Anahesm, CA 32801 - Gary Raduo, 8199 Clai eenoni
Mesa Bivd . San Diego, CA 92111 - Buddy Sales, 18552 Sherman Way, Reseca, CA
F1335 « Help Radeg, 1055 Liberty Streel, Jacksonwdlie, FL 37706 - Burbank Ebec
tronecs, 7308 Magnoka Avenwe, Barbank, CA 91506 - CW Electronics, PO Bos
B0, Van Muyt, CA 91809 - ing Hanses Bauer NG Morsthalstrabe B, Postach
7381, 86 Bamberg. West Germany « Emona Electronics, Room 208/661 George
Streel, Sydmey, Mew South Wales Ausirabia + Hobby ML 14 Country Club Rosd
Worwalh, CN OGBS - Radso Weat, 3417 Puier Read, Dicondhia, CA 57075 » Gav
mam Lopes & CA, Av Fornso de Magaitaes, BS0 Porta, Portugal < O P Electronic
Boglnkeve) | Rraghaue, 4500 Nyhohing FI Deamark < C & G Industries. [040
Pryoe Steeel, Amardio, T1 19104 - Spactromcy, inc, 1009 Garfwid Street, Chacago,
1l G0304 « Will Go Shops, Inc., 500 Bift Yiew Doive, Bellawe Biyfly, FL 33540 «
Yucca Asociates, Inc « 1605 Beach, Swie G E1 Pasa, TR 79925 - Henry Radm,
11240 W Diympec Bivd | Les Angeles, CA 90064 - Booneville Saw Co., 307 S Lake
Stiwel, Boosewille, M5 JBE9 - Srepa Electronacs, 114 Leo Street, Dayton. Oheo
45404 + The Watt Shop. 410 Hiida Street, Oregon City, DR 57045 - Multyphase
Flectromscs, 116 Haddon Avemue, Collingseood. M) 0E108 « Spectium Intes
national, I, PO Box 1084, Concord, MA 01747 - Mohe Flectronics, 7515 Geyer

Springs Road, Little Roch, AR T2209 - George | Crope, 1317 Gordon Streel, Lia
s MIARSID -

rea distributor: Amplidiers West 2292 Sycamare Drive, Simi Valley, CA 53085 -
Pamamericana de Commumcaciones CA. PO Bos 16091, Carscas Veweruels
« Tycol Communications, Roule 3, MU Ay, MD 71771 - Slade Communetatiom,
71 Barmmeadow Rosd, Gateacre, 175 4 UG UK - Rados Unlimited, B6 Bakch
Avenue, Prscatimay, N) D0BSA - Apache Asto Machine, BE25 N Central, Phosni
A 85022 -

Best wishes for a Merry New Year!

“e KUNAR

BTz ETREET

ctronics ...

standard may be plugged in to pro-
vide laboratory-grade stability. Image
i-f rejection is greater than 70 dB,
independent of frequency setting,
and adjacent-channel selectivity is
high because of the mechanical
filters in the second i-f, and the
active audio filter (CW).

Reception modes are LSB, USB,
CW, RTTY, and a-m. The noise figure
is 10 dB; sensitiivity is 0.3 pvolt for a
10 dB S/N ratio (ssb), and 1 pvolt
(a-m).

This little receiver, barely a double
handful, features an active antenna
horizontally or vertically polarizable,
meaning that no external antenna is
required for most applications! It is
designed for long-range monitoring,
broadcast reception, public activi-
ties, press, military, coastal services,
ships, time signals, and many other
radio services.

Ten-Tec Triton IV
Digital Transceiver

All of the good features of the
Triton IV appear in the Triton IV
digital, with the added benefits of a
built-in digital frequency display, plus
a new zero-beat switch.

The Model 544, as the Triton IV
digital transceiver is known, in-
corporates a six-digit display with
0.43-inch (11mm) high numerals in
red, except for the least significant
digit (hundreds of hertz) which is in
green.

The frequency-counter circuit was
the latest large-scale integrated cir-
cuit available for this function, and
CMOS medium-scale ICs for the re-
maining requirements.

All crystal-tolerance deviations in
the vfo mixer oscillators are ac-
counted for in the final reading since
the counter is fed from the vfo out-
put. The remaining error from the
carrier oscillator is adjusted out by
setting the time-base gating oscillator
while receiving WWYV, assuring band-
to-band accuracy.

When used with Ten-Tec's Model
242 remote vfo, the display indicates



the vfo inuse at the time, whether it
be the internal or the remote vfo.

The Model 544 has incorporated a
zero-beat switch on the rf control. By
pulling the knob out, engaging the
switch, it is possible to zero beat an
incoming CW signal, putting the
transmitter on exactly the same fre-
quency. This eliminates the need to
tune to a 750-kHz beat note, as in the
case with the Triton IV.

Specifications for the digital Model
544 are identical with those for the
Model 540 Triton IV, with these ex-
ceptions and additions:

Frequency accuracy: + / — 200 Hz.
Receiver power

required: 12-14 volts dc,
@ 1 ampere.
Semiconductors; 1LSI; 191Cs;
63 Transistors;
33 diodes.

Zero-beat switch on rf control.
No crystal calibrator included (or
necessary).

The suggested Amateur Net Price
is $869. For additional information,
write Ten-Tec, Inc., Servierville,
Tennessee 37862.

new rf and microwave
semiconductor catalog
from Hewlett-Packard

A new 128-page diode and transis-
tor designer’s catalog from Hewlett-
Packard contains complete product
specifications and design data for
H-P’s line of rf and microwave semi-
conductors. This 7-page catalog in-
cludes Schottky diodes, signal-con-
trol diodes, microwave-source
diodes, devices for hybrid integrated
circuits, military-approved devices,
microwave transistors, and inte-
grated-circuit  products such as
double balanced mixers and comb
generators.

A numerical index lists each com-
ponent by part number. A selection
quide for each product group helps
the designer easily choose a specific
device. Appropriate application notes
and bulletins are listed at the end of
the catalog. The Hewlett-Packard

More Details? CHECK — OFF Page 142

- SCR 1000 ~

SIMPLY THE FINEST

IN VHF FM REPEATERS!

2M & NOW 220 MHz!

Optional Cabinet $130.00

Quality Speaks For Itself —

See what our customers have to say about the
quality & performance of the SCR 1000:

“ .. The quality of the audio is unbelievable
— a true reproduction of the input. It really
does sound like simplex. The receiver sen-
sitivity of our Spectrum system is at least
twice the Motorola system we had in ser-
vice, We have 24 Watts out of our Sinclair
Duplexer. We all have fallen in love with
your machine . .. Again, thank you for an ex-
cellent piece of equipment. We are certainly
glad that we purchased a Spectrum 1000
Repeater.”

Jim Wood W3WJK

Trustee WR3AHE

Butler County Amateur FM Assoc,
Mars PA 16046

‘“We are quite pleased with the operation of
the repeater and are very proud of it. Thanks
for producing such a fine product.”
D. Totel WINJM
Wheatan Community Radio Amateurs, Inc.
Chicago area
“During the first part of the year | bought a repeater from your firm and | thought
you might be interested to know it is working out just fine. You have a product
that more than meets the specifications you claim . . . In the receiver you have a
winner, the intermod is negligible . .. We have many other repeaters both amateur
and commercial in the area and as of yet no problem . .. In closing, | would like to
thank you for producing a product that does what is expected of it. In this world
one seldom gets what he pays for; | feel our group has bought and received our
moneys worth.”

Jim Todd WASHTT
Dallas TX

= The SCR 1000 — the finest repeater available on the amateur market . . . often
compared to “‘commercial’ units selling for 3-4 times the price! This is a 30Wt.
unit, with a very sensitive & selective receiver. Included is a built-in AC Supply,
CW IDer, full metering and lighted status indicators/control push-buttons,
crystals, local mic, etc. Also, jacks for emergency power, remote control,
autopatch, etc.

* Custom options available: Duplexers, Cable, ‘PL’, HI/LO Power, Autopatch,
Racks, etc. Inquire.

« The Spec Comm Repeater System . .. a sound investment . . . available only by
direct factory order. $950.00 Amateur Net. Commercial price somewhat higher.

» Repeater Boards & Assemblies Also Available: Inquire.

Call or write today and get the details! Send for Data Sheets!

SPECTRUM COMMUNICATIONS
- /

1055 W. Germantown Pk., Norristown PA 19401 (215) 631-1710
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lets you adjust your antenna quickly for maximum
performance. Measure resonant frequency, radia-
tion resistance and reactance. Exclusive range

‘This MFJ RF Noise Bridge . . .|

o Mo

MFJ RF NOISE BRIDGE :
— T r—

This new MFJ-202 RF Noise Bridge lets you
quickly adjust your single ar multiband dipole, in
verted Vee, beam, vertical, mobile whip or random
system for maximum perlormance

Tells resonant frequency and whether to shorten
or lengthen your antenna for minimum SWR over
any portion of a band

MFJ's exclusive range extender (included) and
expanded capacitance range (£ 150 pf) gives un
paralleled impedance measurements from 1 fo
100 MHz

Works with any receiver or transceiver. S0-239
connectors. 2 x 3 x 4 inches. 9 volt battery

Other uses: tune transmatch; adjust tuned cir
cuits, measure inductance, RF impedance of ampli
liers, baluns, transtormers, electrical length, velo
city factor, impedance of coax; synthesize RF im
Lpeﬂam:es. with transmatch and dummy load

extender and expanded capacitance range gives
you much extended measuring range.

49

Order from MFJ and try it — no obligation. If
not delighted, return it within 30 days for a refund
(less shipping). This bridge 1s unconditionally
guaranteed lor one year

To order, simply call us toll free 800-647-8660
and charge it on your VISA or Master Charge or
mail us a check or money order for $49.95 plus
$2.00 for shipping and handling

Don't wail any longer to enjoy maximum an
lenna perlormance. Order today

MFJ ENTERPRISES

P. O. BOX 494
MISSISSIPPI STATE, MS. 39762
CALL TOLL FREE .... 800-647-8660

For technical information, order and repair status,
and in Mississippi, call 601-323-5869. )

DICK EXPERIENCE the Ultimate BOB
Ll in Scanners el

- The Touch.
by T ey,

IST "
SIS our price

$ 27900

« QOver 15,000 frequencies at your fingertips
» Scans the Channels in 1.3 Seconds
« Special Weather Alert* and Priority Scan leatures

LAFAYETTE RADIO ELECTRONICS Svore
@R 15! WY 1792 MATLAND, FL 32751

AMECO * ARRL BOOKS * ASTATIC * B & W » BEARCAT
* CALLBOOK * CDEHAM Ill « CUSHCRAFT * DENTRON
* HALLICRAFTERS ®* HY-GAIN * KLM ¢ LARSEN
*MALLORY ¢ J. W. MILLER * MOSLEY * NPC POWER
SUPPLIES * SHURE * W2AU BALUN * MORE TO COME!

Orlando’s Most Complete Stock of Electronic Hardware

Transistors ® Diodes # Integrated Circuits ® Variable Capacitors * Connectors * Audio Cables
* Variable Resistors * Antenna Wire * RG-8/U Coax (foam) * Rotor Cable * Steel Mast
* Ceramic Insulators ®* and much more

LAFAYETTE RADIO ELECTRONICS

1811 N. HWY 17-92, MAITLAND, FL. 32751
“ (Near Orlando)
305-831-2271

ASSOC.
STORE

[ e ]
R o 12y

1977 diode and transistor designer’s
catalog is available free of charge. For
a copy, mail your request to Inquiries
Manager, Hewlett-Packard Com-
pany, 1501 Page Mill Road, Palo
Alto, California 94304. Ask for pub-
lication 5952-9825.

six-digit frequency
counter

A full feature, low-cost 30-MHz
portable frequency counter has just
been announced by B&K-Precision,
Dynascan Corporation. Designated
Model 1827, the frequency counter's
low cost, versatility and ease of
operation make the concept of a con-
sumer's frequency counter a reality.
Not much larger than a pocket cal-
culator, the model 1827 offers a full
six-digit LED display and guaranteed
operation to 30-Mhz, with 1-Hz
resolution.

Broad range of optional acces-
sories gives the model 1827 versa-
tility. An optional signal tap al-
lows the 1827 to monitor continually
the output frequency of a 23- or 40-
channel CB transceiver without
affecting normal set operation. The
signal tap is rated at 100 watts, so it
can also be used with amateur radio
transmitters. Other optional acces-
sories include rechargeable batteries
and an ac adapter-charger, an under-
dash or under-shelf mounting brac-
ket, accessory pickup antenna (for
use near portable transceivers),
general purpose input clip-lead, and
vinyl carrying case.

The B&K-Precision Model 1827



provides full autoranging operation or
it can be switched to a 1-second posi-
tion for 1-Hz resolution — even while
measuring CB radio frequencies.
Decimal-point position is automatic
as is a MHz/kHz indication. An ex-
clusive battery saver feature shuts off
power to the LED display after 15
seconds of operation. A touch of the
DISPLAY button restores the display
for another 15 seconds. When
operated by an external power
source, dc or ac, the display remains
on continuously.

The model 1827 can be powered
for more than 8 hours of normal use
by ordinary AA batteries or by re-
chargeable nickel-cadmium bat-
teries. With appropriate accessories,
the 1827 will also operate from either
external 6.7-9.7 Vdc (for mobile op-
eration) or 110 Vac. Batteries are not
required when external power is
used.

The 1827 uses a custom LSI inte-
grated circuit that was designed by
B&K-Precision in cooperation with a
major semiconductor manufacturer.
The model 1827 will be available at
local distributors shortly.

For additional information, contact
B&K-Precision, Dynascan Corpora-
tion, 6460 West Cortland Avenue,
Chicago, lllinois 60635.

improved television
game crystal

The smallest 3.579545 MHz quartz
crystal for television games, the new
Sentry Model SGP-18, has been
developed and introduced by Sentry
Manufacturing Company, Chickasha,
Oklahoma, a precision frequency-
control industry leader in quality

More Details? CHECK — OFF Page 142

VLF CONVERTER

New device opens up the world of Very Low Frequency radio.

Gives reception of the 1750 meter band at 160-190 KHz
where transmitters of one watt power can be operated
without FCC license.

Also covers the navigation radiobeacon band, standard
frequency broadcasts, ship-to-shore communications, and
the European low frequency broadcast band.

The converter moves all these signals to the 80 meter amateur
band where they can be tuned in on an ordinary shortwave
receiver.

The converter is simple to use and has no tuning adjustments.
Tuning of VLF signals is done entirely by the receiver which
picks up 10 KHz signals at 3510 KHz, 100 KHZ signals at 3600
KHz, 500 KHz signals at 4000 KHz.

The VLF converter has crystal control for accurate frequency
conversion, a low noise rf amplifier for high sensitivity, and a
multipole filter to cut broadcast and 80 meter interference.

All this performance is packed into asmall 3'' x 1'2'" x 6'" die
cast aluminum case with UHF (SO-239) connectors.

The unique Palomar Engineers circuit eliminates the complex
bandswitching and tuning adjustments usually found in VLF
converters. Free descriptive brochure sent on request.

Order direct. VLF Converter $55.00 postpaid in U.S. and
Canada. California residents add sales tax.

Explore the interesting world of VLF. Order your converter
today! Send check or money order to:

PALOMAR ENGINEERS

P.O. Box 455, ESCONDIDO, CA. 92025 — Phone [714] 747-3343
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ALL-MIODE VHF
amplifiers

FORBASESTATION & REPEATER USE

| MODEL ‘ INPUT | OUTPUT | PRICE |
V70 10-20W B0-70W $298
V71 1-5W 60-70W 5329
V130 | 25-40W | 110-130W 389
vial 1-6W 110-130W $419
V136 5-10W | 110130W 5419
V180 10-15W | 1BO-200W $525
Uriversal 19" Rack Mournt $25

* All units: Harmonics exceed
— 60 dB specification of FCC
R&O 20777

v+ 115 0r 230V AC

: B0dB Spurious

s Fully Protected Output
¥+ Internal T/R Switch

v U.S. Manufactured
v+ 19” Rack Panel Option
r Size81/2x13x7"H

= 143-149 MHz No Tuning
: AM - FM - CW - SSB

“: Low Harmonics

7= Heavy Duty

* No Power Supply Needed

t lluminated Panel Meter
+13.5V/3 Amp Socket

Only two things are needed to put this power house on the air with your
handy-lalky or mobile transceiver: a two foot piece of coaxial cable and a
115 or 230 volt AC outletl. That's all. You do not need anything else. The
mobile transceiver can be powered directly from the accessory socket
located in the rear panel ol the RFPL amplifier. It puts out + 13.5 volts at 3
amperes. This is sufficient for powering most 15 watt transceivers

- visa
e ! DEALER INQUIRIES INVITED
™™ “(?j
7' RFPOWER LABS, INC.
11013 1181h Place N E » Kirkland, Washington S8033 « Telephone (206) 8221251 « TELEX No 321042

POWER

FREE CATALOG

K-ENTERPRISES
ncoin it P g HARD-TO-FIND PRECISION TOOLS
M.‘-m ‘ P'.klw me Lists ll.lll!F than 3000 items ||1u|:\. n::;u'v: Iulr‘vl
Generalors snm’ strippers, vacuum systems, relay lools, optic

equipment, fool kits and cases. Also Includes ten
pages o useful “Tool Tips™ 1o aid in tool selection

N TooLs & Allo

Tempe Ar B

Write for Free Catalog
Box 410 (N.W. of town) Fairland, OK 74343
Phone: 918-675.3752

VS

TE

| e

1 pIE T D

* Boost Gain 6dB or More
* Reduce Front-End Noise
* Protect Against Voltage
Spikes
* No Solderingt. No
Alignment
* Recommended by
Fox Tango Club
* Satisfaction ;
Guaranteed -~
JUST REPLACE EXISTING FET WITH OUR HIGH.GAIN MOTOROLA DIODE.PROTECTED FT-FET
ALL MODELS tEXCEPT OLDEST MODELS
Fpot,
I
L

F T ACCESSORIES ONLY 5300 JMRMAIL  FREE CATALOG

DIVISION OF FOX TANGO CORPORATION OVERSEAS NY RESIDENTS
FNT BOX 274, BRONX, N. Y. 10463 ADD $1  ADD SALES TAX.
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communications and quartz time-
base crystals.

Other specific applications of the
new Sentry crystal include amateur
radio equipment, pocket-pagers and
other telecommunications equipment.

The new Sentry Model SGP-18
offers significant improvements over
conventional plastic-packaged, color-
burst crystals. Key advantages in-
clude improved circuit density and
gold plating for greater long-term
stability.

The new crystal exceeds MIL-C-
3098 specifications for quartz-crystal
units and complies with military type
designation CR-64/U. The crystal
measures 0.147 in. (3.73mm) deep,
0.399 in. (10.13mm) wide, and 0.510
in. (12.95mm) long. Total volume is
only 0.0364 in.3 (5.9710mm3).

Additional technical information
and samples of the new Sentry SGP-
18 miniature quartz crystal are avail-
able from the Sales Department,
Sentry Manufacturing Company,
Crystal Park, Chickasha, Oklahoma
73018.

smallest quartz crystal

[

The world’s smallest commercial
quartz crystal, the new Sentry Model
S-45, has been developed and intro-
duced by Sentry Manufacturing
Company, Chickasha, Oklahoma, a
precision frequency-control industry
leader in quality communications and
quartz time-base crystals.

Available in 6-25 MHz fundamental
frequencies and 18-125 MHz over-
tone frequencies, the new Sentry
S-45 was specifically designed for
hand-held pagers, miniature CB
transceivers, and other size-critical

More Details? CHECK — OFF Page 142



applications requiring precision fre-
quency control.

Dimensions of the new Sentry
Model S-45 crystal include a depth of
only 0.078 in. (1.98 mm), a width of
0.275 in. (6.98mm), a length of 0.285
in. (7.24mm), and total volume of
just 0.0077 in.3 (0.1263cm3). Gold-
plated and mounted in a hermetically
sealed metal holder, the new crystal
meets or exceeds MIL-C-3098 speci-
fications for quartz-crystal units.

Additional technical information
and samples of the Sentry S-45
subminiature quartz crystal are avail-
able from the Sales Department,
Sentry Manufacturing Company,
Crystal Park, Chickasha, Oklahoma
73018.

transistor and fet
analyzer

TF48 PORTABLE
Surer Cricker

TRANSISTOR & FET TESTER

Sencore announces the new TF-46
portable Cricket tester, especially
designed for transistor and FET
testing in the field or at the bench.
The battery-operated portable tester
automatically turns off after 20 min-
utes of operation to extend battery
life. At the bench, the TF46 plugs
into a $9.95 power adapter (PA202)
that automatically bypasses the
power-off feature, so you don't have

More Details? CHECK — OFF Page 142

f HR-2B

-

egency
the first name in solid state ®
THE FM LEADER

2 METER $538 220 MH; Ot
GMETER L 7 440 MH;

>

FEATURING THE...

The Master in 2 Meter FM

Positive performance at a
practical price makes our
HR-2B tops on 2 meters.
Individual trimmer capacitors
give bull's-eye accuracy for
working repeaters or point-to-
point. The .354V sensitivity and
Hi/Lo power switch insure your
hearing and being heard . . . clearly
and reliably . . . the Regency way. /

12 Channels
15 Watts
$22900 Amateur Net

f. HR-440

...AND THE

UHF—The Ultimate in FM

440 is fresh . . . it's new . ..
and with our HR 440 you can
use UHF without using-up your
budget. So, pioneer some new
ground! Put a compact HR 440
under your dash or at your desk.
12 Channels It's the best way to usher yourself
10 Watts into UHF.

$34900 Amateur Net /

— E- eﬁ‘%CH_ ELECTRONICS, INC. 7707 Records Street

Indianapolis, Indiana 46226
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““THE PROFESSIONALS”’

WEUIS ELECTRONICS

500 MHz e

COUNTERS i

to turn the tester back on after every
20 minutes of use.

The TF46 is the first and only
completely automatic transistor
analyzer that Sencore has designed,
with each function designed to test
exactly what is labeled on the control

The CTR-2 Series Counters are designed and built to the highest standards to fulfill the
needs of commercial commumecations engineering labs and serious expenmentors, With an knob and kaShbklttons' TI]B TFaG
accuracy of + .00005% (oven option) the CTR 2 can handle the most critical measurements automalically determines transiler
and s about half the cost of other commercial counters, B R
If vou need a reliable counter at an atfordable price, the CTR 2 is the answer and FET Iead CO”HBC“O”S, transis-
: istor lari whether
e 8 Digit .3" LED Display e Input Diode Protected tor type, transistor polarity, whethe
® High Stability TCXO Time Base ® | 2V-DC Operation (Optional) the transistor is good or bad, plus all
® Built-in VHF-UHF Prescaler ® Oven Controlled Crystal (Optional) parameter tests such as actual gain
e Automatic Dp Placement +.5 ppm d leak
e TCXO Std. £ 2 ppm ® Selectible Gate Times ana leakages. ’
The TF46 was especially made to
CTR-2-500 CTR-2-1000 be portable to expand complete
RANGE 10 Hz to 512 MHz 10 Hz to > 1000 MHz transistor testing at hard-to-get-to
500 MHz Kit CTR 2-500K : $249 95 places, such as aircraft, boats, com-
500 MHz Assembled CTR 2 500A 349 95 : i H H z
G kit CTHS 100K 908 95 mun!catlons equipment In auto
1 GHz Assernbled CTR 2 1000A 549 .95 mobiles and trucks, computers,
{OPTIONS) \OPTIONS) T switchboards, and the thousand-
{02) Oven Crystal $49.95 {04) 12V DC $10.00 ’m ’
(03) 43" LED 10.00 (05) 10 sec. Time Base 10.00 and-one other places that have
ORDE R NOW : 2
ﬁ{qmﬂﬁ @ W Tl ree permanent installations but where
N ) S THOREHRHAA2 complete solid-state testing is essen-
DAVIS ELECTRONICS 636 Sheridan Dr., Tona., N.Y. 14150 716/874-5848 i’ tial. The TF46 sells for $195, $45.00

less than the earlier model TF30
Super Cricket, which didn’t have the

universaL ) RS

For more information on the new

10's OF THOUSANDS
OF CRYSTALS

TUWERS TF-46, write Sencore, 3200 Sencore
,” STOCK’ FREE STANDING | Drive, Sioux Falls, South Dakota
e ALUMINUM TOWER)| 67107.
10° to 100°
;CI]“NH#S: Prices from N o -
NI $128.00 (30') § ) hf and vhf signal
AMATEUR MOST &

generator IC
HAM

2METER

CB

STANDARD

POPULAR

HAM TOWER

EVER MADE!

REQUEST

NEW CATALOG

OF R, } e s 1)
TOWERS & A frequency synthesizer that uses
ANTENNAS digital phase-locked-loop techniques
to generate radio frequency signals in
the hf and vhf range is now avail-
able as a large-scale integrated cir-

Communication Specialists

Midwest Ham Headgquarters
For Over 38 Years : z -
HAMS! Write For Free C cuit (LSI) from Signetics.

and Wholesale Prices/ With low-power Schottky and

Immediate dalivery on most frequencies!
OTHERS ARE SPECIAL DRDER

CRYSTAL BANKING SERVICE
P.0. BOX 683
LYNNFIELD, MASSACHUSETTS
01540

Electronic Distributors, Inc.
1960 Peck Muskegon, MI 49441
Tel: 616-726-3196 TELEX: 22-8411

emitter-coupled logic (ECL) technolo-
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gies integrated into a single sub-
strate, the new Signetics circuit,
designated 8X08, operates at 80 MHz
input with a typical power of 1.6 mW
per gate.

The 8X08 incorporates an on-
board reference crystal oscillator and
an ECL prescaler. The new frequency
synthesizer should have major appli-
cations in the design of aircraft and
marine radio equipment, in instru-
mentation circuits such as signal gen-
eration in test equipment, and in
synthesized a-m/fm radios.

The 8X08 provides the major func-
tional elements of a phase-locked-
loop frequency synthesizer within a
single LSI device. A VCO and loop
filter are all that are required to com-
plete the synthesizer circuit. The
8X08 contains all other major func-
tional blocks, including a fixed-
frequency reference oscillator and
divider chain, a phase comparator,
and a programmable counter chain
for channel selection.

The fixed prescaler for the fm
input is a key to the design, since the
prescaler is required in phase-locked
loops where very high frequencies are
to be generated in order to divide the
local oscillator frequency to a fre-
quency compatible with the program-
mable counter.

In the 8X08, the ECL prescaler
makes programmable channel spac-
ing possible to 100 kHz for fm re-
ceiver local-oscillator signal genera-
tion when using a 3.6-MHz reference
oscillator crystal and an external
divide-by-two circuit. Two-thousand
channels are possible when using
the fm input. Operating features in-
clude maximum power dissipation of
680 mW with a single 5-volt power
supply.

The 8X08 a-m/fm-frequency
synthesizer is available in an 18-pin
package from Signetics and its au-
thorized distributors. Price is $13.65
each in quantities of one hundred.

For further information, contact
Signetics, 811 East Arques Avenue,
Sunnyvale, California 94086.

More Details? CHECK — OFF Page 142

LATEST

GEAR FROM
WESTCOM

Ruggedized
2 meter VHF
amplifiers

An add-on unit, no internal connections or adjustments required lo associated
equipment. Standard Amplifier Models operale FM. Linear Models operate all modes:
S5B, FM, AM, RTTY, CW, etc. “Microstrip” design provides high stability and optimum
performance over wide band-width. Factory adjusted, no tuning required. Mobile
mounting bracket included. RF sensing T/R switching, adjustable dropout delay. Re-
mote keying capability. Thermally coupled biasing. Reverse Voltage protected and
fused. Conservatively rated with oversized heat sink. Red LED indicators for monitor-
ing DC and RF. VSWR protected — Ninety day matenal and workmanship warranty

INPUT NOM NOM
MODEL POWER OUTPUT CURRENT
NO. (watts) (watts)  13.8 VDC PRICE
2M 15XL50L" 2-15 50 B8 $ 9495
2M 15X80 5-15 80 T $129.95
2M 15X80L" 2-15 BO 11 $139.95

NOTES: “Linear; AM, CW, FM, SSB, RTTY. Linear models work well
with low power transmitters of 2-3 watts to yield 20-30 w output
size: 4Vs x 5% x 2%
technical specilications and data subject to change without notice

Ruggedized DC Power Supplies
Ideal for VHF Amplifiers

105-125 VAC, 50/60 Hz
Fold back current limiting
13.8 VDC + .05V

UL listed & computer grade components
One year warranty

5 mV peak-peak max ripple

"8 8 00

RS-12A $74.95 RS-20A $89.95

9 ADC Continuous 16 ADC Continuous

12 ADC Intermittent 20 ADC Intermittant
Recommended for up to Recommended for up to
80 W amp’s 120 W amp's

10 day money back guaranlee
Full satisfaction guaranteed
Factory warranty on all items

Master Charge & B of A
Check with order or COD
We ship prepaid in USA

daalership nguines nwled

WESTCOM

ENGINEERING

1320 Grand Avenue San Marcos,
Callfomia 92069 (714) 744-0700
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ot e B || — | |RANDOM WIRE ANTENNA TUNER

All band operation (160-10 meters)
with any random length of wire.
200 watt output power capa-
bility —will work with virtually any
transceiver. Ideal for portable or
home operation. Great for apart-
ments and hotel rooms—simply
run a wire inside, out a window, or
anyplace available. Toroid induct-
or for small size: 4-1/4" X 2-3/8”
X 3.” Built-in neon tune-up indi-
cator. SO-239 connector. Attract-
ive bronze finished enclosure.

only $29. 95

sst t-2 ULTRA TUNER

Tunes out SWR on any coax fed antenna as well as random
wires. Works great on all bands (160-10 meters) with any
transceiver running up to 200 watts power output.

Increases usable bandwidth of any antenna. Tunes out SWR |
on mobile whips from inside your car,

Uses toroid inductor and specially made capacitors for
small size: 5%" x 24" x 215" Rugged, yet compact.
Attractive bronze finished enclosure. SO-239 coax con-
nectors are used for transmitter input and coax fed
antennas. Convenient binding posts are provided for ran-
dom wire and ground connections.

only $49.95

sst t-3
IMPEDANCE TRANSFORMER

Matches 52 ohm coax to the lower impedance of a mobile
whip or vertical. 12 position switch with taps spread
between 3 and 52 ohms. Broadband from 1-30 MHz. Will
work with virtually any transceiver— 300 watt output power
capability. SO-239 connectors. Toroid inductor for small
size: 2-3/4” X 27 X 2-1/4.” Attractive bronze finish.

only $1 9.95

GUARANTEE you are not satisfied for any reason. Please add $2 for shipping

All SST products are guaranteed for 1 year. In addition, they may  and handling. Calif. residents, please add sales tax. COD orders
be returned within 10 days for a full refund (less shipping) if OK by phone.

ELECTRONICS

P.O.BOX 1 LAWNDALE, CALIF.
S0260 - (213) 376-5887 s10

108 january 1978 More Details? CHECK — OFF Page 142



Compare the Atlas 350-XL
with other transceivers . . .

TYPE ALL SOLID STATE —VBRID (VACUUM TUBEPA]

mopeL | ATLAS TEN YAESU | DRAKE | HY-GAIN | KENWOOD | TEMPO
350-XL TEC FT.301 | TR4CW | 3750 | TS-820 | 2020

INPUT 350 e i ¥on i Lo ] '

power | warrs | 200 200 30 | 200 200 180

BANDS | 10-160M lg[fﬂ“gﬂ 10160M | 1080M | 10-180M | 10-160M | 10:80M

. . . and see why it's your best buy!

Above is a chart comparing leading HF Transceivers
that fall in approximately the same price range as
the Atlas 350-XL. The Drake TR4-CW is least ex-
pensive, while the HY-Gain 3750 is the highest.
Rated power input (SSB) and bands covered are
listed in the chart, but below is a discussion on a
number of other interesting comparisons which will
help you choose the right transceiver for your
station.

1. STATE-OF-THE-ART, ALL

SOLID STATE

The first 3 transceivers listed above are all solid
state. The real designs of the future! Having manu-
tactured and sold over 12,000 of our little 210x/
215x's, we can attest to the high performance and
rehability of all solid state design. Tubes for the
driver and P.A., with their tuning circuits and high
voltage power supplies are rapidly becoming obso-
lete. As a result their resale value will be declining.

2.POWER RATING.

The higher power rating on the 350-XL provides
you with a comfortable edge over the others. Run-
ning barefoot you can easily ride over the com-
petition, If you're driving a linear you don’t have to
strain for every bit of drive from the transceiver. It
can loaf alang with ease. The 350 watt input rating
is really very conservative. Typical input power runs
upwards of 400 to 450 watts without flat-topping.
Considerably more than the others.

3. BAND COVERAGE

Not only does the 350-XL cover the 10 through 160
meter bands (including all of 10 meters in four 500
kHz segments), but one of its exclusive features is
that you can install up to 10 auxiliary 500 kHz
ranges anywhere from 2 to 5 MHz, and from 6 to
23 MHz. This gives you great flexibility for MARS
operation and possible future amateur bands. Crys-
tals for Auxiliary Ranges are installed internally. In
addition, the 350-XL provides receptian of WWV at
5, 10. and 15 MHz, without having to add any aux-
iliary range crystals

4. DIGITAL FREQUENCY READOUT
On the 350-XL. the optional Digital Dial can be in-
stalled, and you still retain the conventional analog
dial, with the option of switching the digital dial off
if you wish. With the Ten-Tec or Yaesu 301, you
lose the analog dial it you purchase the digital dial
model, making you totally dependent on the digital
dial.

5. FULL BREAK-IN CW
Only two rigs offer this feature: the Atlas 350-XL
and the Ten-Tec ! The others are all ““semi-break-
in"". And the Atlas includes CW sidetone with pitch
and volume adustments

6. NARROW BAND CW FILTER
This is another standard feature in the Atlas, op-
tional on the Ten-Tec , Yaesu, and Kenwood. Ours
is an |LF. filter with 500 Hz bandwidth, and shape
factor of better than 3 to 1

7. A.F. NOTCH FILTER
This 350-XL standard feature permits nulling out
heterodynes and other interference. The Yaesu, Hy-
Gain and Kenwood include a similar feature,

8.SPEECH COMPRESSION
The standard Atlas ALC system provides up to 20
dB of R.F. compression which increases your talk
power and at the same time reduces ““flat-topping”
and splatter. An optional speech processor to pro-
vide up to 20 dB additional A.F. compression will be

% MADE IN AMERICA * % % % % % % % % % % % % % % % % % & % h y
¥ We're very proud that every Atlas transceiver is made right here in America, (as are the Ten- %

»# Tec and Drake). We think the American worker, and our employees in particular, are the most »
talented, industrious people in the world. The quality and versatility of our transceivers are *

* proof of this.

And by using this American quality workmanship, advanced value engineering in design and

* manufacture, and rigid guality control, the Atlas transceiver is not only competitively priced

% with the imports, but is actually a better value!

Farhkhkhkhkhkhhkhkhkhkhkhkhkhhkhhbhkhhhkhhkhkhk kk a¥*

é“ Merry Christmas and Holiday Greetings from all the gang at Atlas! @7

More Details? CHECK — OFF Page 142

*

available soon for installation in the AC supply. The
Hy-Gain, Kenwood, and Yaesu also provide some
form of speech processing.

9. AUXILIARY VFO

All of the rigs listed offer an optional second VFO
for split frequency operation. But Atlas is the only
one with an Auxiliary VFO that i1s not an add-on
box. The Atlas Auxiliary VFO plugs right into a
space provided in the upper right hand corner of
the front panel. Although miniature in size it tunes
the same 500 kHz as the primary VFO, and does it
smoothly with coarse and fine controls that have
10:1 planetary drives. Green, yellow, and red LED's
let you know which VFO you have set up for
receiving and transmitting. Very neat, and all
self-contained.

An option to the Model 305 Auxikary VFO is the
Model 311 crystal oscillator that provides up to 12
crystal controlled channels. It also plugs into the
front panel just like the 305. Vernier controls pro-
vide fine tuning of the crystal frequency

10. MOBILE/PORTABLE OPERATION
The Atlas, Ten-Tec , and Yaesu, being sold state,
are unique in that they will operate mobile or port.
able directly from a 12-14 volt DC battery. Also, the
solid state nigs are considerably smaller and lighter
weight than the hybrid rigs. The Atlas is unique in
having a very handy plug-in mobile bracket for the
350-XL that makes it a simple matter to plug-in and
go mobile.

11. OTHER 350-XL STANDARD
FEATURES include R.1.T.. VOX. Crystal Calibra-
tion, ANL, and Noise Blanker.

Compare the Atlas 350-XL SSB-CW Transceiver
with the others, and we think you'll agrea the Atlas
has everything you'll ever need in a transceiver
And it's made in America

And let us not forget to mention Our Customer
Service which is second to none. Just ask the ham
who owns one.

Model 350-XL (less options) . . . $995.
Model DD6-XL Digital Dial . . .. $229.
Model 305 Auxiliary VFO . . . .. $155.

AR ATLAS

& RADIO INC.

417 Via Del Monte, Oceanside, CA 92054
Phone (714) 433-1983

Special Customer Service Direct Ling
(714) 433-9591
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CRYSTAL FILTERS and DISCRIMINATORS
9.0 MHz FILTERS

XF9.A 2.5 kHz  SSB TX $31.95
XF9-B 4 kHz  SSB RX/TX $4545
XF9.C 3.75 kHz  AM $48.95 Export
XFo.0 kHz  AM $48.95 s
XFO-E 12.0 kHz ~ NBFM $48.95 Inquiries
XFa9.M kHz CW (4 pole) $34.25 Invited
XF9-NB .5 kHz CW (8 pole) $63.95

9.0 MHz CRYSTALS (Hc25/u) s;,;r,:mvﬂg

XF900 9000.0 kHz Carrier .

XF901  BO98.5 kHz  USB y $1.25
XFa02 9001.5 kHz LSB ; l
XF903  8999.0 kHz  BFO per filter
F-05 He25/u  Socket Chassis .50

F-06 Hc25/u  Socket P.C. Board

ALSO AVAILABLE FROM KVG
10.7 MHz CRYSTAL FILTERS AND XTAL DISCRIMINATORS
OSCILLATOR CRYSTALS 50 kHz TO 150 MHz

Write for Details

PRE-SELECTOR FILTERS

ELIMINATE IMD “BIRDIES™
FROM YOUR RECEIVER.
CLEAN UP YOUR TRANS-
MITTER OUTPUT.

432 MHz PSf432 $38.70
1296 MHz PSf1296 $38.70
1691 MHz PSf1691 $49.75

Shipping $3.50

RECEIVE CONVERTERS
o
MODELS FOR ALL BANDS 50 MHz
THRU 1296 MHz. LOW NOISE OP-
TIONS AT 432 MHz.

STANDARD I.F. 10M, IF OPTIONS 6M & ZM

POWER 12V D.C. Shipping $2.50
MMcl44 N. F. 2.8 dB typ. $47.95
MMc432 N. F. 3.8 dB typ. $57.95
MMc1296 N. F. 8.5 dB typ. $67.95

ANTENNAS (roe concorp, via uPs)

144-148 MHz

8 OVER 8 J-SLOT +12.3 dBd DB/2M $39.95
8 BY 8 VERTICAL POL. : DB8/2M-VERT. $48.70
BXY/2M $34.95 .

420-450 MHz
MULTIBEAMS

48 EL. GAIN +15.7 dBd 70/MBM48
88 EL GAIN +18.5 dBd 70/MBME8

UHF LOOP YAGIS

26 LOOPS GAIN 420 dBi

1250-1340 MHz 1296-LY $54.45
1650-1750 MHz  1691-LY $79.95

Send 26¢ (2 stamps) for full line catalogue of KVG crystal products and
all your VHF & UHF equipment requirements.

Pre-Selector Filters Amplifiers SSB Transverters
Varactor Triplers Crystal Filters FM Transverters

Decade Pre-Scalers Frequency Meters VHF Converters

Antennas Oscillator Crystals UHF Converters

Spectrum
International, Inc.
Post Office Box 1084
. Mass, 01742, USA
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CHANEELIZED
SYNTHESIZED

Choose the one
that’s right for you!

Ifyou operate on just a few channels, you really don't need
complete, fully-synthesized multiple-frequency capabil-
ity. With the Clegg 2-meter Mark-3 FM transceiver you
can select up to 12 fixed frequencies for nets, repeater
stations or any other channels you work regularly. So if
you're looking for selected channel convenience for a
small investment, order your 15-watt Mark-3 today. It's
only 169.50. And if you order before December 31, get the
matched crystals you need for only 6.00 per pair.

But if you need more power with full coverage from 144
to 148 MHz in 5 KHz steps, you're in business with a fully
synthesized Clegg FM-28. Bright digital display gives you
instant frequency readout. Big 25-watt output for extra
punch. Built in capability for standard =600 KHz repeater
splits. Plus your selection of any “odd ball” split you want
by just inserting the proper crystals. It's all yours for the
special price of 359.95

Call us on our toll free WATS line for complete details on
these supervalues. Just dial 1-800-233-0250_ (In Pa. call
collect 717-299-7221). Or drop us a card and we'll mail
you full information on all Clegg products as well as our
related HF gear. Clegg Communications Corp., 1911 Did
Homestead Lane, Greenfield Industrial Park East,
Lancaster, Pa. 17601.

For faster service!




We Don’t Claim That Your ALPHA Linear
Will Run A Kilowatt Key-Down FOREVER . . .

> &

Tusg

LOAD

~ o

o

 But We Don't Put A Time Limit On It, Either.

YOU'LL PROBABLY NEVER SET A BRICK ON YOUR KEY FOR 26,000 MINUTES, BUT WE DID IT TO
ILLUSTRATE WHAT ETO’S NO TIME LIMIT [NTL] CONTINUOUS DUTY RATINGS REALLY MEAN TO
EVERY ALPHA AMPLIFIER OWNER.

April 7th: A standard ALPHA 76 was taken from production, loaded up to a full 1000 watts key-down dc input,
and left operating with a brick on the key.

April 25th: The ‘76 was still operating completely normally, delivering about 675 watts of continuous rf carrier
output into a very hot dummy load — after 18 days — 435 hours — some 26,000 consecutive minutes key-down
at a full kilowatt. You may have seen the same unit running key-down all day long the following week-end at the
Dayton Hamvention. It's still as good as new — a fact which will surprise no one who knows how all ALPHA's
are built. You'd expect no less.

The point is, every ALPHA linear amplifier — including the power- and value-packed ALPHA 76 and the ex-
clusive NO-TUNE-UP ALPHA 374 — is meticulously engineered and built to handle continuous operation IN
ANY MODE AT MAXIMUM LEGAL POWER [NTL] . . . No Time Limit. And ETO’s warranty on every ALPHA
amplifier protects you FOR EIGHTEEN MONTHS — FIVE TIMES LONGER than most amateur equipment
warranties!

ALPHA: SURE YOU CAN BUY A CHEAPER LINEAR . . . BUT IS THAT REALLY WHAT YOU WANT?

A LINEAR AMPLIFIER IS A BIG INVESTMENT . . . MAKE IT WISELY. For an enlightening glimpse at what
goes into the design of every ALPHA by ETO’s power professionals, or to aid you in comparing one linear with
another, call or write for our brief guide entitled, “EVERYTHING YOU ALWA YS WANTED TO KNOW ABOUT
(COMPARING) LINEARS . . . BUT DIDN'T KNOW WHOM TO ASK.”” We’'ll also send you fully detailed and
illustrated literature describing the entire ETO line of superb ALPHA power amplifiers and ALPHA/VOMAX —
the new split-band speech processor that's your key to rf clipper type “talk power"’ combined with easy mike-
line installation and low-distortion, practically foolproof operation.

P.0. BOX 708 — INDUSTRIAL PARK

T EHRHORN TECHNOLOGICAL OPERATIONS, INC.
CANON CITY, CO. 81212 PHONE (303) 275-1613



TS-1 MICROMINIATURE ENCODER-DECODER

O Available in all EIA standard tones 67.0Hz-203.5Hz

O Microminiature in size, 1.25x2.0x.65” high

[0 Hi-pass tone rejection filter on board

O Powered by 6-16vdc, unregulated, at 3-9ma.

O Decode sensitivity better than 10mvRMS, bandwidth, £2Hz max, limited

[0 Low distortion adjustable sinewave output

O Frequency accuracy, +25Hz, frequency
stability +1Hz

O Encodes continuously and simultaneously
during decode, independent of mike
hang-up

O Totally immune to RF

Wired and tested, complete with
K-1 element

$59.95

K-1 field replaceable, plug-in, frequency
determining elements

$3.00 each

COMMUNICATIONS SPECIALISTS
P.O.BOX 153
BREA, CALIFORNIA 92621
' (714) 998-3021

PCB — PCB — PCB — PCB — PCB — PCB —

o= ETCH-IT-YOURSELF

— Printed Circuit
A Kit

- AR $19.95
/i SR ppd.

\ .
NOW YOU CAN design and produce your
own printed circuit boards.

IT'S EASY. Photo positive method. No
darkroom required.

LESS THAN 2 HOURS to produce a p.c.
board direct from magazine article,

KIT INCLUDES materials to make 4 p.c.
boards direct from magazine article.

Add $1 for COD. S.A.S.E. for details.

cxc EXCEL CIRCUITS co.

4412 Fernlee 313-549-0440
Royal Oak, MI 4B073

— PCB — PCB — PCB — PCB — PCE — PCB —

4 )
- . . - . . . - . . Available  directly
Plug it in like a kt‘-'y- . KEYBOARD . . from the factory for
and send perfectly | W | To . @ only $225 plus post-
timed Morse code a: age & handling. Mas
asi Fo i . MORSE CODE . I:‘I‘{L harge or Banka-

easily as typing a let-
ter. Sidetone and

. e
The Ultimate

IAMBIC

PADDLE...

» Full range of adjustment in
tension and contact spacing

» Self-adjusting nylon and brass
needle bearings

* Solid silver contact points

»

Available at selected dealers or send
$39.95 plus $2 00 shipping and handling
* Precision-machined, chrome Money-back guarantee

plated brass frames .
» Heavy steel base; non-skid feet B€ m C H € R‘ | m C &

Write for detailed literature 333 W Lake St . Chicago. IL 60606 = (312) 263-1808

PCB — PCB — Printed Circuit Board — PCB — PCB |
82d — 80d — PpIROg NAD Pelupd — 80d — BDd

mericard accepted

buffer register make Call or write to order
it simple to send at or request complete
the speed you select. AT Ro " I c s specifications  and
options
BOX 2946, LAGUNA HILLS, CA 92653
\_ (714) 830-6428 )




INTERNATIONAL CRYSTALS

70 KHz to 160 MHz

HOLDER TYPES

F-605

}-— T E—
e = F605-SL

——

HC-17/U

HC-18/U

F-13
CRYSTAL TYPES 2—ef

(GP) for "General Purpose” applications

(CS) for "Commercial” equipment

(HA) for "High Accuracy” close temperature
tolerance requirements

International Crystals are available from 70

KHz to 160 MHz in a wide variety of holders.

WRITE FOR INFORMATION

- 455——T

HC-13/U

INTERNATIONALCRYSTAL MFG.CO.,INC.
10 North Lee, Oklahoma City, Oklahoma 73102
405/236-3741




KENWOOD Transceiver
TS-820S 160 thru 10M $1048.

ICOM Transceiver 2M FM
SSBIC 211 $749.

YAESU Transce'iver
FT-301, 160 thru 10M $7689.
Other locations:
(Walk-in customers only)
Bellevue - 12001 N. E. 12th

ATLAS ICOM

KENWOOD Transceiver
TS-520S 160 thru 10M $649. (less DG-5)

COMMUNICATIONS

17550 15th AVE. N.E.

The Leader in the Northwest!

KENWOOD

YAESU

KENWOOD 2M FM
TR-7500 $299.

ICOM Transceiver 2M FM
1C 245 $499.

L]
YAESU FT-221R
2 meter FM-SSB $595.

TO PLACE ORDER
CALL TOLL FREE
IN STATE OF WASH.

SEATTLE, WASH. 98155
Everett - 6920 Evergreen Way 206-364-8300 1-800-562-7625 p
146 — 148 MHz Radio
2-METER
. Reference
M CHANNELS ic2s o Mop
IC-22S of Maps
dish . smag nnlus EI:;:I.EL szhzltmn and Atlas
T DIRECT FRI EADO
indicating :SIHPLE.ESQ':‘JIHSIHUIIUH These repeater pairs are programmed WORLD PREFIX MAP — Full color, 40" x 28%,
Iternate L] b shows prelixes on each country DX zones,
o LOW COST in the switch:
channel » INSTALLS IN PLACE OF ::l.l:: :gﬁ {::a.ﬂ“ :gﬁj} time zones, cities, cross referenced tables
means ORIGINAL SWITCH WAOTAT IR WSS WND $1.25
= ———r 61070 MEILSI 76509 1079030
batter - 1461373 14634, Wiz Wan RADIO AMATEURS GREAT CIRCLE CHART OF
legibility ;:;:g :ﬂg :::3:: ::;:g THE WORLD from the center of the United
foll des ch " States! Full ecolor, 30" x 25°, listing Great Cir
:ﬂ&‘h 9 in the switch: cle beanngs n degrees tor six major LS. cities;
14643 14655 14748 Boston, Washington, D.C., Miami, Seattle, San
14646 14658 14751 Francisco & Los Angeles $1.2
{:2;3 ::;:g {:;2: RADIO AMATEURS MAP OF NORTH AMERICA!
PLUS: Two user progr Full colar, 30" x 2°F includes Central Amer

(312) 7418830

Valley PLEASE SHIP
Instrument
Products ALSO INCLUDE
PO Box 339
Bartlen L 60103 and
Namae Call
Address
it
Srate o

Now you can have all the 2-meter FM frequencies from 146.01 thru
147.99 on your IC-225 The basic VIP-42 conversion provides 42 channels
including all the repeater pairs, all of the standard simplex frequencies,
and any two other desired user programmed channels. The VIP-600 option
adds simplex capability on channels 600kHz above the indicated channel,
while the VIP-15 option prowides the capability of mowing the IC.225
15kHz up from the indicated frequency for sphit operation

Order yours loday! Make your fine transceiver even better!
Valley Instrument Products

PO BOX 339 BARTLETT, IWLINOHS 80103

VIP-42 kit

VIP-600 option - $3.50
VIP-15 option - $3.50

VIP-42 conversion kit(s) at $29.95 eoch Bank AMERICARD
VIP60O option(s] ot $3.50 each. _
—. VIP15 option(s) ot $3.50 each st‘

r] tonclose §

r—] Fleowe chorge my VISA Bank Amaericard §

chack or money arder
Cord number Lapiration dote

Signature
RLINORS PSR NTS ADD 5% SALES TAX

ica and the Caribbean to the equator, showing
zone boundaries, prefixes and time
zones, FCC frequency chart, plus useful informa
tion on each of the 50 Umited States and other

Countries

call areoas,

WORLD ATLAS
Packed
includes 11 maps,

Only atlas compiled for radio
infermation
with zone
and country prelixes on each map
Also includes a polar projection map of the
world plus a map of the Antarctica — a com-

amaleurs with world-wide
in 4 colors

boundaries

plete set of maps of the world. 20 pages. Size
B" = 12 $2.

Complete reference library of maps — sel of 4
as listed above $3.?5

See your favorite dealer or order direct.
Mail orders please include $1.25 per order
tor shipping and handling.

RADID AMATEUR
WRITE FOR l::a“l:ll:ll:lkmc
FREE
BROCHURE!

Dept. £ 925 Sherwood Drive
Lake Bluff, 11l. 60044
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Sooner or later . ..

every Ham g will probably own at least one

Hand-Held

The new arrivals to the Wilson family
of quality high performing hand-
held radios are the small American-
made small sized MARK 1l and MARK IV.
The ultimate hand-held for the amateur who
demands quality, performance and value.

Small size ...
giant performance

TWO MODELS AVAILABLE:
25 Watt MARK Il and

4 Watt MARK IV
SPECIFICATIONS:

e Range: 144-148 MHz

® 6 Channel Operation

® |ndividual Trimmers on all TX
and RX Xtals.

® Current Drain; RX 15 mA,
TX -Mark 11, 500 mA.
Mark IV 900 mA

e 12 KHz Ceramic Filter

10.7 MHz and 455 kHz |F

® Spurious and Harmonics: 50 dB
below carrier

FEATURES:

— Lightweight and compact size — fits
comfortably in the palm of your hand.
— Rugged Lexane case.
— Same dependable performance
as all Wilson Hand-Helds.
— Microswitch Speaker-Mic

® BNC (Twist type) Antenna built in
Connector ’
® 3 Microvolt Sensitivity for 20 — Priced at

dB Quieting

® Uses special rechargeable Ni-
Cad Battery Pack

® New improved Rubber Duck
included

® One pair Xtals 52/52 included

* Weight: 16 oz. (.45 Kg) inc.
batteries

e Size: 6" x 1.770" x 2.440"

ACCESSORIES AVAILABLE
Include LC-4 Leather Case, WC12 AC
Wall Battery Charger, BC4 Desk Type
Battery Charger, SM4 Speaker Mic, Touch
Tone Pad, Tone Options,

%1999 0
$239% ¥

Not available
for sale until
January 1978

Other Wilson units
available are the VHF
Models 14025M, 2.5 watt,
Model 1405SM Switchable 1
and 5 watt and 45025M, 450 MHz,
22025M, 220 MHz UHF units and

ATTENTION AMATEUR DEALERS:
:::-\Wilson is accepting

: \% new dealers in many areas...
"~

contact us if you are interested.

\
N For an illustrated Amateur Products Buyers Guide, write:

Wilson Electronics Corp.

FOR SIZE COMPARISON, THE NEW

MARK IV IS ILLUSTRATED NEXT TO
WILSON'S 14055M SWITCHABLE 1 &5 P.0O. Box 19000 - Las VGDBS. Nevada 89119 « (702) 739-1931 « TELEX 684-522

WATT RADIO.

More Details? CHECK — OFF Page 142 january 1978 115



3 oA BORRD SEizr]  MICROPROCESSOR COMPONENTS [[oe ereae

BOBOA COP1802 $1995 L "
e I 1 gl NCEDO. & 84 MPU 29 [Pennywhistle 103"\
e 'ﬂ;l-':lr;l;:" i B214  Pronty Inlerr»Bm t'rrnknum 12? MCGE20  Periph Intertace Adapter  15.00
o o cinsted§ 8216 Bi-Duectional Bus Drrver MCBA10APT 128 x B Static RAM 6.00
Lt 7w o toneg 22| 8224 Clock Generator/ Drves 995 MCGB30LE 1024 x 8 Bit ROM 15.00 $129.95 kit only
\an:: :n“v:cm-:.;::; A B228  System Comtrober Bus Drver 1095 750 CPU = 205 | Pasywhistse 183 t-lﬁlhh of oo dati 40 e from st efhos
b % ety bor Bw ecorde awl f 5 sbie W comTunCaE JeeDy
JKT ... 510,00 / kit I A R A oo s i e LA B ﬁm:m- 0 TN Tor ieeghone haTEng  ind COMEUTICI
— T T e 1:,‘ ;;, ::.,‘ % ﬁ . 8 s 3 H ot P desl N ESSEEN. o rf 1o of CRSCH BTN AN 13 Bull @sif 00 - ARCREE
- 1 o sq. or §¢ e AR - - Y ryadable Gty )
SUCKET dia. posts on patterns of 100° ™ Lol s nw TN XNy i 5 ] Dat Trnsuminsion Mathod fregmcy S5 Koy 1k s (o
centers and shielded receplacles s ” b 20 wavem Oatn Rale pay)
JUMPEHS Prube access holes in back Choice . 4+ ” 59 | Duts Format Abychinnaus e (fetun 1 man vl gt
of 6 or 18° lengih = - L L i . ks sach characnr)
? -t Chanme! Froquencies 004 Wy L ?
Part No No. " Contacts  Length Price 1 hln# L 12 Trl::l Chsnnal Froquesces  Swich m:::'nm. eral
92400318 % 1 §$53Men 1m -u. ¥ i 1270 mark bgh « 025 wmace, 27
924003 -06R 26 5 478 ea 3 [ r oo Sossmery rlgrresnscegy becrs A
924005-18H 40 18 B.27 ea 1 OO P e A -
924005-06R 40 & 1.3 ea L Receivy frgueney Tolrasce
824006105 50 18 1031 ea i ; .
A 50 I 1% pa Hirg | o Dt bnitace
. UART S ! o
JUMPE Solder 1o PC boards for insiant § sv o o X ot ne o | Towe gty sragw phae. 0 Wty
EE] plug i access via sockel-connector oM 5 Pryvical | ovpuneny (W 0 b S 5y ¥
HEADERS u:.nnmn 025" sq. posts. Choice ;:I:—;;" (t: Do it s E;';%_ Paguits & VOM, Adskic: Ouciiles. Frasgepnicy Lol S mipchyt
Of straight or right angle F Chae :'-n W% w0 n'\
Part No. No. of Pasts  Angle Price M NN MFaden il 1 w4 26 [ “ AM/FM 8-Track Stereo Hscaiver
923863-R 26 straight $128ea e )
9238731 % it 152 SPE(‘:‘IAL REQUESTED ITEMS i ke 0 wnh BSR Changer
923865-A 40 straight 1.94 ea et ool R e & h 0 om fueon s PLL System
923875-R 40 nght angle 2 30 ea s nm 'S0 iCMraor S T v % = 890 Record Changer
973866 A 50 straight 236 02 uw W T T 1% fuusis 695 = Siide Controls
G238TEH nght angle 282 ga .:: "“‘,"-:2“ .;:' :E:H’:“o w "“"':(;I sy a: msm T . :utnn'ul-; a!c Control
. o 1oxe o ek + e 28 » 4 Speaker Output
a# INTRA-CONNECTOR Be. af S 18 gme 1R S 0 8 o 2 Want e i covere
T - wood veneer with smoke
f’lurru'ea both straight and nght angle tunctions Mares —PAR“TRDHIES dus! cover
with standard 107 x 107 dual row connectors (1 8. 3m, Ainsiey Featured on February's Front Cover of Popular Electronics g Size: 20°W x 9%H x 15%°D
#tc ) Permits quick festing of inaccessible lines - Mode!
Pari Mo.: 92267670 Mo, ol contacin: 26 Price $6 90 pa hﬂﬂ;cllIﬂﬂanZﬂ Kit Wi o gt o35 §149.95
ooe —_— e
. BaEASSEE ABA8 % ST I Capt .11 iy
Permits instant line-by-hine switching for diagrostic ar GAJ edel 1004 sscembied 5795 00 . - _'“':""“_'h_‘ :‘:‘:‘" s ""‘ onds

lesting. Switches actuated with pencil or probe tip. Mates withla Analyzes any type of digital System » Thime Stapw

standard 10" x 10" dual-row connectors, Low profile desigh e Checks data rates in excess of & v Twen Sanghe Twemt — Spist & T
Switch buttons recessed 1o eliminate accidental switching million words per second ) AL N
Pari Na.: 1506 : 2 Price 513 50 a2 MOS Rl « Some appheations are » U 3 Paniae ey

» Trouble shoot TTL, CMOS, D11

— Schottky and MOS famibies Troubleshooting micropincessor Kit — $39.95
3 JCHYSTA LS v‘;s‘- — = Displays 16 logic stales up 1o B digits wide slomr-n. |||>.rrur':'klnl ;j|'!l1 data fiow Assembled — $49.95
= T = - » See ones and zeros thsplayed on your xammne contents o ROMS Heavy Duty Carry Case $5.95
" THESE FREQUENCIES OMLY = CRT. ocial 6r haxadacamal fassd Tracmg operation of control ingic
F ey n“w.—-———-mat octal or hexadecimal forma

1 000 MHz rsth £5.95 « Tests crcuts under actual operating conditions F"ff“""u counter and shift Slop Watch Chip Only (7205)  $19.95
2 000 Mz HCIIL 88 Easy to assemble — comes with siep-by-step construction | S0°1#! Operation

95
F which includes nabyzen Monionng 10 sequences -—
M ?3 e O o Joght Qpenmme Veritying proper system ocperations 31/2 DlGIT UF“ KlT
o {Model 1004 Manual - $4.85) dii hasling 1.
5495 PARATRONICS TRIGGER EXPANDER - Model 10 Mo 10 i — $773 9 i
100 MHz 8-Digit Counter

& 0 He 100 MM Range o Bowr power souees, | 8 l

« & LED Deplry Daneres. 110 or 220V with = New Bipolar Unit

o Aads 16 addinonal bes. Provides dighal detay and qualfication of ol sk peenn  pgT 00
%4 94 and 24 -bit trigges word. — Connects direct to Model 100A for mtegrated una) [l

32 D00 MH;

CONNECTORS ————| By v e oo | SRS
PRINTED CIRCUIT EDGE-CARD ;

156 Spacing-Tin-Double Aead-0u « Autp Polarity

Bilurcated Contacts — Fits 054 to 070 P.C Cards w RS —— ——— o eIV ka auia o Auto Zeroing = Low Power
15/30 PINS (Solder Eyelet) §1.95 N e ] @ 5"LED » Single IC Unit
18/36 PINS (Solder Eyeler) $2.49 §
22/44 PINS (Solder Eyelet) §2.95 :udel KB500 DPM Kit K $49.00
50/100 PINS (Wire Wrap) $6.95 odel 311D-5C-5V Power Kit $17.50

50/100A { 100 Soscnal PINS (Wire Wrap) $6.95 JE?ﬂﬂ CLOCK

25 PIN-D SUBMINATURE (RS232) L’_,‘_._« Fesstarce 013 a3 -
DB25P PLUG $3.25 Model 2000 -
DB255 SOCKET 54.95 %99.95  AC Adupter BC-28  §9.00 | ACCESSORIES FOR MAX 100: | :
205-CA 680- 75af T '"';" Rechargsabln wie power Iram i bamery Madei 100 — C1A 5208
HEAT SINKS . e

. . Bafteries BP-26 20.00 =
"~ o = $1 6.95
Ca: LC-28 e 110 —
205-CB  Berylhum Copper w-black finish for 10-5 3.5 nedadeBilin o ook 15 VAC K”- ONLY
291 36H ;I:J;::::::quol 10-220 Transistors & s CPFQJTN[;IJ‘NHEETAL sPEcIALTlEs PROTO CLIPS HEX&DEC]M‘L
680- 75A Black Anodired Alurminum tor 70-3 $1.60 $15.05 PB1 m 15 1) S 19 9% ::, ::: S:S{: ENBUDE,H 19“5* P‘B
Dude 4 Black Anodized Aluminum — predrilied (6 long X4 wde) PEIOT - 58 x45 29950 PN B _‘;(.,I S isr f
mounting holes for T0-3 — 8% x 1% x2°  $1.75 PHIOZ - 7~ x4 5 3995 | 49 piN 13.75 s
Elching Kits T —— Pa103 - 9" x 6" 59.95 DESIGN MATES : 2 u:m:rrm Keys
RAAD P E e Matera 14 $29.95 ea. PBID: -95 x 8 8951 a1 . Circun Designer
. : PB203 975 x 6% x 2%  B0.00 $69.95 $10.95 each
;|I|,|:b:a|]-ﬂ; Hfohed § 9.95 ea. N_';:i“__‘ﬁ I'I" % 6% X 2% 12985 | ey - Funciion Generator
; = " 7495
3662 5 6.95 o [LOGIC mmmn $84.95 | AL Bivies INSTRUMENT/CLOCK CASE
§ 2.95 pa 107 DTL, HTL, TTL MOS Device $74.95 ____ Nijection molded untt Complets

$19.95 e £ 0T PROTO STRIPS TH W A [T

$3.95 ea

S i wnx

1/16 UECTDR BOARD PO
B Mo Sy ¥ Palgin Pute eltangatitiaiai
Part ey w 8 10up e A 100

BAPSE DEZLIAP . CE N ] ot 2 p——is

168 BTN 4% a0 Y IW . 09

GAPda 0w 5 a5 1010 . - v (1 350 1)

Sihad Obrwt - S5 LaF - (] Expenmentor 600 $10 95 }

THRPes v ppod 0L L8 $5.00 Minimum Order — U.S. Funds Daly Spec Shests - 25¢ — Send J5y Stamp for 1978 Catalog ™k L 3 MAK,

1EEPM EIWE (") I A 11 oy, S by
LPOTY GLASS 10044 OGIWECH e 8 s Caiitornia Regidents — Add 5% Zales Tax WMM g |rr o

~ $9.95 Per Kit

S ot 1978 | M v
63 KEY KEYBOARD 329-95 ames Uﬁ,;fglhﬂﬁ o e nrmml circuit board
o ELECTRONICS AVAILABLE massneb SV VA Supply

1021-A HOWARD AVE., SAN CARLOS. CA. 94070
PHONE ORDERS WELCOME — (415) 592-8097
Al Adweriiend Prices Good Thru Jamwary

Encoter Chip (encodes 15 Ky
AV-3-2370 _ fncoser Cwp iencodes 88 Revsi
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net,

special:

RATES Non-commercial ads 10¢ per
word; commercial ads 60¢ per word both
payable in advance. No cash discounts or

agency commissions allowed.

HAMFESTS Sponsored by non-profit
organizations receive one free Flea Market
ad (subject to our editing). Repeat inser-
tions of hamfest ads pay the non-
commercial rate.

COPY No special
rangements available. Material should be
typewritten or clearly printed (not all
capitals) and must include full name and
address. We reserve the right to reject un-
suitable copy. Ham Radio cannot check
each advertiser and thus cannot be held
responsible for claims made. Liability for
correctness of material limited to cor-
rected ad in next available issue
DEADLINE 15th of second preceding
month.
SEND MATERIAL TO: Flea Market, Ham
Radio, Greenville, N.H. 03048.
L ]

MOBILE IGNITION SHIELDING provides more range
with no noise. Available most engines. Many other sup-
pression accessories. Literature, Estes Engineering, 930
Marine Dr., Port Angeles, WA 93862,

layout or ar-

YAESU EQUIPMENT OWNERS — Present or Prospec-
tive — Join the seven-year-old, 2500 member,
country, International Fox-Tango Club. Members receive
valuable monthly Newsletter, money-saving purchasing
service, technical committee consultation, free ads, FT
more. Back issues of Newsletter available from
1972. To join, send $5 for calendar year {includes all 1978
issues of Newsletter) or $1 creditable towards dues, for
complete information and sample Newsletter. Milton
Lowens, WA2AOQ/N4ML 248A Lake Dora Drive, W. Palm
Beach, FI. 33411,

FREE Catalog. Solar Cells Nicads, Kits, Calculatars,
Digital Watch Modules, Uitrasonics, Strobes, LEDS,
Transistors, IC's, Unique Components. Chaney's, Box
27038, Denver, Colo. 80227.

TELETYPE EQUIPMENT for beginners and experienced
operaters. RTTY machines, parts, supplies. Beginner's
Model 15 Printer and demodulator $139.00.
Dozen black ribbons $6.50; case 40 rolis 11/16 perf. tape
$17.50 FOB. Atlantic Surplus Sales, 3730 Nautilus Ave.,
Brooklyn, N. Y. 11224, Tel: (212) 372-0349.

Foreign Subscription Agents
for Ham Radio Magazine

Ham Radio Austria
Karin Ueber
Postfach 2454
D-7850 Loerrach
West Germany

Ham Radio Belgium
Stereohouse
Brusselsesteenweg 416
B-9218 Gent

Belgium

Ham Radio Canada
Box 114, Goderich
Ontario, Canada N7A 3Y5

Ham Radlo Europe

Box 4

5194 04 Upplands Vasby
Sweden

Ham Radio France
Christiane Michet
F-83117 Parly
France

Ham Radio Germany
Karin Ueber
Postfach 2454
D-7850 Loerrach
West Germany

HMam Radio Holland
MRL Ectronics
Postbus 88
NL-2204 Delft
Halland

Ham Radio taly
STE, Via Maniago 15
1-201 34 Milano

Italy

Ham Radio Switzerland
Karin Ueber

Postfach 2454

D-785Q Loerrach

West Germany

Ham Radio UK

P.0. Box 63, Harrow
Middlesex HA3 6HS,
England

Holland Radio

143 Greenway

Greenside, Johannesburg
Republic of South Africa

More Details? CHECK — OFF Page 142

QRP TRANSMATCH with Preamp for HW7 Ten-Tec.
Send stamp for details to Peter Meacham Associates, 19
Lorreta Road, Waltham, Mass. 02154,

HW-12 $90, DX-60 $75, BC-348 $50. John Townsend, 1522
Branch St., Wilson, N.C. 27893.

MOBILE BONDING STRAPS under 50¢ each. Literature.
Estes Engineering, 930 Marine Drive, Port Angeles,
Wash. 98362.

COLLINS CW Filter, 300Hz bandwidth X455KF300. For
use in 7583, 75S3B and 75A4 receivers. See Sept. 1975
H.R. for article. $60.00 postpaid. W1EBC, Gary Firtick, 40
Pilgrim Trail, Woodbury, CT 06798

FOR SALE: FAIRCHILDIDUMONT OSCILLOSCOPES
765MH/76-08/7413A, 50 MHz, 5 MV, dual trace, delayed
sweep, silicon solid state $550. Microdot 412A FM signal
generators 400-550 MHz, 6 digit readout, 0.0003% accu-
racy, calibrated attenuator, solid state, unique self-
calibrating FM deviation system, cost govt. $11,000 + ,
$575. HP/Boonton 250A RX meter $525. EST 291B, im-
pedance bridge assembly $PUR, military TS-413B/U, $85.
Write for detailed specifications. All calibrated and
guaranteed. Becken Co., White Oaks Route, Carrizozo,
N.M. 88301.

THE “CADILLAC" of QSL’ s' New! Samples: $1.00
(Refundable) — MAC'S SHACK; Box #1171-D; Garland,
Texas 75040.

CASH for any Collins unit, 618T, 4907, modules, parts,
accessories. Air Ground Electronics, P.O. Box 416, Kear-
ny, NJ 07032

TELETYPEWRITER PARTS, gears, manuals, supplies,
tools, toroids. SASE list. Typetronics, Box 8873, Ft.
Lauderdale, FL. 33310. N4TT Buy parts, late machines.

EXCLUSIVELY HAM TELETYPE 23rd year, RTTY Journal,
articles, news, DX, VHF, classified ads. Sample 35¢.
$3.50 per year. 1155 Arden Drive, Encinitas, Calif. 92024.

FIGHT TVI with the RSO Low Pass Filter. For brochure
write: Taylor Communications Manufacturing Company,
Box 126, Agincourt, Ontario, Canada MIS 3B4.

RUBBER STAMP, name/call/QTH $2.50 ppd. (CA
residents add tax). LWM Press, Box 22161, San Diego,
CA92122.

COMPUTER HOBBYISTS — Classified advertising
newsletter. Ads, New Products, etc. Every 3 wks. —
Since Jan 76. $3.75/year. Free Sample. ON__LINE, 24695
Santa Cruz Hwy., Los Gatos CA 95030.

PARTS and SERVICE SUPPLIES -— Free catalog.
National distributors tor Oneida Electronics and Crystek
Crystals — Write Tommy, WD4EKJ, Comm-Tech, Inc
104 North Third Street, Richmond, Ky.

FOR SALE — DRAKE 2B with 2AQ $175, Regency HR 2A
$150. Both units good, manuals, pictures and informa-
tion available. Will Ship. Want Kenwood R 5998 A
receiver. A.H. Davis, 212 Santa Fe, Halstead, Ks. 67056.

COLOR VIDEO RECORDER — $249. Zoom lens TV
camera — $179, good for Betamax, Quasar, other VTR
and SSTV, ATV. Will trade — need Atlas 180/210/215X,
IC-22A or better 2M transceiver, SSB CB transceiver.
W6DOM, 6017 Majorca Ct., San Jose, California 95120.
(408) 997-0132.

HAM RADIO HORIZONS, a super new magazine for the
Beginner, the Novice and anyone interested in Amateur
Radio ... What it's all about, How to get started, The fun
of ham radio. It's all here and just $12.00 per year.
HURRY! HURRY! Ham Radio HORIZONS, Greenville, NH
03048.

OLD QSTs wanted for coliection. Al Blank, W1BL 727
Pine St., Bristol, Ct. 06010.

TELETYPE FOR SALE: Model 28ASR’s, KSR's, typing
reperfs, and TD's. New and used parts available in-
cluding cabinets, tables, mod kits, gears and gearshifts.
Paper, ribbons, and supplies. Some 8-level Mode! 33 and
35 equipment available. Send SASE for complete list and
prices. K9WJB, Lawrence R. Pfieger, 2141 N. 52nd St.,
Milwaukee, Wi 53208.

BUY-SELL-TRADE. Write for free mailer. Give name, ad-
dress and call letters. Complete stock of major brands
new and reconditioned equipment. Call for best deals.
We buy Collins, Drake, Swan etc. SSB & FM. Associated
Radio, 8012 Conser Overland Park, Kansas 66204
(913) 381-5901.

RTTY — NS-1A PLL demodulator. Board $3.50; Parts
$15.00; WIT $24.95, all postpaid. SASE for info. Nat Stin-
nette Electronics, Tavares, Fl. 32778.

FOR SALE: DRAKE TR22 and AA10PA, $140. CV57/URR
$50. Hallicrafter receiver S9, with original speaker, make
offer. W2GRN, Tom Myers, 540 Mapie Dr. W., New Hyde
Pk., N.Y. 11040. {516) 354-5550.

fNEW ITEMS

Wire-Wrap Prototype
. Board. Factory new —
|| never wired. Assorted
sockets Some 8§ pin — 14
| pin — 16 pin — 24 pin.
‘| Our choice: Boards with 10
;| 10 30 sockets  $12.50 ea.
| Boards with 30 to 55

sockets $18.00 ea. ppd.

Matching wire wrap 86 pin edge connec-
tor while supply lasts ~ $2.50 ea. ppd.

4PDT Relay, 12VDC coil, Potter ...

Brumfield, 5 amp contacts, fac- /]

tory new of course, a beauty At
$1.90 ea.

Transformer: 115V AC Primary, Secon-
dary 17-0-17V @ 7 Amps. We tested
and find good for 10 Amps intermittent
duty. Ideal for 2M rigs! $8.00 ea. ppd.

Jumbo LEDs. .2 inch diameter. Color-
Red. Prime factory units. Not seconds or
retests. 20c ea. ppd

2" Square Speaker. 8 ohms.
Mounting holes in the corners. {/
Very nice unit and easy to mount. §
$1.00 ea. ppd.
6 foot AC Line Cords. 2 conductor heavy
duty. Color white. 40¢ ea. ppd.
1/16" Copper Clad PC Board Material
3"x3” — 2for 25¢; 3"x6" —
30cea.; 6"x6” — 75¢ ea.
18 pin Solder Tail, IC Socket
— for that memory chip.

28¢ ea. ppd.
§0239 Coax Fittings. . ....... 50¢ ea.

PL259 Coax Fittings . . ... .. .. 50¢ ea.

2-1/4” Round Speaker. 8 ohms ,
— .3 watts. Factory new of {
course. $1.00 ea. ppd. GA
Resistor Assortment. All new FULL
leads. Color coded. Some 1/8 - 1/4 -
1/2 watt. 100/$3.00 ppd.

100 Assorted electrolytic capacitors, all
clean, factory NEW — no junk
$10.00 ppd.

88mHy unpotted toroids 5 for $3.50
2N3391A NPN plastic transistors 7¢ ea.
1N4148 diodes — cut and

formed leads 100/$1.10
Wire Wrap Sockets
8pin.............. .. .22ea.
fdpin ... ..., 28 ea
16pin.............. .. .35¢ea
24pin .. ... ... .. .70ea
8.0000 MHz Crystal —
HC6 holder 3.50 ea.
1000 volt PIV 2 amp diodes .10 ea.
ALL ITEMS PPD USA

SEND STAMP FOR LIST OF BARGAINS
PA RESIDENTS ADD 6% SALES TAX
FONE 412-863-7006

/»‘%
U Sull Flectronics

12690 ROUTE 30
NORTH HUNTINGDON, PA. 15642 )
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flea market ALDELCO SEMI-CONDUCTOR SUPERMARKET

MADISON
"N.‘.l“: 1“- -lill MH: 550 2NGOBO AW 175 MH: 5 40

: _ . > ZNIBEB 1W 400 MH: 115 INGDAT 15W 175 MH: 845

SELL: Heath Hamscan, Model 620, WOPHY RS W 78 Akt IR DN T TR D08

ZNS590 10W 175 MM 780 ZNGOAT 30W 175 MH: 12.30

450 REPEATER — Molorola, 7T4BBB-3000, 100W, PL, Out INSEO1 25W 175 MH: 1095 2NGOB4 40W 175 MH: 1630

NEW door cabinel, manual. Good condition. $350 or swap 250517 195 25C1307 575
H 9. r SB11DA or Swan 250C. WATRHT, (203) 589-7086 25C1226 1.25 IN4427 1.35

OMNI-J 2-meter mobile or ) 5 e 30, SaTkNas e

portable antenna, 3" thread, 5.dB gain

(1.5.dB gain over conventional A CANADIANS 1.000,000 surplus parts. Bargains
mobile whip antenna), $29.95; 220-MHz galore. Free catalog. Elco-HA. Box 741, Montreal,
;zli.gﬁ‘ 450 MHz $27.95. Guaranteed re- Hac 2v2

sults. phs o

KLM: Antennas, Linears, Accessories All PORTA PAK the accessory that makes your mobile real pofimeen
In Stock ly portable. $67 50 and $88.00. Dealer inquires in curcuitry fod o

NG\'I' NEW |MPROVEO Dllal“ll. ALARM (‘LN’.‘K KIT Houry =

uction. NEW on b

wal tirme hase with 4

FREE balun w/2 meter base antenna. vited. P.O. Box 67, Somers, Wisc. 53171 )
FREM“! 4 [Got round rnd th :Ian] 12/24 Hour Clock Kit S ey 5 LEDS trees feature with wn .|:}I‘r1|
8 P F TRAVEL PAK QSL KIT — Send call and 25¢, receive your Wwood Calngt 52395
YAESU FT-301D plus FREE FP- 30;9;;:00 call sample kil in return. Samco, Box 203, Wynantskill COMBINATION DIGITAL CLOCK AND FHEQUENCY COUNTER
N.Y. 12198 KIT 6 diget 40 MMz counter AND 1224 hour clock kit Battery
YAESU FT-301 plus FREE FP-SN;?EUOO QSL CARDS 500/$10. 400 illustrations, sample. Bowman ' \
¥ P spl. HR, 742 ard, S ) 531° ONLY $99.95
HY GAIN 1BAVT/WB -+ 100 feet RG8 rinting, Dept 43 Harvard, S1. Louis, Mo, 63130 ot bl Vol ncmitete for ST06
coax $100.00 MAGAZINES wanted by collector. 1945 CQ, pre-1930 VARIABLE POWER SUPPLY KITS - 600 Ma 615 VDG $6.96
HY GAIN 18V vertical $19.95 QST. RADEX, RADIO, and others. Swap my duplicate 12.28 VDC $6.95 3 oty par uit iNippi
Model 214 2m Yagi $21.50 Ham Radio 1ssues and others. Donald Erickson, 6050-P -
Hy-Gain 208 2M Yagl $15.95 Essex, Riverside, California 92504, (714) 687-5910 NOW! ) -
VHF SPECIAL: Kenwood TS700S List . . . T 10:15: 21|
$679 Call for quote QSL'S — BROWNIE W3CJI — 30358 Lehigh, Allentown, | Diaital 531 1415:3
JANEL PREAMPS: In Stock. Technical Pa. 18103. Samples with cul catalog 50¢ Dua Dlg"a - = .
Books (ARRL, Sams, Tab, RCA, T.I., etc.) N v aid : 12-24 hour clock kit
% : Knigh Z scope , Signa MODEL nlm
HAM X ROTOR (New Model) Turns 28 sq. Generator $15; Heath tube tester $40; EMC 55 vivm $25 Six big B ve black p

ft. of antenna. List $325. In _Stock.
Your Price $249 all with manuals, very good condition. WOHDA, 2349

CDE HAM-III $129.00 wiggins, Springfield, lllinals 62704

or brosdeast vial

time. O have 4 2

ihe other. Freers fe

BIRD 43 WATTMETERS plus slugs in stock. HELP! Need 1o contac! anyone that was part of the "_J" ;lla..gf..
SWAN METERS: WM 6200 VHF Wattmeter group that set up a ham station on the Isla del Coco, ofl . )
$49.95; SWR 3 Mobile $9.95. the coast of Costa Rica. Need maps and photos of the We have 7400 serim 1Cs sond stamp lor catalog
TELEX HEADSETS: In Stock island, inlo on communication problems and sea Add 5% for shipping. Add 1 to orders under $18. Out of USA
CETRON 572B $24.95 ea. transport to the island. J.F. Weich, TUSLOG Del-8, Box send Certified Chack ot Money Order. Inchide postage
ADEL nibbling tool, $6.45; punch $3.50 G, A.P.O. New York 09294
CABLE 5/32", 6-strand, soft-drawn guy
cable. For mast or light tower, 3¢ fool. HIGHEST QUALITY AMPEREX. GENALEX,
BELDEN COAX CABLE: 8237 RGS 19¢ ft. TELEFUNKEN & SIEMENS transmitting and rl"!,‘.l,-l\rl‘llg
8214 RGS foam 23¢ ft., 8448 B-wire rotor tubes available at very competitive prices from the 5.J
cable 14¢ ft.,, 8210 72 ohm kw twinlead Wallace Co_, 201 McMasters Dr., Monroeville, Pa. 15146
19/1 ft., 8235 300 oh ko lead 412) 373-2602 oy
$12/100 i, S Amphenol  PL.259, " silver. gk 22B1H Babylon Tnpk., Merrick, NY 11566
(516) 3784

plated 59¢, UG175 adapter 19¢, PL-258 CQ AND QST 19501975 issues for sale. Send SASE if
d_b' female S_l.DO. BNC female chassis ordering Ham Radio, 73, or other CQ and QST issues
mount 59¢ ea; MICRO RG-8/U same size One dollar minimum order and all issues cost 25¢ each,

as RG-59, 2 KW PEP @ 30 MHz 16¢/ft.

BELDEN 14 gauge copper stranded anten- P Y k X ol s
Ty $5.00/100 ft. STLI_}V;EHI o WELS, 2814 Empire, Burbank, California U s

RG8 foam Xtra-Flex coax, 100% Braid

coverage, 23c ft. _ MOTOROLA HT220, HT200, and Pageboy service and TEST E Q UIPMENT

22 gauge plastic covered ant. wire for maodifications performed at reasonable rates. WA4FRV

long wire, radials. $3.50/1000 ft. (804) 320-4439, evenings
KESTER SOLDER 1 Ib. 60/40, .062 $6.50 ; AN/USM-140C DUAL-TRACE SCOPE
Leader — Amateur Test Equip. — 10% AUTHORIZED DEALER for Dentron, KLM, Larsen, Bear DC-30 MHz maintrame:

including USA shipping. Send chronological list and full

similar 10 H-P 170A In-
cludes MX-2930 dual-
trace vertical and MX-
3078 horizontal plug-in
amps. Size 14%; x 19 x

" Sk 110 |
PERSONALIZED CODE TAPES Specily: Speed (5-99 22", Shpg. wi. 110 lbs
WPM), Content (Letters, or Puncluation and Numbers, or Used, reparable, $195

CALL FOR QUOTES ON: E:J:::.’l guﬁn;;ragr;n for $4.00. TRICOMM, P.O. Box 5036, > Checkea $295.
Y A E 5 U FT 3 0 1 D : FT 3 o 1 ' VERY in-ter-est-ing! Next 4 issues $1."The Ham Trader” ns-a BSCILLOSCDPE
FT'227R, KENWOOD TSSZOS, 2435 Fruyitville, Sarasota, FL 33577 With 3RPI CRT, hlly port
TSSZOS. T5600A| TR7400A| D & V RADIO PARTS — Large seleclion of variable (r‘:.:;on::" Sr::;hp” EJ H.fMF:é
TR7500A & ETO-ALPHA. ALL IN e ai0u. 107 Wegiats Shipmant, 12805 Sarle detlection plates. Sige: 9% 3
SEALED CARTONS‘ CALL FOR H.H'Z’?-r(.-(_-l.'.ml]‘Mul:-lg.lnd.ﬂbﬂ . . B x15%" l.‘_;nuq ..:I .l‘(j i!‘J":
QUOTES ON ITEMS NOT LIST- HOMEBREWERS: Stamp brings component list, CPO Used. reparable. $49.50
ED. THIS MONTH'S SPECIAL: Surplus, Box 189, Brainiree, Mass. 02184 Checked. $69.50
BEARCAT 210 SCANNER 5249, CASH for your clean ham gear. Beacon Communications TS 510“ SIGNAL GENEH“TUR

— used equipment specialists, 879 Beacon St., Boston 10-420 MHz AM CW. or

off list. cat, etc., Big Catalog 201-962-4695 Narwid Electronics,
Mallory 2.5A/1000PIV epoxy diode 19¢ ea. 61 Bellot Road. Ringwood, N.J. 07456

001 MFD 20KV CAP. :;'95 RECONDITIONED TEST EQUIPMENT lor sale. Calalog
Raytheon 811A, sealed cartons. $16.00 pr. $.50. Walter, 2697 Nickel, San Pabio, Ca. 94806

GE receiving tubes, 50% off list

CALL FOR FAST QUOTE, OR WRITE AND Mass. 02215, 617-267-1975
INCLUDE TELEPHONE NUMBER. IF WE pulsed Simlar to H-P
HAVE YOUR BARGAIN, WE'LL CALL YOU CHANNEL ELEMENTS NEEDED KXN1024A, Motorola 6080 Output 0.1 uv to
PREPAID. for Micor Radio Need several. WABCOA, 4 Ajax 05 volt, 1 MHz and 5
. Berkeley, CA 94708 (415) B43-5253 MHz crystal calibrator
TERMS: All prices FOB Houston. Prices subject Size 13% x 16¥ax 21"
to change without notice, All Items Guaranteed. PHOTOGRAPHERS: | am a relired broadcast engineer Shpg wt' B0 Ibs Used
Some items subject to prior sale. Send letterhead who would like to meet active hams, on the air, who are reparable $375
for Amateur dealers price list. Texas residents add interested in the historical processes ol pholography Checked $450
5% tax Please add postage estimate. such as Carbro, Oil, Bromoil, etc. tor the purpose of ex ’
changing data on the air with the hope ol working '
MAD I SON together to preserve Ihe knowledge of these beautiful Wril':“for .FO'OF?Q{FSBUPPIBFHBHP 7
processes for future generations of ham-photographers piiLas are Lima, Ohio

| work all bands, 2 through 160 meters, AM or S5B. For Please allow for shipping charges

ELEcTRuNIcs SUPPLY, 'Nc. sked info plurdlh.y contact Tracy Diers, W20QK, 58-14 Use fOUf VISA, BAC or M/C Card

B4ih Streel, Elmhurst, N.Y. 11373 Address Dept. HR = Phone: 419/227-
1508 McKINNEY HOUSTON, TEXAS 77002 ep one: 419/227-6573

713/658.0268 Nites 713/497-5683 GL. FORWANDING SETIEE = b Sl poy ooter FAIR RADIO SALES
::\1';1:;3331_ Express, 30 Lockwood Lane, West Chester, 1016 E. EUREKA + Box 1105 - LIMA, OHIO » 45802
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I NEW LS| TECHNOLOGY

FREQUENCY COUNTER

TAKE ADVANTAGE OF THIS NEW STATE-OF-THE-ART COUNTER FEATURING THE
MANY BENEFITS OF CUSTOM LSI CIRCUITRY. THIS NEW TECHNOLOGY APPROACH
TOINSTRUMENTATION YIELDS ENHANCED PERFORMANCE, SMALLER PHYSICAL
SIZE, DRASTICALLY REDUCED POWER CONSUMPTION [PORTABLE BATTERY
OPERATION IS NOW PRACTICAL), DEPENDABILITY, EASY ASSEMBLY AND

. REVOLUTIONARY LOWER PRICING! ’1 19

3 KITRFC-50C « ..o iven.. 60 MHZ COUNTER WITH CABINET & P.S. .. COMPLETE!
KITHPSL-650 ... .. S 650 MHZ PRESCALER'INOT SHOWN) . ... .........29.95
MODEL #FC-50WT. ... ... 60 MH2 COUNTER WIRED. D& cAL ... ... 165.95 2

MODEL #FC-50/600 WT. . 500 MHZ COUNTER WIRED, 199.95
- = SIZE:
[ LECTRONICS,INC. 3'-High
= Al 6" Wide
5%2" Deep

FEATURES AND SPECIFICATIONS:
DISPLAY: 8 RED LED DIGITS 4" CHARACTER HEIGHT
GATE TIMES: 1 SECOND AND 1/10 SECOND
PRESCALER WILL FIT INSIDE COUNTER CABINET
RESOLUTION: 1 HZ AT 1 SECOND, 10 HZ AT 1/10 SECOND
FREQUENCY RANGE: 10 HZTO 60 MHZ. |65 MHZ TYPICAL|

. SENSITIVITY : 10 MV AMS TO 50 MHZ, 20 MV AMS TO 60 MHZ TYP
1/10 BEC ] INPUT IMPEDANCE : 1 MEGOHM AND 20 PF
|DIODE PROTECTED INPUT FOR OVER VOLTAGE PROTECTION |
"“ ACCURACY: * 1 PPM|* .0001 . |.AFTER CALIBRATION TYPICAL
. STABILITY WITHIN 1 PPM PER HOUR AFTER WARM UP [.001 " XTAL|
*‘ lllt IC PACKAGE COUNT 8 [ALL SOCKETED]
sur s INTERNAL POWER SUPPLY: 5§ ¥V DC  REGULATED

INPUT POWER REQUIRED: 8.12 VDC OR 115 VAC AT 50/60 HZ
POWER CONSUMPTION: 4 WATTS

KIT ¥FC-50C IS COMPLETE WITH PREDRILLED CHASSIS ALL HARDWARE AND STEP-BY-STEP INSTRUCTIONS
WIRED & TESTED UNITS ARE CALIBRATED AND GUARANTEED

SEE THE WORKS Clock Kit w Hz.

A |t | SpECIAL PRICING!
Great lor Clocks orany LED Willnakly

o6iBig 4" digits Digital Clock Kils

Digital  project Clear-Red § 12 5¢24hr ime or Clock-Calendar PH'ME = HIGH SPEED RAM

Chassis serves as Berelto 8 33set switches

. €
Ki
8 increase contrast ol digial ePlug transtormer . .,J:‘f;gi,ng?" 5
ABINET | displays eall parts included ! 1"%2"PC Board - mo N
3"H.6%" "W, 5%"D Black, White or “WU{ [ PowerReq S5y

Plexiglas s
i (2 5MA TYP ) LOW POWER - FACTORY FRESH

i

c’ﬂ!l' Cuvar Precut & drilled A
C"ABII'J'ET " Kit #850.4Cp poyowenooh® l 124 $1.75 ea.  100-199 $1.45 ea.
2%"H5"WA"D $6.50 -2 Size 6"H.4%"W.3°D _._—,samb‘ed HTB-1(Adustable] 25-99  1.60 ea.  200-999 1.39 ea.
REDOR GREY P
LEXIGLASFOR DIGITAL BEZELS 2/.45 '2995 somplete kit 4405 1000 AND OVER ‘1,29 ea.

I'x6'x1/8"

S-0I=EIT U __II K CRLEMR I’” JUMBO DIGIT cLOCK

0f TE-?IIH,--HJ IO02E BLARM *mn.'e kT 00 R

FOR THE BUILDER THAT WANTS THE BEST FEATURING 120R 24 HOUR TIME — time, PC Boards, Transformer, Line

29.30-31 DAY CALENDAR ALARM. SNOOZE AND AUX TIMER CIRCUITS Cord, Switches and all Parts. Ideal Fil
Will alternate ime (8 seconds) and date {2 seconds) or may be wired for time or date display only, inCabinet Il
with other functions on demand, Has built-in oscillator for battery back-up. A loud 24 hour alarm Kit #5314-5 ‘1995 2/033'

with a repeatable 10 minute snooze alarm, alarm set & timer set indicators. Includes 10_

VAC/60Hz power pack with cord and top quality components thmugh out. = JUMBO DIGIT
¢ 95 ea
m " CONVERSTION KIT ‘9
l-u’?.’}? Convert small digit LED clock to large
r-.,__‘__‘_‘/ 5" displays. Kil includes 6 - LED's,
7.

= ESB! Multipiex PC Board & Hook up info

Lf f"
KITS ARE COMPLETE ILESS CABINETI e e ‘ Kil #JD-1CC For Common Cathode
: d Kit #JD-1CA For Caommon Anode

KIT 7001B WITHE - 5 DIGITS $39.95
KIT - 7001C WITH 4 6 DIGITS &

2. 3" DIGITS FOR SECONDS 54295
KIT-7001X WITH6- 6 DIGITS 54595

ALL 7001 KITS FIT CABINET | AND ACCEPT QUARTZCRYSTAL 'I'r.M[- BAEE—K” L] r H

PRINTED CIRCUIT BOARDS for CT 7001 Kits Soecily for 7001 " (| l el B g " r’ ri,- /
sold separately with assembly info PC Boards are "’ ' -’— - - 1N
dilled Fiberglass, solder plated and screened B CorX-5795

with component layoul 5 :

12128 W -"l' "”” t”-'-

AUTO BURGLAR | Y ‘)‘ ,3,. TRRRELEREGOATED | ‘oo, 12 VOLT AC o 'EE\ _k
T DC POWERED }
A;Auls&anum.n -uKL-uln. 1o mstact | POWER SUPPLY KIT '2001“ . 7
e s s SEATURES. mOT o VARIABEE FROM S 1o 14¥ « 6IUMBO 4 REnlEDSBFHINQREDFII.‘I'FRI.FNS“ITHFHRDME AIM
NOAMALLY FOUND RLTLLSS ‘a;:r:u-:g « SHORT CIACUIT PROOF * SET TIME FROM FRONT VIA HIDDEN SWITCHES o 12/24-Hr TIME FORMAT
T oA BELSORE. WILL BULBE h“‘ﬂ o 723 1C REGULATOR ® STYLISH CHAHCOAL GRAY CASE OF MOLDED HIGH TEMP. PLASTIC
AELAY AT 1M RATE OR "'*' Sahi o e 2NIDSS PASS TRANSISTOR = BRIDGE POWER INPUT CIRCUITRY — TWO WIRE NO POLARITY HOOK-UP
4 4 g ey i « CURRENT LIMITING AT 1 Amp [l OPTIONAL CONNECTION TO BLANK DISPLAY [Use When Key OIf in Car. Fic
MOUNTS UNDER DAke  REWMOTE SWITCH K'T”ALR 1 KIT IS COMPLETE INCLUDING « TOP QUALITY PC BOARDS & COMPONENTS INSTRUCTIONS
Cam i -' Wk TED I‘Vlllﬂl DESIREL CWO% sg 9 DHILLED 1.3 SOLDEW PLATED - MUUNT’ING ﬂ“n“_‘"‘_' |NCL“DEO i18 v'.‘r a 50
5 FIBERGLASS PC BOARD AND RIT ®20uG) 3 OR 5
HALR-1WT ALL PARTS (Less TRANS COMPLETE KIT ‘2795 NORE ‘259653 Power Pack
e WIRED & FOAMER)  KITEPS-01 3895 EA : NAC-
- TRANSFORMER 24v CT will ASSEMBLED UNITS WIRED & TESTED
TESTED provide JOOMA at 12V and ORDER #2001 WT [LESS 9V. BATTERY #3798 on *3595
$19.95 § ' Amparsv 33 50 Wired lor 12-Hr. Op. il not otherwise specitied A MORE ea

ORDER BY PHONE OR MAIL
COD ORDERS WELCOME

OPTDELEmRONlcs. lNc. ORDERS TO USA & CANADA ADD 5" FOR SHIPPING

HANDLING & INSURANCE. ALL OTHERS ADD 10
BOX 219 HOLLYWOOD, FLA. 33022 ADDITIONAL $1.00 CHARGE FOR ORDERS UNDER
PHONE (305] 921-2056 / 921-4425 i‘;!un-cou FEE $1.00. FLA. RES. ADD 4°. STATE
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TOROID CORES

c?

All the popular sizes and mixes.
Fast Service. Same day shipment
via first class mail or air.

%/ No minimum order.

IRON POWDER TOROIDS:

vV
\"Ir

flea market

ELIMINATE QRM and QRN problems with our superior
CW and SSB Filters. Also CW keyers, speech com.
pressors, power supplies, leletype converters, and multi
band antennas assembled or in kits. Dealer discounts.
Dynamic Electronics, Box 896, Hartselle, AL 35640. (205)
7132758

EZ does it best. Deals, that 15, on Yaesu, ICOM, Drake,
Swan, Cushcralt, Larsen, KLM, Dentron, VHF Engineer-
ing and Wilson. For new of used gear call, see or write
WOEZ, Bob Smith Electronics, 12 So. 21st St., Fort
Dodge, lowa 50501 (515) 576-3886.

BARLOW-WADLEY XCR-30 Mark |l Crystal controlled
communications receiver. Continuous luning 0.5 to 31
MH:z and B7.5 to 108 MHz FM. Excellent condition, in
original box, $225 or ofter. Harris. 171, Kresge College,
Santa Cruz, CA. 95064

STOP LOOKING For a good deal on amateur radio equip
ment — you've found it here at your amateur radio
headquarters in the heart of the Midwest. We are tactory
authorized dealers lor Kenwood, Drake, Collins, ICOM,
Ten-Tec, Allas, Hallicrafters, KLM, Wilson, Regency,
Tempo, Swan, Midland, Alpha, Standard, Dentron, Hy
Gain, Mosley, Cushcraft, and CDE, plus accessones
Thousands of thrifty hams from coast o coas! already
know us and we invite you to join them by writing or call-
ing us today for our low quole and trying our personal
and triendly Hoosier service. HOOSIER ELECTRONICS,
P. O Box 2001, Terre Haute, Indiana 47802
812) 2381456

TECH MANUALS tor Govl. surplus gear — $6.50 each:
SP-600JX, URM-25D, OS-BA/U, TS-173UR. Thousands
more avallable Send 50¢ (coin) for 22.page list, W3IHD,
7218 Roanne Drive, Washington, DC 20021

WHY WAIT UNTIL THE NEXT HAMFEST? Your call sign
and handle custom printed on a quality T-shirt. Colors
available: white, black, tan, gold, red, yellow, or blue
Sizes: Small-Medium-Large-Extra Large. Clubs quantity
discounted. $600 — TEE-SHIRTERY, K9PM, P.O. Box
101-B, Medinah, lllinois 60157

e | a0 | A8 | k| s | e
u=10 u=B5 u fin, 3
1200 | 120 200 325 |
T106 | 135 106 150 |
T80 55 a5 80 B0
T68 57 a7 21 68 65
T 50 51 a0 18 i Sﬂ 55
T25 | 3a | 27 12 25 a0 |
RF FERRITE TOROIDS:
are | P | WEE S1ZE PRICE
SIZE 170 10-150 |.E? UEA
MH2z MH:z
F240 | 1300 | aoo 2.40 6.00
F25 ann | 300 1.25% 3100
F87 600 | 190 87 205 |
50 500 180 50 128 |
Far 400 140 37 1.28
F23 190 60 23 110 |

Chart shows uH per 100 turns.

FERRITE BEADS:

$2.00 DOZEN
WIDE BAND CHOKES

95¢ EACH
TO ORDER: Specify both core size

and mix for toroids. Packing and
shipping 50 cents per order USA and

Canada. Califormians add 6% sales
tax.
Fast service. Free brochure and

winding chart on request.

PALOMAR
ENGINEERS

BOX 455, ESCONDIDO, CA 92025
Phone: (714) 747-3343
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Coming Events

SOUTH BEND, INDIANA Hamies! Swap & Shop January
B, 1978, first Sunday alter New Years Day at NEW CEN
TURY CENTER downtown by river on US. 31 ONEWAY
North across from St. Joseph Bank Bullding. Hall acre in
one large room at same ground level as entrances and
loading dock. Tables $2 each. Food calering service
automobile museum and Art Center in the same build
ing. Four lane highways to door from all directions. Talk
in lreq: 146.52-52, 04-64 East, 13-73, 2585 SE, 34-94
147 99-39, 93-33, B4-24, 60-09 Wayne Werls KSIXU, 1889
Riverside Drive 46616

THE ANNUAL FORT WAYNE WINTER HAMFEST s al
Shiloh Hall, North of Fort Wayne, on January 22 from 8
AM until 4 PM local time, Early parking is available and
20088 and 52/52 will be monitored. This yearly evenl is
sponsored by the Allen County Amateur Radio Technical
Society (AG/ARTS). Admission is $2.00 at the door. Table
space is available at $1.50 per hall table (about 4 leel)
For intormation ar table reservations (held until 9:30 AM)
write: Hamfes! Chairman; AC/ARTS, P.O. Box 342, Fort
Wayne, IN. 46801

RICHMOND, VIRGINIA WINTERFEST — 78 January 15,
1978, Bon Air Community Genter, sponsored by The
Richmond Amateur Telecommunicalions Society. Talk
in 26-BB and 52 simplex ARRL coordinated. Techmcal
symposium, drawing, home brewers con — 2 divi
sions, over 18 and under — wilh lramed certilicate to
winners with Most Onginal Idea, Best Mechanical and
Bes! Electrical Construction. FCC exams will be ad
ministered, starting at 10:00 am_ to take exam, mail
Form 610 al leas! five days prior to Fesl 1o address
below, Send sell-addressed, stamped envelope il you
need Form 610 Commercial Exhibits, Indoor Flea
Market, $2.00 (table included), Outdoor Frost Bite Tail
Gate Flea Markel, $1.00 Admission $2.00, children under
12 free. RAT.S members excluded from contest and
drawing. Bring the family and spend the weekend In
beautiful, historic Richmond. Richmond Amalteur
Telecommunications Society, Post Oflice Box 1070
Richmond, Virginia 23208

17th ANNUAL MICHIGAN CROSSROADS HAMFEST
Salurday J4/78 B:00 opening Marshall High School, Exit
110 from 1.94 near 1-.69. Over $300 in door prizes. Check in
146.07/67 146.52 lor lucky QSL card. Donation §1.50 ad
vance, $2.00 al deor Table donation 50¢ each foot. Con
tact KBUCQ, Goodrich 110 Perrett, Marshall, MI 49068,
(616) 781-3554

NEW
FROM GLB

A complete line of QUALITY 50
thru 450 MHz TRANSMITTER
AND RECEIVER KITS. Only two
boards for a complete receiver.
4 pole crystal filter is stan-
dard. Use with our CHAN-
NELIZER or your crystals.
Priced from $69.95. Matching
transmitter strips. Easy con-
struction, clean spectrum, TWO
WATTS output, unsurpassed
audio quality and built in TONE
PAD INTERFACE. Priced from
$29.95.

SYNTHESIZER KITS from 50 to
450 MHz. Prices start at $119.95.

Now available in KIT FORM —
GLB Model 200 MINI-SIZER.

Fits any HT. Only 3.5 mA current

drain. Kit price $159.95 Wired

and tested. $239.95

Send for FREE 16 page catalog.
We welcome Mastercharge or VISA

GLB ELECTRONICS

1952 Clinton St., Buffalo, N. Y. 14206

TEST EQUIPMENT

listed % operational and un
conditionally guarantecd  Money back il not
sahstied ecquipment bemng refurned must e
shipped prepaid. Include check or money order
with order Prices listed are FOB Monroe

All equipment

BOONTON 190A @ mtr 30 200mHz $425
FLUKE 803B Diff ac dc vivm 295
GR916A RF Imp bridge 420kHz 60MH2z 325
GRI001A LF siggen 5kHz SOmHz 85
HP120B 450kHz gen pur scope .. 215
HP160B (USMI05) 15mHz scope with

reg horiz, dual trace vert plugs 375

HP1668B (Mil) Delay sweep tor above 130
HPI70A(USMI140) 30mHz scope with

reg horiz, dual frace vert plugs 475
HP175A 50mHz scope with reg

horiz, dual trace vert plugs 565
HP185A Sampling scope to 1 gHz

1848 xsir rise time plug 585
HP202B LF Osc .5H2 50kHz 10v out 75
HP205AG Lab audio gen .02 20kH2 195
HP212A Pulse gen .06 SkHZPRR 45
HP5240 Freq counter basic range

10Hz-10mHz extends w-plug ins 195
HP540B Trans osc to 12.4gHz for

use w HP524 type counters 145
HP&16 Siggen 1 8 4gHz FM CW 365
HP&86 Sweep gen 8.2 12.4gHZ sweep

range 4. 4mHz 4. 4gH7 495

HPBO3IA VHF Ant bridge 50 500mHz 135
HP2801A Prec dig thermometer
80 to 250 deg Cels with 1

0sc . less sensors 1295
Tek181 Time mark scope calib 55
Tek190 Sig gen(const ampl) S0mHz 125
Tek 545(mil vers by HickokLavoie)

33IMHz gen pur scope less plugin 495
Tek565 Dual beam 10mHz scope

less plug ins (3 series) 625
Tek585 B0MH2 gen pur scope less

plugin . .. 645

For complete list of all test equipment
send stamped. selt addressed envelope

GRAY Electronics

P.O.Box 941, Monroe, Mich. 48161

Specralizing in used tes! eguipment

More Details? CHECK — OFF Page 142



YOU ASKED FOR IT-

BOTH MORSE
AND RTTY _, ;

DS-3000 KSR

The ULTIMATE in coded communications can now be yours with the new DS-3000 KSR TERMINAL
(Version 3) and ST-6000 DEMODULATOR. Enjoy the convenience of composing and editing your
messages BEFORE transmitting; decode and display CW as well as RTTY signals. Connect the HAL
ST-6000 and DS-3000 KSR to your transceiver and antenna and work the world on RTTY and CW.

ST-6000 DS-3000 KSR

« 170-425-850 Hz Shift ANTENNA « MORSE, BAUDOT, and ASCIl codes
* Low or High tones i e Full 72 character lines

e Crystal tone keyer ) « 16 lines of display

« Active band-pass filters +» Word wrap-around

s Autostart and antispace TRANSCEIVER « Edit with WORD, LINE, & PAGE modes
« ATC and DTH » Keyboard programmable HERE IS

« KOS for keyboard break-in l T measage

+ Scope or meter tuning indicator ST-6000 * Up to 175 WPM CW, 5 speeds BAUDOT

& ASCII
= 3 DEMODULATOR
AR G FM vty miies « BO80OA microprocessor controlled

« MORSE also output as ASCIl or BAUDOT
s |/0 interface to current loop or RS-232

« Table or rack mounting

+ |/0 interface to current loop,

RS-232, MIL-188, and CMOS D?;&TN];?_R * New streamlined 12 inch display
5 « On-screen indicators of WORD & PAGE
modes
ST-6000M (Meter) ....... $495.00 DS-3000 KSRV3 .............. $1575.00
ST-6000S (Scope)........ $595.00 DS-3000 KSR V2 (NO MORSE) . $1195.00
Wirite or call us for our new amateur catalog.
For our European customers
HAL COMMUNICATIONS CORP. e i
X Richter & Co., Hannower
Urbana, llinois 61801 LEC: nterico, Basone
’ Primetek Systems; Handen, Sweden
217-367-7373 Rudio Shack of London

J
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The popular
CUA 64-12

by Heights

Light,
permanently
beautiful
ALUMINUM
towers

THE MOST IMPORTANT
FEATURE OF

YOUR ANTENNA

IS PUTTING

IT UP WHERE

IT CAN DO

WHAT YOU EXPECT.
RELIABLE DX —
SIGNALS EARLIEST IN
AND LAST OUT.

ALUMINUM
(‘:umplt'h- Telescoping
and Fold-Over

Series available
Self-Supporting

Easy to Assemble
and Erect

All towers mounted

on hinged bases

And now, with motorized options, you
can crank it up or down, or fold it
over, from the operating position in
the house.

Write for 12 page brochure giving doz-
ens of combinations of height, weight
and wind load.

ALSO TOWERS FOR WINDMILLS

HEIGHTS
MANUFACTURING CO.

In Almont Heights Industrial Park
Almont, Michigan 48003
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MODEL 12751 KIT
REGULAR $59.95 VALUE, NOW ONLY 53591 *

@ CONNECTS IN LINE BETWEEN MIC. AND MIC.
JACK, REQUIRING NO MODIFICATION TO TRANS-
CEIVER @ SOLID STATE RELIABILITY @ AUTO-
MATIC TIMER CAN BE SET FROM 1 MIN. TO
10 MIN, @ ADJUSTABLE CODE SPEED FROM 5
T0 40 WPM @ ADJUSTABLE CODE TONE AND
AUDIO LEVEL @ EASILY PROGRAMMED
SPECIALLY DESIGNED CIRCUITRY GENERATE
SQUELCH TAIL & ASSURES CORRECT & FULL
1.D. EVERY TIME @ OPERATES IN AUTOMATIC
OR MANUAL MODES @ IDEAL FOR BASE, MO-
BILE, OR REPEATER OPERATION.

QUALITY 5 x 7 PCB, 20 pg. instruction
& assembly manual.

NEW “CIR-KITS"” AVAILABLE
MODEL 11765 — miniature 1'% x 2%
CW Beacon |Der (great for 1750M band)

® Code speed programmable. ONLY
$£19.95/KIT®

MODEL 11764 — semi-automatic mod-
ulated CW IDer. 1.7* x 3¥ PCB @ adjust-
able code audio level @ programmable
code speed, tone & repeat interval. ONLY
$25.95/KIT*

“Memory elements factory programmed Lo your
specifications (254 bits maximum).

MODEL 1776 universal auto/home
alarm control module.
MODEL 1777 alarm timer module for

1776,
Calif. res. add 6% tax. Incl. $2 shpg./hdlg. $4 for.

Write for add I
information. | SECURITRON
P. O. Box 24899

SAALE
nd check or MO to:
Phone (408) 294.8383 | San Jose, Ca 95154

the easy way — just call

TOLL FREE
800-258-5353

to order books from Ham Radio's
Communications Bookstore and
subscriptions to Amateur Radio's
best publications, Ham Radio HORI-
ZONS, HAM RADIO Magazine and HR
Report

SAVE MONEY TOO!

5% discount plus Free Shipping
on orders of $35 or more.

Please use this number to PLACE ORDERS
ONLY. To inquire about book orders and
subscriplions please write, or call
(603) 878-1441

GREENVILLE
NH 03048

ammumications

ookstare

We're Amateur Radio's Book People!

SAVE

Money - Time

QUALITY HAM EQUIPMENT
AT LOWEST PRICES

Save on Name Brands like:

SWAN TEMPO DRAKE
YAESU HY-GAIN TEN-TEC
ICOM KENWOOD MIDLAND
CDE STONER DENTRON

CALL TOLL FREE
1-800-228-4097

or (402)466-8402

in Nebraska

Commmunications
Center
443 N. 48th
Lincoln, Nebraska 68504
[ |

masler charge BANKAMERICARD |

il Mg RgAEs CARD

MILITARY
SURPLUS WANTED

Space buys more and pays more High
est prices ever on U.S. Military Sur-
plus, especially on Collins equipment

or parts. We pay freight. Call collect
now tor our high offer. 201 440-8787
SPACE ELECTRONICS CO
div. of Military Electronics Corp
45 Auta Courl, S. Hackensack, N.J. 07606

DIPOLE _~"ANTENNA CONNECTOR

o
Gl £ HYE-QUE (HQ-1) o
oas 50719 socke

posipaid. Comp

BUDWIG MFG. Co. #o sox 971, mamons, ca 5206

CURTIS KEYER
CHIP $24.95

B043; IC only, 50-up group rate . .5 1.
B043-1; IC, PCB, Manual .... 24.
8043-2; Semi-kit . § 4.

Add tor air postage and hand oy L
(See Feb75CQ, Apr 75 HR. Feb760ST, Aadio Handbook 75)
KB4200 Keyboard Keyer (Oct 74 QST) ... $549.95
EK420/KM420 Keyer/Memory (Oct 73 OST) $439.90
EK430 CMOS Keyer (Feb 76 QST)
K440 Instructokeyer (Mar 76 QST)
Curtis Electro Devices Inc.

(415) 964 3136

Box 4090. Mountain View, CA 94040

More Details? CHECK — OFF Page 142



ME-3 microminiature tone encoder

Compatible with all sub-audible tone systems such as: Private Line,
Channel Guard, Quiet Channel, etc.
* Powered by 6-16vdc, unregulated
» Microminiature in size to fit inside all mobile units
and most portable units
= Field replaceable; plug-in, frequency determining elements
+'Excellent lraquency accuracy and temperature stability
level adjustment gotentiometer
Newave output
EIA tone frequencies, 67.0 Hz-203.5 Hz
e unity to RF
' :}ﬁ ty protection built-in

$29.95 each communications specialists ﬁL‘UéfNLDFSrEStQﬁEﬁBLE-
Wired and tested, complete with P.0.BOX 153 y M
K-1 element BREA, CALIFORNIA 92621 DETEHM'“':? 0';'-'5 i“”s
(714) 998-3021 .00 eac

More Details? CHECK — OFF Page 142 january 1978 & 123



(WARBLE ALARM

CAR-VAN CLOCK
WITH HEADLIGHT ALARM

= LLAPSED TIMEN

SLCONDS DISFLAY SWITCH

& BMINUTE SNOOZE ALARM
SIMPLE AWIRE HOOK UP
o JUMED YT LED DISPLAY

170 SOMINUTE COUNTDOWN
TIME ™ S SIMUL TANEDUSL Y
wiTH LLOCK

RUGCLD ARE CASE

COMPLETE KIT $35.95 -
ASSEMBLED $45.95

OUARTE CRYETAL
ACCURALY

DIGITAL AUTO INSTRUMENTS
Acomiiin SEVEN MODE LS'

3 S D S ND ENDE R ALDNL

KIT 349 95 ....... ASSEMBL‘ED $59.95
ELECTRONIC ‘PENDULUM’ CLOCK

1 .- . SWING FENDULL
' T HOURS ]
. i + ALARM FEATURE

TIME SET PUSH BUTTONS

OUARTZ DIGITAL AUTO CLOCK
OR ELAPSED TIMER!

ELAPSED TIMER: HRS, MINS & SECS

SIMPLE PUSHBUTTON RESET &
KIT: $27.95. ... ... ASSEMBLED: $37.95

R EMING
vid

e

HOLO TOGGLE SWITCH
NOWWITH
e

TIME! -
3% DIGITAL CLOCK
i $49.85 . . siwnn $59.95
it $69.95 - of v §$79.95
TV-WALL CLOCK 17 VA
« 7% VIEWING DISTANCE
« B HOUAS & MINUTES
= 1 SECONDS
« COMPLETE WITHWODOD CASE
KIT:$34.95. ... ... ASSEMBLED: $39.95

ECONOMY CAR CLOCK

LEDMODULE!

« COMPLETE WITH CASE
RAACKET & TIME S5E1
PUSHEUTTONS ’
ALARM OFTION
KIT:$19.95....... ASSEMBLED: $26.95
PENDULUM L O T
$14.95 nanacker $3.785

Looking for
BACK ISSUES
of HAM RADIO
Magazme"

Send for our recently up-
dated list of all available
backissues from March
1968 through December
1977. Try to complete
your valuable reference
collection of HAM RADIO.

$2.00 each, 3 for $4.95
Write for your copy today.

BOUND
useﬁll

As another year ends and
a new year begins, it's
time to collect last year's
issues of HR and protect
them from wear and tear
in a handsome, durable
buckram binder. Binder is
attractively illustrated and
includes a gold-stamped
date label. (Available in
large size only for 1976
and 1977.)

$6.95 each, 3 for $17.95

SAVE by ordering for the future
ENCLOSE PAYMENT order TODAY.

with
Jan
Crystals

for
e General Communication & Industry
* Cltizen's Band

(Standard & Synthesized)
* Two-Meter - Monitor - Scanners
e Marine VHF ¢« Amateur Bands

Depend on Jan Crystals
made in U. S. A. for

* Frequency Control * Frequency Stability
* High Performance

Send 10* for our latest catalog
Write or phone for more details

2400 Crystal Drive
Ft. Myers, Florida 33901
all phones (813) 936-2397

ham Greenville, NH 03048

\radio

MARK FOSKETS'
SOLID STATE TIME

P.O. BOX 2159
DUBLIN, CALIF. 94566

ORDERS (415) 828-1923

24 HR v
PHONE | e
\__ CALIFORNIA RESIDENTS -ADD 6% SALES TAX )
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Send me the current list of avail-
able backissues of HAM RADIO.

Order 1 magazine binder . ..
enclosed is $6.95

Order 3 binders. . ...
$17.95

Address

City

|

|

l
| |
| |
l .enclosed is '
| I
I Name |
I I
| I

ICOM

IC 245

146 MHz FM 10W
TRANSCEIVER

SPECIAL LOW PRICE
DN IC-245
THIS MONTH ONLY

IC 21 1

144 to 148 MHz

SSBIFMICW
10 W TRANSCEIVER

IMMEDIATE DELIVERY
SHIPPING PREPAID IN USA

MASTERS 5
CUMMUNIBATIUNS

7025 N. 57th DR.
GLENDALE, AZ 85301

e PHONE

e  602-939-8356

More Details? CHECK — OFF Page 142




RAP-200

DATA BONALINE

NAD.-800
. Y @ ——

wEBEATER AUTE mATTH T

A Complete Autopatch facility that requires only a repeater
and a telephone line. Features include single-digit access/
disconnect, direct dialing from mobile or hand-held radios,
adjustable amplifiers for transmitter and telephone audio, and
tone-burst transponder for acknowledgement of patch dis-

connect.
RAP-200 P. C. Card 199.50

RAP-200R Rack Mount 249.50

DATATONE o 7eiims
TODALPULSE ™ s
CONVERTER =

The Data Tone to Dial Pulse converter Model DPC-221 pro
vides full compatibility between Touch-Tone* encoders and
rotary dial-pulse telephone exchanges. Two separate outputs
for the * and # digits provide remote control operation, and
a cancel function permits the caller to automatically stop
and reset the converter's dialing circuits,

DPC-221 P. C. Board $219.00
DPC-221R Rack Mount $299.00

MIGHTY MOS

MIGHTY MES

Complete C-MOS keyer, versatile controls allow wide charac
ter-weight variations, speeds from 5 to 50-wpm plus volume
and tone control. Solid state output switching transistors are
campatible with both grid-block and solid-state transmitters.
Unit also available in kit and wired p. c. board only versions,

MIGHTY MOS 39.50
P. C. Card - Wired 24.95
P. C. Card - Kit $19.95
TTP-1 TTP-2
- —
L] L]
-

UNIVERSAL TOUCH-TONE
ENCODERS

The Data Signal TTP Series of keyboard encoders is used to
generate the standard 12 or 16 DTMF digits. The encoders
provide fully automatic transmitter keying and feature a
delayed Transmit Ready light, an interdigit timer, and a built-
in audio monitor. Features also include all solid-state, crystal
controlled, digitally-synthesized tones and an optional internal
mount Automatic Number Identifier (ANI).

TTP-1 (12-digit) ;59.00
TTP-2 (16.digit) 69.00
*Touch-Tone is a registered trade name of AT&T.

—TWEW*‘DW ar(

EXCITING NEW PRODUCTS

RAP-400

.
mEREATER AUTO SATEN

A complete Autopatch facility, similar to the RAP-200, that
additionally provides for half- or full-duplex operation and
features buill-in compression amplifiers plus a long-distance
inhibit function on digits 1 and 0.

RAP-400 $749.00

SUB-MINIATURE
TOUCH TONE ENCODERS

MODEL SME — Smallest available Touch Tone Encoder. Thin,
only .05% thick, keyboard mounts directly to front of hand-
held portable, while sub-miniature tone module fits inside.
This keyboard allows use of battery chargers. Price $34.50,
with your choice of keyboards.

DTM

man

oman

EDm

O0En
MODEL DTM — Completely self-contained miniature encoder
for hand-held portables. Only 5/16" thick. Three wire con-

nection, Automatic PTT keying optional. With your choice of
keyboards. Price: DTM - $49.50, DTM-PTT - $59.50.

DATA SIGNAL
AND
DIGITRAN KEYBOARDS

Style A Style B Style C
14233
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37 1% x 24" 2% x 1%

Style F Siyle G

27 x 247 27 x 2 11/16" 2447 x211/16"

Ask About Our Deluxe Receiver Preamplifier For HF & VHF

Send For Free New Catalog

DATA SIGNAL, INC. =

2403 COMMERCE LANE
ALBANY, GA. 31707, 912-883-4703

More Details? CHECK — OFF Page 142
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VANGUARD LABS_CATALOG VANGUARD LABS

___SAME DAY

PREAMPS

HIGH GAIN » LOW NOISE
30 dB power gain, 2.5-3.0dB
N.F. at 150 MHz, 2 stage,
R.F. protected, dual.gate
MOSFETS. Manual gain [Wa *Ws &
control and provision for =
AGC. 4.3/8 x 1-.7/8" x
1-3/8" aluminum case with power switch and
your choice of BNC or RCA receptacles.
Available factory tuned to the frequency of
your choice from 5 MH: to 350MH2z with
approximately 3% bandwidth. Up to 10%
B.W. available on special order. Requires 12
VDC @10mA.

. $29.95

Model 201 price (5 200 MHZ) . :
. $34.95

201-350 MHz

CONVERTERS

2 METERS
This converter has a min
imum of 20 dB gain and a
noise figure of 2.5.3.0 dB
which assures you of a sen.
sitivity of .1 microvolt or
better. The circuit uses a
dual-gate MOSFET R.F. stage and a dual-
gate MOSFET mixer (thereby giving you a
minimum of cross-modulation products), é
tuned circuits, a bipolar oscillator and .005%
crystal. Covers 144-146 MHz at 28.30 MHz
output with one crystal included and 144-148
MHz at 28-30 MHz with an extra crystal
(available for $6.00 more). The glass epoxy
circuit board is enclosed in a 16 gauge
aluminum case measuring 3-1/2" x 2-1/4" x
1-174" with your choice of either BNC or RCA
receptacles. Also included is a power and
antenna switch. Requires 12 VDC 15 mA.
The converter is also available at other input
and output frequencies. Call us for prices.
PRICE: Model C.144-A available from stock
at $39.95 with one crystal. Additional crystal

$6.00 extra.
HF & VHF

40dB GAIN 2.5-3.0

N.F. 150MHz
2 RF stages with Iran.
sient protected dual.gate
MOSFETS give this con.
verter the high gain and low e;f} “‘6'
noise you need for receiving ! =
very weak signals. The

mixer stage is also a dual-

gate MOSFET as it greatly reduces spurious
mixing products — some by as much as 100
dB over that obtained with bipolar mixers. A

SYNTHESIZERS

FOR ALL TRANSCEIVERS
The STR series syn.
thesizers are available
for any transceiver
operating from 20 MHz
to 475 MHz that uses
crystals in the 5 to 85
MHz range. It has a
thumbwheel dial calibrated for your operat-
ing frequency plus a selectable fransmit
offset of plus or minus 600 kHz, plus or
minus 1 MHz, and 2 spare offsets that you can
add later. Frequency accuracy (s .0005% and
spurious outputs are 60 to 70 dB down. To
process your order we must have the crystal
formula of your transmit and receive crys-
tals. If your transceiver uses 1 crystal for
both transmitting and receiving (like the
Motorola Metrum 11), you can use our
receive synthesizer described to the right.
Maximum tuning range per synthesizer is 10
MHz above 100 MHz and proportionally less
at lower frequencies. Dial increments arein 1
kHz steps from 5 to 30 MHz and 5 kHz steps
above.

Model STR synthesizer price:

5150 MHz ........
151-475 MHzZ ......

Vcng!g,!.'j'm
Labs |

Hollis NY 11423

$259.95
$279.95

(212) 468-2720

A\ )

SHIPMENT

EXTRA LOW NOISE
Excellent for weather satel-
lite reception and recom-
mended by Dr. Ralph E.
Taggart in his Weather
Safellite Handbook. Less
than 2 dB noise figure and
approximately 17 dB gain. Uses a low noise
J-FET in a common source neufralized cir-
cuit, Available factory tuned to your choice of
frequency from 135 MHz to 250 MHz.
Bandwidth approximately 4 MHz. Supplied in
a2:1/4" x 1-1/8" x 1.3/8" die cast aluminum
weather-proof case with a filter for powering
it through the antenna. Requires 12 VDC @ §
mA. Choice of VHF, type ""N', or BNC
receptacles,

Model 102 PRICE ....

bipolar oscillator using 3rd or 5th overtone
plug-in crystals is followed by a harmonic
bandpass filter, and where necessary an
additional amplifier is used to assure the
correct amount of drive to the mixer,
Available in your choice of input frequencies
from 5-350 MHz and with any outpu! you
choose within this range. The usable band-
width is approximately 3% of the input fre.
quency with a maximum of 4 MHZ. Wider
bandwidths are available on special order,
Although any frequency combination Iis
possible (including converting up) bes!
results are obtained if you choose an output
frequency not more than 1/3 nor less than
1/20 of the input frequency. Enclosed in a
43/8" x 3" x 1-1/4" aluminum case with
power and anfenna transfer swifch and your
choice of BNC or RCA receptacles. Requires
12VDC & 25 mA,

Model 407A price:

5-200 MHz $54.95
201350 MHz ....... . $59.95
Prices include 005% crvsral Additional
crystals $8.95 ea.

UHF

20dB MIN. GAIN
3TOS5dB MAX. N.F.
This model is similar in
appearance 10 our
Model 407A but uses 2
low noise J-FETS in our
specially designed RF
stage which is tuned
with high-Q miniature
trimmers. The mixer is a special dual-gate
MOSFET made by RCA to meet our require-
ments. The oscillator uses 5th overtone

FOR VHF RECEIVERS

This synthesizer has

8000 channels and can

tune a continuous 40

MHz segment of your

choice from 110-180 MHz

in 5 kHz steps. This will

satisfy most of your

requiremen!s in the VHF range and can save
you hundreds of dollars in crystals plus a lot
of time. Stock units are programmed for
receivers with the crystal formula Fc = Fs
-10.7 divided by 3 but we can program it to
almost any other IF at no additional cost at
the time of your order. It is supplied with an
interface for plugging in to your existing
crystal socket, Requires 12 VDC @ VY2 amp
which is easily obtainable from a low cost
power supply. The synthesizer has 4 voltage
regulators therefore the power supply need
not be regulated. Phase noise is not
detectable as the VCO is coarse tuned by a
DAC thereby easing the requirements of the
phase locked loop. Not atfected by vibrations
encountered in mobile use. Enclosed in an 8
x 3-7/8'" x 1-1/2' aluminum case and supplied
with a combination tilt stand/mobile mount-
ing bracket.

Price: Model SR 140D-05 . $179.95

NOTE: We can make any synthesizer from
audio to 475 MHz. Call us for prices.

2 IV = I\

L)\

ON MOST ITEMS

UHF
3TOS5dB MAX. N.F.
20dB MIN. POWER GAIN
Uses 2 of TI's low noise

J-FETS in our special cir-
cuit board design which | *ws &
gives a minimum of 20 dB R 1@

power gain at 450 MHz,

Stability is such that you

can have mismatched loads without it oscil
lating and you can retune (using the capped
openings in the case) over a 15.20 MHz range
simply by peaking the maximum signal.
Available tuned to the frequency of your
choice between 300-550 MHZ. 4-3/8" x 1.7/8" X
1-3/8" aluminum case with power switch and
your choice of BNC or RCA receptacles.
Requires 12VDC @ 10maA.

Model 202 price ..... $34.95

crystals to reduce spurious responses and
make possible fewer multipliers in the oscil-
lator chain which uses 1200 MHz bipolars for
maximum efficiency. Available with your
choice of input frequencies from 300-550 MHz
and output frequencies from 14-220 MHz,
Usable bandwidth is about 1% of the input
frequency but can be easily returned to cover
more. Requires 12VDC @ 30 mA.

Model 408 price ;

005% crystal mcluded

$59.95
11 crystal controlled
channels. Available in
your choice of frequen-

cies from 135-250 MHz in

any one segment from

14 MHz wide, | .F. band-

width (channel selectiv.

ity ( available in your choice of +7.5 kHz or
4+ 15 kHz, 8-pole quartz filter and a 4.pole
ceramic filter gives more than 80 dB
rejection at 2X channel bandwidth. Phase
locked loop detector. Frequency trimmers
for each crystal. .2 to .3 microvolt for 20 dB
quieting. Dual-gate MOSFETS and integrat

ed circuits. Self contfained speaker and
external speaker jack. Mobile mount and tilt
stand

Aluminum case, 6" x 7' x 1.3/8""

Model FMR 260-PL price:

135 180U 4 . s s AL L S $149.95
181-250 MHz $159.95
Price includes one .001% crystal. Additional

crystals $8.95 ea, This receiver is recom-
mended in Dr. Taggart's Weather Satellite
Handbook.

HOW TO ORDER: All items on this page are
available only from Vanguard Labs. For re
ceivers and converters state model, input
and oufput frequencies, and bandwidth
where applicable. For the fastest service call
(212) 468-2720 between 9 AM and 4 PM
Monday through Friday, except holidays.
Your order can be shipped COD by Air Parcel
Post

BY MAIL: Send your order to Vanguard
Labs, 196-23 Jamaica Avenue, Hollis, NY
11423 and include remittance by postal
money order, cashiers check or certified
check. Personal checks are also accepted,
but banks now require 3 weeks for checks to
clear, therefore this will delay your order.
Include sales tax if you reside in New York
State.

PURCHASE ORDERS: We accept purchase
orders from US and Canadian government
agencies, universities, and AAA rated cor
porations. Our lerms are Net 30 days,
FOREIGN ORDERS: Must remit payment in
full in US funds plus postage and insurance
fees. If complicated customs forms are re
quired, please forward your order to an
import.export agent

SHIPPING: We ship all our merchandise by
insured parcel post or air mail. Special de.
livery is also available, Prices include ship-
ping by regular parcel post if you remit with
your order. For air mall shipping add $1.00.
Postage will be added on all CODs, purchase
orders, and foreign orders.

MO [




SPECSCAN-S Programmable Scanner

. The ONLY Digital Scanner made for the IC-22S. It adds a whole new
dimension to 2M FM. If any other accessory can make your I1C-22S as ver-
satile as the SPECSCAN-S does, Buy It!

Scans the entire 146-147 MHz Band in 15 kHz steps,
automatically, or manually
Automatically reads out your other 21 channels when they are
used. [
Can be used as a remote programming unit with the radio hid- /
den under the seat, etc. S
Exclusive VARI-SCANTM control allows full control of scan
rate in either direction!
Full compatibility with the duplex mode.
Uses state of the art CMOS logic.
Low current drain. Less than 500 mA.
RF immune. Unalfected by nearby equipment and in high RF
areas.
Large LED display lets you see every channel at a glance.

+ Manual mode features lets you scan past any portion of the
band and manually select a desired channel.
Easy installation. Uses only one matrix position leaving the
other 21 useable for manual programming.
Plugs into 9 pin accessory socket.
Adjustable scan delay feature.
90 day limited warranty.

Send S.A.S.E. for more | r ’\W@
ONLY 1 4 Amateur Net SPECSCAN information q n ‘

wﬁalwundm manuhactur e s assoniation |
Send S.A.S.E. for more SPECSCAN info.

f MOTOROLA \ ( \ (R_IDIO AMATEUR CALLBOOK, INCW
GOODIES CDE @‘\CALLBUUKS =

TU540S . . narrowband filter for

“'G'"-series receivers $7.00 each . X SPECIAL
Mobile rapid-charger for HT-220 ROTORS... ﬂf_ m‘“’.’tff' M__.-
U43HHT . Hi Band Mobile with JANUARY fads | S J s13 2

most accessories $150.00 »

Channel Elements for MICOR SPECIAL sigenidiihioss ety ;.-;_I-}_-_'-_"-_f .‘_'__f'.“ -
model K1007/K1005$10.00 each ol » s :
Channel Elements for Model TLN
1081 & 1083 $6.00 each
UHF *'B''-Series receivers . . .
dual squelch, two-frequency, R .
narrcwt?and L ,510?[10 aagh Ham Ill, in-tower mounting, W
US1LLT 50-watt MOTRAN = rated 12.5 square feet ~ Model 43
40-50 MHz, all solid state, with Our price $129.00 )  mode
most accessories (have one ' $120 - snipping

5329.0[1/ \_ )

Lo = BIRD

i WE WANT TO MEET YOU! i '
We will be exhibiting at the following hamfests: m,i.,::; U Rave Den hevs debouty
January 21st: Waukesha, Wisconsin Coking. i Mt vong pikoss. Gur. terga
February 5th: Wheaton, lllinois O Gt et Yo et Wt you hised
it. Give us a call first for your BIRD

Come by and say hello. \"eeds. ¥

Model CD 44, ideal for your ubbia o s 30
VHF antenna array. List Wt Caltiook
$129.00  Our price $99.95 J

SPECTRONICS, INC. HOURS

STORE HOURS:
1009 GARFIELD Mon-Thurs 9:30-6:00, Fri. 9:30-8:00

OAK PARK, IL. 60304 Sat. 9:30-3:00, Closed Sun. & Holidays.
312-848-6777 '
TELEX 72:8310 u

More Details? CHECK — OFF Page 142 january 1978 [ 127




MONARCH \

TBSEM/4KWP

By the only test that means anything
on the air comparison . . . this array con-
tinues to outperform all competition

and has for two decades. Here's why
. .. Telrex uses a unique trap design
employing 20 HiQ 7500V ceramic con-
densers per antenna. Telrex uses 3 opti-
mum-spaced, optimum-tuned rellectors
to provide maximum gain and true F/B
Tri-band performance,

“NORTH
AMERICA’S
SHORTWAVE
MAIL ORDER
PLACE”

One-Stop
Armchair Shopping
For All SWL Needs

# Recewvers — Drake, Yaesu — special
mods for befter performance = Frequency
Readouts #Receiving Antennas # Antenna
Tuners +Frequency Calibrators # Log Books
*FM or TV Guides l:BSL Albums +AM Pattern
Maps  *ITU Publications ~ +(SL Address Books
*Confidential Frequency List  *Clocks  #All SWL Books

The New 1978
32nd Edition
WORLD RADIO TV
HANDBOOK
Is Ready!

Listen to the world with this
comprehensive directory of
stations at your side. Best
there is! Only $11.95 ppd

FREE SWL MINI-CATALOG
GILFER SHORTWAVE

Dept. HR-1, Box 239, Park Ridge, NJ 07656
128 [@ january 1978

STEP UP TO TELREX

Professionally Engineered Antenna Systems
Single transmission line “TRI-BAND® ARRAY”

For technical data and prices on com-
plete Telrex line, wnte lor Calalog PL 7

ILLUSTRATION BALUN

ILLUSTRATION TRAP

MODEL 6154 TERMALINER

I'D BUY FROM US

YOUR INQUIRY OR ORDER WILL
GET OUR PROMPT ATTENTION

AUTHORIZED DISTRIBUTOR

WEBSTER COMMUNICATIONS
115 BELLARMINE
ROCHESTER, M| 48063
CALL TOLL FREE
800-521-2333
MICHIGAN 313-375-0420

0ak Hill Academy
Amateur Radio Session

19th Year — July 29 thru August 11, 1978

We have moved our locition just 15 miles
from our previous site to the Ouak 1hill Acad-
emy, Mouth of Wilson, Virgimia

Our accommodiations are now the Hnest one
conld hope for, suites in o beautiful Do
with bath for each four students, Lovely spa-
cious lobby and fine recreation moom i the
lower level of the dorm

Ouk Hill Academy in the Appalachian Moun
tains of Virginia offers an intensive two week
Radio Sessiom in code and theory starting at
vour level

Expert instructors, some of whom have heen
on the staft for the past 18 vears are the
same, Only the location has been changed
Close association with fellow amateurs offers
an opportunity for Saturation  Leaming  that
has been very successiul sinee its conception

Novices upgrade to General, Techs to General

dvanced become Extras
Gaolf privile he New Hiver &
many other recr are  offered
Muke vour vacati 1 with o Pur-
pose” and 1|||_ .:ri ¥ # beautiful
school in the cool mountains of Virginia,

f< wrmerly G J'rlrﬂI '-'u”- v School Radio Session

C. L. PETERS, K4DNJ, Director
Oak Hill Academy Amateur Radio Session

Mouth of Wilson, Virginia 24363
Address

'
]
[
I
I
I
Name Call '
I
'
I
'
I
|

City/State/Zip

COPY SATELLITE, PHOTOS,
WEATHER MAPS, PRESS!
The Fax Are Clear on our full size (18-1/2" wide)
recorders These commercial-military urits now avail-
able at surplus prices. Learn how 1o copy with our FREE
Fax Guide Tel.: (212) 372-0349
ATLANTIC SURPLUS S
3730 NAUTILUS BROOKLYN. N.Y. 11224

CASH FOR 2-WAY FM RADIO

MOTOROLA, GE, RCA, ETc. EQUIPMENT
MOBILES, BASES PORTABLES, MOBILE-
TELEPHONES, REPEATERS, REMOTE CONTROLS,
TONE EQUIPMENT, 2-WAY TEST EQUIPMENT
Operational Umits Only
Commissions/Finders Fees
CAL-COM SYSTEMS, INC.

2670 BONAVENTURA DR., SAN JOSE, CA 95134
408/262-7200 Outside Cal, toll fres B00/538-9388

THE CUBI

» Inexpensive multi

tone encoder

«» Compatible with

-CG-QC

* Low distortion
sinewave

« Input 8-18 VDC
unregulated

« Rugged, plastic
encased with
leads

Subx B on

Price $19.95

« Adjustable frequency Fre’gc ts:t at
- r‘f
(98-250 Hz), Lower $5.00 extra

available
» Excellent stability

Send for more info

Calil res. add 6%

le
Ibroducis

PO Box 2083 Sonto Claro, CA,  9505]

Dept e

More Details? CHECK — OFF Page 142



CT-50 sency counter

Frequency 65370425
Counter

$ 79 kit UTILIZES NEW MOS-LSI CIRCUITRY

You've requested it, and now it's here! The CT-50 frequency SPECIFICATIONS
counter kit has more features than counters selling for twice the Sensitivity: less than 25 mv.
price. Measuring frequency is now as easy as pushing a button, the Frequency range: 5 Hz to 60 MHz, typically 65 MHz
CT 60 will automatically place the decimal point in all modes, giving Gatetime: 1 second, 1/10 second, with automatic decimal
you quick, reliable readings. Want to use the CT 50 mobile? No point positioning on both direct and prescale
problem, it runs equally as well on 12 V dc as itdoes on 110 V ac Display: 8 digit red LED .4"" height
Want super accuracy? The CT 50 uses the popular TV color burst Accuracy: 10 ppm, .001 ppm with TV time base!
freq. of 3.579545 MHz for time base. Tap off a color TV with our Input: BNC, 1 megohm direct, 50 Ohm with prescale option
adapter and get ultra accuracy 001 ppm! The CT 50 offers Powear: 110V ac 5Watts or 12V de @ 1 Amp
professional quality at the unheard of price of $79.95, Order yours Size: Approx. 6" x 4" x 2'', high quality aluminum case
today! Color burst adapter for .007 ppm accuracy available in 6
CT-50, 60 MHz counter kit ... . ..... A 2 weeks.
CT-50 WT, 60 MHz counter, wired and tested . ... .......1599¢ 3-1, coEaviseRras 95
CT 600, 600 MHz prescaler option for CT-50, add

CLOCK KIT VIDEO TERMINAL
6 digit 12/24 hour KIT $149.95 s b ST

complute one decode: 0
400 5000 Hr
Nyl . rrig) i — ol |: .--II:.. l: .-:I— [y 1 E
Want a clock that ' v ‘ ’ ' " ' . nd many o o Ui
looks good enough for your ran 1w winele 3 SOl mpply. Sivitel cants v ot bt PEARANEOION, T ow.
living room? Forget the com : Hetage P e oy Complete Kit, TD 1 $4.95
petitor's kludges and try one of ; 2
ours! Features: jumbo 4" digits, 2
Polaroid lens filter, extruded aluminum ! S SUPER-SNOOP AMPLIFIER )
case available in 5 colors, quality PC boards e e A i Mgl ettt P ety A super-sensitive amplifier which will pick up a
and super instructions, All parts are included, no I e pin drop at 15 feet! Great for monitoring
axtras to buy. Fully guaranteed. One to two hour. H Y baby’'s room or as a general purpose test
assambly time. Colors: silver, gold, black, bronze, e grntis il wagonp v bers hainige g amplifier. Full 2 watts of output, runs on 6 to
blue (specify). 12 volts, uses any type of mike. Requires 8-45
Clock kit, DC-5 . .. v eee e 52295 ohm speaker,
Alarm clock, DC-8, 12hronly . .. .......24956 Complete Kit, BN-9
Mobile clock, DC-7 SR LR .1 o [ 1] CLOCK
Clock kit with 10 min 1D timer, DC-10 | 2595
Assembled and tested clocks available, add KIT $27.95 FM WIRELESS MIKE KIT

#19:00 Transmit up to 300 to any FM broadcast radio,
Mo Acewraty | ke AUTO DIMMER uses any type of mike. Runson 3 10 9V, Type
CHEAP CLOCK KIT $8.95 PC Board TG L. KD hak it 5250 FM-2 has added super sensitive mike preamp.
DC4 Features Does not $295 iy talersh s iy et At - $2.95 FM-2 $4.
®6adign 47 LED include hoard Transfarmer " "

® 12 0r 24 format ot transtormer $1.49 < WDe 1 ; COLOR ORGAN/MUSIC LIGHTS

600 MHz 30 2 meter CALENDAR ALARM CLOCK See music come alivel 3 different lights flic ket
watt Power Amp Hs:avery leaturn ris coutd v sk Tor with music or voice. One light for lows, one for
PRESCALER The famous AE class C power ies  evaryihing escept case the midrange and one for the highs. Each
s nowt avellgbts rivell ordart Foue | ERrtriinba, atly Hatioh-or ey ead channel individually adjustable, and drives up
Extend the rangs of your Watts in for 30 Watts out, 2 in for 16 : G i to 300 watts, Great for parties, band music,
counter to 600 MHz, Works with aut, 1 in for 8 out, incredible value, | & g - " nite clubs and mare.
all countors, Less than 150 mv complate with all parts, instructions ! Complete Kit, ML-1
sensitivity. Spocify 10 ar 100 and datails on T-A relay. Case not inah v " LR ]

Wired, testad, PS 18 S50 05 included Lol
Kit, PS 1B $44.95 | Complets Kit, PA1 §zz:95 | BRIt e, LED BLINKY KIT

. A great attention getter which alternately
LINEAR REGULATOR TRANSISTORS flashes 2 Jumbo LEDs. Use for name badges,

5314 Clock $2.95 555 $ .50 18MG : MHAF 238 30W VHF $11.95 ; .

74500 - 556 75 309K NPN 2N3904 vpe 10/$1,00 g";gog“:a‘i;.wammg type panel lights. Runs on
745112 566 1.49 309H a9 PNP 2N3906 type 10/51,00 Complete K it

7447 567 1.489 340K 12 99 NPN Powar Tab 40W 15100
7473 < 1458 50 7805 8¢ PNP Power Tab 40W 3/51.00
7475 . LED DRIVER 1812 Q¥ : FET MPF 102 type 3/$2.00 POWER SUPPLY KIT
74904 75491 50 7815 UJT 2N2646 type 1/$2.00

74143 3.5 15402 50 7818 g 2N3055 NPN Power 75 Compl .

DIODES 1KV.25A ... 5/$1.00 100V A 10/$1.00 TN9T4A type ...50/52.00

LED DISPLAYS 741 OP-AMP SPECIAL SOCKETS | FERRITE BEADS

FND 359 : Factory prime mini dip with both
FND 510 o Xerox and 741 part numbaers

oL 707 2 10 for $2.00

HP 7730 24 PIN 2/%1 00 | 6hole Balun Beads
40 PIN 3/$2.00 | 5/$1.00

14 PIN  5/81.00 | wih info and specs
16 PIN  5/81.00 | 15181 00 SIREN KIT

Produces upward and downward wail char-
acteristic of police siren. 5 watts audio outpur,
Satisfaction runs on 39 volts, uses 8-45 ohm speaker.

—~ TELEPHONE ORDERS  puaranteed or IRV ITER G F Be]
I I money re
I Sau = E![}IIUHIBS WEERONE ISSSSA DECADE COUNTER PARTS
P.O. Box 4072 Rochester NY 14610 : : ] - $1.00. Orders includes: 7490A, 7475, 7447, LED readout,
L)

under $11.00 current limit resistors, and instructions on an
(716) 271-6487

add $.75 NY A
residents add easy to build low cost frequency counter.

Minimum Order $6.00 7 Kit of parts, DCU-1

Red Polarowd Filte 425" X 1128 59

More Details? CHECK — OFF Page 142 january 1978 129
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TONE ENCODER PAD

DIGITRAN® Keyboard

Output Level Set Pot

Crystal Controlled-Digitally
Synthesized Tones

Strapping for Hi-Low Z Output
Internal 5 V. Regulator

Supply Voltage Range 7 to 24 V.

RFI Suppression
Velcro and Case Included
Size 2.80 - 2.00 - 0.60 Inches

MODEL TTP-

$54.95

POSTPAID
IN U.5.A.

ADD 59,

MABLE

SATISFACTION
GUARANTEED

TEXAS RESIDENTS
SALES T
CHECK OR M.O.
SEE UP-COMING AD FOR NEW
AUTOMATIC UNIT: ATD-70
2 NUMBERS, FIELD PROGRAM-
§79.95

LEARN RADIO CODE

THE EASY WAY!

Based on modern
psychological techni-
ques — This course will
take you beyond 13
w.p.m, in
LESS THAN
HALF THE TIME!

03

i $9.95
Album contains
three 12" LP's
2% hr. instruction
Available in Cassette also for only $10.95,

® No Books To Read
® No Visual Gimmicks
To Distract You

® Just Listen And Learn

BOX

CLENG ELECTRONICS COMPANY
12171 DALLAS ,TEXAS 75225

508 East Washington St., Arcola, IL 61910

490-T Ant. Tuning Unit
(Also known as CU1658
and CU1669)
Highest price paid for these units. Parts purchased.
Phone Ted, W2KUW collect. We will trade for new

amateur gear.
units also required.

WANTED FOR CASH

We stand on our long term offer to pay 5% more
than any other bonafide offer.
See last month's ad for other items available.

R1051 or T827

GRC106, ARC105 and some aircraft

618-T Transceiver
(Also known as MRC95,
ARC94, ARC102, or VC102)

THE TED DAMES CO.

308 Hickory Street Arlington, N.J. 07032
(201) 998-4246 Evenings (201) 998-6475




f engineering

THE WORLD’S MOST COMPLETE LINE OF VHE-FM KITS AND EQUIPMI

PRIc
ES g
F
J Fe
AN, 15 ,gf;;v,g

T

RX28C, , , .. 2835 MHz I'M receiver with 2 e e ; \
( pole 10.7 MHz crystal filter § 6495 RECEIVERS RXCL ACCESAOTY !r!l"t for ubove receiver
RX2BCW/T ., . same as above ~wired & tested, . 117.95 L‘I”“ I\ Ay ':“*"“"“'”' E0g
RX5300C K 30-60 Vi 2 . channel rejection . 8.4
X " h::,’,‘:.:’:".’;,';i‘,:‘_‘:.‘_"I"f‘l'lu'_"'l 4a0% RE28 Kit 10 mir RE front end 10.7 MHz out 13.50
RXS0CW/T . . same as above - wired & tested 117.95 RIS0 Kir o mitr RE front end 10.7 MHz out 1550
RX144C Kit 140-170 MHz reve w/2 pole K |<MIII\_!| 2mer RE front end 1007 MHz ot I18.50
10,7 MHz crystal ﬁ“'l:’. : 74,95 BRI 220D Kit 220 MHz BRI front end 10,7 MH»
RX 1140 W/T . same as above -wired & teste 9,95 ot 18.50
RX220C Kit. . 210:240 M1 r\‘\-:l:\d.'.‘a‘ll:‘.l‘]:ul bl R¥Fa32 Kit. .. 432 MHz RF frantend 10.7 MHy
0.7 M s A 74.95 out . % - 29,50
RX220C W/T \'“""_ 3‘\'&1;:\?;‘\*1 I"':h“" A ”:_M 1F 10,7V Kit, . 10.7 MHz IF module includes 2
RX432C Kit. . 432 MHz reve w/2 pole 10,7 pole crystal filter . . . 29.50
MHz crystal filter w2 84.95 FMass Kit. 456 KHz IF stuge plus FM detector 18,50
RX4320 W/T same as above -wired & tested . 129.95 AS2 Kit audio and squeleh board 16,00
Ixso transmitier exciter, | watt, 6 mir 44,95 TR#\NSMITTERS
IX50 W/T suime as shove —~wired & ested 64 95 = I'N220H \\_ | sume as above - wired & tested RS
ITX 1448 Kit transtitter exciter - | watt -2 mitrs 34,95 > TXa31h Kiy transmitter exciter 432 Mils 49.95
TX 1448 W/T . same as above -wired & tested T TX4I2BW/ST . same as shove —wired & tested 19.95
IX2208 Kit transmitter exciter— lwatt - 220 TX150 Kit JOO milliwatl, 2 mir tr 24,95
M2 14,95 IXisow/l same as ahove - wired V95
FA2501H Kit 2 mitr power amp - kit lwin - 25w Blue Line K1 poswer amp, wired & tested, eimission
out with solid state switching, CW EM-SSB/AM
) i case, connectors N T 64 .95 Povwer Mower
PA4OLOH Kit . 2 mibr power amp— 10w jn - 40w Maodel BAND Input Output
out -relay switching 6h4,95
PASOf25 Kit 6 omtr power amp, bwin, 25w out, oy
less t.l‘ s, connectors & switching 54.95 ::i : ]‘l,.;ll-m ;_:: ::”" l::“ .,”“ 149 "?
PAL44/15 Kit . 2 mir power amp— 1w in - 15w i i L e S 16 Vila
out - less case, connectors and s 1A% ML L 130 B
T P A 44.95 HLL _l‘n,fi*:ll |\1~l MHz (TS | SOW 20 g%
PA144/25 Kit . PAT44/15 Kit but 25w . 54,95 BLD 2/60 220 MHx 2\ LOv LGH-R
PA220/15 Kit . o PATA4/1S for 220 MHz 34,95 BLR.10/c0 220 Mtiz oW 6OW L3905
PA412/10 Kit . power amp—similar to PA144]15 BLD |n,: 120 2Ll itz 1O 120W v
except 10w and 432 MH« 54,05 BLE 10/40 4:“ MH:z 10W 40W 93
PAI40/10 W/T 10w in— 140w out -2 mir amp 219.95 ::: : h;;;l:l” :;2 ::::.{ :“\\ ..”t: 08
) g i i y ar L 200 1) L1T) us
PATA0/30 W/T 30w in— 140w out -2 mir amp 189,95 BLE 10/80 420 MHz 1 0W HOW 2R9.95
P5150 Kit 15 amp— 12 volt regulated power sup - LE L adds over voltage protecion Ty your
ply w/icase, w/fold-back ¢ power supplivs, 15 VDU mus 12,95
W d overvoltuge prote 4.95 PS3IA Kn 12 volt - power supply regulator card
PSISC W/T, . same as above - wired & tested. 124.95 with fold-back corrent Hmiting 1198
PS25M Kit. . . 25 amp 2 valt reguls 1 PSMI12W new commmercial duty dJoamp 12 Vi
ply w/case, ujf_--lnl-h.n'k current limit repulated power supply w /Case
u nd ovp, with meter T 154,95 w/Told-back current limating and
IS 25M WT. e as above - wired & tested. 179.95 swverviltuge protection 249,95
KPT50 Kit repealer — 6 meter 499,95 REPEATERS
RI' 50 repenter—b meter, wired & tested 799,95 DPLASO . i omr close spaced duplexer 575.45
RPT 144 Kit repeater— 2 mir - | Sw - complete DELA A4 2 mir, 600 KHe spaced duplexer,
(less crystals) 1" 499 95§ wired and tuned o freguencs AT9.0S
RIT220 Kil repeater- 220 Mz - 15w complete NrLA220 220 MH ¢ duplexer, wired and |
(less cryvstuls) 499,95 tuned o frequency V7905
RIT432 Kit repeater — 10 watt 432 MHy DIrLA432 rack mount duplexer 1995
{less crystals) s L (R TR B double shoelded duplexer cables
RIT 144 W/ repeater 1S watl 2 mir 08§ with PL2SY connectors (pr.) 25.00
RiVI220W/1 repedater 1S watt 220 MHy g DSCN same as above with type N
RETa32 W/ repeater 10 wart 432 ML H49.9% vonnectons (pr.) 25.00
OTHER PRODUCTS BY VHE ENGINEERING
TIRX S0 kit Camplete 6omte DA transceiver kit CIvE Kt 10 channel rev hal deck
Tinw vt 10 chanael scan with case w/ihande switchi e
(less iike and cryvstals) 24495 th2 Ku 10 chiasel vmit deck wijawitcl
FRN 144 kit SaIie s i et 2 e & 1 SwWoout 23495 L0
FRX220 kit ST o except for 220 MEz 234,98 LIy Kin ol U1y newiled
TRX332 Kit st as above exvept LO watt and bt clummel aperatnomn (R 50
AN 154,08 COR2 kit varrier aperated rela 25
TRU SRty T, il 10,98 5003 ki Pk ehanne) aul van adaprer
(i Pranseeiver viese and accessonies 49,95 Por N wiath pririty (AL
Urvstals woe stowk mast repeater amd samples
panrs Tromn 13600 1470 Geach) <
CW Y Rat 159 bat, field programmahle. code iden
ooy wath bule-an sgueleh sl and
1Y pners i us
LW vired ond tested, not programmed 54 495
CWIn wiredd aond tested, progranimed W
SY N Kit Tomte sy athiesiaer, transmit offsers MO 2o il ol v ke watl
programmatde trom 100 K1 1M L amd wil 12
(MG o lsets with o taiomal ™ 151 W1 ooty syl alecssder S8
whapter I B 5 Is1 W/ W I ATIRE r. i lush
SYN W/ sommie s abewe wared & desied HLE b [ \ it B
SYN 2200 Kil st us SYN 1T Kot except 220 FIVE Wit ? e el 15,4
y25 M1 TURT PIAW " <4,
SYN 2MOW/I s as b virvil & tested 2 A E HINEERY i ol ed
\ Yip kg
2200 T 0%
\_ AW A 2098 )

arma

DUVISION OF BROWNIAN ELECTRONICS CORP.

'hf engineering

BOX H / 320 WATER ST. / BINGHAMTON, N.Y. 13901

Prices and specitications sulyect to cliange withopt notiee,

/

Fxport prices slightly hugher.

Phone 607-723-9574

SO ALHL G TV




Alabama

LONG'S ELECTRONICS

2808 7TH AVENUE SOUTH
BIRMINGHAM, AL 35202
800-633-3410

Cail us Toll Free to place your order

Arizona

HAM SHACK

4506 A NORTH 16TH STREET
PHOENIX, AZ 85016
602-279-HAMS

Serving all amateurs from
beginner to expert.

KRYDER ELECTRONICS

5520 NORTH 7TH AVENUE
NORTH 7TH AVE. SHOPPING CTR.
PHOENIX, AZ 85013
602-249-3739

We service what we selli.

MASTERS COMMUNICATIONS
7025 N. 57th DRIVE
GLENDALE, AZ 85301
602-939-8356

Rohn tower distributor, Atlas,
Icom, Tempo, HyGain & service.

POWER COMMUNICATIONS
6012 NORTH 27th AVE.
PHOENIX, AZ 85017
602-242-8990

Arizona’'s #1 Ham Store.

QSA 599 AMATEUR RADIO CENTER
11 SOUTH MORRIS STREET
MESA, AZ 85202

602-833-8051

Eimac Distributor. New & Used
Equipment, Parts - Surplus too!

California

C & A ELECTRONIC ENTERPRISES
2529 EAST CARSON ST.

P. 0. BOX 5232

CARSON, CA 90745

213-834-5868

Not the Biggest, but the Best —
since 1962.

CARSON ELECTRONICS

12010 EAST CARSON ST.
HAWAIIAN GARDENS, CA 90716
213-421-3786

Dealing exclusively in ICOM
communications equipment.

COMMUNICATIONS CENTER
705 AMADOR STREET
VALLEJO, CA 94590
707-642-7223

Who else has a Spectrum
Analyzer?

HAM RADIO OUTLET

999 HOWARD AVENUE
BURLINGAME, CA 94010
415-342-5757

Visit our stores in Van Nuys
and Anaheim.

QUEMENT ELECTRONICS

1000 SO. BASCOM AVENUE

SAN JOSE, CA 95128
408-998-5900

Serving the world’'s Radio Amateurs
since 1933.

TOWER ELECTRONICS CORP.
24001 ALICIA PARKWAY
MISSION VIEJO, CA 92675
714-768-8300

Authorized Yaesu Sales & Service.
Mail orders welcome.

Ham Radio’s guide to help you find your local

CENTRAL EQUIPMENT CO.

18451 W. DIXIE HIGHWAY
NORTH MIAMI BEACH, FL. 33160
305-932-1818

Specializing in Amateur, CB

& Marine Equipment.

RAY'S AMATEUR RADIO

1590 US HIGHWAY 19 SO.
CLEARWATER, FL 33516
813-535-1416

West coast's only dealer:

Drake, Icom, Cushcraft, Hustler.

lllinois

Colorado

KLAUS RADIO, INC.

8400 NORTH PIONEER PARKWAY
PEORIA, IL 61614

309-691-4840

Let us quote your Amateur needs.

C W ELECTRONIC SALES CO.
1401 BLAKE ST.

DENVER, CO 80202
303-573-1386

Rocky Mountain area’s complete
ham radio distributor.

SPECTRONICS, INC.

1009 GARFIELD STREET
OAK PARK, IL 60304
312-848-6777

Chicagoland’s Amateur Radio
leader.

MILE-HI COMMUNICATIONS, INC.
1970 SOUTH NAVAJO

DENVER, CO 80223
303-936-7108

Rocky Mountain's newest

ham store. Lee Tingle KgLT.

Indiana

HOOSIER ELECTRONICS, INC.

P. 0. BOX 2001

TERRE HAUTE, IN 47802
812-238-1456

Ham Headquarters of the Midwest.
Store in Meadows Shopping Center.

Connecticut

ARCOMM ELECTRONICS
2865 MAIN STREET
BRIDGEPORT, CT 06606
Come on in, Tues, thru Sat.
10:00 - 6:00

AUDIOTRONICS INC.

18 ISAAC STREET

NORWALK, CT 06850
203-838-4877

The Northeast's fastest growing
Ham Dept. dedicated to service.

Florida

AGL ELECTRONICS, INC.
1800-B DREW ST.
CLEARWATER, FL 33515
813-461-HAMS

West Coast’s only full service
Amateur Radio Store.

KRYDER ELECTRONICS
GEORGETOWN NORTH
SHOPPING CENTER

2810 MAPLECREST RD.

FORT WAYNE, IN 46815
219-484-4946

We service what we sell. 10-9 T,
TH, F; 10-5 W, SAT.

lowa

BOB SMITH ELECTRONICS
12 SOUTH 21ST STREET.
FT. DODGE, IA 50501
515-576-3886

For an EZ deal.

Kentucky

COHOON AMATEUR SUPPLY
HIGHWAY 475

TRENTON, KY 42286
502-886-4535

Yaesu, Ten-Tec, Tempo, Dentron.
Our service is the BEST.

Doty 4 Montpl e hieng g/ LonticT Ham Ry Ticlsy for compbele dlly..
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Amateur Radio Dealer

Maryland

COMM CENTER, INC.

9624 FT. MEADE ROAD

LAUREL PLAZA RT. 198

LAUREL, MD 20810
301-792-0600

New & Used Amateur Equipment.
Wilson, Ten-Tec, R. L. Drake, Tempo

PROFESSIONAL

ELECTRONICS CO., INC.
1710 JOAN AVENUE
BALTIMORE, MD 21234
301-661-2123
A professional place for amateurs.
Service-sales-design.

MIDCOM ELECTRONICS, INC.
2506 SO. BRENTWOOD BLVD.
ST. LOUIS, MO 63144
314-961-9990

At Midcom you can try before you
buy!

Nebraska

COMMUNICATIONS CENTER, INC.
443 NORTH 48 ST.

LINCOLN, NE 68504
800-228-4097

Yaesu, Drake, Tempo, Swan,
HyGain - call Toll Free

Massachusetts

TUFTS RADIO ELECTRONICS
209 MYSTIC AVENUE
MEDFORD, MA 02155
617-395-8280

New England's friendliest
ham store.

New Hampshire

HARRISON

‘‘HAM HEADQUARTERS, USA"
ROUTE 110 & SMITH STREET
FARMINGDALE, L. I, N. Y. 11735
516-293-7990

Since 1925 . . . Service, Satisfaction,
Savings. Try Us!

RADIO WORLD

ONEIDA COUNTY AIRPORT
TERMINAL BLDG.

ORISKANY, NY 13424
315-337-2622

New & used ham equipment.

See Warren K2IXN or Joe WB2GJR

Ohio

EVANS RADIO, INC.

BOX 893, RT. 3A BOW JUNCTION
CONCORD, NH 03301
603-224-9961

lcom, Dentron & Yaesu dealer.

We service what we sell.

Michigan

New Jersey

UNIVERSAL AMATEUR RADIO, INC.

1280 AIDA DRIVE

REYNOLDSBURG, (COLUMBUS) OH
43068

614-866-HAMS

Drake, Yaesu, Ten-Tec, KDK, Wilson,

Dentron, Tempo, Sigma.

RADIO SUPPLY & ENGINEERING
1207 WEST 14 MILE ROAD
CLAWSON, Mi 48017
313-435-5660

10001 Chalmers, Detroit, Ml
48213, 313-371-9050.

Minnesota

ATKINSON & SMITH, INC.
17 LEWIS ST.
EATONTOWN, NJ 07724
201-542-2447

Ham supplies since ‘55",

Oklahoma

New Mexico

DACOM

3926 BEAU D’'RUE DRIVE
EAGAN, MN 55122
612-454-7420

Full Sales & Service

HF thru UHF

ELECTRONIC CENTER, INC.
127 THIRD AVENUE NORTH
MINNEAPOLIS, MN 55401
612-371-5240

ECI is still your best buy.

ELECTRONIC MODULE

601 N. TURNER

HOBBS, NM 88240
505-397-3012

Yaesu, Kenwood, Swan, Dentron,
Tempo, Atlas, Wilson, Cushcraft

New York

PAL ELECTRONICS INC.
3452 FREMONT AVE. NORTH
MINNEAPOLIS, MN 55412
612-521-4662

The Midwest's Fastest Growing
Ham Dealer.

Missouri

ADIRONDACK RADIO SUPPLY, INC.

185 W. MAIN STREET
AMSTERDAM, NY 12010
518-842-8350

Yaesu dealer for the Northeast.

RADIO STORE, INC.

2102 SOUTHWEST 59th ST.
(AT 59th & S. PENNSYLVANIA)
OKLAHOMA CITY, OK 73119
405-682-2929

New and used equipment —
parts and supply.

Oregon

PORTLAND RADIO SUPPLY CO.
1234 S.W. STARK STREET
PORTLAND, OREGON 97205
503-228-8647

Second location, 1133 S. Riverside
Avenue, Medford, OR 97501.

Pennsylvania

CFP COMMUNICATIONS

211 NORTH MAIN STREET
HORSEHEADS, NY 14845
607-739-0187

Jim Beckett, WA2KTJ, Manager
Bryant Hozempa, WB2LVW, Sales

ELECTRON!C EXCHANGE
136 N. MAIN STREET
SOUDERTON, PA 18964
215-723-1200

New & Used Amateur Radio
sales and service.

HAM RADIO CENTER, INC.
8340-42 OLIVE BLVD.

ST. LOUIS, MO 63132
800-325-3636

See Our Ads

In This Issue.

GRAND CENTRAL RADIO

124 EAST 44 STREET

NEW YORK, NY 10017
212-682-3869

Drake, Atlas, Ten-Tec, Midland,
Hy-Gain, Mosley in stock

‘“HAM"” BUERGER, INC.
68 N. YORK ROAD
WILLOW GROVE, PA 19090
215-659-5900
Communications specialists.
Sales and service.
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HAMTRONICS, DIV. OF
TREVOSE ELECT.

4033 BROWNSVILLE ROAD
TREVOSE, PA 19047
215-357-1400

Same location for 25 years.

Tennessee

GERMANTOWN AMATEUR SUPPLY
3203 SUMMER AVE.

MEMPHIS, TN 38112
800-238-6168

No monkey business. Call

Toll Free.

J-TRON ELECTRONICS
505 MEMORIAL BLVD.
SPRINGFIELD, TN 37172
615-384-3501

Ten-Tec dealer — call or
write for best trade.

Texas

AGL ELECTRONICS

3068 FOREST LANE, SUITE 309
DALLAS, TX 75234
214-241-6414 (within Texas)
Out-of-State, Call our toll-free
number 800-527-7418.

HARDIN ELECTRONICS
5635 E. ROSEDALE

FT. WORTH, TX 76112
817-461-9761

Your Full Line Authorized
Yaesu Dealer.

Wisconsin

AMATEUR

ELECTRONIC SUPPLY, INC.
4828 WEST FOND du LAC AVENUE
MILWAUKEE, WI 53216
414-442.4200
Open Mon & Fri 9-9, Tues, Wed,
Thurs, 9-5:30, Sat, 9-3.

Washington

AMATEUR RADIO SUPPLY CO.
6213 13TH AVENUE SOUTH
SEATTLE, WA 98108
206-767-3222

First in Ham Radio in Washington
Northwest Bird Distributor

Wyoming

DENCO COMMUNICATIONS CENTER
1728 EAST 2nd STREET

CASPER, WY 82601

307-234-9197

Sales, Service to Wyoming

and the Northern Rockies.

PARTS PANIC!!

Having parts problems such as Minimum Orders, Unanswered Letters,
Uninterested Suppliers, Too Much Time at Flea Markets?

Let G. R. Whitehouse & Co., the New Parts Specialists solve your

problems.

NOW IN STOCK

Transmitting Variables — Roller Inductors — Counter Dials
Air Wound Coils — Couplings — Knobs — Receiving Variables
Toroids — R.F. Chokes — Coil Forms and more
From
Millen - E. F. Johnson - Barker & Williamson - JW Miller - Hammarlund

Send First Class Stamp for Flyer

G. R. WHITEHOUSE & CO.

10 NEWBURY DRIVE, AMHERST, N. H. 03031
“The Parts Finders'"

*
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TRANSFORMERS [

American made, 115V Primaries: .Jll“:i.)

6.3V, 1 Amp Shielded $1.80 ea.
12V, 250 mils, for P. C. Board. $1.66 ea.
12 volt ¥, amp. 4
12v 1.2 Amp

12V, 3 Amp

36V CT, 1A; 14V CT, 400 Ma

44V CT — 1A; 6.3V, 14 amp tap 53 47 ea.
4BV CT — 1A; 6.3V, 4 amp tap $3.46 ea.
NEW ITEM — PHILCO TRANSFORMER —

115V Pri.,, Secs 6.3V 3A, 115V 1A, 24V 2A
w/6.3V TAP 2A Shided. Wt. 7 Ibs. 4" x 315"

ENERGY CRISIS
SOLVED'

svsr'sm A"s;s 00
SYSTEM y '$99.00

SO0W PE P B
1 I..-

el

PARTRIDGE (HR)
ELECTRONICS LTD.

Broadstans. Kent. England
Tal. Thanet 62535

ESCED G3VFA J

RADIO WORLD

CENTRAL NEW YORK'S FASTEST
GROWING HAM DEALER

FT-101E ICOM IC-211

Featuring -

KLM, Hy-Gain, Mosley, Larsen,
Wilson, Southwest Technical Products.
quote. YOU WON'T BE DISAPPOINTED. ~
We are just a few minutes off the r
NYS Thruway (1-90) -

Exit 32. L=

RADIO WORLD

OMEIDA COUNTY AIRPORT

TERMINAL BUILDING Joe
ORISKANY, NY 13424
315-337-2622

.. SEMTECH BRIDGES
Heat sink w/center hole
mtg. 10 Amp — Tested —
200V P.LY. $1.75 ea. ppd.
400V P.I.V. $1.95 ea. ppd.
600V P.LV. $2.15 ea. ppd.

25 AMP — TESTED
200V P.LLY. $2.25 ea. ppd.
400V P.LLY. $2.50 ea. ppd.

] 600V P.IV. $2.85 ea. ppd.
NEW — LINE CORDS — US — 7 AMP
6 — Blk — 50¢ ea. 3/%1.50 ppd.

8 — Gray — 60¢ ea. 3/%$1.90 ppd.

EDGEVIEW METERS 250 ua 'S' METERS
NEW — $2.65 ea. 3/%7.45 ppd.

x 3. $7.55 ppd. Qty Prices Availabl
8 PIN “TOS5" IC Socket, gold pit.

QD 4 )

@ 30 Volts
1" Dia. x 3" — 90¢ ea

Capacitors.
or 3/%$2.25
UNPOTTED TOROIDS — Center llppeﬂ
88 MHY - 5 oz. 5/%$2.95; 9 oz. - 5/$3.4 ’C/}-
44 MHY - 5/%$3.95

6/%$1.08

American made (CRL) Cermet :i-’:)",r’
1.5K, 50K, 300K ohms. 5/$1.25 ppd.

NEW SIZES — \"ERTIC.RL MOUNT
sizes: 25K, 100K ohms. 5/%$1.30 ppd.
7 m. weinschenker

PC BOARD POTENTIOMETERS
CTS Biue wheel. Values: 750, 1K,
3 electronic speciallies-BOX 353, IRWIN, PA 15642

Yaesu, ICOM, Atlas, Dentron,
Ten-Tec, Swan, Regency, Standard, Tempo,
Midland,

We service everything we sell! Write or call for

WB2GJR



YOUR BEST BUY IN KITS
6 GOOD REASONS Feeqfienes® gt

(1) 100°% COMPLETE KIT, (2) EASY ASSEMBLY, (3) COM:
PLETELY ENCLOSED IN METAL CABINET, (4) IC SOCKETS
USED THROUGHOUT FOR EASY TTL REPLACEMENT (5) EASY
ON YOUR POCKET BOOK, AND (6) NO EXPENSIVE CHIPS TO
REPLACE (EXAMPLE — IF YOU LOSE A DECODER, LATCH OR
DRIVER IN A HAL-TRONIX COUNTER, THE AVERAGE COST
OF REPLACEMENT OF THE LOW.COST TTLS IS LESS THAN
$1.00 EXCLUDING THE PRE-SCALE CHIP. IN SOME OF THE
NEWER COUNTERS NOW BEING MARKETED BY MY COMPE.
TITION, THEY ARE USING THE EXOTIC SINGLE CHIP AND
WOULD COST YOU CLOSE TO $30.00 TO REPLACE). THIS IS
SOMETHING YOU SHOULD CONSIDER.

ANALOG-DIGILAB
KIT $139.50

DESIGNED BY HAL-TRONIX
AND MIKE GOLDEN OF
R.E.T.S. ELECTRONICS
SCHOOL OF DETROIT. FOR
RUGGED CLASSROOM USE.

FOR THE RADIO AMATEUR, STUDENT, EXPERIMENTER OR DESIGNER
SPECIFICATIONS: OUTPUT VOLTAGES: 45V, 412V, —12V; USABLE CUR-

RENT: 750mA; % Regulation at 500mA: 0.2%; Short-circuit limited a1 1.0
amp; Thermal overload protected. Power requirements: 117VAC, 60HZ, 40 Watts.
Function Generator: Frequency range: 1HZ to 100 HZ in 5 bands. Amplitude
adjustable from 0 to 10 VPP. DC ofiset adjustable from 0 to = 10V,
Waveforms: Sine, square, triangular and TTL Clock. TTL Clock 0 to 45V
level, 200 ns rise and fall time, Frequency determined by Function Genera-
tor. Output impedance 1.2K ohm.

Most of all, it's easy o construct and service, PC boards are predrilled,
plated thru and solder flowed. Over 1000 units sold to schoals,

FROM HAL-TRONIX
FIRST TIME OFFER

SIX-DIGIT ALARM CLOCK KIT for home, camper, RV, or field-day use,
Operates on 12-volt AC or DC, and has its own 60-Hz time base on the
board, Complete with all electronic components and two-piece, pre-drilled
PC boards. Board size 4" x 3". Complete with speaker and switches. If
operated on DC, there is nothing more to buy.”

PRICED AT $16.95

Twelve-volt AC line cord for those who wish to operate the tlucksfzrgg

110-volt AC.
Fits clock case advertised below.

FREQUENCY COUNTERS

HAL-TRONIX
e BEEERLE ©
g

COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL
PART NEEDED TO MAKE YOUR COUNTER COMPLETE.
HAL-600A 7-DIGIT COUNTER WITH FREQUENCY
RANGE OF ZERO TO 600 MHz. FEATURES TWO IN-
PUTS: ONE FOR LOW FREQUENCY AND ONE FOR
HIGH FREQUENCY; AUTOMATIC ZERO SUPPRESSION.
TIME BASE IS 1.0 SEC OR .1 SEC GATE WITH OF-
TIONAL 10 SEC GATE AVAILABLE. ACCURACY =
.0019%,, UTILIZES 10-MHz CRYSTAL 5 PPM.

COMPLETE KIT $149.00

HAL-300A 7-DIGIT COUNTER WITH FREQUENCY
RANGE OF ZERO TO 300 MHz. FEATURES TWO IN-
PUTS: ONE FOR LOW FREQUENCY AND ONE FOR
HIGH FREQUENCY; AUTOMATIC ZERO SUPPRESSION.
TIME BASE IS 1.0 SEC OR .1 SEC GATE WITH OP-
TIONAL 10 SEC GATE AVAILABLE. ACCURACY =
.0019%,, UTILIZES 10-MHz CRYSTAL 5 PPM.

COMPLETE KIT $124.00

HAL-50A 8-DIGIT COUNTER WITH FREQUENCY RANGE
OF ZERO TO 50 MHz OR BETTER. AUTOMATIC DECI-
MAL POINT, ZERO SUPPRESSION UPON DEMAND.
FEATURES TWO INPUTS: ONE FOR LOW FREQUENCY
INPUT, AND ONE ON PANEL FOR USE WITH ANY
INTERNALLY MOUNTED HAL-TRONIX PRE-SCALER
FOR WHICH PROVISIONS HAVE ALREADY BEEN
MADE. 1.0 SEC AND .1 SEC TIME GATES. ACCURACY
+ .001%. UTILIZES 10-MHz CRYSTAL 5 PPM.

COMPLETE KIT $124.00

ale

g o '-‘I:“

6-DIGIT CLOCK

4 HOUR

COMPLETE KIT CONSISTING OF 2
PC G10 PRE-DRILLED PC BOARDS,
1 CLOCK CHIP, & FND 359 READ-
OUTS, 13 TRANSISTORS, 3 CAPS,
9 RESISTORS, 5 DIODES, 3 PUSH-
BUTTON SWITCHES, MOLDED
POWER TRANSFORMER CORD AND
INSTRUCTIONS.,

DON'T BE FOOLED BY PARTIAL
KITS WHERE YOU HAVE TO BUY
EVERYTHING EXTRA.

PRICED AT $12.95

4-DIGIT ALARM CLOCK

12 HOUR ONLY

COMPLETE KIT CONSISTING OF 2
PC G10 PRE-DRILLED PC BOARDS,
1 CLOCK CHIP, 4 FND 503 READ-
OUTS, ALL NECESSARY TRANSIS-
TORS, CAPS AND _RESISTORS
INCLUDING 5 PUSH-BUTTON
SWITCHES, MOLDED POWER
TRANSFORMER CORD PLUS
SPEAKER; COMES COMPLETE
WITH INSTRUCTIONS.

PRICED AT $16.95

HAL-TRONIX BASIC COUNTER KITS

STILL AVAILABLE
THE FOLLOWING MATERIAL DOES NOT COME WITH
THE BASIC KIT: THE CABINET, TRANSFORMER,
SWITCHES, COAX FITTINGS, FILTER LENS, FUSE
HOLDER, T-03 SOCKET, POWER CORD AND MOUNT-
ING HARDWARE.

HAL-600X (Same Specifications as HAL-600A)

HAL-300X (Same Specifications as HAL-300A)
HAL-50X (Same Specifications as HAL-50A)

$124.00
$99.00
$99.00

BLBBK GASE Available and will fit any one of the above clocks

Regular Price . . . $6.50

60-HZ TIME BASE

CRYSTAL TIME BASE KIT. WILL
ENABLE _MOST ALL DIGITAL
CLOCKS TO OPERATE FROM 12
VDC. LOW PROFILE UNIT, EASY
3.WIRE HOOKUP. ACC ~2PPM,
ADJUSTABLE.

COST ONLY $5.95 EACH OR 2
FOR $10.00 — OR ONLY $4.50
WITH CLOCK PURCHASE.

But Only $4.50 when bought with clock

10-MHz CRYSTALS

HI-QUALITY CRYSTALS, DESIGNED
FOR FREQUENCY CONTROL AND
ELECTRONIC TIME PIECES; AGING
FACTOR SPPM. MEETS OR EX-
CEEDS MIL-C-3098 SPECS. MADE
ESPECIALLY FOR  HAL-TRONIX
BY SENTRY.

PRICE $5.95 OR 2 FOR $10.00

PRE-SCALER KITS

HAL-0-300PRE (Pre-drilled G10 board and all com-
ponents) $19.95
HAL-0-300P/A (Same as above but with preamp)
$29.95
HAL-0-600PRE (Pre-drilled G10 board and all com-
ponents) $39.95
HAL-1GHZ (New Item - Available in December)
$124.95

FROM HAL-TRONIX
FIRST TIME OFFER

DELUXE 12-BUTTON TOUCH-TONE ENCODER KIT utilizing the
new ICM 7206 chip. Provides both VISUAL AND AUDIO indications! Comes
with its own two-tone anodized aluminum cabinet. Measures only 2% x
334", Complete with Touch-Tone pad, board, crystal, chip and all nec-
essary components Lo finish the kit,

PRICED AT $29.95
For those who wish to mount the encoder in a hand-held unit, the PC
board measures only 9/16% x 13a”. This partial kit with PC board,
crystal, chip and components,

PRICED AT $14.95

oistrisutor For A P PRODUCTS, INCORPORATED

SUPER STRIP
§5-2 #923252
PRICE $17.00

More Details? CHECK — OFF Page 142

PRE-BUILT COUNTERS AVAILABLE

(HAL-600A — $229.00) (HAL-300A — $199.00) HAL-
50A — $199.00). ALLOW 4- TO 6-WEEK DELIVERY
ON PRE-BUILT UNITS.

HAL-TRONIX
P. 0. BOX 1101
SOUTHGATE, MICH. 48195
PHONE (313) 285-1782

ORDERS OVER $15.00 WILL BE SHIPPED POSTPAID

SHIPPING EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES

ARE REQUESTED. ON ORDERS LESS THAN $15.00

INFORMATION: PLEASE INCLUDE ADDITIONAL $1.00 FOR HANDLING
AND MAILING CHARGES.

SEND SASE FOR FREE FLYER

l'.,L' X=
“HAL" HAROLD C. NOWLAND
WBZXH
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C FP COMMUNICATIONS,
$FSETSEITEITSTITSIISTITSTITTITSTITTTTSEISTTTITTISTISITTIFTTTIISIITISEIS

211 NORTH MAIN STREET
HORSEHEADS, N.Y. 14845
PHONE: 607-739-0187

$
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$
$
$
$
$
$
$
$
$
$
$
$
g pay all charges including shipping both ways!
$
$
$ ensure getting what you want — fine.
$
$
$
$
$
$ WANTED: GOOD
3 CLEAN T:::'JES!
WA2
g WB2LVW @
$

After you have called the 800 numbers, got your “best price,” sent your money — what do
you get? A box. Suppose it doesn’'t work? (Murphys' law). Ship it back (at your own ex-
pense) and wait. Or — two weeks after the warranty expires — so goes therig. ..
And since you got that great discount how much attention will you get? Rotsaruck fella!

Today's amateur equipment is far more sophisticated than that of even a few years ago,
and it's getting more so every day. Service becomes an important issue. At CFP we have
decided to offer you an alternative: If you are willing to pay the regular list price on any
Drake or Yaesu product, CFP will provide an additional 90 days of warranty protection.
This warranty will be identical with the normal warranty with the exception that we will

what todo?

There may be occasions when we won’t have the item you desire. Should you place an
order and we don’t, we will refund your money and advise you when it will be available.
We won't sit on your money! If you wish a high demand item and want to make a deposit to

Amateur radio is a great service and a greater hobby — lets keep it that way!
Mail Orders accepted. N. Y. residents add sales tax. SASE will get our list of used Amateur Equipment.

Store Hours
Tues. to Fri. 10-6 p.m.
Sat. 10-4 p.m.

Fri. & Sat. subject 1o
Hamiest weekends
Closed Sun. & Mon

INC.

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$§

‘““‘Wasyerbespriz?”

0K, so you want to save money — can’t blame you for that!
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FOR A BETTER DEAL SEE
ROSS THE COUNTRY HAM

$500 TRADE-IN ALLOWANCE FOR TS-520
OR FT-101EE, IN GOOD CONDITION,
TOWARD ASTRO 200, FT-301D, OR
ICOM 701

Midland 13-510 (2m), new. $349.96
Yaesu FRIOL1S, like new 349.00
Yaesu 221R, new Write
lcom 211, new Write
lcom 22S, new 258.50

Call or write for quote un Astro 200, Dentron
MT-3000A, Yaesu FT-301D

ROSS DISTRIBUTING co.

208-852-0830 Preston, Idaho 83263
Established 1957
Dealer for Yaesu, Atlas, Drake, 1com, CIR, Dentron,

Swan, Rohn, KLM Cnshcnl Hy- Gam Ttmm
Midland, MFJ, Mosley, Covercraft.

COLLINS & MORE

Collins 75538, Ham revr $725.00
Collins 312B4, Excell.,, round. $250.00
Collins 7553, very good ’4?5.00
Collins 3253, round, late z 150.00
Collins 7553C, round, late 1250.00
Collins R388/51J3, vy. gd. $425.00

National HRO500 receiver, exc,
Collins 312B5, VFO console 550.00
Collins 5151, 2.30 MHz receiver SPECIAL
Hammarlund SP600JX, very good $350.00
Measurements FM- 560, FM sig. gen.
595.00
We stock good, used equipment from Collins,
Drake, Heath and other manufacturers. Hundreds
of test items also available. Call for specific re-
quirements, or write for free calalog.

DAMES COMMUNICATION SYSTEMS
201-998-4256
10 SCHUYLER AVENUE
NORTH ARLINGTON, N. J. 07032

All equipment sold checked and realigned

RECEIVER MDDU LEKIT

VFO or build one from our kil

DIRECT CONVERSION TECHNIQUE
3132 North Lowell Avenue
Chicago, Illinois 60641

Use this module as the hearl of your homebrew
receiver or transceiver, Your direct conversion
receiver can have excellenl sensitivity and still reject
strong signals. Module operates from 9 to 15 volts
with low idle current drain. Up to 1 watt output
drives your speaker or headphones. Use with your

Receiver module kit 39.95 ppd
VFO module kit 29.95 ppd
specily 80 or 40 meters with order
ORDER FROM

Specialize

FERRITE RODS

Balun Kits

AMID

FREE TECH-DA TA FLYER
ON FERROMAGNETIC MATERIALS

FAST, DEPENDABLE SERVICE SINCE 1963
12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607

Sl

IN IRON POWDER AND FERRITE MATERIALS
SHIELDED COIL FORMS

SHIELDING BEADS
TOROIDAL CORES

Large Stock

136 january 1978

PCP TYPE-A

’ll‘l TOU CAN MAKE NIGH QUALITY CIRCOI BOARDS DIRECTLY FioM
LU EMIIICIIII ARTICLES SIMPLY AND EASIT!
’I(l FILM PROCESS LIFTS INK DIRECILY FROM THE PRINTED PAGE,
WITHOUT CREMICALS ON_PROTOCRAPAT!

ONLY ADOVTIONAL MATERIALS REQUINED ARE- SENSITLIED BOARDS,
DIVELOPER, & [TCHANT!

’llil!fl{llﬂ CukRANTEED!

PRINTER ClkColl PRODUCIS (0
PO B MM

WELENA, MT

5901

SMALL PACKAGH (T L I
MED PACKAGE .
LARCI PACKACK

$545  Pleawe sl T4
Apwees 670 9T 5695 postage
Ipwers. 0 127010

COMPMETE INSTRECTIONS INCLUDID

More Details? CHECK — OFF Page 142




DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
1N914 100v 10mA .05 8-:pin  pcb .25 ww .45 2N2222 NPN (Plastic .10) .15
1N4005 600v 1A .08 14-pin  pcb .25 ww .40 2N2907 PNP 15
1N4007 1000v 1A .15 16-pin  pcb .25 ww .40 2N3906 PNP .10
1N4148 75v 10mA .05 18-pin  pcb .25 ww .75 2N3054 NPN 35
1N753A 6.2v z .25 22-pin  pcb 45 ww  1.25 2N3055 NPN 15A  60v .50
1N758A 10v z .25 24-pin pcb 35 ww 1.10 Ti1P125 PNP  Darlington .35
TN759A 12v z .25 28-pin  pcb 35 ww 1.45 LED Green, Red, Clear 15
1N4733 5.1v z .25 40-pin  pcb B0 ww 1.25 D.L.747 7 seg 5/8" high com-anode 1.95
1N5243 13v z .26 Molex pins .01 To-3 Sockets .45 XAN72 7 seg com-anode 1.50
1N5244B 14y z .25 . FND 359 Red 7seg com-cathode 1.25
1N5245B 15v 2 25 2 Amp Brldge 100-prv 1.20
25 Amp Bridge  200-prv 1.95
C MOS - T TL -
4000 15 7400 15 7473 .25 74176 1.25 74H72 .65 748133 45
4001 .20 7401 15 7474 .35 74180 .85 74H101 .75 745140 .75
4002 .20 7402 .20 7475 35 74181 2.25 74H103 .75 745151 .35
4004 3.95 7403 .20 7476 .30 74182 .95 744106 .95 745153 35
4006 1.20 7404 15 7480 .65 74190 1.75 745157 .80
4007 .35 7405 .25 7481 .75 74191 1.35 74100 .35 745158 .35
4008 .95 7406 .35 7483 .95 74192 1.65 74102 .35 745194 1.05
4009 .30 7407 .55 7485 .95 74193 .85 74L03 .30 748257 (8123) .25
4010 .45 7408 .25 7486 .30 74194 1.25 741.04 .35
4011 .20 7409 .15 7489 1.35 74195 95 74110 .35 741500 .35
4012 .20 7410 .10 7490 .65 74196 1.25 74120 35 74LS01 35
4013 .40 7411 .25 7491 .95 74197 1.25 74L30 45 741.502 .35
4014 1.10 7412 .30 7492 .95 74198 2.35 74L47 1.95 74L504 .35
4015 .95 7413 .45 7493 40 74221 1.00 74151 .45 741505 .45
4016 .35 7414 1.10 7494 1.25 74367 .85 74155 .65 74L.508 .35
4017 1.10 7416 .25 7495 .60 74172 .45 741509 .35
4018 1.10 7417 40 7496 .80 75108A .35 74L73 40 74L810 .35
4019 .60 7420 15 74100 1.85 75110 .35 74L74 45 741511 .35
4020 .85 7426 .30 74107 .35 75491 .50 74L75 .55 741520 .35
4021 1.35 7427 .45 74121 .35 756492 .50 74193 .55 74LS21 .25
4022 .95 7430 15 74122 .65 741123 .55 741522 .25
4023 .25 7432 .30 74123 .65 74H00 .25 741532 40
4024 .75 7437 .35 74125 .45 74H01 .25 74S00 .65 741837 .35
4025 .35 7438 .35 74126 .35 74H04 .25 74502 .65 741540 .45
4026 1.95 7440 .25 74132 1.35 74H05 .25 74503 .30 741.542 1.10
4027 .50 7441 1.15 74141 1.00 74H08 .35 74504 .35 741551 .50
4028 .95 7442 .45 74150 .85 74H10 .35 74505 .35 74LS74 .65
4030 .35 7443 .85 74151 .75 74H11 .25 74508 .35 741586 .65
4033 1.50 7444 .45 74153 95 74H15 .30 74510 .35 74L590 95
4034 245 7445 .65 74154 1.05 74H20 .30 74511 .35 741593 .95
4035 1.25 7446 .95 74156 .95 74H21 .25 74S20 .35 7415107 .85
4040 1.35 7447 .95 74157 .65 74H22 40 74540 .25 74LS123 1.00
4041 .69 7448 .70 74161 .85 74H30 .25 74550 .25 74LS151 .95
4042 .95 7450 .25 74163 .95 74H40 .25 74551 45 7415153 1.20
4043 .95 7451 .25 74164 .60 74H50 .25 74564 .25 74L5157 .85
4044 .95 7453 .20 74165 1.50 74H51 .25 74574 40 74L5164 1.90
4046 1.75 7454 .25 74166 1.35 74H52 15 748112 .90 7415367 .85
4049 .70 7460 .40 74175 .80 74H53J .25 745114 1.30 7415368 .85
4050 .50 7470 .45 74H55 .25
4066 .95 7472 40
4069 .40
4071 .35 LINEARS, REGULATORS, etc.
4081 .70 8266 .35 LM320K5 (7905) 1.65 LM340T24 .95 LM723 .50
4082 .45 MCT2 .95 LM320K12 1.65 LM340K12 2.15 LM725 1.75
8038 3.95 LM320T5 1.65 LM340K15 1.25 LM739 1.50
9000 SERIES LM201 .75 LM320T12 1.65 LM340K18 1.25 LM7418-14) .25
9301 .85 LM301 .25 LM320T15 1.65 LM340K 24 .95 LM747 1.10
9309 .35 LM308 (Mini) .75 LM339 95 LM373 2.95 LM1307 1.25
9322 .85 LM309H .65 7805 (34075) 95 LM380 .95 LM1458 .95
95H03 .65 LM309K (340K 5) .85 LM340T12 1.00 LM709 (8,14 PIN) .25 LM3900 .50
9601 .75 LM310 1.15 LM340T15 1.00 LM711 A5 LM75451 .65
9602 .50 LM311D (Mini) .75 LM340T18 1.00 NEG55 .60
LM318 (Mini) .65 NEG56 .95
MEMORY CLOCKS NE565 .95
745188 (8223) 3.00 NEG66 1.75
1702 635 INTEGRATED CIRCUITS UNLIMITED NESS? 135
MM5314 3.00
MM5316 3.50
2102-1 1.75 7889 Clairemont Mesa Boulevard, San Diego, California 92111
2102L-1 1.95 (714) 278-4394 (Calif. Res.) SPECIAL
TR 1602B/ ) . . DISCOUNTS
TMS 6011 6.95 All orders shipped prepaid No minimum Total Order Ded:;lct
8080AD 15.00 Open accounts invited COD orders accepted $?g(5) i gggo 13‘,//"
8T13 1.50 ’ >
8723 1.50 Discounts available at OEM Quantities  California Residents add 6% Sales Tax $301 - $1000 1524’
8724 2.00 All 1C’'s Prime/Guaranteed. All orders shipped same day received. $1000 - Up 20%
21078-4 4.95 24 Hour Toll Free Phone 1-800-854-2211 MasterCharge / BankAmericard / AE
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M ALL BAND TRAP ANTENNA
E T — ——"

x “ I ¥ | _’- ! o | ﬂ 2

T el |4
4 “.' 5 BAND OPERATION - | FOR ALL AMATEUR HF
E — . ONLY ONE NEAT SMALL | TRANSMITTERS GUARAN
.".l;',...\ 4 ANTENNA. FOR CONG- | TEED FOR 1,000 WATTS
ca ESTED HOUSING AND | POWER  LIGHT, NEAT
APARTMENT DWELLERS! WEATHERPROOF

and HF too...
SATELLITE

band for exceflent reportal  Excellent for ALL world - wide
receivers and amateur transmitters. For NOVICE AND ALL
CLASS AMATEURS! NO EXTRA TUNERS OR GADGETS

. =W
4 y Complete as shown total tength 102 11 with 9011 of 52 ahm
g "'"a 3 RGSBU coss and PL259 connectar. Hi-impact malded reso-
c 'W 1;‘ nant traps. (wi. 3 oz. "2 5% long) You just tune to desired

A=

,". NEEDED! Elminates % separate antennas with sscellent

i . performance guarantesd Can be used ax invertad V. NO

= 4 — HAYWIRE HOUSE APPEARANCE! EASY INSTALLATION!

H EADOUARTERS i BO-40-20-15-10 meter bands. Complete $39.95

y 40-20-15-10 meter bands 541t ant $38.95

— - 201510 meter bands 24-11 ant $37.95

— “ b SEND ONLY $5.00 (cash, ch., mo snd pay pestman balsnce

COD plus postage on arrival or send full price tor pp. del

H BankAmericards - « Master Charge = = = Ph 308.236-5333

See Erickson e o oy R
Dept. AT-1 Kearney, Nebrasks, GEBAT

for all your i y
. / 12 Button Touch Tone Encoder, 90 da
Amateur Radlo I \ There s %’T:;z:':fnunting Box for ITT, S/C, 3\1'1?4(2?)5

[

or A.E. pads, Black, Gray, or Beige $4.75

needsl no In Complete System with cable (battery not
' $24.95

included)
1 i E:(:EL""IE a r?:;slf;::l‘ :‘?Id nl?;clrti:ryt’ms:i;:gg
WNSANF, WB9JKT, I e I m
2 ' Transmitter keying circuit (100 ma max)
WBQV’K SEerng you with delay drop out feature installed in
'tn each system $7.50
witn ...
s AMocos ASP s Atlas RADID nunr[un"b '( 1 — .
_ callboo w"E
¢ Belden * Bird * CDE -
* CESe Collins * Cushcraft Respected worldwide as s‘
* Dentron * Drake " HAL the On!y ComPIEte aurhorf-t}’ Florida Residents add 4% Sales Tax. Orders under
™ Hy.GaIn . |Com ™ KLM for radfo amateur 520, add 51.00 for shipping and handling
TELEPHONE EQUIPMENT COMPAN
* Kenwood *® Larsen* MFJ QSL and QTH information. Post Oﬁ'rcue Box 3{% Lc;sb;;-%bﬂogdua 32748 '
{ ) 728-
* Midland * Mosley ® NPC
* Newtronics ¢ Nye The U. S. Callbook has over
* Regency ® Shure * Swan 300,000 W & K listings. It lists
s Standarde* TPL* Tempo calls, license classes, names
y* Ten-Tece Wilsone®Yaesu and addresses plus the many
/ \ valuable back-up charts and
A Touhy references you come to expect
from the Callbook.
294 , :
Specialize in DX? Then you're
— looking for the Foreign Callbook
§ with almost 300,000 calls,
T names and addresses of ama:
ool B teurs outside of the USA.
I
B ey EW ELECTRONIC PARTS
B3O8 MILWAUKEE U.S. Callbook  $14.95 !:l's-Tunuswus-rlnronunns - RESISTORS
I CAPACITORS - DIODES - SWITCHES - CONNECTORS
- Foreign Callbook ~ $13.95 FUSES & MUCH MORE.-STAMP SRINGS CATALOG
SPECIALS
T Order from your favorite electron- KEYBOARD ENCLOSURES
ics dealer or direct from the pub- TWOSIZESW D H PRICE
Hours: 9:30-9 Mon. & Thurs, lisher. All direct orders add $1.50 for 14 ‘3-3 ; ::::g
9:30-5:30 Tues, Wed. & Fri shipping. lllinois residents add 5% " ;
’ ’ : ' ) Sales Tax. T BLUE BASE SPECIFY
9-3 Sat. a WHITE OR BLACK TOP
BREADBOAR

D ..

#,..pf' - HamuAuiiicang
ot LV *sHippING INCLUDED
UV "NuData Electronics

104N EMENSON 51 WOUNT PROAPICY BLLINOIG  SOON
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5935 N. Milwaukee Ave, Dept. E 925 Sherwood Drive
Lake Bluff, I1l. 60044

Chicago, IL 60646 »
(312) 631-5181 J {1

COMMUNICATIONS ““i'“i“"g‘g"bonk e R




B'I.I.li' ELECTRGNICS

DALLAS, TEXAS 75219

ll-l .ll Ill

P. 0. BOX 19442

* No COD'S
* Send check or MO

* MasterCharge or VISA accepted
* Texas Residents add 6% sales tax.

PHONE ORDERS (214/823-3240) ON MASTERCHARGE & VISA

* Foreign orders add 10% [20% surmaill
* Cawslog included with sach arder
* Ordors over $50. take 10% discount,

Did Somebody Mention Parts? Well, Here Are Just A Few
Of The Items We Have. All Parts Are Prime & Guaranteed!

I
B

T A,

T

|
L
o

B

160W NPN Darlingtons

HOUSE NO. 2NG283 TO-3 Power Transistors
with Hte of over 50000 BOV Vceo. Outper
forms MJ3001.

Limited Qty.! - $1.00 |

_ﬂ';‘T.iH._..?'.i‘t.

p\CK

AP AR @@ 2

8A Complimentary Darlington Power Transistors.
MJ900 PNP, MJ1000 NPN. 90 Watts, Build high

power audio amps.

Buy a Pair for $3.00!

ZENER Special!

ALL UNITS PRIME!
Overstocked on these units:
1N3030 1W 27 volt
House no. %W 5.4V
House no. 4W 12.6V

9 fOI’ $1.00t5a-mr type) 2
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MC1351P FM IF, Limiter,

General
Purpose N

PN i

Wideband AMP
IC, High Gain

OF QUALITY KITS.

WE HAVE SHIPPED 1000’s!
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\PS-14 HIGH CURRENT REGULATED
i POWER SUPPLY KIT

&k

12V @ 15ACONTINVOUS '

$39 95

Quality 3%

Individually Packaged. Not Surplus

POWER SUPPLY ACCESSORIES
Meters lor PS14 (0-25A; 015 VDC)
512 .50/

OVERVOLTAGE PHOTE CTION KIT

SIVE CQUIPT
Overvol

ut to pre
arg Tused
14 All plectr
wl pilate !F( broard (Or !ui]vl

$6.95

nent |
Wtage
i1
h.

are
the wlectrc ._|

* Al wlectronics, switches and tr
* Quality plated PC boards I?!G';

MG-01. Case is cut,
ehoe
assembly requires only 4 serewa lincluded)  $19.956
CHRISTMAS/HOLIDAY  SPECIAL:

. . . r

:{Discriminator & AF Pre-Amp ; B
. o = 2ZN3569 Fairchild Veso = GOV - 100I(h; to over 20Mhz, Good 8
o conmrru sout e vt s M W 7 SHVRGRD R HRE o7l ey [
E TIONS INFORMATION - epoxy TO-5, Limited Qty! Complete SI)?CS “!
| House # - 5/$1.00 [ 6 for $1.00 }ii CA3011 SO¢ each i
T R A N G G T T R }{
e il N 2 i, MC1469R [ Heatshrink Quad Matched
5] with a woven binder for \...FOL TAGE REGULATOR IC e = i }
"}] easy seperation. Super flex Four closely matched 1N914 type

i iblility! Compare our price! diodes for balanced bridge or | ]
I 10° Roll $2.95 r LY A modulator circuits - {1
1:{1 50" Roll $9.95 nts to 20 am ' ) o : " One set — $1.00 1]
AT T T §
1 .

1 2N5590 PMOS [ #30 Silver [ mzuvermms. . ..o b
1| RFPOWER TRANSISTOR Counter Chlps l Plated ]
Ill Just what you've been looking Single digit pre-settable up Wirewrap wire with Ky -1
:}: for: 10 Watts with 13.5VDC or down BCD counter with ] nar® jocket. 4 colors ]

Srencie k 71 segme lecoded t / = .

! ih'ii‘é'." F'"'L'::}'.‘z':.-‘ﬁsrz.::.n?g? .m:,-r"“'l‘i;'s:.rnggin:|gzgﬁi;'¥§1 i ;“:1‘(')':""'" 10035 ot eash MINI GRANDFATHER CLOCK KIT i
i quires +12, & +2 . Buile i 1 Siberia, we w|l| il you ¢ iy
: $3.95 Biete spes 24 i IC 418500 $4.95 oo [ Ehuion ) G -

the balow listed leatures he  beggest o
;n we have s o by aod descnile I!\«mm
WE ALSO SELL A GROWING LINE LED el and Mo g g

our clock, In
nates each h
3 'l:lurk] Hnulml

dnl'-l|| |\r on adidition

HJ\RDﬂOOD CASE, the wuni
i o

fitic
&l Duration on Ch

.....

g wses LEDS
S conatruction

MG-O1 $39 95

AUTIFUL SOLID HARDWOOD CASE FOR
grooved and  linished for
k_ Inciudes Ruty frant Tiler Ouick eady

Buy @

II MG-01 at reguiar price and get the cae foi a
low $12.95. Your total cost $52.90. Good till
173078

ti—d

FpEpaRa

nhib bbb brn i
e o b s e b

IR mmmﬂm

1

AT

T T P T

MNothing slue to buy!
Can b panel mounted
Great for Vans & RV's!

with ALL the features you

* Large %" LED Readout
* AM/PM Indication

* 28/30/31 day calendar
displays sutomatically or
manually

* Display con be dimmed
ar blanked

* Flashing Colon counts
tha seconds

We designed this to be a SUPER CLOCK

want. Quality

double sided PC boards make assembly
wasy. Mobile (12VDC) or home [12VAC)

* Intergal Timebass is

adjustable

* Presettable Alarm with

Snooze Feature.
* Noise and vol
1ection circuits

* Single front mounted

rotary wenitch sel
Tunctions

MK 06 CLOCK /[CALENDAR AUTO/HOME CLOCK KIT

Additional Options
24 hour formar, Add $2.
V2VAC XFMR for 110 opsrataon
add $1.75

tage pro

ects all

$21.50 K

il
i
li ol
MK 05 MINI MOBILE CLOCK
e
nf Wil ¢ it o
i
Ly
Il
I
sk
?nll
Ty
1[;1 " G
Ir © g 14 VDG @ 40 10 50 ma
IL " Readouts can be suppiessed
i + EASY, OUICK ASSEMBLY
l[ * All componenty tequired ncluded Iyou supply the
|I spaker)
= Top quality drilled and plated PC boards. [Smel seeeh
E Ciock board: 26" x 2" momm
r Readout board. 2 3/8% x 75
T

More Details? CHECK — OFF Page 142
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8 ORLANDO HAMCATION 78 ORLANDO HAMCATION 78 ORLANDO HAMCATION 78

S Have you been thinking about a wonderful Florida vacation, to places
such as Disney World, Cypress Gardens, Sea World, the famous East and
West coast beaches, and many of our other near by attractions???......
..... NOW, think about combining that vacation with one of the South’s
greatest Hamfest.........

ORLANDO’S
HAMCATION ‘78’

and the
FLORIDA STATE ARRL
CONVENTION

AT THE SHERATON'S TWIN TOWERS HOTEL & CONVENTION CENTER, ON S—435
NEAR THE CROSSROADS OF THE FLORIDA TURNPIKE AND I-4 INTERCHANGE.

FEBRUARY 17-18-19, 1978

DOORS OPEN....... *6PM FRI. the 17th (Swapfest area only),
) 7AM SAT.the 18th, 8AM SUN. the 19th.

»‘*“:@s ADMISSION, $3 Advance, $4 At the door. ‘o,
©° Ladies FREE, Children 14 and under FREE™

THOSE ADMITTED FREE MUST BE IN THE COMPANY OF A REGISTERED TICKET HOLDER AT THE DOOR.

@ MANY DOOR AWARDS @

GIGANTIC SWAPFEST AREA

‘ g 25,000 SQ.FT. OF AIR CONDITIONED INDOOR COMFORT.

\P\’ SWAPFEST TABLES $5 PER TABLE PER DAY ¢ ®
o 4
> > 0/6-5"

oo*“:\ﬁ\« o SATURDAY NIGHT BANQUET “n,,

X3

€’“ 38 per person —Great speaker lineup.
RESERVE BANQUET TICKETS IN ADVANCE, LIMITED QUANITY AVAILABLE.
FOR ADVANCE REGISTRATION, SWAPFEST AND BANQUET TICKETS
SEND CHECK PAYABLE TO : THE ORLANDO AMATEUR RADIO CLUB,INC.
HAMCATION CHAIRMAN, WB4HAK
6 CAMELLIA DRIVE
De BARY, FLORIDA 32713

All advance ticket sales will be confirmed by return mail. Last postmark for advance sales will be Feb. 12th 1978,

FOR SHERATON TWIN TOWERS HOTEL RESERVATIONS, WRITE DIRECTLY TO:
The Sheraton Towers, 5780 Major Blvd. Orlando, Fla. 32805. Sing. $28, Doub. $36 per day.
Call toll free 1-800-327-2110 (except Fla. residents), Mention Hamfest Convention for special rates.

Sorry!1! City ordnance prohibits overnight camping (Rec. vehicles,etc.) on parking lots.

“/
&
®
OWVH OONVTHO 84 NOILVOWVYH OONVTHO 8/ NOILVOWVYH OGNVTHO 84 NOILVYOWVH OANV1HO 84 NOILYOWVH OGNV THO 82 NOILVOWVYH OQNV1HO

ION 78 ORLANDO HAMCATION 78 ORLANDO HAMCATION 78 ORLANDO HAMCATION 78 ORLANDO HAMCATION 78 ORLANDO HAMCATION 78 OR.#

LVYIWVYH OONV1HO 8 NOILVOWVYH OGNVTHO 8/ NOILYIWVH OANVTHO 84 NOILVYOWVYH OANVTHO 8L NO 1>|

140 january 1978 More Details? CHECK — OFF Page 142



e

UNADILLA
W2AU" BALUM
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REYCO
WIV5 ANTENNA COILS
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sepg-

DEALERS WANTED-NOW OVER 200 WORLD-WIDE

Frequenc sy Bands (MM 1)

1 [ oo
] e oo

i

THRULINE :
WATTMETER
MODEL PRICE
43 $120

Elements (Table 1) 2-20 MHz 42
Elements (Table 1) 251000 MHz 36
Carrying case for Model 43 & 6 elements 26
Carrying case for 12 elements 16

Read RF Watts Directly. $0239 connectors)

0.45.2300 MHz, 1-10,000 watts 15%, Low Insertion VSWR 1.05
Uneqgualled economy and flexibility: Buy only the elementis) covering
your presant frequency and power needs, add extra ranges later if your
regquirements expand.

(Specifiy Type N or

Crystal Company
Motorola HT 220 Crystals
in Stock!
MNovice Crystals (Specify Band Only)

Denlron_

MLA-2500 $799.50

DenTron Radio has packed all the

* ALC circuit to prevent overloading
160 thru 10 meters
1000 watts DC input on CW, RTTY or
SSTV Continuous Duty
Varlable forced air cooling system
Self-contained continuous duty power supply
Two EIMAC BB75 external anode ceramic/
metal triodes operating in grounded grid
Covers MARS frequencies without modifications
50 ohm input and output impedance
Built-in RF wattmeter
117V or 234V AC 50-60 hz
Third aorder distortion down at least 30 db

Freguency range:
1. BMHZH%2 5) 3.5MHz (3.4-4.6)

In Stock: Standard / Icom / Heathkit / features a | plifier should 7MHZ (6.0°9.0) 14MHz (11.0-16.0
/ Cle Re S5 p y inear ampli r z Z
I S R have into their new MLA-2500. 21MHz (16.0-22.0) 28MHz (28.0-30.0)
/ Drake and others -2l @ erime Any Ham who works it can tell you * 40 watts drive for 1 KW DC input
Guarantee; indicate make/model, xmit. fre the MLA-2500 really was built to e Rack mounting kit available (19" rack)
make amateur radio more fun. e Size: 5" H ¥ 14" W x 14" Wt. 47 Ibs.

quency, rec. frequency.

Why Waste Watts? SWR-1A 525.95

cSwamn

ELECTRONICS

SWR-1 guards against power loss! If you're
not pumping out all the power you're
paying for, our little SWR-1 combination
power meter and SWR bridge will tell you
0. You read forward and reflected power
simultaneously, up to 1000 watts RF and
1:1 to infinity VSWR at 3.5 1o 150 MH2z

Got it all tuned up? Keep it that way
with SWR-1. You can laave it right in your
antenna circuit

L A TR TROUBLE FREE TOUCH-TONE ENCODER

POSITIVE TOUCH (KEYS DEPRESS)® MOBILE @ HANDHELD
DESK MOUNT L NO POTTED PARTS (SERVICEABLE)
MIL. SPEC. COMPONENTS ® NO RFl @ SELF CONTAINED
XTAL CONTROLLED @ LEVEL ADJUSTABLE FROM FRONT

Pai. Pand

— 25 —3|

je—— 2.65 —»f

o ¥
el vou Y

PP-2

b ) ® General Multi-purpose V-0-Ms
'm , ® Drop Resistant

» ® Hand Size
TRIPLETT ® Model 310 V-O-M

®Type 3

1. Drop-resistant, hand-size V-0O-M with high-impact thermoplastic
case.

2. 20,000 Ohms per volt DC and 5,000 Ohms per volt AC; diode
overload protection with fused Rx1 Ohms range.

3. Single range switch; direct reading AC Amp range to facilitate
clamp-on AC Ammaeter usage.

AC Volts: 0-3-12-60-300-1,200 (5,000 Ohms per Volt).
Ohms: 0-20k-200k-2M §2-20M 2 ‘c
(200 Ohm center scale on low range) qmp

DC Microamperes: 0-600 at 250 mV

DC Milliamperes: 0-6-60-600 at 250 mV. Q
Accuracy: * 3% DC; £ 4% AC; (full scale). pq

Scale Length: 2-1/8"

Meter: Self-shielded; diode overload protected; spring backed jewels.
Case: Molded, black, high impact thermoplastic with slide latch
cover for access 10 batteries and fuse, 2-3/4"" w x 1-5/16" d x 4-1/4"
h.
Batteries: NEDA 15V 220 (1), 1%V 910F (1): Complete with 42"
leads, alligator clips, batteries and instruction manual. Shpg. Wt. 2

RANGES Ibs.
DC Volts: 0-3-12-60-300,1,200 (20,000 Ohms per Valt) Model 310 Cat. No. 3018 .......... . $53.00
Name Call
Address o Dealer Programs
_ ) NOW Available
City State Zip e
Order: .
Radio Electronics MasFer Charge
_ - American Express
209 Mystic Avenue Visa
Medford MA 02155
Prices FOB Medford

Check enclosed & Visa

! Master Charge !

American Express
erige P MA. MA residents add 5%

sales tax. Minimum $3.00

FREE Gift With Creditcord #

Signature

for shipping & handling on

Card expiration date all orders,

i (617) 395-8280
|

Every Order!

H

%k Sample page from our very large mail order catalog, free for the asking!
(We also have a dealer program now available.)

I
|
|
I
|
|
l
|



AdyerTigers
check-off

... for literature, in a hurry — we'll
rush your name to the companies
whose names you ‘‘check-off"

Place your check mark in the space Aetween
name and number, Ex: Ham Radio 234
INDEX
ABC TAl James 313
AGL 558 Jan 067
Aldelco 347 Jensen 2493
Am Wholesale Jonis 626
Elect K Entorprsas on
Amcomm 500 Kenwood *
Amidon 005 Kestor Solder *
Atlantic Surplus 644 Latayette 598
Atlas 198 Lang's A68
Atronics 382 Lunar 577
B & K Prec 816 Lyle 373
Bencher 629 MFJ 082
Budwig 233 Madwon *
Bullor 28 Masters 955
CFP 022 NuData 455
CIR 548 Qak Hill Am. Rodio
Cal Com 82 Sess 213
Cleng 465 Optoel CS 352
Comm. Center 534 Orlando Hamcation *
Comm_ Power 360 Palomar 093
Comm. Spec 330 Partndge 439
Comm Tech Pipo 481
Group s Primted Circuns 644

Crystal Banking 573 RF Power Labs B2
Curtis 034 Callbook 100
Cushcraft 035 Radio World *
Dames Comm 551 Ramsey 442
Dames 324 Regency 102
Data Signal 270 Aockwell Collins 258
Davis Elect EEFS Rohde Schwartz 306
DenTron 259 Ruoss Dist 581
Direct Conw. Tech. * SST an
Disc Cap 449 Savoy 105
Drake 039 uritron 461
ETO* e 650
Elect. Dustr (a4 Sentry B0
Epsian a6 Sgnehics 174
Erickson a7 Sohd State Time 636
Excel 535 Space 107
Fair Radio 48 Spectionics 191
FT Accessones (=1 Spectium Comm 16
GLB 552 Spectrum Int 108
Gilter 207 Swan m
Godbout 647 TPL 240
Gray 055 Tele. Equip 496
Gregory Teliex an
Gull Elect 635 Ten Tt 114
Hal os7 Tri Ex 116
Hal Tronix 254 Tufts an
Ham Center a9 VHF Eng 121
HRCH 150 Valley Instru 583
Hamtronics 246 Vanguard *
Huath 060 Varan a3
Huights 061 Webster Comm 423
Henry 062 122
Hewlett Packard 281
leom 065
info Tech am Whitehouse 37’8
Integ. Circuits 518 Wilson Elect 123
Int. Crystal 0656 Yaesu 127

*Please contact this advertisor directly

Limut 15 inquiries per request

January 1978

Please use before February 28, 1978

Tear off and mail 1o

HAM RADIO MAGAZINE

Greenville, N. H 03048

NAME

STREET

CITY

STATE

“check off

CALL

ZIP
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WANTS YOU TO
BEGIN WITH THE BEST

As you develop your skills, in-
crease your participation in Ham
Radio activities, and add hard-
ware for ever-increasing flexibil-
ity of operations, you’ll come to
know ICOM. Just ask any old
Ham. ICOM is the quality name in
VHF/UHF Amateur Radio equip-
ment because it is simply the
best. ICOM is the line you'll want
to move up to for unequaled
quality and features.

AGL has developed a new
piece of hardware for your IC-211
and IC-245, the "AGL SCANNER
11" 1t will allow you to use your
transceiver to scan all 4 MHz in 5-
kHz steps as the digital display in
the radio tells you what frequen-
cy you are listening to. The "AGL
SCANNER II' can be mounted in-
side or outside of your unit and
has adjustable scan rate.

Don't delay in moving up. BEGIN
WITH THE BEST: ICOM and AGL.
“AGL SCANNERII". .....$29.95

Both the IC-211 and IC-245 are available
with SCANNER installed. Call or write for
our quote

As Always — please include proof of
Amateur License for purchases of
transmitters, transceivers, and

amplifiers.

TOLL FREE AT
1-800-527-7418

CALL 214-241-6414 (in Texas)

CALL USTODAY

u-u......-..i

LARRY WASWWH  ARTKSTRG ~ GORDDN N5AU
MIKE WASUDB MIKE WB5ACM
TOM KSTM BOB WSXC

We service and repair all major lines of
Amateur Radio equipment.

(AGL &lectronics)

3068 FOREST LANE, SUITE 309
DALLAS, TEXAS 75234

AdyerTigers iNdex

ABC Communicanons

AGL Electronics

Aldelco

Amatout VWholesale Electronics

Amcomm

Amdon Associates.

Atlantic Surplus Sales

Atlas Radio

Atronics

Bencher, Inc

Budwip Mig, Co

Bullet

CFP Commumcations

CIR Industries

Cal-Com Systems, Inc

Cleng Electronics

Communications Center

Communications Specialists

Communications Technology Group

Crystal Banking Service

Curus Electro Devices

Cusheraft

Dames Commumcanions Systams

Dames, Ted

Data Signal, Ing

Davis Electronics

DenTron Radio Company

Direct Conversion Technique

Dise- Cap

Drake Co  R. L

Ehrhom t._-._rrr.l.||.uu_.| Operations

Electrome Distributors

Epsilon Records

Enckson Commumcatons

Excel Circuits

Fawn Radio Sales

FT Accessones

GLB

Giltar Assocuaties

Godbout Electromcs

Gray Electronics

Gregory Elecironics

Gull Electronics

Hal Commumications Coip

Hal Tromx

Ham Radio Canter

Ham Radio's
Commumcations Bookstore

Hamtromes, Ing

Heath Company

Hights Mig Co

Henry Radio Stores

leam

Info- Tech

Integrated Circuits Unbimited

International Crystal

lames Elpcironics

lan Crystals

Junsen Tools & Alloys

Jones, Matlin P & Assoc

K Enterpiises

T Kernwood Commumcations, Inc

Kestor Soldoer

Klaus Radio, Ing

Lalayene Radio Eleciromics

Long's Electronics

Lunar Eloctronics

Lyle Products

MFJ Enterprises

Madison Elecironic Supply

Masters Commuricatons

NulData Electronics

Oak Hill Acadermy Amateur Radio Session

Optowlectiomcs

Orando Hamcation

Palomar Engineors

Parndge (HR) Elecironics

Pipo Commumcations

Printed Circuits Products

RF Power Labs

Radin Amateur Callbook

Radio Woarld

Ramsay Electiomcs

Regency Elecromnics

Rockwell International, Collins Groups

Ross Distnbuting Company

557 Elecironics

Savoy Electronics

Securitron

Solid State Time

Space Electronics

Spectionics

Spectrum Communicanons

Spectrum Internatonal

Swan Electronics

TPL Communications

Telephone Equipment Co

Taliex Labs

Ten Tec

Tri Ex Tower Corp

Tutts Rado Electronics.

VHF Engineenng, Div. of Brownian

Valley Instrument Products

Vanguard Labs

Varan, Eimac Divesion

Waebster Communications

Wamnschonker

Westcom

Western Electronics

G R Whitehouse & Co

Wilson Electronics

Yaesu Elactioncs Corp

More Details? CHECK — OFF Page 142
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ANNOUNCING--A New Generation of VHF/UHF

FM RECEIVER KITS

More Sensitive, More Selective, Easier to
CHECK THESE FEATURES-

# Lower system cost than ever before

Build, Smaller Than Ever Before!

#* Better selectivity, 70-80 db adjacent channel, over 100 dB with crystal filter option

% Six channels at no extra cost
%* 60 dB image rejection
g I

#* Latest design — new easy~towind high Q coils, compartmentized shielding
# Eosy to build, rest circuits on board allow tune up with only sig gen & vivm

UHF MODEL R?0 $89.95

® For any 2 MHz segment of the
380-520 MHz range

® Sensitivity 0.8uV

Optional crystal filter kit $10

Channel crystals 55,95 ea

_VHF MODEL R70 $49.95
® Available for 2M, &M, 10M,
220 MHz, or com'| bands
® Sensitivity 0,4uV for 20 dB
Optional Crystal Filter Kit $10
Channel Crystaly $5.95 eo

These low noise PREAMPS

let you hear the weak ones!
Great for OSCAR, SSB, FM, ATV. Over 8000 in

use throughout the world.

b

#20dB goin ® Covers any 4 MHz band in mnge
MODEL RANGE

P8=LO 20-83 MHz
P8=HI 83-190 MHz
P8-220 220-230 MHz
P16 Wired Give exact band

P8 KIT $10.95
P16 Wired $21.95
Minjature model for
tight spaces = only

1/2 x 2-3/8 inches

$12.95
$24.,95

P9 KIT
P14 Wired

Deluxe model for app-
lications where space
permits,

® 1-1/2 x 3 inches ® Covers any 4 MHz
band in range ® ldeal for OSCAR ® Diode
protection ® Connectors @ 20 dB gain

MODEL RANGE
P9-LO 26-88 MHz
P9-HI 88-172 MHz

P§-220 172-230 MHz
P14 Wired Give specific band

These new CONVERTER KITS

let you receive OSCAR signals and other exciting
VHF & UHF activity on your present HF receiver.

either one

ONLY $34.95

7k

oTg0

including crystal

IF RANGE
28-30
28-30
28-30

MODEL

C50
Cl44
Cl45
Cl4é
c220
Special

RF RAMGE (MHZ)
50-52

144-146

145-147

146-148 28-30
p/e 220-230 28-30
Other rf & i-f ranges are
available on special request

MODEL
C432-2
C432-5
C432-9
Special

RF RANGE (MHZ) IF RANGE

432-434 28-30
435-437 28-30
439.25 (ATV) 61.25
Other rf & i-f ranges are
available on special request

An extruded aluminum case is availoble
for vhf and uhf converters at $12.95,
including connectors and hardware.,

TEST PROBE KITS

——i
only$9.95ea

—

Contain scope type probe, ground clip, cable, &
all components except plug for test equipment.

*FREE 1978 CATALOG

is yours for the asking. ™NEW 40 page catalog gives
details on these and other kits, including scanner

adapters, receiver multicouplers, NPC power supp=
lies, M-tech PA's, CES tone pads & mics, Hy-Gain
HT's & hf rigs, & antennas. GET YOURS TODAY!

TE=3 RF Derector Probe for vtvm; good from
100 kHz to over 500 MHz
Direct Probe for ac/chms, etc.

DC Probe w/res for 11 meg input vtvm

TE~-4
1E55
TE-6  Blocking Capacitor Probe for counter,
signal generator, etc,

TE-7 Wideband Detector Probe for scopes

High Z/Low Capacitance scope probe

FREE SHIPPING OM LARGE STOCK OF
ANTENNASTIL We now offer free delivery
of Cusheraft, Larsen, & Hy=Gain antennas in the
48 states. Popular models such as Ringo Rangers,
VHF & triband beams, magnet mount whips, hf
verticals, rubber duckies, lightning arrestors,
Reyco tmaps, W2AU & Hy=Gain baluns, Caoll or
write NOW! We'll be glad to send free catalogs.

P15 KIT
P35 Wired

$18,95
$34.95

® Covers any & MHz band in
band in range of 380-520
MHz

® 20 dB gain

200 MW EXCITER MODULE KITS
T40 Eleven Channel Exciter Kit for 2M or 6M

T20 Tripler/Driver Module Kit, 150 mW
2M input, 200 mW 450 MHz output $19.95

[

BRRARAALAdddddddd

RF POWER AMPLIFIER MODULES

eVSWR PROTECTED
®150MW DRIVE

oMNO TUNING
®COMPLETELY STABLE

T80-150, 140-175 MHz, 20-25W output, wired
and tested, simply connect your cables., $79.95

T80-450, 430-470 MHz, 13-15W. .

Iiamromcs inc.

182-A Belmont Rd; Rochester, NY 14612
Dealer

s Invited

More Details? CHECK — OFF Page 142

IN CANADA;

Send order to COMTEC; 5605 Westluke Ave.;
Montreal, Que HAW 2M3 or call 514-482-2640,
Add 28% to prices shown above to cover customs
duty, exchange mte, ond fedemal tax.

It's Easy To Order!
*CALL OR WRITE MNOW FOR FREE
CATALOG OR TO PLACE ORDER!

SPHOMNE 716-663-9254, (Answering
service for evenings and weekends for your
convenience, Personal service 9-5 eastern.)

¢Use credit card, COD, check, m.,o.
®Add $2,00 shipping & handling.
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Every item at one low
price, it's your choice!

MFJ CWF-2BX. The super
CW filter that gives you
B0Hz band width & ex-
tremely steep skirts with
no ringing for razor sharp
selectivity. Selectable
BW: 80, 110, 180 Hz. 60dB
down one octave from
center frequency of 750
Hz for 80 Hz BW. Reduces
noise 15 dB. Uses 9V
battery

MFJ 40T QRP transmitter.
Work the world with §

watls on 40 meter CW. No
tuning. Matches 50 ohm |

load. Clean output with
low harmonic content.
Power amplifier transistor
protected agains! bur-
noul. Switch selects 3
crystals or VFOQinput. 12V
DC operation

YAESU QTR-24 world
clock. The QRT gives you
world time readout at a
glance. Time in any prin-
cipal city or time zone can
be co-ordinated with local
time on a 24-hour basis.
The Time Zone Hour Disc
automatically advances to
show time on allindicated
locations

HUSTLER BBLT-144
mobile antenna. The
BBLT-144 is a standard
gain mobile with con-
vanient trunk lip-mount
47" whip removes from
mount in seconds. Easy to
install, no holes to drill

HK-1 Ham Key. The HK-1
is an attractive addition to
any station. Base is cast-
iron with black wrinkle-
finish. Dot and dash
paddles have fully ad-
justable tension and spac-
ing for the exact “feel” you
like. Non-slip rubber leet
eliminates walking.

MFJ SBF-2BX SSB filter.
Dramatically improves
readability. Optimizes
your audio to reduce side-
band splatter, remove low
& high pitched QRM, hiss,
static crashes, back-
ground noise, 60 and 120
Hz hum. Plugs between
phones and receiver
Uses 9V battery

ANTLER A-280 2m moblle
antenna. As close 1o the
ideal antenna as you can
get. Precision tuned coil
47" tapered 17-7 stainless
steel whip. VSWR: less
than 1.3. Certitied 3 dB
gain. Magnetic mount has
roof-top stability to withs-
tand 100 MPH wind

STOP-A-THIEF bracket.
The SDI-1000 slide-out
bracket is the best way to
protect your mobille rig. It
features a modified AMP
Dulatch connector
system which houses the
AMP Miniature Coaxicon
coax cable contact. 4
power & accessory con-
tacts are gold plated
VSWR does not exceed
1.3t0 1.0 up to 1000 MHz

BIG DUMMY by Dentron.
Now you can tune-up off
the air with the Big Dum-
my load. A tull power
dummy load, it has flat
SWR, full frequency
coverage from 1.8 to 300
MHz. High grade in-
dustrial cooling oil fur-
nished with the unit. Fully
assembled and warran-
tied

YAESU YD-844 mike. The
¥D-844 is designed for
use with your Yaesu
transceiver or transmitter
Dynamic generating ele-
ment. Frequency re-
sponse: 350 to 2700 Hz
PTT switch & lock switch
50 K ohm. Coil cord and
microphone input plug for
instant hook-up

SHURE 414A hand mike.
Ideal for your portable
transceiver. One-half the
size of most hand mikes
Omni-directional polar
pattern., FR: 400 to 4000
Hz. High impedance. Out-
put level 54.5 dB. 5' foot
coil cord with input plug

CUSHCRAFT A147-11 anlenna. 11 element
ziagn. now cul for FM and vertical polarization.

ated at 1000 watts with direct 52 ohm feed

Boom length: 144”. Longest element
Weight: 6 Ibs. Turn radius: 72". Gain/F/B ratio
dB: 13.2/28. Wind area: 1.21 sq. ft

40"

Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in
Alabama for our low price quote. Store hours: 9:00 AM til 5:30 PM, Monday thru Friday

Longs Electronics &

MAIL ORDERS P O BOX 11347 BIRMINGHAM, AL 35202 » STREET ADDRESS 2808 7TH AVENUE SOUTH BIRMINGHAM, ALABAMA 35233




YAESU PROUDLY ANNOUNCES THE SENSATIONAL
SMART

NEWA FT-901D-YEARS AHEAD WITH YAESU!

Carnier level control Cathode current, relative
Keyer ON-OFF and speed  power output, ALC level
: ) Tune Switch
VOX gain control and PTT/Manual AGC Switch Calibrator and VFU:huning knot Returns transmitter 1o receive mode
Transmitter activation switch Slow-fast and OFF noise blanker Transmitter Atter 10 seconds of tune

\ Calibrate digital readout Plate Tuning
/

Vanable audio filter

Transmitter
Mic gain loading
Squelch for FM
(optional)

RF processor
Audio peak freq
Sidetone Monitor RF processor level

Automatic mic Receiver audio gain

gamn control Receiver front end
Attenuator switch

Mode Switch Receiver RF gain

LSB/USB/FSK/AM Clarifier control
(FM optional)
Tuneable rejection switch ’ Memorized frequency Main VFO Frequency Clanfier for receiver
recall switch switch memaory swilch
IF Rejection Frequency Control Frequency Band Switch
IF T?ESC.I ?{zn:iow;d;h KC:zn’trot Frequency Recall RX 160-10M Cnve.ra;;e
Recall TX External Synthesized VFO Clarifier for transmitter

—
®m Two rugged 6146B's in the final, with negative feedback m A variable IF bandwidth that
allows 100 Hz to 2.4 KHz selectivity at the turn of a knob m IF rejection tuning to notch out
interfering signals m Optional synthesized VFO, or enlarged frequency memory bank
m Selectable AGC m Built in speech processor m Built in Curtis Keyer m Full range
160-10M coverage m Provision for new WARC frequencies m Meets Part 97.73 of FCC
requirements. . . . at your dealers soon!

Design And Specifications Subject To Change Without Notice Or Obligation

- VAESU )
ama 4 The smart radio

| mmat e 1k manditine 8 @400 uisen |

YAESU ELECTRONICS CORP., 15954 Downey Ave., Paramount, CA 90723 (213) 633-4007

YAESU ELECTRONICS CORP., Eastern Service Ctr., 613 Redna Ter., Cincinnati, OH 45215 A8



Henry Radio chose EIMAC 3-500Z high
performance power triodes for their new 2KD-5
linear amplifier.

Consider the outstanding features of this
new amplifier:

e Pj-L tank circuit for maximum harmonic
suppression.

® Tri-concentric tune/load/band control for ease
of operation.

¢ Double shielded cabinet.

Heavy duty power supply.

e And of course, reliable, proven EIMAC 3-500Z
power triodes provide the “punch” that breaks
through the most difficult communication
circuit.

Henry's choice should be your choice.
Look to EIMAC for all your needs in power
tubes.

For full information on the 3-500Z or other
quality EIMAC products, call Varian, EIMAC
Division, 301 Industrial Way, San
Carlos, California 94070. Tele-
phone (415) 592-1221. Or contact
any of the more than 30 Varian
Electron Device Group Sales
Offices throughout the world.

varian

EIMAC 3-500Zs
provide desk-top power
in chry Ilncar amplmer {
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