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Henry Radio is proud fo
offer the most important

ur Radio

since SSB

crophone not included

Historically, Amateur Radio operators have
made Important contributions to the art and
scilence of communications. Once again
Amateur Radio assumes leadership in advanced
communications technology. You have the
privilege of being one of the first to include a
Narrow Band Voice Modulation (NBVM) system
in your station. The VBC Model 3000 is the
system that you have been hearing about for a
year and have read about recently in QST and
the 1979 ARRL Handbook. It is the world’s first
such system.

The VBC Model 3000 provides full audio level compression
and expansion... complete intelligibility in only 1300 Hz
bandwidth. It permits you to take full advantage of other
stations' RF speech clippers and processors... similartothe
amplitude compression and expansion used for many
years in telephone and satellite communications.

The Model 3000 is for mobile and fixed station use and
requires no modifications to your existing equipment. It is
completely self contained, including its own audio
amplifier. The unit automatically switches into transmit
mode when microphone is keyed or voice operation is
used. It connects just after the microphone on transmit and
just prior to the speaker on receive. In addition to its basic
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function of operating in a narrow bandwidth, the Model
3000 also increases the performance of your station in the
following ways:

¢ Reduces adjacent channel interference

® Increases signal to noise ratio

* Increases communications range
Some of its outstanding features include:
High quality narrow band speech
Self contained transmit/receive adapter
Built in audio amplifier
5 active filters with a total of 52 poles
Rugged dependable hybrid IC technology

e |Low power consumption
Receive only features, such as sharp voice and CW filtering
and amplitude expansion, provide improved reception
without requiring a unit at the transmitting station.
For the more advanced experimenter the Model 3000 is
available in a circuit board configuration for building into
your present transceiver.
Henry Radio is ready to offer technical assistance and
advice on the use and servicing of the Model 3000 and will
help introduce new owners to others operating NBVM
units. Get in on the ground floor... order yours now.
Price: VBC Model 3000 $349.00

Circuit board configuration $275.00
For more detailed information please call or write. The
Model 3000 will be available from most Tempo dealers
throughout the U.S. and abroad.

Henry ki

714/772-9200
816/679-3127

Prices subject lo change without notice.



DSI Super Meter

Transistor Tester — VOM
Diode Protected ¢ Fused « Gold Plated Selector Switch

DC VOLTAGE

DC CURRENT

AC VOLTAGE

) RESISTANCE

AF OUTPUT — DB
20k(} PER VOLT

HFE DC AMP FACTOR
ICEO LEAKAGE

YF-370

COMPARATIVE VALUE 49%

Every YF-370 is factory assembled, tested, and
includes diode protected meter movement with
a fused input and an extra fuse. The switch assem-
bly has double wiping gold plated contacts to

SPECIFICATIONS assure years of trouble-free service. At this low
BSestoraast Meas tR T ey price buy two...one for the car and one for the shop.
DCV | 0-.1V-5V-25V-  |+3%fs
10V - 50V - 250V - 1000V - -
ACV 0 - 10V - 50V - 250V - + 4% fs J
1000V 30Hz to 30kHz
| DCA 0- 504A - 2.5ma - 25ma | + 3% fs (800—854-2049)
- .25A (800—542-6253)
0N 210 20mn + 3% arc

Range x 1x 10x 1k x 10k

dB +10db~+22dbfor 10VAC | * 4% fs TERMS: MC — VISA — AE — Check — M.O. — COD in U.S. Funds.
Orders outside of USA & Canada, please add $5.00 additional to cover

ICEQ 21'0150""0“' ?‘50’:; 115ma t 3% aro air shipment. California residents add 6% Sales Tax.
HFE 0- 1000 @ x -|UIL + 3% arc DS’ ,NSTRUMENTS, JNC.

In 7924 Ronson Road, Dept. G, San Diego, CA 92111




MFJ ENTERPRISES, INC. 1978

NEW MFJ-962 1.5 KW Versa Tuner lll

$159.95 you can run up to 1.5 KW PEP and match everything from
1.8 thru 30 MHz: coax, balanced line, random wire. Built-in balun. SWR,
dual range forward and reflected power meter. Flexible six position an-
tenna switch. Outstandmg value

Where else can you get a 1.5 KW
Tuner with SWR, dual range
forward and reflected power

The NEW MFJ-962 1.5 KW Versa Tuner M lets
you run up to 1.5 KW PEP and match any feed
line continuously from 1.8 to 30 MHz: coax,
balanced line or random wire,

This gives you maximum power transfer to
your antenna for solid OS0's and attenuates har
monics to reduce TVI and out-of-band emission

An accurate meter gives SWR, forward, reflect
ed power in 2 ranges (2000 and 200 watts)

A flexible six position antenna switch lets you
select 2 coax lines thru tuner or direct, or ran

ANTENNA
MATCHING

ANTEMNA
SELECTOR

- 2 -

15 KILOWATT SERs

The MFJ-961 1.5 KW Versa Tuner W gives you
a flexible six position antenna switch. It lets you
select 2 coax lines thru tuner or direct, or ran
dom wire and balanced line

Run 1.5 KW PEP. Match any feedline from 1.8
1o 30 MHz: coax, balanced line, random wire.

Gives maximum power transfer. Harmonic at
tenuation reduces TVI, out of band emissions

MES VERS LT NEN I

MEJ VERSA TUNER 111

TRANSMITTER
MATCHING

dom wire and balanced line

A new all metal, low profile cabinel gives you
RFI protection, rigid construction, and sleek styling
Black finish. Black front panel has reverse letter
ing. 5x14x14 inches. A flip down wire stand tilts
tuner for easy viewing.

Efficient, encapsulated 4:1 ferite balun. 500
pf, 6000 volt capacitors, 12 position inductor
Ceramic rotary switch 2% meter

Bullt-in quality. Every single umit 15 tested for
performance and inspected for quality. Solid

Black all metal cabinet. Black front panel has
reverse lettering. Flip down wire stand tilts tuner
5x14x14 inches

Encapsulated 4:1 femite balun. 500 pf, 6000
volt capacitors, 12 position inductor, ceramic
switches. S0-239s, ceramic feedthrus. One year
limited warranty

Every single unit is tested for performance and

meter, antenna switch and balun
foronly ...

159"

American construction, quality components. One
year limited warranty

For your nearest MFJ dealer, call toll-free
800-647-1800. Stop by your dealer. Compare it
feature for feature with other tuners. Compare its
value, its quality and its performance

After a truly side by side comparison, you'll
be convinced that its value, quality and features
make it a truly outstanding value.

Why not visit your dealer today? Il no dealer
is available order direct from MFJ

MFJ-961 1.5 KW VERSA TUNER Il has balun, six position antenna switch. Matches coax,
balanced line, random wire, from 1.8 to 30 MHz.

6 position antenna switch lets
you select 2 coax lines thru tuner
or direct, or random wire and
balanced line.

inspected for quality. Solid American construction,
quality components.

For your nearest MFJ dealer, call toll-free
800-647-1800. Visit your dealer and compare.
You'll find real value.

Why not see the NEW MFJ-961 1.5 KW Versa
Tuner Il at your dealer's today? If no dealer is
available order direct from MFJ.

FOR YOUR NEAREST DEALER OR FOR ORDERS

cALL ToLL-FREE 800-647-1800

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 limited warranty. Add $8.00 shipping/handling.
For technical Information, order/repair status, In Mississippl, outside continental USA, call 601-323-5869.

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On |

MFJ ENTERPRISES, INC.

P. O. BOX 494
MISSISSIPPI STATE, MISSISSIPPI 39762
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Beginning with a small handful of amateur wireless operators in the early 1900s, the Amateur Radio popula-
tion in the United States has grown to the point where it's now approaching 360,000. Last year the growth rate
was about 8 per cent, down slightly from 1977, and this year it is expected to be about the same. And while
orderly growth is healthy for the hobby, in many ways the Amateur Radio Service is like the proverbial “"house
that Jack built,”" with rooms added as they are required, with little thought to future construction — or indeed,
to the esthetics of the architecture!

If you study the history of Amateur Radio, it's easy to understand why this happened: for years there were
more licensed Amateur Radio stations in this country than all the other radio services combined, many top
members of the FCC were hams, and the management ranks of most major radio-electronics firms were filled
with licensed amateurs — many, in fact, began their careers as Radio Amateurs. With influential friends in high
places who had a vested interest in Amateur Radio, most operators gave little thought to the future. The com-
plexion of Amateur Radio has changed over the years, however, and it's obvious that we can no longer afford
such a /aissez faire attitude toward our future.

One matter that concerns many of the older hams is that in the past 25 years the character of Amateur Radio
has evolved slowly away from being a technician’s hobby, where much of the operating equipment was
homebuilt, to an operator’s hobby, where little or no technical expertise is required. This is not necessarily a
problem because our activities are closely linked not only to a rapidly changing technology, but to a dynamic
society that continually confronts Amateur Radio with new obstacles, challenges, and opportunities for pro-
viding useful public service. Nevertheless, more thought must be given to the impact of this trend on the long
range future of Amateur Radio.

With a steadily increasing number of amateurs and greater government intervention in terms of changed
licensing regulations, restrictive antenna covenants, and RFl requirements {not to mention WARC 79 and the
proposed revision of the Communications Act), it's increasingly apparent that a// of us must give some serious
thought to where the Amateur Radio Service should be in the coming decade. While long-range planning is
hardly an exact science, it is possible to anticipate some of the problems, to perceive certain distant opportuni-
ties, and to develop appropriate recommendations. If we put our collective heads together, we should be able
to plot a positive future course for Amateur Radio — rather than drifting out of control as we have for the past
few years, reacting to external events as they have occurred. Positive results, however, will require a substantial
amount of effort on a continuing basis by a large number of concerned amateurs. Cornplaining about the cur-
rent state of affairs or railing about the 'system’’ in the press is neither positive nor constructive.

Those of you who have read my editorials for the past eleven years know that | have pointedly avoided the
politics of Amateur Radio. Therefore, when | suggest that a possible focus for future planning activities is the
ARRL's Long-Range Planning Committee, you know that suggestion is not palitically motivated. For those of
you who are not members of the ARRL, the Long-Range Planning Committee was established by the ARRL
Directors in January for the purpose of ‘‘reviewing and making recommendations concerning programs which
the ARRL is and should be providing to its members and to the Amateur Radio Service . . .”’

At its initial meeting in February the members of the committee, according to one of those present, agreed
upon several criteria which wouid govern the committee’s activities:

1. The general welfare of the entire Amateur Radio Service was to be served, not just parts of it.

2. No fact of the ARRL’s operation was exempt from scrutiny.

3. A subject as complex and far reaching as the future of Amateur Radio cannot be properly appraised
without inputs from many different people — ARRL members or not.

If you have any comments or recommendations about the future of Amateur Radio, make it a point to let the
Long Range Planning Committee (LRPC) have the benefit of your thoughts. A letter or card to Vic Clark,
WA4KFC (12927 Popes Head Road, Clifton, Virginia 22024), marked for the attention of the LRPC, will be acknowl-
edged, and Vic will make sure that your comments are available to each of the members of the committee.
Jim Fisk, W1HR
editor-in-chief
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The Final Warra

Final Amplifier of the IC-701 HF Transceiver

When you look inside the purchase price of a
new radio, go all the way to the bottom; and
ask about the warranty coverage of the solid
state finals. Surprisingly, most amateur radio
manufacturers leave their final amplifiers less
than fully guaranteed, which can get you caught
with your finals down, just when you're expect-
ing to be protected from repair costs on your
brand new rig.

When you look into an ICOM radio, you see our
quality and our confidence throughout. That’s
why ICOM radios are covered from front to
finals during the entire new purchase warranty
period. We're confident that an ICOM radio is
simply the best value available for your Amateur
Radio dollar, and we back it up with the final
warranty.

So, when you look into the purchase of a new
radio, look close for true value: look close for
quality and confidence. And as you approach
the final choice, ask your dealer about the final
warranty. He'll tell you that when you choose
ICOM, you're covered.

r----------------
ICOM INFORMATION SERVICE

3331 Towerwood Dr,, Suite 304

Dallas, Texas 75234

Please send me a full-color ICOM Product Line Catalog
and a list of Authorized ICOM Dealers.

3§ 1 7 J § J |
----J

L----------------J

All ICOM radios significantly exceed FCC requlations limiting spurious emissions
Specifications subject to change without notice

DISTRIBUTED BY:

HF/VHF /UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT

ICOM WEST. INC.

IcoMm ©

ICOM EAST. INC.  ICOM CANADA



longhand printed-

circuit layout
Dear HR:

The article, ''Printed-Circuit Layout
Using the Longhand Method,””
which appeared in the November,

1978, issue of ham radio was
especially interesting to me because
| have been using the described tech-
nique for the past two years. How-
ever, the additional steps which |
use will produce a better board and
are desirable with high-density
boards. First, lines on the paper pat-
tern which represent the copper
should be made red and the circuit
components should be shown black.
This makes reading and interpreta-
tion easier. Second, when the pattern
is transferred to the copper foil sur-
face by marking with a sharp point,
the points should not be deep enough
to produce burrs (burrs tear the pen
point and eventually make it difficult
to produce a clean fine line). Third,
after the points are on the copper
those which are connected should
be joined by a pencil line. This is
important on a high-density board
because it permits inking the lines
rapidly and the pen point does not
have time to dry. Lines produced with
a dry point must be retraced; a
smeared line is nearly always the
result.

Maximum ground-plane area is a
requirement for rf circuits, especially
for vhf circuits. Filling in all the blank
area with a pen is tedious and it's
difficult to make the area completely
resistant to the etch solution. Tape
can be used but covering small ir-
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regular areas is difficult. | find that an
easy method is to outline the ground
plane area first with the pen, then
fill in all the enclosed area with the
blue dye used by tool makers and
machinists. | have tried many inks
and paints for this step, and the blue
machinists dye is superior to all
others. It is easy to apply with a small
brush and dries rapidly. The board
may be etched minutes after applica-
tion. A coat which appears too thin
will resist the etchant even at ele-
vated temperature. The ink wets the
copper surface and flows easily but
stops when it contacts the previously
applied line.

The machinists dye is also useful
for producing plug patterns on cir-
cuit boards. Coat a 1-cm (%-inch)
strip at the board edge and use a
sharp point or jeweler's screwdriver
to remove the ink from areas be-
tween the contacts. Use an old plug,
placed against the board edge, for a
pattern. It is easy to produce 22-con-
tact plug patterns with this method.

| have used two types of the blue
dye. One is called Dykem Steel Blue
and is a product of Dyken Corpora-
tion of St. Louis, Missouri. Another is
called Mike-O-Blue and is sold by
Ashburn Industries of Houston,
Texas. A four-ounce can is adequate
for many boards.

This “longhand’’ method will pro-
duce high-quality circuit boards
which have clean lines and ground-
plane areas without pit marks com-
monly found on boards which have
been prepared by other methods.
Boards with 3-mil copper foil can be
etched in less than ten minutes in a
50 per cent etch solution (ferric
chloride) heated by placing it in a
tray or plastic dish floated in hot
water. Use only enough etch solution
to cover the board about 1 cm (%
inch) and agitate during etching to

provide a washing action. In addition,
the copper surface can be seen dur-
ing the process so the board may be
removed when completed.

I have tried many types of ink pens
and find that the Sharpie brand is
best; their number 49 has the best
point. Store the pen with the point
down, this aids in keeping a generous
supply of ink in the point and is al-
ways ready to use.

During the past years | have spent
many hours trying to find an easy
method for producing “‘longhand’’
etched circuit boards and have con-
cluded that the technique described
in ham radio, along with the addi-
tions indicated above, is the best.

Robert J. Grabowski, WSTKP
Houston, Texas 77005

Dear HR:

During a literature search for an
electronics project | recently went
through my file of ham radio — and
was distracted for three evenings
reading the fine articles in three years
of issues! Yours is by far the highest
guality journal of all those devoted to
Amateur Radio; please don't com-
promise that quality.

Guy Rothwell, KH6JCD
Kailua, Hawaii

Dear HR:

| just breadboarded the CW pro-
cessor described by Jones in the
October, 1978, issue of ham radio.
It’s really sharp! However, the 555 os-
cillator interacts with the operation of
the 576. To cure this problem, I've
installed a 100-ohm resistor between
the 5-volt line and pin 8 of the 555,
and a 220-uF capacitor between pin 8
and ground. It makes a real im-

provement.
Jeff Davis, VE3CBJ
Grimsby, Ontario
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[0 TS-820S / $50.00 Rebate
O R-820 / $50.00 Rebate
O TL-922A / $50.00 Rebate

(Good April 15, 1979 through June 15, 1979)

0O TS-700SP / $35.00 Rebate

0O TR-7600 / $20.00 Rebate

0O R-300 / $20.00 Rebate

O RM-76 / $20.00 Rebate

Get a "GREAT REBATE" Coupon at your nearest Authorized Kenwood Dealer.
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ST. VINCENT'S VOLCANIC ERUPTION in the middle of April essentially destroyed conven-
tional communications throughout the Caribbean island as it left over 15,000 homeless.
Amateur Radio immediately filled the breach, beginning when VP2s SQ, SHE, SAZ, SK, and
others set up a communications center at police headquarters. Other Amateurs operating
from police stations and relief centers throughout the island have since provided almost
all communications for the hard hit nation,

Island Premier Milton Cato relayed a message to Miami Coast Guard via KV4FZ requesting
help which was immediately forthcoming with three helicopter-equipped Coast Guard cutters,
the Gallatin, Vigilent, and Dallas. Herb also requested an emergency OK for third-party
traffic from the FCC and State Department — it was forthcoming in only 1% hours! Follow-
ing the OK, 7152 (daytime), 3802 (night), 14287 (health and welfare via KA2CPA) and 14313
were all busy with emergency traffic.

Coast Guard And Military, along with the Amateurs, all used the Amateur bands for essen-
tial communications, K5OPG/MM on the Gallatin, while the other cutters (without licensed
Amateurs) were using their Coast CGuard identification. C€-130 transports from the Canal
Zone, bringing in relief supplies, communicated principally on 40 meters.

Amateur Bands also supplied inter-island communications. 8P6AA and BP6AH have a link
operating between the embassy in Barbados and St. Vincent police headquarters, handling
all the relief traffic with that near-by country.

RECENT 27-MHZ EXPANSION PROPOSALS could actually threaten the Amateur l0-meter band as
the Washington scene appears to be shaping up. Both the CB Magazine proposal for adding
SSB CB channels (RM-3299) and the Washington State CB Radio Assoclation's Petition for a
new hobby class "Amateur'" allocation below 28 MHz (RM-3317) are reported receiving very
heavy positive response, almost entirely from CBers, CB organizations and (assumedly)
those already active in the 27405-28000 kHz spectrum. The comments, almost without ex-
ception, endorse the merits of more flexible, higher power, longer range communications,
and often cite a basic, no-code Amateur license as part of the package.

The Number Of Respondents and their enthusiasm seem to have caught the Commission's
attention, from staff level up. Japan's experience, where very elementary Amateur li-
censes have spawned an Amateur population about twice that of the United States, and
the experiences of some other nations such as Russia which also have entry level licenses
are also being looked at closely.

The Real Threat to the present integrity of 10 meters thus lies in the Washington
State ?etition. Under present international allocations, the frequencies they want for
a new 'Amateur' service are not Amateur, and it's inconceivable rhat the FCC would opt
to make such an allocation on the eve of a World Administrative Radio Conference. (CB
Magazine's proposed CB expansion would, on the other hand, be legitimate now.) The prob-
Tem with the Washington State proposal is that it could, without too much stretching,
lead into a domestic restructuring of l0-meter Amateur use with a rapid influx of new
"Amateurs'" from 27-MHz SSB ranks.

Nothing Of This Nature is likely to happen in the immediate future due to the immin-
ence of ﬂﬁﬁﬁ and the current state of the FCC — still in the throes of reorganization.
What does seem likely is a new and very hard look at the domestic Amateur service after
WARC from a new "consumer oriented"” FCC with little knowledge of or concern for tradi-
tional Amateur Radio values.

BOTH RUSSIAN SATELLITES may be off the air for good. UA3CR is reported to have told
G3I0R in an April conversation — "Both transponders will not be on againl" Telemetry
on RS-1's weak beacon has been indicating battery trouble.

Simultaneous Mode A And Mode J operation will be offered by OSCAR 8 on Tuesdays and
Fridays, effective June 1. Wednesdays will continue to be Experiment Days, primarily
Mode J.

PETITIONS TO RECONSIDER MARITIME mobile's proposed 220 MHz allocation in the U.S.

WARC position have been denied by the FCC. The petitions, filed by the 220 MHz Spectrum
Management Association of Southern California and seven individuals, were denied by the
Commission on the grounds that the WARC position was the result of four years of exten-
sive consideration of the needs and problems of all the services concerned.

Amateurs Received Hard Knocks in Reply Comments filed by the National Radio Astronomy
Observatory and the Naval Research Laboratory on the proposed Virginia-West Virginia
"quiet zone" (FCC Docket 78-352). In their very substantial filing the government repre-
sentatives strongly took the League to task for leading the Amateur community astray into
a "party line" response. Words like "propaganda,'" "fiction," and "parrot-like'" abound in
the government's lengthy rebuttal. While acknowledging Amateur Radic has some value, the
generally critical document was almost contemptuous in its dismissal of the efforts of
those concerned Amateurs who made the effort to make their feelings known.

THE LONG AWAITED U.S.-HAITI reciprocal agreement was signed April 2 by Haiti, and now
awaits State Department action.
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Novice, QRP, 200 w, deluxe — good, better, best —
$299, $369, $399, $699, $869, $899, $1069. TEN-TEC
has them all. A choice of seven HF transceiver models — a
choice of power levels — a choice of operating features (and
accessories) for beginner or old timer. Best of all, there's a wide
choice of prices to fit every amateur budget.

TEN-TEC “OMNI” TRANSCEIVERS — REALLY CHOICE.
Top of the line. Deluxe in every respect. Deserving of a place in
the finest of operating positions. All solid-state 100% duty cycle
200-watt final amp.; 8-bands (160-10 m plus convertible 10 MHz
and "“Aux’’ band positions); broadband design for no tune-up;
built-in VOX and PTT; buili-in Squelch; 4-position CW-SSB filter
and 8-pole crystal filter with separate mode switch to permit using
all filters in all modes; 2-speed break-in; 2-range offset tuning;
optimized sensitivity from 2 uV on 160 m to 0.3 uV on 10 m;
greater dynamic range (typically better than 90 dB) plus PIN
diode switched 18 dB attenuator; WWV at 10 MHz; front panel
control of linear/antenna bandswitching, phone patch jacks;
“timed’’ crystal calibrator (on A" model only); zero-beat switch;
SWR bridge; adjustable ALC and sidetone; dual speakers; plug-in
boards; “clamshell”’ aluminum case with black vinyl covering plus
warm dark metal front panel; full shielding, optimum size for
convenient operation: 5%"h x 14%"w x 14"d. Model 545
OMNI-A with analog dial, only $899; Model 546 OMNI-D with
six 0.43" LED digital readouts, $1069. Model 645 keyer, $85,
Model 243 Remote VFO, $139, Model 248 Noise Blanker, $49,
Model 252MO AC Power Supply, $119.

TEN-TEC “ARGONAUT” TRANSCEIVER—QRP CHOICE.

The challenge and excitement of working the world on 5 watts.
And every feature you need: all solid-state; 5 bands (80-10 m),
full amateur band coverage SSB/CW, sensitivity less than 0.5
1V offset tuning; 4-pole IF crystal filter, 2.5 kHz bandwidth;
analog dial; vernier tuning; automatic sideband selection; built-in
speaker; 5-watt input to broadband push-pull final amplifier;
PTT; full CW break-in; adjustable sidetone volume and pitch;
built-in SWR bridge; TVI filter; plug-in boards; small and light
weight enough to go anywhere (4%"h x 13"w x7"d and 6 Ibs.).
World beating price, too: Model 509 only $369; Model 210 AC
Power Supply just $34.

TEN-TEC 540/544 TRANSCEIVERS—POWER CHOICE.
200 watts from the bottom of 80 m to the top of 10 m — SSB or
CW. No compromise from the leader in solid-state HF technol-
ogy. Instant band change without tune-up; sensitivity 0.3 pV;
offset tuning; 8-pole crystal-lattice filter; WWV at 10 & 15 MHz;
push-pull solid-state final amp.; 100% duty cycle; adjustable ALC
with LED indicator; built-in SWR bridge; PTT; full CW break-in;
adjustable sidetone pitch and vol.; zero-beat switch in Model 544.
Choose the value leading Model 540 with analog dial and built-in
25 kHz pulsed calibrator for just $699 or the Model 544 with six
0.43" LED digital readouts for $869. Model 240 160M converter,
$110; Model 262M AC Power Supply with VOX, $145; Model
252M AC supply only, $119.

TEN-TEC CW TRANSCEIVERS— BUDGET CHOICE.

The “Century 21" series. Unique. Modern technology with
old-fashioned value. Fine performance, reliability, and simplicity
of operation, all at low cost. Win raves from novices and
confirmed brass pounders alike. All solid-state; 5 bands (80-10
m) full amateur band coverage; receive CW and SSB, transmit
CW; sensitivity 1 uV or less; offset tuning; 3-position selectivity
(2.5 kHz, 1 kHz, 500 Hz); 70 w input to push-pull Class C final
amp.; broadbanded for no tune-up or resonating; full break-in;
adjustable side-tone level; built-in AC power supply. Choose
Model 570 with analog dial for only $299; Model 574 has a 5
LED digital readouts for only $399.

The choice is all yours when you choose TEN-TEC HF

transceivers; see your nearest dealer or write for full details.

el

TEN-TEC i

SEVIERVILLE, TENNESSEE 37862

EXPONT ST1% LINCOLN AVE CHICAGD, ILL S0648

WIDEST CHOICE IN HF
TRANSCEIVERS: TENTEC




The age of tone control has come to
Amateur Radio. What better way to utilize
our ever diminishing resource of fre-
quency spectrum? Sub-audible tone
control allows several repeaters to share
the same channel with minimal geo-
graphic separation. It allows protection
from intermod and interference for
repeaters, remote base stations, and
autopatches. It even allows silent moni-
toring of our crowded simplex channels.

We make the most reliable and complete
line of tone products available. All are
totally immune to RF, use plug-in, field
replaceable, frequency determining
elements for low cost and the most
accurate and stable frequency control
possible. Our impeccable 1 day delivery
is unmatched in the industry and you are
protected by a full 1 year warranty when
our products are returned to the factory
for repair. Isn't it time for you to get into
the New Age of tone control?



TS-1 Sub-Audible Encoder-Decoder « Microminiature in

ize, 1.25 x2.0"x .65 = Encodes and decodes simultaneously »
$59.95 complete with K-1 element

TS-1JR Sub-Audible Encoder-Decoder « Microminiature
version of the TS-1 measuring just 1.0° x 1.25 x .65, for hand-
held units « §79.95 complete with K-1element

ME-3 Sub-Audible Encoder « Microminiature in size
measures 45 x 1.1 x 6 « Instant start-up « $29.95 complete
with K-1 element

TE-8 Eight-Tone Sub-Audible Encoder « Measures 26 x
2.0"x 7 = Frequency selection made by either a pull to ground
or to supply « $69.95 with 8 K-1 elements

PE-2 Two-Tone Sequential Encoder for paging « Two call
unit « Measures125 x2.0"x 65" « $49.95 with 2K-2elements

SD-1 Two-Tone Sequential Decoder « Frequency range is
268.5-2109.4 Hz » Measures 1.2 x 1.67" x .65 » Momentary
output for horn relay, latched output for call light and receiver
muting built-in « §59.95 with 2 K-2 elements

TE-12 Twelve-Tone Sub-Audible or Burst-Tone Encoder «
Frequency range is 67.0-263.0 Hz sub-audible or 1650 - 4200 Hz
burst-tone = Measures 425 x 25 x15 « §79.95 with

12 K-1 elements

ST-1 Burst-Tone Encoder » Measures 95 x a x5 plus

K-1 measurements « Frequency range is 1650 -
$29.95 with K-1 element

’ CDMMUIWCA TIDMS' SPECIAUS 7S
426 West T g. Ora
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design considerations

for
linear amplifiers

The first of several
articles on practical
construction techniques
for hf power amplifiers

12 [ june 1979

So you want to build a linear amplifier! So do many
other Radio Amateurs. Without doubt, the most
popular piece of home-built transmitting equipment
(aside from small circuit board projects) is the high
frequency linear amplifier. It can be built without
having an advanced degree in solid-state technology
and computer analysis.

Recent FCC decisions, moreover, have made a lin-
ear amplifier homebrew project more inviting to
Amateurs, particularly those interested in 10-meter
operation, For a period of time, in the early spring
of 1978, it was nearly impossible to buy an off-the-
shelf, commercial linear amplifier; most manufactur-
ers had stopped production in view of the drastic
redesign requirements imposed by the new FCC
rules. Home-constructed amplifiers, happily, are
exempt from the FCC straitjacket. And, more and
more, Amateurs are discovering the fun of building
their own amplifiers. It's not as hard as you might
think! There's still fun in building and adjusting
equipment, and the high-frequency linear amplifier

By William I. Orr, W6SAI, 48 Campbell Lane,
Menlo Park, California 94025



described in this series of articles is a good project for
the home builder, whether you‘re an old timer or
newly licensed Amateur.

what to build

The builder of a linear amplifier undoubtedly has
many questions that must be answerd before he can
pick up a soldering iron or drill; what tubes to use,
what plate voltage, drive level, harmonic suppres-
sion, TVI prevention, cooling, and packaging?

At this stage of the game, even the stoutest of
hearts may falter. But cheer up, the overall problem
is not complex if the project is approached on a
workmanlike basis. The purpose of these articles is to
provide a blueprint that will guide the builder through
the design, construction, and checkout of a modern
linear amplifier capable of operating on all Amateur
frequencies between 3.5 MHz and 29.7 MHz. This
first article covers design, selection of tubes and
components, formulas that make the job easier, and
practical construction considerations. A later article
will cover the metal-work, assembly, and testing in
detail.

Before you jump into the project, bending metal
and soldering wires, you should know that there
exists a vast amount of literature covering the design
and construction of linear amplifiers. It would be
foolish to ignore this storehouse of accumulated
knowledge. At the end of this article is a list of sug-
gested reading material, and you can learn a lot by
observing what has happened in this interesting field
of radio design. Since this series of articles cannot
possibly cover every detail of building a linear ampli-
fier, you can pick up a lot of very useful extra infor-
mation if you scan some of the suggested reading
material,

preliminary design

The first choice you will have to make concerns
the tube (or tubes) to be used, the operating volt-
ages, and the means of cooling the tubes so that
their operating temperature will remain within the
limits imposed by the manufacturer.

A word of warning is advisable on the subject of
surplus or second-hand transmitting tubes. Large
power tubes have a finite sheif life. The perfect
vacuum has not yet been created, and old tubes (sur-
plus World War |l vintage in particular) are not to be
trusted — they may have an imperfect vacuum. Sur-
plus tubes marked JAN (which stand for Joint-Army-
Navy procurement), such as JAN-813 or JAN-211,
provide no warranty to the user, since the tubes are
purchased by the military on a special contract with

PARASITIC

) oUTPUT
SUPPRESSOR Pi-L NETWORK

HIGH-MU
TRIODE I

INPUT
Pi-NETWORK

.00t ;7
{RFCI RFC3
FILAMENT
METER

PLATE oot

+

(: ) L DANGER
METER HIGH VOLTAGE
—_ 8-- 8

FILAMENT - B+
TRANSFORMER

4)313";:

120 vaAC

fig. 1. Schematic diagram of a basic grounded-grid amplifier
circuit. A high-mu triode tube is used with the exciting sig-
nal applied to the filtament circuit which has been isolated
from the filament transformer and metering circuits by the
rf choke, RFC1. A fixed-tuned pi-network circuit matches
the output impedance of the exciter to the input impedance
of the amplifier. A pi-L plate output circuit is used for maxi-
mum harmonic suppression, with a simple parasitic sup-
pressor placed in the plate lead to dampen vhf oscillations.
For safety, the metering is placed in the filament return cir-
cuit. The grid meter is inserted between the grid (ground)
and the filament return, while the plate meter is in the B
minus return lead to the power supply. The air blower is
connected to the primary of the filament transformer. This
circuit may be modified for two parallel-connected tubes by
the addition of a second plate parasitic suppressor and
increased air blower and filament transformer current
capacity. Plate tank circuit components need not be modi-
fied if the two tubes run at the same voltage and current as
one tube.

source inspection and no warranty return program.
Thus, an Amateur who buys a JAN-labelled tube
receives no warranty. New tubes purchased from a
franchised dealer carry the manufacturer’s full war-
ranty. Dealers in surplus tubes, moreover, have no
reliable facilities for testing transmitting tubes, which
require a large, expensive, and exotic test console.
Thus, the purchase of a surplus or second-hand tube
may turn out to be penny wise and pound foolish.

To determine the tube type to be used, it is impor-
tant to note that the most popular ham-type linear
amplifiers seen in the various station descriptions and
advertisements are capable of running 1-kW input on
CW and 2-kW PEP input on ssb. The amplifiers use
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cathode-driven {grounded-grid) circuitry requiring a
drive signal compatible with today’s modern exciter
{about 80 to 100 watts PEP output). A representative
amplifier circuit is shown in fig. 1.

Further investigation shows that the modern
amplifier concept employs low-profile styling and is
designed for desk-top operation next to the exciter.
In some cases, the power supply is an external unit.
In any case, the amplifier is capable of being controlled

ate more intermodulation distortion than one tube,
but this is not the case. Power tubes designed for ssb
service do not have to be matched pairs, as do the
inexpensive TV sweep tubes used in some linear
amplifiers.

Regardless of the tube or tubas chosen, grounded-
grid triode operation implies class-B service (which
you can find outlined in detail in the suggested litera-
ture). An important characteristic of this class of

table 1. Typical rf linear amplifier service, cathode-driven (grounded-grid)

zero maximum
signal signal
plate plate plate
tube voltage current current

2500 260 800
(2) 3-6002 3000 320 667
3-1000Z 3000 240 670
4-1000A 3000 30 670
8877 3000 130 667

maximum maximum typical
signal signal power
grid drive output
current power {PEP)
240 80 1200
230 60 1250
220 65 1250
270 125 1300
55 50 1150

Representative operating charactersitics of popular tubes suited for cathode-driven service. The 4-1000A
is operated as a class-B triode with grid and screen tied together. It can be seen that in terms of efficiency
there’s not much difference between tube types. The 4-1000A requires the most drive power, the 8877
the least. The differences in power output are insignificant and are within error of measurement. Power
output is a function of plate circuit loading and grid drive causing the values to be approximate.

by the external VOX or push-to-talk circuit of the
exciter. And it can be operated either from 120- or
240-volt primary service.

power capability

Given these general specifications, the next step is
to determine what goes into the black box that is to
become your new linear amplifier. If the linear ampli-
fier is to run at 1-kW in the CW mode and 2-kW PEP
in ssb service, the choice of tubes to be used nar-
rows. And since cathode-driven (grounded-grid)
service is contemplated, selection is restricted to a
few tubes which have the ability to sustain this pow-
er level with good linearity and low intermodulation
distortion. Linear operation implies that the output
signal is an exact replica of the input signal; low inter-
modulation distortion means that unwanted, spuri-
ous distortion signals are not generated in or near the
signal frequency. When both of these criteria are
met, the ssb signal is clean and no power is lost in
furry sidebands or splatter.

Table 1 shows some practical tubes for linear serv-
ice and their operating characteristics. From an engi-
neering point of view, there’s not much choice
between using a single large tube or two smaller
tubes in parallel in the high-frequency region, Multi-
ple tubes are thought to be less efficient and gener-
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service is that tube efficiency is at maximum 66 per
cent and usually runs close to 60 per cent. Inherent
tank circuit losses in the amplifier reduce this a bit, so
that the plate power output of a representative
class-B amplifier may run about 55 per cent. How-
ever, in cathode-driven {(grounded-grid} service, a
portion of the driving power (feed-through power)
appears in the plate output circuit and provides a
measurable output efficiency of approximately 60 per
cent for the stage.

Now, if your maximum input power level is known,
as well as plate efficiency, it is easy to determine the
power output of the amplifier as well as the power
dissipation of the tube (generally known as plate dis-
sipation).

If the 2-kW PEP power input condition is chosen
and an overall amplifier efficiency of 60 per cent is
assumed, the PEP output will be

2000x 0.60 = 1200 watts

The remainder of the power (2000~ 1200 = 800
watts) is consumed in plate dissipation and circuit
losses. Tube piate dissipation at 60-per cent efficien-
¢y runs close to 800 watts. Circuit losses run from 50
to 100 watts. These figures may add up to a little
more than 800 watts of power loss, but a portion of
this is accounted for by the plate dissipation attribu-



table to the feedthrough power previously
mentioned. So, without doing anything more com-
plicated than a little grade-school math, the general
operating parameters of the amplifier have been
determined.

At the 1-kW CW condition, power input is 1000
watts and tube efficiency remains close to 60 per
cent, provided certain circuit precautions are taken
(these will be discussed later). You can estimate the

need any test equipment at all. All you do is weigh
the amplifiers. Unless one of them has lead fishing
weights in it, the heavier amplifier is the toughest and
best!”

There is more than a grain of truth in this remark.
Attempting to cram a 2-kW PEP amplifier into a shoe
box is a time consuming and complicated task, since
the problem of getting rid of the heat caused by tube
dissipation and circuit losses is a formidable one.

fig. 2. A representative air cooling system for a ceramic-metal power tube, such as the 8877. A forced-air cooling system is
shown in (A}; the blower is mounted on the chassis which acts as a plenum chamber. With the chassis airtight, the air is forced
past the tube socket, tube base, and out the anode. The chimney is used to direct the air through the finned anode. An electrical
analogy of the cooling is shown in (B). The blower is represented by a generator and the various back pressures by the voltage
drops across the series-connected resistors. Total back pressure is the sum of the resistances. Representative fan and blower

performance is illustrated in (C). The blower efficiency drops as the back pressure is
increased, while the fan fails to deliver air at any appreciable back pressure. The ability to AAA AAA
overcome back pressure is proportional to the speed of rotation of the blower or fan, plus
the physical design of the blades. An inefficient fan allows air to slip around the ends of the
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power output and tube and circuit losses yourself for
this power level,

Linear amplifiers and their power supplies have
grown sleek and physically smaller in recent years.
More efficient components are used and cooling
techniques have improved, permitting the amplifier
to be squeezed into a compact cabinet with high eye
appeal. Some manufacturers and designers, how-
ever, have cheated, by skimping on the power trans-
former or by using an inadequate cooling system that
allows the tubes to overheat during extended periods
of operation. One old timer, when asked to judge the
relative merits of two competitive, widely advertised
linear amplifiers, replied, “That's easy! You don’t

“ Re+Re+R,

RTDTAL

BLOWER

AIR FLOW (CFM) ————————»

BACK PRESSURE -

Imagine a metal box the size of a 2-kW PEP linear
amplifier with an 800-watt bulb burning inside of it!
Or consider that a burner on an electric stove may be
only 600 watts. This will give you a picture of the
amount of heat that has to be removed from a 2-kW
PEP linear amplifier during operation to prevent it
from burning up.

The human voice, which is the usual modulating
device in ham radio, luckily has a low average power
level with quite high peak power. Thus, an amplifier
designed for voice operation can have a power sup-
ply designed for low average power, yet be capable
of sustaining full peak power for a short time interval.
Many manufacturers count on this low average voice
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power and skimp on the power transformer in an
effort to squeeze their amplifier into a small cabinet.
But what happens if speech processing is used to
raise the average voice level and the amplifier is oper-
ated continuously during a DX contest? Or the ampli-
fier is used for RTTY? The power transformer, ampli-
fier, and tubes may not stand up under this added

burden. Make sure your design is capable of tough, -

continuous operation. This is the least expensive
approach for the long run.

tube cooling

Once the tube type has been chosen, the nextitem
of business is to adequately cool the tube. The man-
ufacturer’s data sheet provides maximum tube tem-
peratures and usually the amount of air required to
do the job. What does this entail? An air cooling sys-
tem is shown in fig. 2. It can be compared with a
series electrical circuit, wherein the resistance to the
flow of air created by the tube and accessories is
equivalent to the opposition to current flow provided
by resistors. The air resistance (back pressure) is
equivalent to the voltage drop across the resistor,
and the number of cubic feet of air per minute (cfm)
required to overcome the back pressure can be com-
pared with the voltage necessary to force current
through the resistors. Back pressure is measured by
a manometer and is expressed in terms of equivalent
inches of water. Once back pressure and cfm are
determined, the blower can be chosen that will force
the required air through the system.

Air requirements far some popular transmitting
tubes are listed in table 2. As an example, the 8877's
maximum operating temperature is 250 degrees C.
To hold this value, about 22 cfm are required to over-
come a back pressure of 0.2 inch of water. This pro-
vides an anode dissipation of 1000 watts, more than
sufficient for ssb operation at the 2-kW PEP level.
The full anode dissipation rating of 1500 watts can be
achieved with an air flow of 35 cfm, but at the price
of a higher back pressure value of 0.41 inch of water.
In passing, it should be noted that axial fans do not
like working into high values of back pressure, as fig.
2C indicates.

A single 3-600Z tube requires 13 cfm air flow at a
back pressure of 0.08 inch of water per tube. For two
tubes, the air flow requirement doubles to 26 cfm,
but the back pressure remains the same. Generally
speaking, air flow is easy to obtain, but back pres-
sure ability is hard to come by in simple, inexpensive,
and relatively noiseless blowers. Amateurs like blow-
ers that don’t make noise. Unfortunately, movement
of air creates naise, and the higher the back pressure
requirement the more air noise that will be created.
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(This limits the size of a practical, air-cooled, transmit-
ting tube to about 50 kW, above which it would prob-
ably require a Volkswagen engine to run the blower
and would produce sufficient noise to drive the
operator out of the station. Hence, the use of water
or vapor cooling in the largest transmitting tubes.}

choice of blower

The most common air impellers are the centrifugal
{squirrel cage) blower and the axial fan. The axial fan

table 2. Representative cooling requirements for various
power tubes.

back blower
tube type cfm pressure diameter rpm
3-5002 13 0.08 3 1600
(2)3-500Z2 26 0.083 3 3100
3-1000Z 25 0.43 3% 3000
8874 8.6 0.37 2% 3100
8875 2 0.16 4 2800
88771 22,5 0.20 3 3100

Notes 1. For 1000 watts anode dissipation
2. 1600 feet per minute from axial fan
3. In EIMAC SK-410 socket with EIMAC SK-406 chimney
4. Axial fan or biower

The listed values are given in cubic feet per minute and back pres-
sure in inches of water. The impeller information is the centrifugal
blower wheel diameter (inches) and maotor speed in revolutions per
minute. Low-speed blowers are attractive because they create less
air noise, but they are unable to work into any appreciable amount
of back pressure. As shown, these tubes, regardless of plate dissi-
pation, require a blower speed of about 3000 rpm, except for the
single 3-500Z2. These data are for operation at sea level and the
quantity of air should be increased abaout twenty per cent for oper-
ation at high altitude (Denver, Colorado, for example). The cooling
requirements can be verified only by making temperature meas-
urements on the tube seals and the anode. Glass tubes, such as
the 3-600Z, can be cooled from the side by an axial fan, but only
after tests are made to ensure that the glass envelope temperature
remains within specified limits.

is the quieter of the two, but does not have the ability
to work into a high level of back pressure. The ability
of the squirrel cage blower to overcome back pres-
sure is a function of the blower speed in rpm and the
diameter of the wheel — the larger the diameter, the
lower can be the rpm for a given amount of back
pressure. Suggested blower specifications and fan
information are included in the data for popular tube
types.

It must be remembered, tco, that the hypothetical
Amateur living at an altitude of 1600 meters (5000
feet), in Denver, Colorado, for example, exists in a
world of thinner air than that encountered at sea level
and would have to increase the air requirements out-



lined in the illustration by about twenty per cent to
achieve the same degree of cooling.

amplifier enclosure

Once the cooling requirements have been deter-
mined, all that remains is to get the cooling air into
and out of the amplifier box. Why enclose the ampli-
fier? Aside from cooling requirements, today’s elec-
trical specifications require rf harmonic suppression
of a high order. This means that the amplifier must

H
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fig. 3. Both input and output chokes of a grounded-grid
amplifier can form a parasitic oscillator circuit. Usually the
cathode choke, RFC1, has more inductance than the plate
choke, RFC2, but stray capacitance between the plate choke
and the enclosure can lower the resonant frequency of the
plate parasitic circuit until an uncontrolled oscillation can
occur. This unwanted oscillation can be cured by removing
turns from the plate choke, moving the choke farther away
from the metal walls, or by placing a resistor either in series
or in parallel with the choke. Means for detecting such para-
sitics are discussed in the text.

be placed in an rf-tight box and that connections to
the amplifier be carefully filtered to prevent unwant-
ed harmonic energy from escaping and blocking out
Joe Sixpack's television receiver next door. All
amplifiers generate and amplify harmonics of the
driving signal; the task is to keep them from harm’s
way. Proper filtering will do the job.

Ventilation holes can be placed in an rf-tight box,
provided they are properly screened. Wires can enter
and leave the box provided they are properly filtered.
A screened opening should be about twice the size of
an unscreened opening to obtain the same air circu-
lation, since the screening material represents nearly
50 per cent coverage of the area. A series of many
small holes drilled in the top and bottom of an enclos-
ure will provide ventilation without letting any great
amount of rf energy escape, provided the holes are
small compared with the harmonic frequency. For
high frequency work quarter-inch holes are satisfac-
tory. More smaller holes will work, too. Copper wire
screening can be placed over the blower opening if
the mating surfaces between screen, blower, and
chassis are free of paint so that electrical continuity
exists between the various metals.

indicating meters

Several meters are required to properly tune and
operate a linear amplifier. At the very least, grid and
plate currents should be monitored, and it is conven-
ient to be able to read filament voltage. The grid and
plate currents can be read on one meter switched
between the appropriate circuits, but the use of sep-
arate meters is recommended for ease in tuning. All
meters should be checked for accuracy before instal-
lation in the ampilifier.

Placing the meters in the walls of the amplifier box
is bad, since the rf energy can easily escape through
the meter case and glass, invalidating the otherwise
good shielding of the unit. It is wiser to place the
meters on a separate front panel, with the amplifier
box supported behind the meter panel. Meter leads
are then brought out through appropriate filtering
networks.

parasitic suppression

“You don’t have to worry about shielding or neu-
tralization. A grounded-grid amplifier just won't
oscillate.”” Right? Wrong. A grounded grid ampilifier
makes a very good oscillator under certain con-
ditions.

Low-frequency parasitic oscillations. Any ampli-
fier can oscillate in the low-frequency region
(200-1500 kHz) by virtue of the interelectrode capaci-
tances of the tube forming some resonant circuit
with either the input or plate rf chokes (fig. 3). A sure
cure for this problem is to change the type of choke,
or else place a resistance in series or in parallel with
the choke to inhibit oscillation. In the designs dis-
cussed here, the inductance of the input choke is
very low compared with that of the plate choke, so
that oscillation is improbable.

A low-frequency parasite can often be heard in a
nearby broadcast receiver as an unsteady carrier or a
rough buzz. Or, it can be found when the amplifier is
operated with plate voltage (but no excitation) and
the controls tuned at random. A small neon lamp is
held near the plate lead. If a parasite is present the
bulb will ignite with a bright yefflow giow. The bulb
should be held at the end of a dry wooden stick, as
dangerously high voltage is present and exposed
when the amplifier is operated with the cabinet
shielding removed.

Vhf parasitic oscillations. Vhf parasites are creat-
ed by resonant circuits formed by connecting leads
and interelectrode capacitances of the tube (fig. 4).
They can be suppressed by ioading the circuit until
oscillation is impossible. A parasitic choke, com-
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posed of an inductor and resistor in parallel, will do
the job. The suppressor is placed in the plate lead,
but a second suppressor is sometimes required in the
input circuit,

The suppressor represents a portion of the lead
wound up into a coil and shorted by a resistor. At the
parasitic frequency there is a large voltage drop
across the coil. The resistor acts as an rf load for this

[oF4

L2 + R2
m

fig. 4. Vhf parasitic circuits in grounded-grid amplifiers are
made up of stray input capacitance (C3) plus the inductance
of the input and plate leads, L1 and L2, see (A). The parasitic
oscillations may be suppressed, as shown in (B), by shunt-
ing a portion of the input and/or plate lead with a resistor to
load the parasitic circuit. However, this choke must not be
too tightly coupled to the plate circuit at the operating fre-
quency or it will dissipate fundamental frequency power
and overheat.

voitage drop. If the load is tightly coupled to the
tube, oscillation will not take place, but if the load is
tightly coupled at the operating frequency, the sup-
pressor will probably overheat and burn up. The
number of turns in the inductor must be determined
by test so that sufficient inductance exists to do the
job, but not enough inductance is used to couple too
much fundamental energy into the resistor,

A vhf parasite can be determined by the neon bulb
test. The bulb will glow with a bright purp/e color if
oscillation is taking place.

High frequency parasitic oscillations. The
grounded-grid amplifier can be turned into a splendid
oscillator if the input circuit is detuned too far from

18 june 1979

resonance. The tuning range of the input circuit
should therefore be quite restricted. It is a good idea
to tune the input circuit to the middle of the Amateur
band in use and then forget it. Actual adjustment of
this circuit will be discussed in a subsequent article.

High frequency parasitic oscillation can also take
place if output power from the amplifier finds its way
back into the input circuits. Shielding and filtering
{which also reduces vhf harmonic energy radiation)
serves to reduce the possibility of high frequency
oscillation. In some instances, the grounded-grid
amplifier must be neutralized to achieve stability.
Luckily, this is generally not required for amplifier
operation below 30 MHz but the builder shouid be
aware of the fact that high frequency oscillation at
the operating frequency can take place in a ground-
ed-grid amplifier if the proper precautions are not
exercised.

summary

So far, we've slogged through a quicksand of
physical design problems. Let's sum up what has to
be done as far as this aspect of amplifier design is
concerned:

1. The amplifier tube has to be chosen for the partic-
ular power level desired and must be properly venti-
lated and cooled.

2. The amplifier has to be placed in an rf-tight box for
harmonic suppression and operational stability.

3. Circuit design must ensure that unwanted oscilla-
tions do not take place.

The next article in this series will discuss the elec-
trical design of the linear amplifier.
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AFC circuit for VFOs

Add a new measure
of stability

to an existing VFO
by incorporating
this AFC circuit

The search for frequency stability in Amateur
equipment, both commercially manufactured and
homebrew, has been one of the longest and most
fervently pursued in the history of ham radio. In the
earliest days, when King Spark reigned supreme, fre-
quency stability wasn’t much of a problem since the
damped waves covered a considerable portion of the
spectrum. However, as the state of the art advanced
(and in those days it was an art), the vacuum-tube
oscillator became re rigeur, receiver selectivity im-
proved (necessary because of a more crowded spec-
trum), and the need for greater oscillator stability
quickly became apparent. That need has been with
us ever since!

In the early 1930s, crystal controlled transmitters
became the way to go, with a powerful assist from
the Federal Radio Commission (the ancestor of the
FCC). You could actually find the same ham at the
same spot on the dial (almost} night after night. After
all, during the depression, who could afford more
than one or two crystals? They cost about two days’

then in use for transmitter frequency control, By the
standards of the day, transmitters became literally
“rock stable.”’ Unfortunately, receivers of that period
didn’t enjoy the same stability. The superheterodyne
had become popular, and the instability of its high
frequency oscillator (HFO) required a frequent touch
of the tuning dial (in much homebrew gear) to keep
the desired station audible. Manufactured gear was
better, of course, but few Amateurs could afford it.
By today’s standards these oscillators were pretty
crude, but we were dealing with a lot of CW and a lit-
tle a-m telephony. With the broad bandpass win-
dows in those old receivers, a-m was easily handled,
and a changing CW beat note could be tolerated as
long as the band wasn’t crowded,

Use of the Amateur bands was rapidly increasing,
however, and by 1939 or 1940 the trend was away
from crystal control toward something known as the
ECO, or electron-coupled oscillator. Great strides had
been made in stabilizing the same old Hartley and
Colpitts oscillators by using higher gain tubes such as
the new pentodes, looser coupling between oscilla-
tor and load, and a myriad of other tricks that today
we take for granted.

Rather than labor the points unduly, it is best to
say that today, both VFO and crystal oscillators are in
wide use in the ham bands, the more stable crystal
oscillator being used for certain receiving functions,
MARS frequency assignments, vhf repeater chan-
nels, and so forth. The VFO, of course, finds its major
application in the HFO of the modern hf transceiver.
A new state-of-the-art device, the frequency synthe-
sizer, actually uses both techniques: a reference
crystal oscillator of high stability and a particular type

pay (about $7.50) each! Crystal control was undeni- By Read C. Easton, KBEHV, 3691 Gay Way,
ably a great advance over the self-excited oscillators  Riverside, California 92504
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Front view of the VFO-stabilizing unit. The three LEDs are
used to indicate the position of the control voltage within
its total range.

of VFO known as the voltage-controlled oscillator
(VCO) locked to the crystal oscillator by the phase-
locked loop.

Still, the great majority of equipment in use today
employs the VFO in one form or another, tube or
transistor, Hartley, Colpitts, Vackar. They share one
common failing; they a/l drift in frequency to some
extent. Even the justly famed Collins PTO can be irri-
tatingly unstable to a frequency-measuring nut.

Individual component variations in an otherwise
sound VFO design can, in a production situation,
become an annoying source of trouble. A more fun-
damental problem is that to thoroughly stabilize a
VFO takes much time and use of temperature-com-
pensating capacitors. The stabilizing procedure also
requires a manufacturer to employ a trained techni-
cian for this task. The manufacturer attempts to
arrive at a sort of stability "‘middle ground,” or per-
formance that will satisfy the majority of buyers.

whatis a VFO

Let's briefly examine the device we're trying to im-
prove so that a little more than the tip of this iceberg
becomes visible. Contrary to opinions expressed by
some sources, black magic does not play a major role
in VFO design. The modern VFO is a marvel of con-
struction. It is usually built in a very rigid box of steel
or heavy aluminum, and almost invariably today is a
solid-state device even though vacuum tubes may
appear elsewhere in the radio. Use of solid-state
devices removes from the VFO one of its worst
enemies — heat. Most of the VFO circuits in produc-
tion equipment today can trace their origin to the
basic Colpitts circuit, probably because the coil tap in
the Hartley introduces added switching complexity
and cost.

Even more basic is the real heart of the VFO, the
tank circuit or frequency-determining network. Any-
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thing that causes the oscillatory period of this net-
work to vary (other than deliberate variation) will
have an adverse effect on the stability of the VFO.
The sole exception to this statement is the AFC cir-
cuit. However, this can be considered a form of oper-
ator control and, in fact, the operator can alter the
VFO frequency through manipulation of the AFC cir-
cuitry. Undesirable factors include changes in tem-
perature, change in the load on the VFO, changes in
supply voltage, and vibration. An excellent measure
of the designer's success is the stability of his VFO.
From a manufacturing standpoint, add one more
vital point. It must be reproducible! | once built a little
VFO that was a marvel of stability. Three other
people tried to reproduce it. Their versions oscillated
and they were in the correct frequency range — but
they drifted. The circuit was not easily reproducible.
Therefore, it was useless except to me.

VFO improvement

Many papers have exhaustively covered the trials
and tribulations of VFO design, both from the home-
brew aspect and from the commercial viewpoint. It
seems sufficient to note that most of the hints, tech-
niques, design criteria, and other good and valid
information presented in VFO design papers!.2.3 are
basically aimed at reducing frequency drift. We have
relatively simple formulas for calculating the compo-
nent values, but no one has yet come up with a
magic formula to make the VFO stable.

The recent article by PABKSB4 suggests one solu-
tion to the stability problem. Fig. 1 shows a stabiliz-
ing device in block diagram form — a single stage

!
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-

Inside view of the logic portion of the control unit. The only
other components are those installed inside the VFO enclo-
sure. Additional information regarding the changes to the
Atlas equipment can be obtained either from the author or
by writing to Atlas Radio.



binary counter, a storage element {D-type flip-flop),
a clock {low frequency crystal oscillator), and an inte-
grator to drive the controf element. Fig. 2 shows the
entire control element, a tuning diode, a bypass
capacitor, an isolation resistor, and a small coupling
capacitor. Room for these tiny components could
easily be found in any VFO I've looked at. As you can
see from the size of the coupling capacitor (1 pF), the
effect of the VFO (dial) calibration won’t be a major
one. In all cases so far, minor readjustment of indi-
vidual band trimmers has easily absorbed the smali
additional capacitance represented by the control
element.

practical AFC package

The actual circuit of the AFC unit is shown in fig.
3. There are a few changes from the original. First, in
this country at least, there are no 100-megohm Y-
watt resistors commercially available. To my knowl-
edge, the highest value % -watt resistor available in
quantity in this country is 22 megohms. A series pair
of these resistors, along with a 2-uF capacitor (metal-
lized Mylar or polycarbonate} will provide an 88-
second integrator time constant, as compared with
the 100-second value in the original circuit. The
slightly shorter time constant has proven entirely
adequate in practice. It must be noted that high-leak-
age capacitors, such as electrolytics, are unsatisfac-
tory in this application, The added expense of the
low-ieakage capacitor has to be accepted to obtain a
smoothly operating unit.

The circuit likes a low impedance input; this point
is mentioned in the original article, but without par-
ticular emphasis. As a majority of the radios manu-
factured in this country have a VFO output impe-
dance in excess of the 50 to 100 ohms which | (and
apparently the AFC circuit) consider low impedance,
a broadband autotransformer has been added at the
input to help the interface problem. Use of this
approach has allowed sampling of the VFO output
voltage without detriment to either its output ampli-
tude or intrinsic stability. This particular transformer

INTEGRATOR

RF
INPGT 1 COUNTER STORAGE

[ |

CONTROL
CLOCK ELEMENT
IN VFO

fig. 1. Block diagram of the AFC control unit. The clock con-
trols both the counter and storage sections, determining
when to count and when to transfer information to the next
stage. The integrator serves to smooth out the information
going to the control element, preventing the VFO from
jumping back and forth in frequency.

~————TO VFO TANK
J:_ CIRCUIT

0.0/
j; I MV2105

fig. 2. Schematic diagram of the control unit which is in-
stalled inside the VFO. Since the added capacitance is very
small, any change in frequency is easily compensated for by
the VFO's trimmers.

has been examined with a Hewlett-Packard 250B Rx
meter and found to be essentially flat from about 2 to
over 23 MHz. This is more than adequate for any
range of VFO frequencies yel encountered.

Routine equipment turn-on generally gives a ramp
voltage of about one quarter maximum. This, plus
normal voltage change du¢ to operation, necessi-
tated some form of metering. An early approach with
Atlas equipment involved switching the S-meter,
However, this method has since been discarded in
favor of three LEDs which, with the addition of a
7406, illuminate upper and lower limit red warning
lights when the ramp voltage comes within one voit
of either end of its range. In between, a green LED
glows. The transition from red to green, at each end
of the range, is reasonably abrupt. Only a few milli-
volts of overlap exist between the red and green
LEDs. This metering system provides an adequate
Go/No-Go indication which is particularly useful
under mobile operating conditions. Trying to read a
conventional analog meter under crowded freeway
conditions is not exactly conducive to an extended
life expectancy! Also, the components of the LED
metering system are noticeably less expensive than a
meter.

In addition to metering, this approach makes pos-
sible construction of the AFC circuitry in a completely
separate box without a multitude of connecting
wires. The length of the four-wire umbilical isn’t criti-
cal, allowing the user to position the box for opti-
mum convenience. This concept also reduces the
amount of internal work necessary to incorporate the
drift-cancelling circuitry. For example, in the case of
the Atlas 180/210 series, the device plugs directly in-
to the AUX VFO socket. A 100-ohm resistor at the
radio end of the connecting cable prevents any inter-
action between the AFC system and the VFO in the
radio. Internal work on the radio is limited to installa-
tion of the control circuitry within the VFO compart-
ment and adding one wire from the control element
to pin 1 of the AUX VFO socket {normally unused) to
carry the ramp voltage. All other voltages are already
present. The digital dial (if used) plugs into this same
socket, but, because of the plug construction on
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fig. 3. Diagram of the logic portion of the AFC control unit. The transformer is bifilar wound with nine turns of number 26 AWG
(0.4-mm) enamel insulated wire over a Q2 ferrite toroid. Core should be 9.4 mm (0.37 inch) outside diameter, 5 mm (0.2 inch)

inside diameter, and 4.9 mm (0.19 inch) thick.

both the digital dial and the AFC unit, they piggyback
without trouble or interaction. In a transceiver as
compact as the 210X, minimal work within the radio
is a worthy consideration. Conversely, within the
Atlas VFO compartment there is more than adequate
room for the control-element components. After
having modified several of these radios, total conver-
sion time is less than an hour, including the minor
recalibration required.

adaptability

The AFC unit will perform equally well on older
tube-type VFOs. It has successfully been installed in
Heathkit tube-type VFOs (SB400 series) with no
problems. No adverse effects on dial linearity were
noted. Since this VFO is not bandswitched, only one
recalibration is needed. Even though the piston
capacitor is of very low capacitance, more than
enough range is available after adding the AFC con-
trol element.

Initial examination of an older Swan 350 proved
enlightening. Although the schematic shows a solid-
state VFO and emitter follower practically identical to
the early Atlas units (as well as a tube-type VFO
amplifier), maximum rf voltage was only 60 millivolts
(at 7 MHz). Other bands weren’t much different. This
rf level doesn’t allow resistive isolation in the pickoff
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line, because the input voltage to the AFC unit then
becomes too low for reliable operation of the
counter.

Even with a relatively poor VFO, AFC lockup will
occur within a minute. It takes a little time for the
integrator to do its thing. A good VFO will normally
stabilize within about 15 seconds of turn-on. For
example, the Atlas 350-XL with AFC settles down in
ten to fifteen seconds, while a relatively poor home-
brew unit, the first one on which the AFC approach
was tried, took about a minute to stabilize. However,
this VFO was so bad that without AFC it would drift
noticeably during a two-minute transmission. | threw
the whole thing together in a hurry several years ago
and never got aroung to taming it. Consequently, it
was a natural for AFC experiments. The first time the
modified rig was used on the air, | was accused of
having bought a new radio. “We don’t have to chase
you any more!’’ Constant attention had to be paid to
the ramp voltage though, because that VFO never did
settie down on its own. About once an hour the
ramp voltage would have to be reset because it
would be getting perilously close to its range limit.
Conversely, the Atlas 350-XI. can run all day and
nothing has to be reset. The ramp voltage has more
than enough range to keep this excellent VFO locked
up indefinitely.
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fig. 4. Examples of measured drift from VFOs with and
without AFC.

The system of automatic frequency correction
described in this article offers an order of magnitude
stability improvement. It is not a universal cure for all
the ills that may beset a VFO. For example, this cir-
cuitry cannot correct the frequency jump that is
caused by sticking or misaligned mechanical tuning
assemblies or from worn or corroded contacts on a
bandswitch or variable capacitor shaft. Sudden fre-
quency excursions of this type look to the circuit like
“human intervention,’” a frequency shift too rapid to
be corrected. One demonstration of AFC capability
that invariably generates astonishment is connecting
a counter capable of reading the VFO frequency to
the nearest Hertz to a cold radio which is AFC
equipped. When the radio is turned on, the counter
will faithfully reveal the rapid initial warmup drift, the
sudden stop, and then will remain for hours within
about 5 Hz of the original lockup point (see fig. 4).

In the near future, buyers of Atlas equipment will
be able to order this feature as an option; a retrofit
program exists for older Atlas equipment. For those
brave souls willing to invade the mysterious innards
of their VFO, the system is available as a package; the
modification really isn’t all that hard to perform. If
AFC of the VFO isn't the final answer to outstanding
stability in older gear, it must be pretty close to it.

references

1. James R, Fisk, W1DTY, "Swable Transistor VFO,” ham radio, June
1968, page 14.

2. William A. Wildenhein, WBYFB, "High-Stability Solid-State VFQ,™ ham
radio, March, 1969, page 14.

3. Doug DeMaw, WI1CER, "VFO Design Techniques for Improved Stabili
ty,”" ham radio, June, 1976, page 10

4. Klaas Spaargaren, PABKSB, "'Drifti-Correction Circuit for Free-Running
Oscillators, " ham radio, December, 1977, page 45.

5. T. Winter, G4AOK, "Digital Oscillator Stabilizer,” Radio Communica

rons, August, 1978
ham radio

They say “beauty is as beauty does". And the
streamlined, low silhouette Larsen Kiilrod Antenna
performs as beautifully as it looks!

You get real performance, thanks to solid
contacts with no power wasted in inefficient
base or phasing coils. And there's no power loss
through inefficient high loss whips when you use
a Larsen Kulrod Antenna.

These antennas were engineered to serve the
tough, highly competitive two-way communications
field. They are in demand and sold throughout the
United States and around the world — though
often priced a bit above other antennas. The
reason? Top performance and looks.

Larsen Kiilrod Antennas are available at leading
Amateur stores. Choose from a variety of easy-to-
install permanent and temporary mounts and in
the 50, 144, 220 and 440 MHz amateur frequencies.

Write for a free catalog and name of the nearest
Larsen dealer. And before long you'll be getting
“fine signal” reports on your new Larsen Kulrod.

ﬁ.msen Antennas

You can HEAR the difference!

In U.S.A., write to: In Canada, wrile to:

P.O. Box 1686 Unit 101

Vancouver, WA 98663 283 E. 11th Avenue

Phone (206) 573-2722 Vancouver, B.C. V5T 2C4
Phone (604) B72-8517

* Koirod is a Registered Trademark of Larsen Electronics, Inc
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in satellite
tracking systems

A review of the problems
encountered in

Amateur tracking systems,
with suggestions

for improving accuracy
and operating

efficiency

Most users of the OSCAR communications satel-
lites have some form of antenna tracking system for
obtaining the greatest advantage from the available
transmitter power and for increasing the strength of
the received downlink signal. These systems range
from simple, manually switched dipoles to elaborate
arrays driven in azimuth and elevation under micro-
praocessor control. But most setups fall somewhere
in between — often with antennas driven in azimuth
and elevation by rotators with separate control boxes
manually operated by the same person carrying out
the communications — similar to the arrangement
shown in fig. 1.

This general arrangement is simple, inexpensive,
and not particularly difficult to operate when the sat-
ellite is low in the sky. On these passes, neither azi-
mutk nor elevation changes very rapidly, and it's a
simple matter to update the antenna position from
time to time. However, as the satellite gets closer

*Appendix A is not included with this article but is available on request from
the author. Please include a 229 x 305 mm (9 x 12 inch} self-addressed

improving antenna accuracy

and the elevation angle gets higher, things begin to
change much more rapidly, which requires more
frequent updating of antenna direction. On some
passes activity gets downright frantic as the satellite
passes close overhead and the operator finds that
the elevation rotator is about to hit the stops and the
azimuth angle has suddenly switched from south to
north!

Even microprocessor-controlled systems are not
entirely immune to these problems. What happens
is that the azimuth angle begins to change so fast
that the rotator simply can’t keep up with it. Add to
this the time lag in updating the antenna position in
a manually controlled system, and you frequently
find yourself in a situation where the elevation con-
trol has the antenna pointing straight up (or nearly
so) as the satellite azimuth angle suddenly swings
150 degrees or more in a few seconds. So then you're
stuck. The azimuth rotator slowly trundles around
the 150 degrees (or 210 degrees in the other direction
if the mechanical stop happens to be in the way),
while the satellite merrily recedes into the distance.

Slew rate. The rate at which the azimuth angle
changes is called the slew rate. What we'd like to do
is find a way to anticipate excessive slew rates so we
can reduce or eliminate the problem. The first order
of business is to find the minimum elevation angle at
which the slew rate can exceed the azimuth-rotator
rotation speed. This, of course, depends on what
kind of rotator you have, but most rotators turn a
full circle (360 degrees) in one minute or 6
degrees/second, so we'll use this figure for the sake
of argument.

If you ask a dozen different OSCAR users what
that critical minimum elevation angle is you'll get as
many different answers, but most will probably say
it lies between 60 and 70 degrees. Experience in
manually operated Az-El control systems does in-
deed seem to point to a number in this range; but
surprisingly, the correct number for OSCAR 7 is an
elevation angle of 87.3 degrees — a mere 2.7 de-
grees from the vertical! The mathematical procedure
for arriving at this number is detailed in Apendix A*

By Bill Johnston, NSKR, 1808 Pomona Drive,
Las Cruces, New Mexico 88001

enveiope with 28 cents postage. Overseas readers may send one IRC (5
for Air Mait} and omit the envelope.
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along with the procedure for finding the maximum
azimuth error {lag) between satellite and rotator as
well as the lag duration. For most rotators the critical
angle is extremely high. The faster the rotator, the
higher the angle.

Obviously, then, the slew rate can exceed the ca-
pacity of the typical azimuth rotator for only a very
short time on any given pass (in fact, for well under
ten seconds at the maximum). So why does the slew
rate cause so much trouble? We can best answer
that by taking a look at just how high the slew rate
can go, and in particular by looking at the special
case where the satellite passes directly overhead.

Here we have the satellite approaching, let's say,
from the southeast. Since it's going to pass over-
head, it's coming straight toward us the whole time
it's in view, and the azimuth angle doesn’t change at
all. (Actually, due to earth rotation, the satellite’s
ground track is slightly curved, and the azimuth
angle will change a little.) At the instant the satel-
lite passes through the zenith, the slew rate jumps to
infinity, then becomes zero again as the satellite
recedes to the northwest.

In other words, on an overhead pass, the slew
rate is infinitely high if only for an instant. If the satel-
lite passes very close by, but not directly overhead,
the slew rate will become very high (but not infinite)
and will remain high for a longer period of time.

Incidentally, the rate of change of the elevation
angle is always quite low. For OSCAR 7, the fastest
it can possibly change is a little more than a quarter
of a degree per second, so this is never a factor we
have to worry about.

ELEVATION ROTATOR

’Y;\AZIMUYH ROTATOR

=

CONTROL BOXES

fig. 1. A typical satellite Az-El control system consists of a
pair of rotators operated by separate control boxes. Usually
the person carrying out the communications must also
operate the antenna controls.

As mentioned earlier, OSCAR 7’s slew rate can
exceed the 6 degree/second speed of a typical ro-
tator for less than ten seconds at the most on any
given pass. But even after the slew rate decreases,
it still takes a little time for the rotator to catch up.
The worst-possible case is again the overhead pass,

ACTUAL POINTING ERROR
BETWEEN ANTENNA AND
SATELLITE

fig. 2. When the satellite is high overhead, or nearly so, the
azimuth angle changes quite rapidly and the azimuth error
may become quite large. However, with the antenna eleva-
tion at 90 degrees, the actual pointing error between anten-
na and satellite is fairly small.

where the total duration of the lag is 30 seconds.
{Appendix A gives details on how to compute the
duration of the lag for other passes.)

Pointing error. Even though we can develop a tem-
porary azimuth error of up to 180 degrees, the actual
pointing error is not as bad as it might seem. For ex-
ample, suppose we have an overhead pass and the
elevation rotator hits the stops at 90 degrees, as
shown in fig. 2. The azimuth suddenly swings 180
degrees, and the azimuth rotator direction is now in
error by that amount. Even if the elevation controi
remained at 90 degrees and we waited 30 seconds for
the azimuth rotator to come around, the satellite
elevation angle would have changed by only about
8 degrees in that time. So the absolute pointing error
between antenna and satellite true elevation angle
would at most be about 8 degrees, regardless of the
magnitude of the azimuth error. Once the azimuth
rotator comes around to its proper alignment, the
elevation rotator can be brought to bear on the satel-
lite in less than 1-1/2 secorids (assuming a 6 degree/
second turning rate).

With typical antenna beamwidths of 15 to 30 de-
grees at the half-power points, an 8-degree pointing
error is inconsequential. Judicious operation of the
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BEFORE MODIFICATION

AFTER MODIFICATION

fig. 3. Azimuth rotator dial face as normally supplied for the
mechanical stop at 180 degrees and as modified when the
stop is placed at 160 degrees.

elevation control can reduce the magnitude of that
error even further.

reducing antenna pointing error

Everything we’ve said so far seems to indicate that
the overall problem isn’t nearly as great as we
thought, so why even bother worrying about it?
Well, first of all, the relatively small pointing error
described above can be achieved onfy if the antenna
is kept on track at all possible times. From a practical
standpoint, in @ manually operated control system,
this simply isn’t feasible. f you devote all your time
to operating the antenna contrals you have no time
for communicating.

The end result is that the actual time lags and
pointing errors are usually quite large. Nevertheless,
a number of ways are available to improve the per-
formance of such a system without putting an in-
creased workload on the operator. Another good
reason to attack this problem is that improvement in
pointing accuracy allows the use of higher-gain an-
tennas, which have inherently narrower beamwidths.
This is especially beneficial when the antenna is
under some form of automatic control.

Planning. A good rule in manually operated systems
is to plan each pass ahead of time. Check to see how
high the elevation angle will be to locate any poten-
tial trouble spots. During the pass, instead of playing
a constant game of catch-up with the antenna, lead
the satellite by half the interval between antenna cor-
rections. For example, if you normally reposition the
antenna every two minutes, then each time you
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move the antenna, set it to where the satellite will
be one minute from that time. In this way the an-
tenna will be a little ahead half the time and a littie
behind half the time, and the average pointing error
will be reduced to half of what it would have been
otherwise.

Mechanical considerations. Consider the azimuth
at which the mechanical stop on the azimuth rotator
should be placed. Since most rotators turn only 360
degrees, the ideal location for the stop would be at
the azimuth corresponding to the point where the
satellite first comes into view on a pass that will
take it directly over the ground station. (For most
locations, this would be an azimuth of about 162
degrees for ascending passes, or about 15 degrees
for descending passes.) In this way there would
never be any interference from the stop for the type of
pass (ascending or descending) you selected for its
location, and interference to the other type of pass
would be no worse than if you did nothing at all.

It may seem that some rotators require the stop to
be oriented to a particular direction (usually south).
But this isn’t true; you can orient the antenna to any
direction you like on the mast. All that's required is
that, once you’ve reset the antenna, you draw a new
dial face for the position indicator. Fig. 3 illustrates
an example where the regular dial face of an indicator
requires that the stop be at 180 degrees and as modi-
fied for the stop at 160 degrees.

You might also try to obtain or modify a rotator
that will turn more than 360 degrees. One that will
turn 390 degrees with stops set at 180 degrees and
210 degrees, would work very ricely for both ascend-
ing and descending passes. As shown in fig. 4, if
rotation starts from the 180-degree stop, the antenna
can move clockwise a full turn through 180 degrees,

e/f\_/l_

180

fig. 4. Turning pattern of rotator with 390 degree rotation



finally hitting the other stop at 210 degrees. These
stops wouldn’t have to be mechanical stops in the
rotator but could be electrical stops in the control
box or appropriate software if the system is under
microprocessor control. Some sort of indicator (a
pilot light, perhaps) could be used to let you know
when the rotator is inside the extra 30 degrees, so
you'll know which way to turn it if you're getting
ready to track the satellite’s initial azimuth as it
comes over the horizon.

antenna elevation inversion system

Although most elevation control systems are set
up with stops at 0 and 90 degrees, there’s no law
that says they have to be that way. And in most
cases there is no physical reason that limits the
equipment to this range. Remember the overhead
pass? Suppose you don’t touch the azimuth control,
but when the antenna elevation reaches 90 degrees
you let it keep right on going over on its back. All of
a sudden you‘ve eliminated a whole slew of prob-
lems. Instead of franticaily chasing after the azimuth
control, just ignare it, and every once in a while give
the elevation control a slight touch up. Even when
the pass isn't directly over head, much time and effort
can be saved on high passes by inverting the antenna
at the proper moment.

Antenna motion resulting from an elevation in-
version system of this type is illustrated in fig. 5.
Manufacturers of optical and electronic tracking
equipment often incorporate this feature into their

ELEVATION 0O* ELEVATION 45° ELEVATION 70*

-

ELEVATION 90

ELEVATION T0* ELEVATION O*
INVERTED INVERTED

ELEVATION 45°
[ INVERTED

fig. 5. Antenna movement with an elevation inversion sys-
tem. No azimuth change is made in these illustrations.

INVERTED

ATIMUTH

RIGHT SIDE UP \
20

Y -
90
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,,0

/ %
© INVERTED

ELEVATION

fig. 6. Azimuth and elevation dial faces for an antenna eleva-
tion inversion system. Numbers on the normal side of the
dials are black; those for antenna inversion are red. When
efevation diaf is in the red, the corresponding azimuth red
scale is used, and vice versa.

products, although they sometimes refer to inver-
sion as ""dumping.”’

One thing you must do when using this type of
system is to modify the azimuth and elevation control
dial faces. Otherwise, when the antenna inverts, the
azimuth dial will be 180 degrees off. It's normally a
simple matter to extend the scale on the elevation
control, and an example of how to label both faces
is shown in fig. 6. The numbers on the normal (right-
side up) side of the elevation dial are black and are
red on the side that shows the antenna inverted. The
azimuth control has its normal set of black numbers
with an inner set of red numbers that are 180 degrees
opposite in value to the black ones. When the eleva-
tion control pointer is in the black, you read from the
black scale on the azimuth dial also. When the eleva-
tion dial is in the red, you read from the red scale on
the azimuth control. It probably wouldn’t hurt to
have an indicator light illuminate when the antenna
is inverted.

Renumbering dial scales isn’t as hard as you might
think. Dry transfer lettering works very nicely, and,
if you want to be able to return the dials to their
original condition, the new scales can be put on
paper templates and attached with rubber cement.
They can be peeled off later without damaging the
original dial face.

systems under microprocessor control

Many of the ideas discussed so far, although
especially suited for systems under manual control,
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are applicable to automatic control systems. Let’s
take a look at some factors that again affect both
types of systems but are of special interest in sys-
tems under microprocessor control.

We already know that slew rates vary widely,
from a small fraction of a degree per second up to a
hundred degrees per second and higher. Most rota-
tors, though, have only one speed, so you have to
constantly turn it off and on to keep it on track.
These start/stop operations put a lot of wear on the
rotator, and the very nature of the procedure pre-
vents the antenna from being exactly on the satellite
at all times. |deally, we'd like a rotator with a speed
that varies according to the satellite slew rate, since
this would produce a smooth and continuous motion
with no pointing error.

Variable-speed rotators. Finding a variable-speed
rotator suitable for your station would probably be no
easy task, although you could build one from scratch
with an appropriate motor. On the other hand, if
your rotator is driven by a synchronous ac motor, it
would be a simple matter to build a variable-frequen-
cy ac power supply that would in turn vary the motor
speed. The microprocessor would select the correct
frequency to produce the desired rotator speed.
This, of course, would require calculating the slew
rate in addition to the azimuth and elevation angles.
The procedure for doing this is given in Appendix A.

Even the operator of a manually controlled system
might find a variable-speed control handy, as it
could reduce his workload to a certain extent. Com-
mercially made speed controls, operated by a small
joy stick and capable of handling motors of up to 15
watts, are available through a number of amateur
telescope dealers. They are advertised as ‘‘drive
correctors.” You can save yourself some money,
though, if you're willing to build you own,

It's even easier to vary the speed of rotators driven
by dc motors, but whether the rotator is ac or dc,
you'll have to invest some time in designing the in-
terface circuitry between the control system and the
microprocessor.

Microprocessor interface circuitry. Regardless of
whether the rotator speed is variable or fixed, there
will be times when the slew rate exceeds the rotator’s
capability. To reduce the complexity of the micro-
processor software, the computer would calculate
the slew rates for the pass ahead of time and store
the information concerning the time period (if any)
during which excessive slew rates will occur. Then,
during actual tracking, the microprocessor would
instruct the antenna to begin leading the satellite by a
few degrees just before it gets to the bad area. The
end result would be a worst-case pointing error of no
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more than 4 or 5 degrees, and then only for five or
ten seconds.

There are, of course, many things the software
should take into consideration; unfortunately we
can’t discuss all of them here. But whatever you do,
make sure that the software knows where the rota-
tor's mechanical stop is, and make sure it knows how
to minimize interference from the stop.

operational procedure for a micro-
processor-controlled tracking system

Now that we've discussed a number of the factors
in developing a system, let’'s see how an interactive
microprocessor-controlled tracking system might
operate. The software would be designed for fully
automated operation while at the same time incor-
porating interrupt capability to permit the operator to
take control when desired.

The tracking program could be called up by typing
in the word TRACK. Once activated, the program
would accept additional commands. Entering NEXT
PASS for example, would cause the computer to
check the station’s digital clock, compute the start-
ing time of the next pass for each of the active satel-
lites, and flash a message similar to the following on
its display screen:

28 OCT 78 16:35 UTC
TIME
NEXT TILL
SATELLITE MODE PASS START
Oscar7 A 17:04 129
Oscar8 J 16:21 IP
Oscar 9 B 16:44 :09
RS2 A 17:51 1:16
RS4 A 16:50 15
HIGHEST PRIMARY
LENGTH ELEVATION DIR COVERAGE
9 15 A WEST
12 32 D EAST
2 88 A OMNI
4 6 D NE
18 76 D OMNI

which satellite?

Suppose, as in example above, you decide to work
OSCAR 9, which has a Mode B ascending pass start-
ing in nine minutes and lasting for 21 minutes. {Since
it will be an overhead pass, the computer shows the
coverage to be omnidirectional.) You would type in
OSCAR 9, to which the computer would reply:

PREPARE TO TRACK?

Upon receiving a response of YES, the micro-
processor would make calculations to determine if



the azimuth slew rate will become excessive and
would store the information regarding that part of
the pass. It would then calculate the initial azimuth
angle and swing the antenna to that point on the
horizon (0 degrees elevation). As this operation is
being carried out, the microprocessor would check
the clock and dispiay on the screen:

READY OSCAR 9 MODE B
TMINUS 8:43 AZ 163 EL O

Following this, the computer would update the T
time (TIME TILL START) every second as it count-
ed down from 8 minutes, 43 seconds. You'd then be
free until T minus 15 seconds, at which time the
computer would begin emitting a persistent ‘‘beep-
beep-beep’ to alert you of the approaching satellite
acquisition. At T minus zero the beeping would stop
and the screen would flash:

TRACKING OSCAR 9 MODE B 21:00 REMAINING
AT TPLUS :00 AZ163EL D

As the pass progresses the computer would count
down the time remaining while counting up the T time
and wouid continually update the azimuth and eleva-
tion numbers so that you'd know where the antenna
is pointing at any given moment. A few minutes
before the satellite reaches the point where the slew
rate becomes excessive, the microprocessor would
instruct the antenna to begin leading the satellite by
a few degrees. The pointing error will therefore be
kept to a minimum, and a few seconds later the an-
tenna will be right back on target. When the pass
ends, the screen flashes:

PASS COMPLETE AT T PLUS 21:00 AZ 354 EL @

At this point you can shut down the station if
you're finished. Or, if you wish to try another pass,
you can enter NEXT PASS to obtain an updated
list of upcoming passes. Perhaps you're interested
in what'’s available the next day. In that case you’'d
enter ALL PASSES 29 OCT to obtain a complete
list. Or maybe you’re interested only in Mode J for
the next afternoon, so you'd type in MODE J
PASSES 29 OCT PM to obtain a list of only the
passes in which you‘re interested.

An interrupt capability would be incorporated into
the software so you can stop in the middle of a pass
if desired. For example, during the OSCAR 9 pass
described above, suppose you communicate for ten
minutes, then decide to try a different satellite. You’d
type in STOP, which halts the tracking of OSCAR 9,
followed by NEXT PASS RS4, to which the com-
puter replies:

280CT 7816:54 UTC

TIME
NEXT TiLL
SATELLITE MODE PASS START
RS4 A 16:50 P
HIGHEST PRIMARY
LENGTH ELEVATION DIR COVERAGE
14 76 D OMNI
PREPARE TO TRACK?

This tells you that the pass for the Soviet satel-
lite RS4 is in progress {IP), having begun at 16:50,
with 14 minutes remaining in the pass. Furthermore,
it's a descending Mode A pass with a fairly high
elevation angle and more or less omnidirectional
coverage. In reply to the computer’s question, you
might type in YES.

The computer would immediately bring the anten-
na to bear on the satellite at its current position in
the sky and begin to track R$4 as it flashed:

TRACKING RS4 MODE A 14:00 REMAINING AT
TPLUSO04:00 AZ328EL 11

The possibilities are unlimited, but the examples
we have looked at should give you a good idea of
the convenience that appropriately designed soft-
ware can bring to a station that has a microproces-
sor-controlled satellite tracking system. You have a
free hand in programming all the features that suit
your situation.

summary

We began by discussing problems encountered in
satellite tracking and described how some of them
can cause serious pointing errors in both manually
and automatically controlled systems if corrective
measures are not taken. A number of approaches
were covered for improving accuracy. A major con-
cern is that, if at all possible, we reduce the work-
ioad on the operator (who would prefer to spend his
time communicating rather than operating antenna
controls), and we have presented some ways to do
just that, Finally, we looked at some special problems
associated with microprocessor-controlied systems
and discussed some software features that should
be included in the finished system.

We concluded by looking at an example of an
operational procedure for a microprocessor-con-
trolled tracking system. Here we discussed how the
computer could provide detailed data on various
satellites as well as controlling the tracking antenna
in a convenient and accurate manner.

A number of hams have incorporated many of
these features into their stations. The sky's the limit
when you begin to work on your own system.

ham radio
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for receiver noise
measurements

Construction of a
temperature-limited
diode noise source

for accurate

automatic and manual
noise-figure measurements
to 500 MHz

The saturated temperature-limited thermionic
diode has been used extensively for measurement of
receiver noise figures in the high-frequency, vhf, and
low uhf regions. Its characteristics are predictable
and repeatable, and it may be used either in conjunc-
tion with an automatic noise-figure meter or with its
own power supply and indicating meter for manual
noise-figure measurements.

A recent article! described the use of diode noise
sources with automatic noise-figure meters and indi-
cated that many homebuilt sources could be used

R
S;A Sh

fig. 1. Basic circuit of a

temperature-limited o

diode noise source. RL=R

with the Hewlett-Packard models 340A, 340B, and
342A. The article also stated that most, if not all, of
these noise sources were unsatisfactory because of
their high VSWR at frequencies above 250 MHz or so.
Described here is a noise source, using the Sylvania
5722 diode, which is patterned after the Hewlett-
Packard Model 343A VHF Noise Source, and which

diode noise source

The noise source may also be used to make manu-
al noise-figure measurements by either the twice-
power or Y-factor method. Either technique requires
a fixed plate supply and a variable filament supply,
with an appropriate plate-current meter. In the past it
has been normal practice to vary the diode filament
voltage by means of a small variable auto-trans-
former or a power rheostat. Such control devices
change voltage in discrete, albeit small, steps. This,
coupled with voitage changes in the primary power
source, make it difficult to establish and then to
maintain the desired diode plate current. W6GXN
described an improved power supply which mini-
mized the problem.2 This article will present an up-
dated version of his approach, using modern solid-
state techniques.

diode noise source

To understand how a temperature-limited thermi-
onic diode is used as a noise generator, we must start
with the basic concepts of noise power. A resistance
at a temperature other than absolute zero generates
across its open-circuit terminals a voltage which is
caused by the random mation of free electrons. This
noise voltage, e,, is infinitely broadbanded and de-
fined by the equation

e4/B =4k TR volts?/unit frequency bandwidth (1)

where

%k = Boltzmann's constant
1.374x 10~ 2% joule/°K

T = absolute temperature in °K

R = resistance in ohms

B = bandwidth, in Hz, of device
under test

Since our treatment of noise deals with receivers
or amplifiers of finite bandwidth, eq. 1 is usually writ-
ten as

e2 = 4kTRB (2)

When resistance R is connected to a matched load
resistance, R; (equal to R), maximum transfer of
noise power will result. The noise power, P,,
dissipated in the load will be

e, _ 4kTRB (3)

P, = R 4R = kTB

appears to be comparable to that commercial unitat By Robert S. Stein, W6NBI, 1849 Middieton
frequencies up to at least 450 MHz. Avenue, Los Altos, California 94022
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Eq. 3 defines the available noise power from
resistance R.

Although its derivation is beyond the scope of this
article, effective input noise temperature, T,, is
defined as

T = Tin— YTy, (4)
€ Y—-1
where
T,;, = hotinput noise temperature in °K
T,. = coldinput noise temperature in °K
Y = ratio of hot output noise power to cold

output noise power

In the case of a temperature-limited thermionic
diode (fig. 1), shot-noise current, 7,, can be deter-
mined from the equation

4 = 2qIB (5)
where
q = electronic charge, 1.600x 10~ 19
coulomb
I = dc plate current in amperes
B = bandwidth, in Hz, of device under test

The total available noise power, P,, from a diode
noise source is the sum of the diode shot-noise
power and the terminating resistor noise power.
From eqs. 3andb,

P, = % (2qIB) + kTB (6)
This equation can be factored and rearranged as
P, =kB|(9) () +T 7
" [(k) (2 7
Since
q = 1.600X1077 _ 115448 (8)
k 1.374x 10— 23
then
P, = kB(5822IR+T) (9)
If, in eq. 3, the temperature is T, then
kT;,B = kB(5822IR+ T) (10)
or
Ty = 5822IR+ T (11)

where Ty, is the noise temperature of the noise diode
with its load resistance, R, at a temperature of T.
Thus when I'is zero, T, is equal to T.

The excess noise ratio, ENR, is defined as the ratio
of the available noise power at temperature T in ex-
cess of that available at a standard temperature (T,)
to the available noise power at T,, and is expressed
as

KTB—kT,B _ T—T,

B = T (12)

ENR =

At a standard reference temperature of 290°K,

-{dB)

ACTUAL NOISE FIGURE

o*

7ec

' / s fe2
40°C 80°¢C
60°C igo*c

ENR = =29 - T (13)
290 290
_ Ta ., . 5822IR+T _
or ENR = 51 = 2250051 (14)
T
= 2008IR+_L —1
390

Since the term % is the noise power contribution

of the load resistor, if a temperature of 290°K is used

for the load, eq. 14 reduces to
ENR = 20.08IR {15)

If R equals 50 ohms and I is expressed in
milliamperes,
{16)

(17)

ENR =1

and ENRgp = 10log I

Note that this commonly used equation is predi-
cated on the temperature of the load resistance being
290°K {17°C or 62.6°F). In actual practice, the load
resistance temperature may be as high as 310°K
(37°C or 98.6°F). In this case, the excess noise ratio
will be lower, yielding receiver noise-figure measure-
ments which are higher than the true noise figure.
The corrections for these errors are plotted in fig. 2.

A schematic diagram of the actual temperature-
limited diode noise source is shown in fig. 3. You will
note that the output circuit is considerably more
complicated than those used in most of the previous-
ly published designs.2-5 It is this output circuit, prop-
erly arranged physically, which makes this noise

Tg=290°K (17°C)

e W

¢ %

A

AW,

3 4 bl L 7 8 9

MEASURED NOISE FIGURE -(dB)

fig. 2. Temperature corrections for a temperature-limited
diode noise source (courtesy Hewlett-Packard Company}.
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fig. 3. Schematic diagram of the diode noise source. Pin
connections shown at P1 are those for a Cannon WK-5-
22C-5/16 connector used to mate with a Hewlett-Packard
340B, 342A, or modified 340A Automatic Noise Figure
Meter.

soutce comparable to the Hewlett-Packard model
343A.

The diode output circuit must theoretically satisfy
two requirements: it must present a 50-ohm impe-
dance {1:1 VSWR) to the receiver connected to the
output connector, and it must present a load to the
diode which results in a constant ENR over the
usable frequency range. In practice, however, it ap-
pears that these two conditions cannot be satisfied
concurrently, and, as in all designs, a compromise
must be reached. The compromise in this case is to
keep the VSWR as low as possible and to permit the
ENR to change over a portion of the frequency
range. The rationale for this is simply one of a known
factor versus an unknown, If the VSWR is other than
1:1, the mismatch loss between the noise source and
the receiver will be indeterminate. {Although noise
power obeys all power-transfer laws, noise is random
in phase; therefore the loss is ambiguous rather than
known.) On the other hand, it is possible to deter-
mine the ENR, although not to any precise degree of
accuracy, so that measurements using a known
value are possible.

An expanded schematic of the diode output circuit
appears in fig. 4. The numbered components corres-
pond to those shown in fig. 3, while those having
letter subscripts represent the distributed reactive
components, as follows. Cyris the plate-to-filament
capacitance of the tube; L, is the series inductance
of the tube structure and tube pins; L is the series
inductance present in R1 and the plate pin connec-
tors; and C, is the shunt capacitance of the tube
socket and/or C86.,

If R1 and L3 are both replaced by shorts, and C7 is
removed from the circuit, there will be a steep rise in
the ENR to a resonant point, as shown on curve A of
fig. 5. The VSWR at 432 MHz with this configuration
will be about 3.5:1. K2PEY, in his circuit,3 damped
out this resonance by adding a 51-ohm series resistor
(R1), resulting in curve B. However, the VSWR was
still approximately 1.5:1 at 420 MHz according to his
article, and about 1.8:1 at 432 MHz by measurement.
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W8BBB modified the circuit further by adding L3
in series with R2. Since his article provided no figures
on ENR or VSWR, 4 there is no basis for its compari-
sion with the earlier configurations or with the one
presented at this time.

Incorporating R1, L3, and C7 in the circuit results
in curve C of fig. 5. 1t can be seen that the ENR has a
risirig characieristic with fiequency, but the VSWR is
less than 1.2:1 at 432 MHz. Thus, we have achieved
a low VSWR, but at the cost of having an ENR which
changes with frequency. As previously stated, how-
ever, we know the ENR to a fair degree of accuracy
and we have minimized the indeterminate mismatch
loss.,

The noise source is enclosed in an 83 x 54 x 41 mm
(3-1/4x2-1/8 x 1-5/8 inch) aluminum utility box.
Two methods of mounting and making connections
to the 5722 noise diode are presented, both of which
have proved to be equally usable.

If suitable VSWR-measuring equipment is available
{either a network analyzer or a slotted line and SWR
indicator), the method shown in fig. 6 is preferable,
since it permits optimization of the noise-source
VSWR by adjustment of capacitor C6. The tube is
mounted by means of a 19-mm (3/4-inch) diameter
wrap-around plastic clamp positioned so that the
cable tube pins pass through a 16-mm (5/8-inch)
diameter hole in the shield plate. The cable clamp is
attached to the enclosure by means of a metal stand-
off post. Connections to the tube are made via con-
tacts which have been removed from a 7- or 9-pin
miniature tube socket and slipped over the appropri-
ate tube pins.

If you are unable to measure the VSWR of the
noise source, use a standard 7-pin, saddle-mount,
mica-filled phenolic tube socket, from which the
center ground post and the contacts for pins 2 and 5
have been removed; mount the socket on the shield
plate. Do not use a black Bakelite or ceramic socket,
or one which has a shield base. The added capaci-
tance of the mica-filled phenolic socket is just about
optimum at 432 MHz, so capacitor C6 can be
omitted.

Other than the mounting and the elimination of
C6, the socket method of construction follows that

Lp Ls A

fig. 4. Expanded schematic diagram of the diode-
source output circuit. Numbered components corre-
spond to those in fig. 3. Components with letter
subscripts are explained in the text.
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shown in fig. 6. In either case, mount the tube so
that pins 3 and 4 are in a plane perpendicular to the
bottom of the housing. To reduce the plate lead
inductance, the contacts for pins 1 and 6 should be
bent at right angles toward one another and soldered
together. The usual vhf wiring techniques are
required. Disc capacitors C3, C4, and C5 must be
soldered directly between the tube pin contacts and
the mounting plate, with lead lengths at an absolute
minimum. Rf chokes L1 and L2 are each ten turns of
no. 26 (0.4-mm) or no. 28 (0.3-mm)} enamel-covered
wire, close spaced and air wound to approximately
0.1inch {2.5 mm) diameter.

Although R2 is shown as a nominal 51-ohm
resistor, its optimum value is 50 ohms. It is suggested
that a resistor as close as possible to 50 ohms (meas-
ured on a resistance bridge or accurate digital multi-
meter) be selected. Five per cent, 1/4-watt carbon-
film resistors are recommended for both R1 and R2;
the application of heat when soldering to the neces-
sary short leads of ordinary composition resistors
generally changes their values.

One lead of R2 is wound to form L3, a three-turn
coil 2.5 mm (0.1 inch) in diameter and 5 mm (0.2
inch) long. Except for this lead, all other connections
to the plate of V1 or to J1 must be made virtually
leadless. C7, R2/1_3, and C6 (if used) are all grounded
to a solder lug attached to one of the mounting
screws for J1.

A shielded, two-wire cable, brought out of the
housing through a neoprene grommet, is used to
connect the noise source to either a Hewlett-Packard
automatic noise-figure meter or to the noise-source
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fig. 5. Relative ENR of a diode noise source for various con-
figurations of the output circuit shown in fig. 4. ideally, the
ENR should be unity over the entire frequency range.
Curves A and B have been calculated, thus the dashed por-
tions above the maximum usable frequency of 600 MHz.
Curve C is representative of the Hewlett-Packard model
343A and of the homebuilt noise source up to at least
450 MHz.
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tig. 6. Physical layout of the noise source. The shield plate
on which C1 and C2 are mounted is made of brass with a 16-
mm {5/8-inch) diameter hole to clear the tube pins or to
accommodate a 7-pin miniature tube socket {see text).
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power supply unit. If the noise source is to be used
with a noise-figure meter, the appropriate pin con-
nections to a Cannon WK-5-22C-5/16 connector are
shown in fig. 3. Otherwise, any convenient pair of
mating connectors can be used on the noise-source
cable and the power supply. Obviously, the male of
the pair should be attached to the cable so that high
voltage is not exposed on the power-supply con-
nector.

The 5722 diode generates a considerable amount
of heat, which can affect the resistance values of R1
and R2. To minimize the heat within the housing, dis-
card the U-shaped part of the utility box that mates
with the half shown in fig. 6. In its place, use a simi-
lar piece made from perforated aluminum stock. This
will retain the integrity of the shielding and will allow
heat convection from within the enclosure.

If VSWR-measuring equipment is available and C6
has been included in the circuit, the VSWR of the
noise source can be optimized. This can be done
without applying filament or plate power to the
diode. Table 1 shows the VSWR of several configu-
rations of the noise source, with and without a tube
socket. The frequency at which C6 should be adjust-
ed depends on your preference. Adjusting C6 for
minimum VSWR at 432 MHz results in a VSWR of less
than 1.2:1 over the entire usable range of the noise
source. If the VSWR adjustment is made at 222 MHz,
the VSWR increases to slightly less than 1.3:1 at 432
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MHz and is only 1.1:1 at 145 MHz. Since noise-figure
measurements at 432 MHz would appear to be of
greater import than at other frequencies within the
range of the noise source, it is recommended that the
VSWR be optimized at that frequency. When so ad-
justed, the VSWR at the other amateur frequencies
appears to be at least equal to that of the Hewlett-
Packard model 343A.

For those amateurs interested in tweaking to the

diode noise source for manual noise-figure measure-
ments appears in fig. 7. |t consists of an adjustable,
regulated switching supply for the filament of the
5722 noise diode, supplied by transformer T1, and a
simple half-wave rectified dc plate supply. High
voltage is obtained from T2, a 12.6-volt transformer
which has its low-voltage winding connected to the
secondary of T1, thereby providing approximately
115 volts ac for the plate supply.

table 1. VSWR measurements for several configurations of diode noise sources. See text and fig. 3 for de-
scription of configurations {second column).

30
unit configuration MHz

1 no socket, C6 and L3 optimized 1.04
at 432 MHz

2  no socket, C6 and L3 optimized 1.05
at 432 MHz

2  nosocket, C6 optimized at 1.05
300 MHz

2  nosocket, C6 optimized at 1.04
222 MHz

3  with socket, C6 omitted, C7 opti- 1.04
mized at 432 MHz

4  with socket, C6 omitted, C7 opti- 1.06
mized at 432 MHz

5  with socket, C6 omitted, o opti- 1.07
mization

6  with socket, C6 omitted, C7 opti- 1.05
mized at 432 MHz
Hewlett-Packard 343A 1.04
Hewilett-Packard 343A 1.02
Hewlett-Packard 343A 1.03

VSWR

50 145 222 432 500 550
MHz MHz MHz MHz MHz MHz
1.07 1.12 1.15 1.03 1.06 1.14
1.09 1.20 1.19 1.03 1.12 1.23
1.06 1.08 1.08 1.16 1.27 1.37
1.04 1.04 1.04 1.29 1.4 1.561
1.06 1.09 1.14 1.05 1.15 1.25
1.10 1.18 1.22 1.04 1.12 1.23
1.13 1.23 1.28 1.14 1.21 1.33
1.08 1.13 1.17 1.09 1.23 1.34
1.05 1.08 1.06 1.09 1.14 1.17
1.03 1.05 1.06 1.12 1.18 1.23
1.05 1.07 1.08 1.17 1.16 1.13

ultimate, the inductance of L3 can be varied slightly
by stretching or compressing the turns to minimize
the VSWR. There will be some interaction between
the inductance of L3 and the capacitance of C6, so
that one will have to be readjusted if the other is
changed. Alternatively, a trimmer capacitor can be
substituted for C7 and its capacitance varied, in lieu
of adjusting L3, to achieve the same results. Again,
there will be interaction with the setting of C6, neces-
sitating alternate adjustments of both capacitors.

It can be seen from the figures in table 1 that even
without VSWR-measuring equipment, careful con-
struction should result in a noise source which is as
good as, and probably better than, any which have
been previously built {(or described) by amateurs.

The final VSWR must be measured with both
halves of the enclosure assembled. If the VSWR in-
creases when the cover half is in position, it will be
necessary to drill an access hole in it so that the trim-
mer capacitor can be adjusted with the cover in place.

power supply
The power supply circuit which is used with the
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The object of the power supply is to establish a
constant diode plate current by controlling the fila-
ment current and hence, the filament temperature.
To accomplish this, op amp U2 is used to drive Q1, a
Motorola MJES01 Darlington pair, which supplies
current to the 5722 filament. A reference voltage is
established at the inverting input of U2, derived from
the regulated 5-volt output of U1 and set by R5, the
diode current control. The diode plate-current return
is through resistor R4 connected to the output of U1;
a portion of the voltage drop across the resistor is ap-
plied to the noninverting input of the op amp by
means of the voltage divider formed by resistors R7
and R8.

Once the diode plate current has been set by
means of R5, any change in plate current will result in
a change in voltage at the noninverting input of U2.
Since the sensing circuit is in the negative return of
the power supply, an increase in current will cause
the noninverting input to become more negative.
The resultant decrease in the output of the op amp
will lower the base current of (11, thereby decreasing
the diode filament current to compensate for the in-



crease in plate current. Conversely, if the diode plate
current tries to fall, the noninverting input of U2 will
become more positive. This will increase the output
of U2, increasing the base current of Q1, and raising
the diode filament current to negate the decrease in
plate current.

The thermal inertia of the diode filament intro-
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selected shunt. Three usable ranges, of 3, 10, and 30
mA, have been incorporated; the maximum diode
current is between 20 and 25 mA with the circuit
shown. The values of the meter shunts (R12, R13,
and R14) will depend on the internal resistance of the
meter you actually use. R12 must be equal to the
meter resistance divided by two, R13 to the meter
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fig. 7. Schematic diagram of the noise-source power supply. The values of R12, R13, and R14 are discussed in the text. Film resis-
tors may be deposited carbon or metal. The meter range switch must be a sharting type to protect the meter when the switch is

rotated.

duces a considerable time lag between the time that
an error voltage is detected and the time that the fila-
ment current is compensated. Therefore the op amp,
instead of operating in a linear mode, functions more
like a comparator in that its output switches between
a level equal to the voltage on pin 4 and about 1.5
volts less than the voltage on pin 8. The op amp out-
put and the diode filament current are a series of rec-
tangular pulses whose frequency varies between
approximately 500 and 1000 Hz and whose duty cycle
also varies; both the frequency and duty cycle
depend on the setting of the diode current pot.

Zener diode CR6, connected between the base of
Q1 and the diode filament return, has been incorpor-
ated to clamp the base voltage, and hence the diode
filament current, to a safe value should there be any
failure in the regulating circuit. Since the peak-to-
peak amplitude of the voltage at the base of Q1 must
be very close to 6 volts in order to obtain 20 to 256 mA
diode plate current, a five per cent zener diode has
been specified to preclude clamping at too low a
voltage.

The positive side of the diode plate supply is
returned to ground through a 1-milliamp meter and a

resistance divided by nine, and R14 to the meter
resistance divided by twenty-nine.

power supply construction

The power supply can be housed in any conveni-
ent enclosure and can be built in the same way as
any conventional power supply. Only a few precau-
tions need be observed. The negative terminal of
plate-supply filter capacitor C9 should be returned
directly to the transformer winding, and the negative
side of the filament-supply filter capacitor C8 should
be connected directly to the negative terminal of the
bridge rectifier. Otherwise excessive ripple can
appear in the outputs,

Transistor Q1 must be mounted on a heatsink
which is insulated from chassis ground, or it must be
insulated from a grounded heatsink by means of a
mica or plastic insulator. If chassis-type construction
is used, the chassis can serve as the heatsink. Other-
wise, a heatsink having a radiating area of approxi-
mately 65 square cm (10 square inches) should be
satisfactory. Be sure to apply a thin coating of sili-
cone heatsink compound to the heatsink side of the
transistor, and to the insulator if one is used.
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fig. 8. Test setup used to determine the test-receiver noise
figure by means of a hot-cold noise source.

As mentioned previously in the discussion of the
noise source, J2 can be any female connector which
will mate with the noise-source cable connector.
Inexpensive types, such as the Amphenol 91-MPM3L
for the noise-source cable and Amphenol 78-PCG3
for the power supply, are more than adequate.

A word about the meter is in order. Since the
accuracy of the noise-figure measurement is a func-
tion of the accuracy with which the diode current is
measured, a high-quality meter should be used. The
accuracy of shunt resistor R12 is equally, if not more,
important. (R13 and R14 are of lesser importance,
since the accuracy of noise-figure measurements on
these ranges is generally not critical.) If possible, the
accuracy and tracking of the 3-mA meter range
should be checked against a milliammeter of known
accuracy.

One way of trimming R12 to the proper value is to
use a one per cent metal-film resistor whose resis-
tance is the closest value higher than one-half the
meter resistance. Then shunt the metal-film resistor
with higher-value composition resistors (starting at
about ten times the one per cent value) until the
meter reading is correct.

After double checking the circuit, connect the
noise source to the power supply. Set the diode cur-
rent control for minimum current and set the meter
range switch to its 30-mA position. Energize the
power supply and slowly increase the diode plate
current by means of the diode current control. The
current should increase smoothly from zero to a max-
imum of between 20 and 25 mA. If a plate current of
at least 20 mA cannot be reached, it is likely that CR6
is limiting the base voltage of Q1. Reduce the plate
current to zero, turn off the power supply, and dis-
connect one side of CR6. Then turn on the power
supply again and increase the diode plate current to
its maximum. If the plate current is now higher than
could be obtained with CR6 connected, another
zener diode should be used which has a slightly high-
er zener breakdown voltage. Alternatively, the exist-
ing zener voltage can be increased by about 0.6 volt
by connecting an ordinary silicon diode in series with
CR6; the diodes should be connected anode-to-
anode.

If current limiting is not being caused by the zener
diode, check the various voltages throughout the
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power supply. They should approximate the values
listed below. Except for the output of U1, a 20 per
cent variance in voltages can be expected because of
component tolerances, especially in the transformers.

voltage measurement at
measure across 1 mA plate current 20 mA plate current

T1 secondary 13.3 Vac 12.4 Vac
T2 secondary 113 Vac 88 Vac
R3 0.9Vdc 1.5Vdc
C8 13 vde 10 vdc
U1 output

{to common} 5.0 Vdc 5.0 Vdc
CRé6 6.2 Vp-p 6.2 Vp-p
V1 filament 4.4Vp-p 4.7 Vp-p
R11 123 Vdc 72 Vdc

The voltages across CR6 and the filament of V1
must be measured using an oscilloscope because
they consist of rectangular pulse trains. Use extreme
care when making such measurements, since the
scope ground connection will be elevated from the
power-supply chassis ground by the plate-supply
voltage.

The two characteristics of the noise source which
required evaluation were the VSWR and the ENR,
The former presented no problem, since suitable
VSWR-measurement equipment was available.
Table 1 shows the VSWR of six of the homebuilt
noise sources at various frequencies between 30 and
550 MHz. For comparison purposes, the measured
VSWR of three Hewlett-Packard model 343A noise
sources are also included. It can be seen that the
comparison is favorable, especially at the amateur
band frequencies of 432 MHz and below.

Measuring the excess noise ratio is another matter,
however. Short of sending a unit to the National
Bureau of Standards, or equipping a primary stan-
dards laboratory, there is no way to measure the
noise output quantitatively. As derived earlier in this
article, the theoretical ENR of a temperature-limited
diode, when terminated by a resistive load at the
standard reference temperature of 290°K, is nearly
equal to 10 log I in a 50-ohm system, where [ is the
diode plate current in mifliamperes.

While we might accept this expression as an abso-

DIODE 348 1 "54'&322'
NOISE Y| recever rap arrencaror| =] 3404
SOURCE 7 (IN MANUAL
| MODE )
POWER fig. 9. Test setup used to measure the test-receiver
SuppPLY noise figure manually by means of the twice-power
method.




lute value at frequencies below 30 MHz, we know
from experience and from Hewlett-Packard’s specifi-
cations for the 343A noise source that the ENR grad-
ually increases above 30 MHz to the limit of the
source’s frequency range. (This frequency limitation
results from the transit time of the electrons passing
from cathode to anode becoming an appreciable part
of the period at high frequencies, and from the series
inductances shown in fig. 4.)

Since there was no method by which the actual
noise output of the diode could be measured directly,
we resorted to measurement by transfer. While this
is a far from ideal technique, it was the only feasible
method, and provided us with usable data. The
transfer method used was as follows. A hot-cold
noise source and a precision variable attenuator were
used in conjunction with a Hewlett-Packard noise-
figure meter (in its manual mode as an indicator).
The test setup is shown in fig. 8.

The noise source comprised two 50-ohm termina-
tions, one immersed in liquid nitrogen (boiling point
at 77.3°K) and one housed in a thermostatically con-
trolled oven {temperature at 380°K). The VSWR of
each termination was measured through the coaxial
switch and found to be less than 1.02:1. The noise
figures of four receivers, one each at 28, 144, 220,
and 432 MHz, were determined by means of the test
setup shown, taking into account the measured in-
sertion loss of the coaxial switch (approximately 0.05
dB at 432 MHz, and insignificant at lower fre-
quencies). These noise figures provided the refer-
ence for the transfer measurement.

The noise figures of the same receivers were then
remeasured, using six different homebuilt noise
sources and two Hewlett-Packard 343A noise
sources. [n each case, the noise figure was deter-
mined manually, by means of the twice-power meth-
od, and automatically, using a Hewlett-Packard
model 340A Automatic Noise Figure Meter; the test
setups for these measurements appear in figs. 9
and 10.

The results of these noise-figure measurements
were analyzed and plotted as errors in the ENR of
each noise source, compared with the theoretical
ENR of a temperature-limited diode. The results are
shown in fig. 11, along with the nominal and speci-
fied limits of the Hewlett-Packard model 343A ENR
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fig. 10. Test setup used to measure the test-receiver noise
figure by means of an automatic noise-figure meter.
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fig. 11. Errors in excess noise ratios of six homebuilt 5722
noise sources and two Hewlett-Packard model 343A noise
sources, compared to theoretical noise power. Errors were
determined by comparison with receiver noise figures
measured using a hot-cold noise source. A positive error in-
dicates output noise power in excess of the theoretical
noise power; therefore a measured noise figure must be in-
creased by the indicated error.

error. It must be reiterated that the ENR error is the
deviation from the theoretical low-frequency ENR,
and is @ normal and expected deviation. Qur tests
were made to determine the magnitude of the devi-
ation.

Analyzing the results of these measurements proved
to be somewhat more difficult than performing the
tests. At 28 MHz we expected the ENRs to be very
close to the theoretical value. This proved to be the
case for the manual measurements, but the auto-
matic noise-figure measurements were generally on
the high side, indicating a lower ENR than expected.
The conclusion was that the error was in the auto-
matic noise-figure meter, which is specified as
having a possible error of +0.5 dB. By way of com-
parison, the milliammeter shown in fig. 9 was an ac-
curate digital meter, the loss of the 3-dB pad had
been checked at 30 MHz, and the noise-figure meter
was used only as a reference indicator, so that any
error in that instrument was eliminated by using a
fixed meter reference reading. The trend of low read-
ings in the automatic mode is continued at 144 and
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220 MHz but not at 432 MHz, where both types of lett-Packard automatic noise-figure meters are cali-

measurements yielded closely related results. brated, it follows that the ENE may be reduced to

Although one of the homebuilt noise sources pro- 5.2 dB by reducing the diode plate current. The
duced an ENR well outside of the expected range at required value of current plotted against frequency is
220 MHz (for some unexplainable reason), the results shown in fig. 12, and is included in table 2. By set-
seem to indicate that a homebuilt noise source can ting the diode current to the value indicated for the
be constructed and can be expected to provide an frequency of measurement, no ENR correction need

table 2. Nominal corrections for temperature-limited diode noise sources at Amateur frequencies.

ENR NF automatic noise-figure meter
frequency accuracy correction ENR (dB) diode current (mA) to com-
{(MHz) (dB) (dB) at3.31mA pensate for NF correction

28 +0.20 0 5.20 3.31

50 +0.23 +0.13 5.33 3.21

144 +0.28 +0.45 5.65 2.99

220 +0.30 +0.65 5.85 2.85

432 +£0.38 +1.17 6.37 253
ENR within the range specified by Hewlett-Packard be applied to the noise-figure reading. Manual noise-
for their model 343A. No attempt was made to apply figure measurements may also be made in conjunc-
a temperature or mismatch-loss correction, since the tion with an automatic noise-figure meter, as

intent was a comparison between the homebuilt described in the previously referenced manuals.

noise source and the Hewlett-Packard 343A. Both Manual measurements, using the power supply
types of noise sources were subjected to the same described in this article, can be made in one of two
possible receiver mismatch and were operated under ways: the twice-power method and the Y-factor
identical environmental conditions. method. The former is the one most familiar to most
. . amateurs, and will be covered first. Fig. 13 shows
noise-figure measurements four configurations, in order of preference, for the
As previously stated, the noise source can be used twice-power noise-figure measurement. In each dia-
in conjunction with its own power supply to make gram, the ‘receiver under test”’ means any receiver
noise-figure measurements, or it may be used with a or portion thereof (such as a converter or mixer)
Hewlett-Packard model 340B or 342A Automatic which provides an output at either an intermediate or
Noise Figure Meter. It may also be used with a modi- audio frequency. If AGC is incorporated in the receiv-
fied Hewlett-Packard model 340A, as described in er, the AGC should be disabled and the rf gain control

reference 1. The techniques employed in automatic
noise-figure measurements are treated briefly in that
3.5

article, and in detail in the Hewlett-Packard manuals Nl

covering such equipment.6-2 The homebuilt noise

source, when equipped with the appropriate power

connector, can be considered as a direct replace- N

ment for the Hewlett-Packard model 343A at fre-

quencies to at least 450 MHz.

2.0

Table 2 summarizes, for the amateur frequencies

of interest, the nominal noise-figure correction which

must be added to the measured noise figure because

of the noise-source ENR increase with frequency, as

shown in fig. 11. The table also includes the accura-

DIODE CURRENT - mA

cy of the ENR, based on Hewlett-Packard’s specifi-

cations for the model 343A noise source and the o
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measured equivalence of the homebuilt versions.
Thus, this is the uncertainty of the corrected noise e g ° ¢
figure due to ENR only, but does not include other FREQUENCY - MHz
erro_rs discussed in ‘:eference 1. fig. 12. Diode current required by a temperature-limited

Since the ENR is higher, at frequencies over 30 diode noise source to maintain a nominally constant 5.2-dB
MHz, than the nominal 5.2-dB value for which Hew- excess noise ratio {(curve by J. R. Reisert, W1JR).
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set so that the receiver is not overloaded by the noise
input. There should be a direct connection between
the noise-source output connector and the loss pad,
and between the pad and the receiver. This means
no cables, and a minimum of adapters.

The use of a loss pad with a diode noise source is
not absolutely essential, but can minimize several
problems. First of all, most receivers do not present a
50-ohm input when optimized for a noise match.
Because the rated ENR of a noise source is based on
a 50-ohm load, there will be an indeterminate mis-
match loss if the receiver VSWR is greater than 1.0:1.
A 3 to 6 dB pad will not eliminate the mismatch loss,
but may reduce it somewhat.

A second reason for using a loss pad is to ensure a
50-ohm source impedance for the receiver, since the
VSWR of the noise source is not a perfect 1.0:1. Any
tendency of the receiver to ‘‘take off’’ when looking
into an impedance other than 50 ohms will be reduced
by the use of a pad.

In fig. 13A, the i-f output of the receiver under test
is connected to a video or rf voltmeter (depending on
the receiver output frequency), which is used only as
an indicator. To terminate the 3-dB pad properly and
present a constant load impedance to the receiver,
the voltmeter must have a 50-ohm input impe-
dance.*

With the noise source off and the 3-dB pad out of
the circuit, a reference reading is established on the
voltmeter. The 3-dB pad is then inserted between the
receiver and the voltmeter, the noise source is turned
on, and the noise-source plate current is adjusted
until the same voltmeter reference is obtained. The
uncorrected noise figure (in dB) of the receiver plus
the loss pad between the noise source and the
receiver is equal to 10 log I, where I is the diode plate
current in milliamperes. The uncorrected receiver
noise figure is determined by subtracting the attenu-
ation of the loss pad from the calculated noise figure.
The receiver noise figure must then be corrected for
frequency by adding the noise-figure correction list-
ed in table 2 or, at frequencies not listed in the table,
the nominal Hewlett-Packard 343A error shown in
fig. 11. Note that the noise-figure accuracy is limited
by the degree of uncertainty in the noise-source
ENR, as indicated in table 2 and fig. 11. Other
uncertainties in the measurement will be discussed
later.

The advantages of the circuit shown in fig. 13A
are twofold: the measurement is independent of both
the voltmeter calibration and any nonlinearity in the

*A high-impedance meter can be converted to 50 ohms by means of a 50-
ohm, feed-through termination, such as the Heath SU-511-50, Tektronix
011-0049-01, Hewlett-Packard 10100C, or Systron-Donner 454,
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fig. 13. Four test configurations for measuring noise figure
by the twice-power method, shown in order of preference.
In A and C, the measurement is independent of the volt-
meter calibration. In A and B, the measurement is inde-
pendent of the linearity of the receiver detector.

receiver detector. Fig. 13B shows a similar setup,
except that the 3-dB increase in noise power
depends on the voltmeter calibration. In this arrange-
ment, the voltmeter ideally should be a true rms type
so its readings are proportional to the square root of
the power. It need not have 50-ohm input impe-
dance, but should be calibrated in dB, although the
latter feature is not absolutely essential. An average-
responding voltmeter can be used with little loss in
accuracy, but a peak-responding type should be
avoided if at all possible.t

tThe terms “average-responding’’ and ““‘peak-responding’’ refer to the volt-
meter circuit, not the meter scale calibration. The Hewlett-Packard madel
400D is a typical average-responding meter calibrated in rms volts. Volt-
meters which employ rf probes, such as the Hewlett-Packard model 4108
and the various Heath, Eico, and similar electronic voltmeters, are invari-
ably peak-responding meters, with their meter scales also calibrated in rms
volts. In all of these instruments, the rms meter calibration is based on a sin-
usoidal waveform, which is not valid for noise voltage.
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When the arrangement of fig. 13B is used, a refer-
ence reading is established on the voltmeter with the
noise source off. Then the noise source is turned on
and the diode plate current is adjusted until the meter
reading is exactly 3 dB greater than the reference
reading. (If the voltmeter does not have a dB scale,
the diode current should be adjusted until the meter
reading is exactly 1.41 times the reference voltage.)
The noise figure is determined as described for
fig. 13A.

Figs. 13C and 13D correspond to the test circuits
just discussed except that the audio output of the
receiver is measured by means of an audio-frequency
voltmeter. Both of these circuit configurations
depend on the linearity of the receiver detector; for-
tunately, most modern receivers use product detec-
tors which are generally quite linear over a 3-dB
range. The receiver beat-frequency oscillator must
be on, of course, for the product detector to
function.

Noise-figure measurements are made exactly as
described for figs. 13A and 13B. In fig. 13C, the
impedance of the voltmeter need not be 50 ohms,
but its impedance and that of the 3-dB pad must be
the same. In some cases, it may not be convenient or
even possible to disable the receiver AGC when mak-
ing measurements in accordance with figs. 13C or
13D. In view of the fact that the noise levels intro-
duced are extremely low, the AGC in most, if not all,
receivers will not be activated; so there is very little
likelihood of any error occurring if the AGC cannot be
disabied.

The less familiar Y-factor method of measuring
noise figure requires a precision variable attenuator,
as shown in fig. 14. The resolution of the attenuator
should be at least 0.1 dB, and preferably 0.01 dB,
and must be of known accuracy at the converter out-
put frequency. With the noise source off, the preci-
sion attenuator is adjusted to obtain a convenient
reference reading on the voltmeter. The noise-source
plate current is then set to a value which corresponds

DIODE CONVERTER PRECISION LoSS PAD
NOISE UNDER h- VARIABLE (1098 MIN.)
SOURCE TEST ATTENUATOR .

i Y

POWER
SUPPLY RECEIVER

VOLTMETER

fig. 14. Test configuration for measuring
noise figure by Y-factor measurement. The
Y-factor is the amount by which the attenu-
ation must be changed to maintain identical
meter readings with the noise source off and on.
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fig. 15. Noise figure plotted as a function of Y-factor for the
nominal excess noise ratios of a temperature-limited diode
operating at 3.31 mA plate current.

to a known ENR, e.g., 3.31 mA, and the precision
attenuator is readjusted to obtain the reference meter
indication. The difference between the two attenua-
tor settings, when converted from dB to the equiva-
lent power ratio, is called the Y-factor, and is related
to noise figure by the expression

NF = ENR~10log (Y- 1) (18)

where both the noise figure (NF} and excess noise
ratio (ENR) are in dB.* Fig. 15 shows noise figure
plotted against Y-factor (expressed in dB} for the
nominal excess noise ratios obtained when the diode
current is set to 3.31 mA. These curves obviously
eliminate corrections because of differences in ENR
at various frequencies, but are still subject to the
uncertainty of the ENR tolerance.

There is a third method of manually measuring
noise figure which is not recommended, but which
should be mentioned because of its past appearance
in some publications. It entails inserting a precision
variable attenuator between the noise source and the
receiver under test, then determining the noise figure
from the ENR of the source and the calibration of the
attenuator. This method is generally inaccurate
because of variations in attenuator accuracy with fre-
quency, and because the load impedance presented
to the noise source by the attenuator-receiver combi-
nation may change as the attenuator setting is
changed.

measurement errors

Some of the possible sources of error in noise-fig-
ure measurements are already apparent from the pre-
ceding discussion, especially that which is inherent in
the noise source itself. However, there are addition-

*This relationship is derived in eqs. 1 through 9 of reference 1.



al errors which must be considered and which are
discussed in greater detail in reference 1. These
errors comprise the following:

1. Noise-source accuracy, corrected for frequency

2. Noise-figure meter or power-supply milliam-
meter accuracy

3. Receiver image-response error
4. Temperature error -
5. Mismatch error

If all errors are in dB, they accumulate additively.
Therefore, the total measurement error will be the
sum of the above. This is an imposing list, and could
total well over 1.5 dB if all errors were of the same
algebraic sign. However, many of these errors will
cancel because of opposing signs, and generally the
accuracy of commercial test equipment is better than
the limits of its specifications. Nevertheless, these
possibilities of error are very real and cannot be
ignored except for comparative measurements using
the same equipment at one particular time. And even
then, the mismatch errors between the noise source
and different receivers under test still exist.
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MY COMPETITION KNOWS ME
YOU SHOULD, TOO!

FREE: HAL-TRONIX 1979 Special Clock Kit — with
purchase of any Frequency Counter.

COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PART NEEDED TO
MAKE YOUR COUNTER COMPLETE HAL-800A 7-DIGIT COUNTER WITH
FREQUENCY RANGE OF ZERO TO 600 MHz. FEATURES TWO INPUTS
ONE FOR LOW FREQUENCY AND ONE FOR HIGH FREQUENCY, AUTO:
MATIC ZERO SUPPRESSION. TIME BASE IS 1.0 SEC OR .1 SEC GATE
WITH OPTIONAL 10 SEC GATE AVAILABLE. ACCURACY =.001%,
UTILIZES 10-MHz CRYSTAL 5 PPM.

COMPLETEKIT . $129
HAL-300A 7-DIGIT COUNTER WITH FREQUENCY RANGE OF ZERO TO 300
MHz. FEATURES TWO INPUTS: ONE FOR LOW FREQUENCY AND ONE
FOR HIGH FREQUENCY; AUTOMATIC ZERO SUPPRESSION. TIME BASE
IS 1.0 SEC OR .1 SEC GATE WITH OPTIONAL 10 SEC GATE AVAILABLE
ACCURACY = .001%, UTILIZES 10-MHz CRYSTAL 5 PPM

COMPLETEKIT. - ... $108
HAL-50A 8-DIGIT COUNTER WITH FREQUENCY RANGE OF ZERO TO 50
MHz OR BETTER. AUTOMATIC DECIMAL POINT, ZERO SUPPRESSION
UPON DEMAND. FEATURES TWO INPUTS: ONE FOR LOW FREQUENCY
INPUT, AND ONE ON PANEL FOR USE WITH ANY INTERNALLY
MOUNTED HALTRONIX PRE-SCALER FOR WHICH PROVISIONS HAVE
nLRERDY BEEN MADE. 1.0 SEC AND .1 SEC TIME GATES. ACCURACY

.001%. UTILIZES 10-MHz CHYST.&L 5PPM

COMPI.ETE 1 ) SRR $109
PRE- SCALER KITS
HAL 300 PRE .. .. W ...$14.95
Pm-dnllad G- 10 board and all cumpnnenl&l
HAL BODATPRE . vcomrvavrrninnins samss s ....52485
{Same as above bul with pleamr.l}

HALBOOPRE .. ....... voues s S20.08
(Pre-drilled G- 10 board and all componenl s)
HALBDDAIPRE ... ciiiuiisiacinaosisssionsnisnisivss $39.95
(Same as above bul wlth prsamol
TOUCH TONE DECODER KIT

HIGHLY STABLE DECODER KIT. COMES WITH 2 SIDED, PLATED THRU
AND SOLDER FLOWED G-10 PC BOARD, 7-567's, 2.7402, AND ALL ELEC-
TRONIC COMPONENTS. BOARD MEASURES 3-1/2 x 5 1/2 INCHES. HAS 12
LINES OUT. ONLY $38.95

DELUXE 12-BUTTON TOUCHTONE 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 2-3/4" x 3-34°
Complete with Touch-Tone pad, board, crystal, chip and all necessary com-

nents 1o finish the kit

RICEDAT ... .. .. ....529.95
For those who wish to mount the ancndar In a hand-held uml the PC board
measures anly 916" x 1-3/4". This partial kit with PC board, crystal, chip
and components,
PRI AT - oo v o avn e e e et o W e B At AR . $14.95
ACCUKEYER [Kl‘n THIS ACCUKEYER IS A REVISED VERSION OF THE
VERY POPULAR WB4VVF ACCUKEYER ORIGINALLY DESCRIBED BY
JAMES GARRETT, IN QST MAGAZINE AND THE 1975 RADIO AMATEUR'S
HANDBOOK. $16.95
ACCUKEYER — MEMORY OPTION KIT THIS ACCUKEYER MEMORY KIT
PROVIDES A SIMPLE, LOW COST METHOD OF ADDING MEMORY CAPA.
BILITY TO THE WB4VVF ACCUKEYER. WHILE DESIGNED FOR DIRECT
ATTACHMENT TO THE ABOVE ACCUKEYER, IT CAN ALSO BE ATTACHED
TO ANY STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY

16,95
6-DIGIT CLOCK « 12/24 HOUR

COMPLETE KIT CONSISTING OF 2 PC G-10 PRE-DRILLED PC BOARDS, 1
CLOCK CHIP, 6 FND 358 READOUTS, 13 TRANSISTORS, 3 CAPS, 9 RESIS-
TORS, 5 DIODES 3 PUSH BUTTON SWITCHES, POWER TRANSFORMER
AND INSTRUCTIG
DON'T BE FOOLED BY PARTIAL KITS WHERE YOU HAVE TO BUY EVERY
THING EXTRA.
PRICED AT O e Sy g $12.05
CLOCK CASE Available and will fit any one of the above clocks Regular
Price .. $6.50 Bul Only $4.50 when bought with clock.
SIX-DIGIT ALARM CLOCK KIT for home, camper, RV, or field-day use. Oper-
ates on 12-volt AC or DC, and has its own 60-Hz time base on the board
Complete with all electronic components and two-plece, pre-drilled PC
boards. Board size 4" x 37 Complsta with speaker and switches. If operated
on DG, there is nothinn maore (o buy.*
PRICED AT . .t $16.95
*Twelve volt AC lina cord for those who \msh to apmala the clock from
110-volt AC. $2.50
SHIPPING INFORMATION
ORDERS OVER $15.00 WILL BE SHIPPED POSTPAID EXCEPT ON ITEMS
WHERE ADDITIONAL CHARGES ARE REQUESTED. ON ORDERS LESS
THAN $15.00 PLEASE INCLUDE ADDITIONAL $1.00 FOR HANDLING AND
MAILING CHARGES. SEND SASE FOR FREE FLYER,

VisA
H AL T ronix
P. 0. BOX 1101
HAROLD C. NOWLAND SOUTHGATE, MICH. 48195
WBZXH PHONE (313) 285-1782
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MICROWAVE MODULES LTD.

UP YOUR FREQUENCY!

432 Mhz Linear Transverter

¢« EXTRA RANGE (434-436 Mhz) for Satellite operation,
« 10 Watts RMS output power.
* Simple Frequency Range Selection Using Toggle Switches.

¢ Highly Stable Regulator Controlled Crystal Oscillator Stages
* 30 dB Receiver Gain.

« Better than 3.0dB Noise Figure.
¢ Antenna Changeover Achieved by Low Loss Pin Diode Switch.

Put your 28Mhz Transceiver | 5o mn, and 144 Mhz 1.E.’s Available.

to work at 432Mhz!!

MMT432/28-S —PRICE: $329.95 =

144 Mhz Linear Transverter

Join the Fun on 2 Meter Sideband
— using your 28Mhz Transceiver.

10 WATTS RMS OUTPUT POWER
30dB RECEIVER GAIN

BETTER THAN 2.5dB NOISE FIGURE
50 Mhz I.F. AVAILABLE

MMT 144/28 — PRICE: $259.95

432 Mhz LINEAR AMPLIFIER
ALl 100 WATTS OUTPUT

MODE

* 100% DUTY CYCLE RATED
* RFVOX

* 10dB MINIMUM GAIN

e FULLY PROTECTED VSWR,
OVERHEATING, REVERSE POLARITY

MML432/100 —PRICE: $449.95

INCLUDING SHIPPING

432-436 Dual Range
Receiving Converter

MMC 432/28-S _
—PRICE: $95.95

INCLUDING SHIPPING

OSCAR, MODE J
RECEPTION

30dB GAIN

BETTER THAN 3.0dB
NOISE FIGURE

I.F.'s AVAILABLE:
28-30Mhz, 144-146Mhz

GUARANTEE TEXAS RF DISTRIBUTORS IS THE EXCLUSIVE IMPORTER
ALL MICROWAVE MODULES PRODUCTS OF MICROWAVE MODULES PRODUCTS, AND WE SUPPLY
ARE GUARANTEED FOR 1 YEAR. IN A COAST-TO-COAST DEALER NETWORK. WRITE OR
CTHIN DA FOR A PNl g || PHANE TOR: DETAILS OF THESE BRODLCTS ANR THE
IF YOU ARE NOT SATISFIED FOR ANY OTHER VHF AND UHFMICROWAVE MODULESPRODUCTS
REASON. WHICH WE STOCK. )

TEXAS RF DISTRIBUTORS, INC.

JOE - WASHNK CARL - W5UPR
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Exclusive U.S.A. Distributors
of Microwave Modules Products

4800 WEST 34TH STREET e+ SUITE D12A

HOUSTON, TEXAS 77092
PHONE 713/680-9797 & TELEX 791322
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MICROWAVE MODULES LTD.

WHAT A FINE PAIR!!

MML 144/100 ) MML 432/100

& 10 WATTS IN—100 WATTS OUT \ 10 WATTS IN— 100 WATTS OUT )

100% DUTY CYCLE RATED
IDEAL FOR REPEATERS!

* FULLY PROTECTED AGAINST POOR LOAD * FEATURES* * EQUIPPED WITH RF VOX AND MANUAL

VSWR, OVERHEATING AND EXCESSIVE OR OVERRIDE
REVERSE VOLTAGE % SUPPLIED WITH POWER LEAD AND ALL
CONNECTORS
i MML 144/100 N/ MML 432/100 I
SPECIFICATIONS: SPECIFICATIONS:
Power Input 10 watts nominal Power Gain . 10dB minimum
Frequency Bandwidth 144-148 Mhz @ — 0.5dB Power Output 100 watts RMS output @
RF Input Connector 50ohm BNC 1dB compression
RF Qutput Connector 50239 Power Input 10 watts nominal for 100
Power Requirements 13.8 nominal @ 14 amps watts output
Weigh1 4kg (8Ib 1302) Frequency Bandwidth 435 Mhz + 16 Khz @ — 1dB
Overall Size 315 x 142 x 105mm RF Input Connector . B0ohm BNC
(123/8x55/8x41/8") RF Qutput Connector 50ohm ‘N’ Type
Power Requirements 13.8 nominal @ 20 amps
for 100 watts output
Weight & Overall Size . Same as MML 144/100

(PRICE: $329.95 .. ) PRICE: $449.95 .\
GUARANTEE

ALL MICROWAVE MODULES PRODUCTS
ARE GUARANTEED FOR 1 YEAR. IN
ADDITION, THEY MAY BE RETURNED
WITHIN 10 DAYS FOR A FULL REFUND

TEXAS RF DISTRIBUTORS IS THE EXCLUSIVE IMPORTER
OF MICROWAVE MODULES PRODUCTS, AND WE SUPPLY
A COAST TO-COAST DEALER NETWORK. WRITE OR
PHONE FOR DETAILS OF THESE PRODUCTS AND THE

IF YOU ARE NOT SATISFIED FOR ANY OTHER VHF AND UHF MICROWAVE MODULESPRODUCTS

REASON. WHICH WE STOCK /

. J

TEXAS RF DISTRIBUTORS, INC. o et Reaihts Prodoce

JOE - WASHNK CARL - W5UPR 4800 WEST 34TH STREET s SUITE D12A
HOUSTON, TEXAS 77092

PHONE 713/680-9797 « TELEX 791322

More Details? CHECK — OFF Page 110 june 1979 [ 45



in 160-meter
antenna systems

Several years of operating on 160 meters has veri-
fied one thing for sure: The antenna is the name of
the game. All the store-bought boxes and smooth-
turning dials are useless without that super skyhook.
This article describes an instrument that will tell you
the behavior of rf ground currents in your antenna
system: where it's going, how much, where the cur-
rent divides, and the location of any conducting ele-
ment within the instrument’s field.

top-band antennas

Few Amateurs are lucky enough to have room for
even a simple dipole on 160 meters. Such an antenna
requires a length of at least 76 meters (250 feet) and it
won't work too well as a DX antenna unless it's 30
meters (100 feet) or more in the air.

Loading a tower or short vertical antenna is often
the best that space will allow. Many articles have
been published on how to load this or that antenna
on 160 meters and make it work. |'ve tried many and
found that most have a common problem: ground
losses. The shortest piece of wire that will resonate is
Y2-wavelength long. That's 78 meters (257 feet) at
1824 kHz.

Shortened vertical antennas will work, but all verti-
cals shorter than Y2 wavelength must use the earth
as a mirror image to supply the missing portion of the
antenna. A typical example is the % -wavelength ver-
tical that works against its mirror image to produce
the patterns you see in the Radio Amateur’s Hand-
book. The problem is usually found in the not-so-per-
fect ground around your station. In most cases this
lossy ground becomes part of your antenna system.
This is particularly true for short verticals and invert-
ed L antennas. These antennas are electrically in
series with the lossy ground. Working with such an
antenna can be frustrating; often you can hear well
enough, but much of your transmitter power ends up
heating the worms.

Many of the better signals on 160 meters come
from hams that have buried literally thousands of feet

ground currents measuring

makes my back ache just thinking about it. Can’t you
hook onto your water pipes for some of that ground?
How about the backyard fence? Would it help to
drive a few ground stakes? All the mathematical
gymnastics | could muster just didn’t tell me where
those ground currents actually went. What | needed
was a device that would measure the rf current in the
ground system and tell me where it was actually
going. | finally built a device that does just that: it's
called a magnetometer.

the magnetometer

The idea of a magnetic fieldstrength indicator is far
from new. An article in the oider ARRL Antenna
Handbooks describes a less-sensitive model for high-
er frequencies. The 160-meter instrument described
here uses a six-turn link and full-wave rectifier to
make the impedance match to the meter more effec-
tive. Somehow the unit works better on 160 meters
than on the higher-frequency bands. One reason is
thatit's harder to get a proper ground on 160 meters,
and ground currents tend to be higher for longer dis-
tances through every possible path. By using the
magnetometer you can tell the relative current and
direction in gny wire near your antenna or ground
system — or in your antenna itself, for that matter.
You can locate a buried ground or radial by sweeping

FERRITE

LOOPSTICK
I
o 25k

quantity description

365pF 30p4

1 aluminum minibox, 102 x 128 x 77 mm {4 x 5 x 3
inches)

25-kilohm potentiometer

0-30 or 0-50 micrcammeter

germanium diodes (1N34 or equivalent)

102-mm {4-inch) broadcast ferrite loopstick (about 6.5
mm or % inch — round works best)

365-pF variable

0.1 uF disc ceramic

terminal strip

rubber grommets

RO NN

N = - —

fig. 1. Schematic of the homebrew magnetometer.

of copper in the ground to reduce these losses. The By Kenneth F. Carr, WBKUS, 1306 Gilbert
prospect of putting that much wire into the ground  Street, Charles City, lowa 50616
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the magnetometer over the area and watching the
meter deflection. You can compare relative currents
in different radials or grounds.

In my basement, where the rf current in the water
pipes comes to a T intersection, | can measure how
the current divides, if it does, and the relative cur-
rents in each section of pipe. In my case, the gas pipe
was a better ground than the water pipe!

The magnetometer is not sensitive to the anten-
na's radiated field. It is shielded from this field by the
aluminum box and will not act as a field-strength
meter unless held perpendicular to a conductor car-
rying rf current. The slot must be aligned perpendicu-
lar to a conductor to allow the magnetic field to reach
the loopstick.

It is this magnetic field that operates the device.
Fifty watts of rf power into your antenna is usually
enough to give a useful reading. (Do your testing
during the daylight hours when 160 meters is quiet.)
A few minutes with the magnetometer will tell you
exactly where your rf energy is flowing.

Unless your antenna is textbook perfect, and few
are, you're sure to get a few surprises. | checked
WAONFL's station in this manner. Jim was using an
inverted L antenna and loaded it through a series-
tuned capacitor. Although he had several ground
stakes and many buried ground wires, some rf still

Front view of the magnetometer. Small, inexpensive, and
easy to build, this device traces one of the most common
problems on 160 meters: ground losses.

Rear view of the magnetometer. The slot must be aligned
perpendicular to a conductor to allow the magnetic field to
reach the loopstick (see fig. 1).

flowed into the station. All pipes and the furnace air
duct in the basement were bonded together and tied
to the ground system.

| still remember Jim's surprise when we found that
he was loading his kitchen sink. It turned out that the
soil pipe provided the best rf ground, and the only
path to that was through the S-trap under the kit-
chen sink, Boy was it hot!

I've used my magnetometer for about four years
and have had nothing but good luck and fun with it. |
sent a sketch to a couple of my 160-meter cronies,
WIGDW and NOBD. Both report that it works well
for them too.

construction

The best part about the magnetometer is that it is
inexpensive, requires no power supply, and most
hams can build it in one evening, often from parts in
the junk box. Parts placement isn‘t critical, and I'm
sure that any reasonable approximation of the sche-
matic (fig. 1) will work. Use the most sensitive meter
you can find and germanium diodes for best results.
The loopstick | used was made to operate in the
broadcast band with a 365-pF capacitor. | removed
about ten turns from the coil to obtain resonance in
the 160-meter band. A grid dipper works well to
check tuning range. The loopstick is mounted 25.5
mm (1 inch) from the bottom of the minibox and
about 19 mm (% inch) in from the back. Drill a 12.5-
mm ( %-inch) hole in each side of the box at these
points. Use a hacksaw to cut a slot from the back of
the box down to the holes. | used rubber grommets
to mount the loopstick. The pickup winding is a six-
turn loop of hookup wire wound over the center of
the loopstick winding. A few more holes and there
you have it: another gadget that no serious 160-
meter antenna nut can live without.

ham radio
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New 2 Meter Avanti
Mobile Antenna

Mounts on glass — no holes!

® Receives and transmits through glass.
@ Superior performance equivalent to 5/8 wave.

@ Superior radiation full Omni-Directional.

It's easy to install — No holes to drill, no magnet to
scratch the paint, no clamps. Uses an especially
developed epoxy adhesive that secures antenna to win-
dow like a 1/4” bolt. The capacity coupling box is
simply attached with a special adhesive tape to inside of
window. Worried about crimping or corroding coaxial
cables? It's all inside and out of sight.

AH 151.3G SPECIFICATIONS

Gain Equivalent 1o 5/8 wave
2meler VS W R Band Width Betler than 151
Maximum powaer 150
Nominal Impedance 50 Ohms
Chrome plated casting, Stainless Steel hardware, Swivel whip halder

Height a3-
Performance and Mechanical Patenis Pending

Buy one from your nearest AVANTI dealer. If
your dealer does not have one in stock, have him
call the following toll free number and we will
ship him one within 24 hours:

(800) 323-9429

HF/VHF/UHF
PRE-AMPLIFIERS
28 MHz-1300 MHz

PA1-series pre-amplitiers are the ideal units to improve marginal
receiver or converter performance. 20 dB nominal gain and low, low
noise figure

All units complete with built-in regulated power supply and adjustable
front panel gain control

Prices range from $44.50 to $62.50 depending upon frequency
Write for technical bulletin A-1010

VHF/UHF
TEST GENERATORS
50 MHz-1300 MHz

TG1-series lest generators are crystal-controlled small-signal sources
ideal for ‘ON-THE-AIR" test simulation or anlenna experimentation
They are indispensable for receiver or converler ‘front-end
ahgnment

Power output, 10 mV nominal into a 50 ohm load. Units require 12
Vdc source. (Not furnished)

Prices range from $32.00 to $55.00 depending upon frequency
Write for technical bulletin A-1011

HERMES

RESEARCH & DEVELOPMENT CO.
3997 Elkcam Boulevard Southeast
St. Petersburg, Florida 33705
(813) 823-1032
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COUPLING
ROX

See Avanti's other new amateur mobile and base

antennas. Write for new catalog today.
Send 50¢ for handling and postage

|| avant\' antennas ||

Avanli Research and Development, Inc., HR
340 Stewart Ave., Addison, IL 60101
1978 |n Canada: Lenbrook, Ind., Scarborough, Ontario MIH IH5

Call or Write for Delivery or Quote

ICOM IC701
with AC/MIC

LEAVE A MESSAGE & WE'LL CALL YOU BACK!

All prices lob Houston, excep! where indicated Prices subjec! to change
without notice. all items guaranteed Some ems subject prior sale Send
letterhead tor Dealer price hist Texas residents add 6° . 1ax please

add postage estimate. $100 mimmum W5GJ WS5MBE KSAAD N5JJ
AGSK. WSVVM, WOSEDE. K520 WASTGU WBSAYF KSAC KSBGB
WBSUSY

MASTERCHARGE * VISA

MADISON
ELECTRONICS SUPPLY, INC.

1508 McKINNEY « HOUSTON, TEXAS 77002
713/658-0268

More Details? CHECK — OFF Page 110



NOW YOU CAN HAVE BOTH

HIGH QUALITY & LOW COST

' The DS2000 KSR FROM HAL

HAL design experience now makes it possible to offer you ar

- O i efficient, reliable, and cost effective terminal for your RTTY o

B e u CW station. Investigate the new DS2000 KSR from the

et e S et people who KNOW HOW to build RTTY and CW equipment.
0 " See how you can get great performance and save money too!
ki » ® [ntegrated keyboard and video generator

A ® 72 character line

® 24 line display

e 2 programmable "Here [s" messages

e Automatic carriage return and line feed
o QBF and RY test messages

/ Hﬂ et e O = = : o Word mode operation. full screen buffering
e e All 5 standard Baudot speeds
P L o T ot e o e S S e 110 and 300 baud ASCII
L ELSeE e e CW identification at the touch of a key
4 & TN e N e e | ® Morse code transmit

® Morse code receive (optional)
self tracking speeds from 1-175 wpm on
separate plug-in circuit board
(Available June, 1979)
® All in a convenient, small cabinet
(14.1"x 9.25"x4.35")
Price: $449.00
Optional Morse Receive Board: $149.00
Optional 9" monitor: $150.00

BIG PERFORMANCE
SMALL SIZE. . .SMALL PRICE

If you're looking for an RTTY demodulator
with great performance on both the HF
and VHF bands. take a look at the ST-5000 mron _
from HAL. The use of active filters with no :
phase-lock loop or ‘single-tone’ short-cuts mt ST-s000 @
ensure the kind of performance you ex- e T manes AUTG iy mowen

WiDE Nomvm  op

pect. Full features in an attractive and con- LnE oy
veniently small package make this demod- “
ulator a value that's hard to beat! ¢ NARRW mev T opw ’

LocaL  osp
® Hard limiting front end
® Active discriminator
® Active detector
e Wide and Narrow shift
(850hz and 170hz)
® Normal and Reverse sense
® Autostart
e Self-contained high voltage loop supply
® RS-232C voltage output (direct FSK)
@ Audio tone kever (AFSK)
® Provision for external tuning scope

e Attractive, small cabinet
(275"Hx8"D x 12" W) In Europe contact:

e Fully assembled and tested Richter & Co.: Hannover
Price: $225.00 |.LE.C. Interelco; Bissone

For more information call or write us at:

HAL COMMUNICATIONS CORP.
P.O. Box 365

Urbana, IL 61801

Phone: 217-367-7373




the digiscope

Eliminate a lot of
expensive test equipment
by using the digiscope,

a self-contained

test instrument for

TTL circuitry

If you experiment with or repair digital circuitry,
this article is for you. Even if you don’t, consider the
fact that most new equipment contains at least some
logic circuitry. Whether you're a digital expert or
merely contemplating an upgrade of your trouble-
shooting skills, you'll find the digiscope very useful.

To understand my claim, look at a few digital
basics. Logic circuitry uses only two levels of volt-
age, and at times a dc voltmeter is all you need to
find a problem or debug an experiment. Unfortunate-
ly, voltage levels in many circuits don’t stand still,
and rapid level changes make the voltmeter almost
useless. Professional technicians depend on the
oscilloscope to see what is happening in such cir-
cuits. The cost of a good oscilloscope may exceed
the cost of the device you're trying to check. That's
where the digiscope fits in. The objective is to pro-
vide oscilloscope function at multimeter prices.

You might be interested in how the digiscope
evolved. Last year, several of our club members
decided to built the frequency counter described by
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Jim Pollock.! Naturally, some of the counters
(including mine) didn‘t work on the first try. | had
worked with digital circuitry previously and enjoyed
helping with a few of the counters using an oscillo-
scope for the repairs. As | used the scope, | began to
realize that, for these types of circuits, oscilloscope
functions could be approximated using inexpensive
TTL devices. The result is that many more people
could work with complex circuits without making a
major investment in test equipment.

oscilloscope functions

To see how | have approximated an oscilloscope
function, take a brief look at the digiscope features.

1. A level indicator serves as a basic voltmeter by
indicating a 0 or 1 level in the circuit under test.

2. Pulse duration from 0.1 microsecond to 999 mil-
liseconds can be measured. A variation of this fea-
ture allows the measurement of time between the
trailing edge of a pulse and the leading edge of the
next.

3. The length of time between the leading edges of
two pulses at different circuit points can be
measured.

4. You can defer the measurement of a pulse until
after the occurrence of a pulse at another circuit
point. This is similar to an oscilloscope’s external
sync. In addition, this measurement can be delayed
for up to 99 milliseconds after the occurrence of the
sync pulse, with a delay resolution of 0.1 millisecond.
This approximates the oscilloscope’s delayed sweep.

By Tom Seevers, WBOCLH, 2133 Heather
Lane, Lincoln, Nebraska 68512



5. Auxiliary gates are available on the front panel,
including a latch to check for pulse occurrence or
coincidence between two or three pulses.

6. An event counter, inherent in the design, allows
counting up to 999 events with overflow indication.
Since some readers may not be familiar with the
equivalent oscilioscope functions, | will include
examples of digiscope use in circuit explanations.

clock and display circuits

Before Jooking at uses for the digiscope, I'll exam-
ine the clock and display circuits, since they are the
key to understanding basic digiscope functions. At
the heart of the display circuitry is the 74143 TTL IC
which combines the functions of the 7490 and 7447,
serving as a decade counter as well as a decoder for
the displays. Three of the counters are used, permit-
ting up to 999 counts with a latched overflow indica-
tor. Input to the first 74143 is from the clock, with
options of 0.1 microsecond, 1 microsecond, 0.1 milli-
second, and 1 millisecond.

The pulse to be measured acts as a gate for the
counter, allowing clock puises to be counted during
the time the pulse being measured remains at a logic
1 level. Initially, the counter is reset from the front
panel. The next pulse to arrive allows counting. After
the first ends, further counting is inhibited so that the
display may be read. Input clock pulse options allow
a measured range from 100 nanoseconds to 999 milli-
seconds. Resolution varies from 0.1 microsecond to
1 millisecond. A decimal point is displayed when
necessary to indicate either 0.1 microsecond or 0.1
millisecond resolution.

The clock circuit and divider chain is almost identi-
cal to that used in the WB2DFA 50-MHz counter?
referred to earlier. The only change is that a 10-MHz
crystal is used to obtain 0.1-microsecond measure-
ment resolution. Although oscillators of this type are
usually recommended for use up to 1 MHz, the 10-
MHz crystal has worked well. No starting or stability
problems have been observed. Counting range
is changed by selecting the required frequency
via S1A.

As an example of operation, consider the pulses
shown in fig. 1. Suppose you would like to examine
the pulses of fig. 1B. To do this, connect the data-in
test lead to the appropriate point, and set the range
switch to 0.1 millisecond. Push the reset button to
enable the scope. During the pulse time, pin 13 of U1
(see fig. 2} is a 1 for its duration, or 10 ms. During
this 10 ms, one hundred pulses from pin 12 of U4 are
passed to the counter/display circuits. At the end of
the 10 ms pulse time, the display is then held with
100 displayed. S1B selects the necessary decimal
point line causing the display to read 10.0 millisec-

MILLISECONDS
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fig. 1. Timing diagram of the two pulses used for ex-
planation of the digiscope’s circuits. The time scale is
2 ms per division.

onds, the length of the puise. So that | may view the
measurement, subsequent pulses are blocked, until
the reset is pressed, so that the display may be read.

Having measured the pulse width of fig. 1B, you
might be interested in the length of time between
two consecutive pulses. To determine this, simply
change S10 to the invert position and press reset.
Fig. 1B would now appear as a train of 30-ms pulses
with 10-ms separation. Using the same circuitry, the
scope would now indicate a pulse length of 30.0 milli-
seconds. Other factors, such as rise and fall times as
well as the existence of jitter, have not been deter-
mined, however repeated measurements may help
determine the extent of any jitter,

one-shot/swallow circuitry

Recall | said that after the measured puise ends,
further pulses would be ignored. This is accom-
plished with U12A. The trailing edge of the measured
pulse causes U12A to be set, pulling pin 13 of U10
low which prevents subsequent pulses from passing
through U10A. This condition exists until the reset
switch is pressed.

An interesting problem could arise when the scope
is reset. Suppose that the instant after the reset line
is grounded you’‘re halfway through a pulse. An erro-
neous measurement would be obtained. To prevent
this, the scope discards the first pulse after reset,
ensuring that a partial pulse is not used. After reset,
pin 2 of U10 is low, preventing pulses from passing to
the counters. The first pulse, whether partial or com-
plete, is blocked with its subsequent trailing edge
used to set U12B. Indirectly, this causes pin 2 of U10
to go high. The second pulse is now successfully
passed through U10A to the counters. By swallow-
ing the first pulse, | ensure that only complete pulses
are measured.

external sync

Examining pulses of uniform iength is a fairly easy
task. Unfortunately, the pulses may be of varying
lengths, as illustrated in fig. 1A, By using the gating
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method | have described, repeated measurements
would randomly show pulses of 10 milliseconds and
2 milliseconds. In our simple case, merely finding
both pulses may be sufficient. A more precise
method is to look for a puise only at the time it
should occur.

As an example, suppose | want to measure the
first pulse of fig. 1A. Note that this occurs after the
puise of fig. 1B. By connecting the external sync
input to the appropriate spot and placing the norm/
external sync switch in the external sync position,
U16A is set by puise C. The next puise to arrive at
data-in is pulse A, the one | want to measure. In the
external sync mode, the pulse-swallowing circuitry is
disabled by U13B. Since | know exactly when to
expect pulse A, partial puises are not a problem.

delayed sync

To illustrate the delayed sync logic, assume that
you want to look at only pulse B in fig. 1A. To avoid
random measurement, use the external sync feature.
If pulse C began between T1 and T2.7, the external
sync feature would be sufficient. However, what is
needed is a way to use pulse C as the sync but delay
the input until after pulse A.

This cabability is provided by the delayed sync cir-

FRONT PANEL

FRONT PANEL

FRONT PANEL D——ﬂ vioc Y2
D 1

o>
4
FRONT PANEL [ >——

fig. 2. At left, schematic diagram of the digiscope. The
RESET switch simultaneously controls all reset functions.
Above, the external inputs and conditioning circuits.

PRECISION
lu$ U3-1 O—o0
3124

0.1ms  US-1 o———o/

va3-2

10§ U3-12 O——0 NORMAL
5128

ImS U5-12
NORMAL

fig. 3. Optional circuit to enable the operator to
select smaller increments of delay time.

cuitry. With the digiscope set up as in the last exam-
ple, place S11 in delay position. Note that in the
delay mode, setting U16A is still not sufficient for
U13A to pass a signal; U16B must now also be set.
This will occur at TO plus some amount of delay
selected on the front panel. In this example, the
delay switches are set for 20 ms. Thus, at T2, U16B
will set, enabling puise B to pass through U13A to
the counter. In this example, pulse B could be
selected with a delay ranging from 11 to 27 mili-
seconds.

The delayed sync logic allows me to enable meas-
urement at a precise instant after the occurence of
the external sync. This delay can range from 0.1 to 99
ms. S4 selects delay increments of 0.1 or 1T ms.
Counters U17 and U18 are responsible for delay tim-
ing and are held at zero after the reset is pressed.
When the external sync pulse arrives at U16A, U17
and U18 are allowed to begin accumulating delay
pulses. The desired delay is set into the thumbwheel
switches. These switches present a BCD format to
U19 and U20, where they are compared with the
count in U17 and U18. When the count exceeds the
amount set in the switches, a negative pulse is
passed to U16B. This results in the set of U16B and
the enabling of data-in.

The precision of the sync delay circuit is very
good, since it is based on the crystai-controlled
clock. Accuracy however, is dependent on the reso-
lution inherent in the delay range you have selected.
Actually, the delay begins not at arrival of the exter-
nal sync, but at the next clock puise after external
sync. Thus delay error could be from zero up to one
unit of resolution. Any error always results in early
expiration of delay. Suppose | select a 0.1-ms delay
increment and set a delay of 4.6 ms in the thumb-
wheels. Actual delay will vary between 4.5 and 4.6
ms. For greater resolution, | could simply use smaller
units of time in incrementing the delay counters. A
circuit illustrating optional resolution of 1 or 10 micro-
seconds is illustrated in fig. 3. It should be recog-
nized however, that an increase in resolution reduces
the total delay available.
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Occasionally it may be necessary to measure the
time between two pulses at different pins. As an
example, | might wish to measure the time between
the rise of pulse C and the rise of pulse A. To do this |
would connect the pulse A line to the data-in jack,
while the other point would be connected to the
external sync input and S3 placed in the A-B posi-
tion. S2 should be placed in the external sync posi-
tion, S10 in the invert position, and the reset button
pressed. When pulse C arrives, it will set U16A,
which will set U14B. The Q output of U14B enables
the counter input and timing begins. When pulse A

/44

SLOwW BLOW

Hov

fig. 4. Schematic diagram of a sug-
gested power supply for use with the

If | simply wanted to detect the existence of over-
lap, a test latch circuit is available. It is composed of
U10B and U9A. In this example, | could connect to
any two inputs of U10B. Overlap would be indicated
by the lighting of the test latch display at the output
of U9A. This latch is reset with the reset switch.

A totalize function is provided by S5. With this
switch in the TOTALIZE position, front panel input is
provided to the counters. External events, which are
available as TTL pulses, can then be accumulated. |
suggest using an accessory inverter to shield the
more expensive counter chip from possible excessive

2A
s50v
BRIDGE

12.6v ! 2

3a ’ 4 : 7805 +5v
+2200uF | 22000F | 033 |3 0.1
J: 25v 1,\ 25v j:

digiscope.

arrives at data-in, U12B is set. The Q output of U128
resets U14B, ending the counting cycle. With the
range switch set to 1 ms, 10 ms will now be dis-
played.

accessory circuits

To assist in examining unusual situations, some
accessory circuits are provided. These are simply log-
ic gates with inputs and outputs extended to the
front panel. U11D and U11E provide a basic logic
tester. Connecting the tester input to another logic
circuit will cause the appropriate front panel LED to
indicate a 0 or 1 condition. Note that a 1 will be indi-
cated if connected to an open circuit. Both 0 and 1
will be lit if connected to a pulsing circuit or one with
a faulty voltage level between 0 and 1. Each LED is
mounted in a 14-pin socket next to the counter dis-
play sockets. LED function is indicated by trans-
parent lettering on a negative film placed between
the bezel and the LED. The overrange and test latch
indicators are also located in this socket.

Also available on the front panel are AND, OR, and
inverter circuits. These can be used to combine pins
of a circuit for making tests not otherwise possible.
An example would be measurement of the overlap of
pulses A and C. | could connect the lines of fig. 1 to
the front panel connections of U10. The output could
be inverted using U11B. The output of U11B is then
connected to data-in. If overlap exists, it can now be
measured to the nearest 100 ns.

*A drilled and plated set of circuit boards with additional instructions are
available for $19.00 postpaid from RTC Electronics, Box 2514, Lincoln,
Nebraska 68502.

54 june 1979

TANTALUM ’”\,‘l-— ~\J

voltage levels. Accumulation can be reset at any time
with the front panel reset switch.

construction

While building the digiscope | found it difficult to
stop adding features. If you build this project, | think
you'll find it a good idea to feave room for additions.
For example, | think a good addition would be selec-
table CMOS inputs for working on CMOS circuits. To
facilitate this, | left some blank IC positions on my cir-
cuit board. While a circuit board is suggested, you
could wire wrap this project; my original effort was
done on plugboard and didn’t seem to suffer too
much from all the stray wire.* One note on the 10-
MHz crystal is that not any crystal will work well in
this circuit. | achieved the best results with a crystal
obtained from Jan Crystals. A suggested power sup-
ply is illustrated in fig. 4.

conclusions

The digiscope is an exciting approach to digitai
trouble shooting. It can give a way of working on
complex circuits without expensive test equipment.
If you are interested in digital circuits but don’t know
how ta start, | suggest obtaining the TTL Cookbook.
I know you'll find working with logic a lot easier than
you expected. Whether you‘re new to TTL or a veter-
an in logic circuits, | think the digiscope will be a val-
uable addition to your workbench.

reference

1. Jim Poliock, WB2DFA, ‘‘Six-Digit 50-MiHz Frequency Counter,” ham
radio, January, 1976, page 18.
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AC—DC Operation

BNC Inputs 1 Meg Direct 50 Ohms Prescaled
8 Large .4" LED Readouts

Auto Decimal Point & Zero Blanking

51499

MODEL 500 HH MODEL 100 HH
50 Hz — 500 MHz 50 Hz — 100 MHz

59995

The 100 HH and 500 HH hand held frequency counters
represent a significant new advancement, utilizing
the latest LS| design . . . and because it's a DSI inno-
vation, you know it obsoletes any competitive makes,
both in price and performance. No longer do you have
to sacrifice accuracy, ultra small readouts and poor
resolution to get a calculator size instrument. Both
the 100 HH and 500 HH have eight .4 inch LED digits
— 1 Hz resolution — direct in only 1 sec. or 10 Hz in
.1 sec. — 1 PPM TCXO time base. These counters are
perfect for all applications be it mobile, hilltop, marine
or bench work. (800—
854-2049) (800—542-6253)

COMPARISON CHART

< 3 _si.li;-'ém. FﬂEQUEN‘E’;’“ 'I'YPE OF ACCURACV OVER ] SENSITI\I’IT\" DIGITS 0 PRE-SCALE INPUT
MANUFACTURER MODEL LIST RANGE TIME BASE TEMPERATURE et i g i HESOLUTION
PRICE T i7° - 40°C 'n'--'- 4&:“6 ;gg ::u ;:;‘::1: 2::0",'::1‘1‘ o miig; 1SEC | 18EC
DS INSTRUMENTS | 100HH s 09.35 .5UH.'-|LKMHJ TCXO T iPPM 2 PPM 25 MV NA | NA | e 4 | 100mHz | 10Hz
(.,UNTINE;NI TAL QPFCIALTIE-S. i MAX so“_ﬂg_;. Ulouuz S50MHZ l'ion-Ct-'Jrnponsﬂlcc 3PPM @ 25°C] 8 PPM m:u MV ] NA NA 6 7 -__1 100 Hz N-.»\ i
DSI INSTRUMENTS 500 HH __£1:9‘9; .an; ‘i‘;{}MH( Tcxo . | 1eem 2pPM | 25Mv | 20Mmv | 30 MV Ta 4 100Hz | 10 Hz
COF{IK{NFAI.-_-SPECIALTIé:T-C_SE;[;(}_ $MU 9‘3 |I<H‘ ‘:’rDMHr Nc)n f aﬂpenm?ed 3PPM @ 2.:}'(.3 8 P!"-!\..'\ ‘-Dﬂ MV | 250 MV | 250 MV | 6 1 NA 1 kHz
OPTOELECTRONICS _ |OPT-7000| $199.95 | 10Hz-600MHz 'r(‘:o 18PPM | az2PPM| Ns | NS Ns |7 | & | 1z | 100
T00 R Ll s $ 99.95 Bl (@D SEN TS00ARt .. $ 7.95
RO | 0 e s laiters ey $149.95 DSI INSTRUMENTS, INC. AC-9 Battery Eliminator....... $ 7.95
1 Year Limited Warranty Parts & Labor 7924 Ronson Road, Dept. G NiCadBattPack.............. $24.95
Factory Assembled in U.S.A. San Diego, California 92111 TEAMS: MG - VISA - AE - Check - M.O. - COD In U.S. Funds
Orders oulside of USA & Canada, please add $20,00 additional

1o cover air ghipment California residents add 6% Sales Tax



S-180S with DFC*
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Digital Frequency Control
...a Kenwood innovation for maximum
HF operating enjoyment!

Kenwood's TS-180S with DFC is an all solid-
state HF tranceiver designed for the DXer,
the contest operator, and all other Amateurs
who enjoy the 160 through 10-meter bands.
The following features prove, beyond doubt,
that the TS-180S is the classiest rig available!

= haital Frequs y Contral (DFC), including
four memones and manual scanning Memo

sable in transmit and/or receive
hift paddle switches allow
1 sy frequencies to be tuned in
% up or down, slow or fast, with
recall of the original stored freque It's al
most like having four remote Vi
All solid-state  including the final. No dippinc
or loading Just dial up the frequency, peak
the drive, and of rate!
High power . 2( EP/ 160 W DC input on
160) 15 meters, and 160 W PEP/140 W DC on
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50 kHz é e¢ach band
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e Builtin microprocess ntrolled large digital

display. Sh wetual VFO frequency and dif
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frequency. B i cimal points indicate
‘out of band noscale dial, too
IF shift. . Kenw amous passhand tuning
that reduces QRM
Selectable e and narrow CW bandwidth
on recewve (500 Hz CW filter is optional)
Automatic selection of upper and er side
band {SSB NORM/S5B REV switch)
Tunable noise blanker {adjustable noise
sampling lre
RF AGC ("RGC i wtomati
cally to prevent overlos ) ng, local
signals

ectable last/slow/olf)

Improved RF s

Dual SSB i

shape factor to reduce out-of pe

on receve d to impro peration of R

r on transmit

I'S 18085 without
v VEO frequenc
and difference n VFO and “hold

frequencies on the digital display

* Full line of matching ac x5, including
PS 30 bass
ternal
VFO 180
SWR and p« r meter, DF-180) Wy
control, YK CW filter, anc i SSB filter

All of these advanced leatures can b

and at an attractive price! Visit your |

rized Kenwood Dealer and inquire about the ex
citing TS 180S with DFC!

Still available...
Kenwood's TS-B20S5 HF transceiver,




S=-1208S... A big little rig.

AF GAIN-S-RF GAIN
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1t's a compact, up to 200 watts PEP input,
all solid-state HF transceiver with such standard features

as built-in digital readout, IF shift, new PLL technology
...and requires no tuning!

Exciting and perfect for car or
ham shack use! But, there's more
to say about the TS-120S! This
unique all solid-state HF, SSB/CW
transceiver produces a hefty signal
and also offers a lot of other great
features in a very attractive, com-
pact package.

FEATURES:
e All solid-state with wideband RF
No final dipping or
|I.=-:|\1|1'|\__},_ no Jit drive peaking.
and no receive preselector tuning!
Just dial your frequency and operate!
Five bands. plus WWV. Tran:
and receives on 80 .40, 20, 15,
and all of 10 meters...and
WWV on 15 MHz
200 watts PEP (160 watts DC) input
s, 160 watts PEP (140
t on 10 meters. LSB,

amplifier st:

receives

Digital trequency
solution, Six

display (standard)
fligits. Special

green fluorescent tubes eliminate
viewing fatigue. Analog subdial, too,
for backup display
e |F shif 1ssband tuning), to remove
adjace rence and
:,i 3\;}“ I
anced PLL circuit, which elim
need for heterodyne crystal
nt for each b I PLL lock
frequency, CAL marker signal, and
counter clock circuit 2 "-Il'h_g|l_’ ret
erence frequency crystal. Simplifies
circuitry. improves overall stability
Also improves transmit and receive
SpUrious ¢
Attrz
only 3V
long, and weighs only 49 kg (11.7
lbs ¥ ]~'TT-'|T size lor conve
mobile operation and rug
wough for either mobile or
portable use  Also has all the
features for optimum
peration al home

lZi! ST |'{i
ham-shac

e Noise blanker. You'll wonder where
the ignition noise went

See the little TS-120S5 ng and match
iNng acce 120 remote VIO
t“i‘ 1""“ t."lt.-‘l.’l._-i! spedner, P"‘\ 30 ."\('
). MB-100 mobile mount

itenna tuner and
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STILL AVAILABLE
KENWOOD TS-5208

I frceselter in qmatenr radio

TRIO-KENWOOD COMMUNICATIONS INC

k ALNUT COM N CA Q0220
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talking

digital readout

for amateur
transceivers

Adapting the talking
calculator’s synthesized
voice to digital displays

for the visually handicapped

During a ragchew with Ted Albrecht, WIIFJ, the
subject of the talking calculator was brought up. This
machine is manufactured by Telesensory Systems in
Palo Alto, California, for the visually handicapped.
We agreed that it would be most interesting if the
talking calculator’s synthesized voice were available
separately. Perhaps it could be interfaced with digi-
tal-readout equipment in general and Ted's in partic-
ular

*The S2A Speech Synthesize Module is available from Telesensory Sys
tems, Inc., P.O. Box 10099, Palo Alto, California 94304, Contact Mr
Wiadimir N, Walko, Speech Products Manager, (415) 493-2626. Unit price
to hobbyists is $95.00
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Happily, upon contacting Telesensory in Palo Alto,
we found that the voice synthesizer module was
available separately to hobbyists, and its numeric
vocabulary was in standard TTL BCD code that
already existed at the input of the 7447s in Ted's
DD-1 Digital Display Unit.

Ted's purchase of the English-speaking S2A
module from Telesensory Systems*® represented the
committment necessary to get the project moving.
Design of an interface between it and the DD-1 is the
project this article describes. Much of the design
should be credited to Tim Blank, WB9GYU, who is
more knowledgeable of digital logic design than |,
and who provided the assistance in debugging the
assembled unit.

intefacing considerations

Interfacing the voice with the six-digit readout
involves changing the parallel (all-at-once) visual dis-
play to a serial or sequential form, so that the digits
from left to right are said in order with a minimum of
delay between words. It would be possible to clock
across at regular time intervals if allowance for the
longest word were made, but much wasted time
would occur, so the clock approach was abandoned.
Since each digit can be 0 to 9, or anything in
between, four data lines of binary for each are
required. To read the digits in sequence then requires
that the first four digit data lines of the speech syn-
thesizer module be sequentially connected to the
four digit data lines coming from each digit of the vis-
ual display. This adds up to twenty-four data lines
between the DD-1 and the interface board!

design

The most reasonable approach was to use four
eight-position multiplexers, one for each data line.
They could be stepped by a binary address of three
bits, from 0 through 7. The device that provides this
address to the four 74151 multiplexers is a 74193, a
most remarkable MSI chip (fig. 1). The 74193 can
provide a four-line address with a capability of 0
through 15, which would seem to be a problem.
However, the 74193 can be reset after any given
number of steps very readily. In fact, it can be told to
skip a preset number of the initial steps in its output
address. Its fan-out is about twenty, indicating no
trouble in driving the multiplexers, so it seemed a rea-
sonable basis for an interface. Since the 74193 could
be told which addresses to provide, considerable
imagination can be used in this aspect of the design.

| decided to use the eight-position capaoility of the

By Ray Brandt, N9KV, 824 North Marion
Avenue, Janesville, Wisconsin 53545
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fig. 1. Schematic of the talking readout. The 74193 provides the address to the four 74161 multiplexers. The inputs to the 74151s
come from the designated pins of the 7447s in the frequency display.

multiplexers, using the two spare positions to have
the voice say POINT between megahertz and kilo-
hertz, and between kilohertz and hertz, provided by
the readout unit. Looking at the S2A vocabulary
{table 1), it's necessary for the A, B, and E data lines
to be high, so the A and B data lines were hard-wired
in the 2 and 6 data positions. An additional circuit
was designed to bring up the E data line in these
positions only.

A dual NAND gate will produce a 0 only when both
inputs are a 1. Studying the address truth table
(table 2) for what is unique about these two posi-
tions of address, it's seen that B is, of course, a 1 for
both 2 and 6 and adds to C for the 6 position. But
looking again, B is uniquely present on only 2 and 6 if
odd numbers involving an A can be ignored. This
suggests the approach. Invert the A and we have a 1
only for even numbers — use it for one gate input
with the B data line on the other gate input.

Now we have a 0 out of this gate on only the 2 and
6 positions. Since we needed a 1, another section of

the 7400 provides the inverter between it and the E
data line of the S2A.

Taming the 74193. Several conditions must be met
for the 74193 to step along through its addresses in
sequence, reset at the end of the sequence or sen-
tence, and for its selected data to be presented to the
speech module only:

1. When it is valid data

2. When the module is not busy saying the previous
word.

Consider first the data provided by the digital dis-
play unit (see table 3). The count periods are a pre-
cise, crystal-controlled, ten milliseconds each fol-
fowed by 50-millisecond periods of stored display
data, alternating about seventeen times a second
between the two. We must accept data only during
the storage time, or the readings will appear random,
having been taken on the ““fly”’ during a count. The
waveform that defines these two periods is present
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table 1. S2A Speech Synthesizer vocabulary.

data lines up speech data lines up speech
none OH C,D PERCENT
A ONE B,C,D LOW

B T™WO AB,C,D OVER

A.B THREE E ROOT

C FOUR AE EM

AC FIVE B.E TIMES
8,C SiX A,B.E POINT
A,B,C SEVEN C.E OVERFLOW
D EIGHT A CE MINUS
A,D NINE B,C.E PLUS

B.D TIMES*MINUS A,B,CE CLEAR
A,B,D EQUALS D,E SWAP

on pin 6 of the 7400 at the right edge of the DD-1
board — the second chip from the back. It is in the
logic 1 state during count, 0 during read. We want a
signal that is up during the storage period. Since
there was an unused section of this 7400, | made an
inverter of it by connecting its pin 6 to 9 and 10,
bringing out the desired signal to the interface board
from pin 8.

Interconnection hints. The grubby details of
interconnecting with the DD-1 deserve comment.
The picture looking into the top of the unit shows a
small terminal board mounted at front right above
the 7447s. The circuit was built from a small rectan-
gular piece of circuit board stock, cross-hatched with
a hacksaw to provide rows and columns for the data
lines. The ventilating holes to the front and right of
the power transformer were enlarged to accommo-
date the twenty-eight interconnecting leads, leaving
out the bottom of the accessory unit. | removed the
mounting feet and replaced them with spacers,
which fasten the DD-1 to the interface unit.

The 100-Hz pushbutton of the DD-1 has a spare
spdt section; the three leads added to it and the
blanking output previously described are included in
the harness.

DD-1 mods

To facilitate connection to the 7447 inputs and pro-
vide the blanking output, it's necessary to remove
the DD-1 from its case — not a trivial job. Take out
the power transformer mounting screws, all screws
mounting the circuit board, and remove the input
connector, the knob, and bandswitch mounting.
Push in the LEDs and the panel should lift out from
the back. Make short connections to the added ter-
minal board; the harness may be added after reas-
sembly. A magnifying lamp and small iron and solder
are essential. If you decide to drill any holes in the cir-
cuit board, for gosh sakes hold the board up to the
light first so you won't drill through conductors that
may be on the other side.

60 june 1979

Madification of the DD-1 is the most miserable
part of the project, but finding the patient well after
all this surgery should buoy you up for the remaining
pitfalls awaiting you.

interfacing the speech module

Now consider interfacing the speech synthesis
module. The ROM of this unit is permanently stored
with digital data which, when swept out by its inter-
nal clock {roughly 12 kHz), praduces an audio wave-
form imitating the twenty-four words of its vocabu-
lary, When properly filtered to reject the dominant
clock frequency and amplified, acceptable speech is
reproduced by the speaker. The complete program
of the S2A is shown in table 1. (The unused words
may come in handy when debugging the unit.) A is
the least-significant bit; its pinis 7. B appearson 8, C
on K, D on H, and E on pin F of its twenty-pin edge
connector.

If you're eager to try the speech board before fin-
ishing the project, connect all the power leads and
indicated ground leads, then tie all data leads either
up or down (but don’t leave them floating or you'll
have problems). Pulsing the start line up with a clip
lead, then back to ground, should produce the word
you've coded into the speech board by the data line
hookup you’ve chosen.

The BUSY line goes to almost — 10 when saying
words, then goes back to +5 on completion. An
emitter follower, with its emitter returned to ground,
converts this to the TTL voltage swing required by
the interface.

event sequence

Two latches are used in the control loop to guaran-
tee the proper sequence of events. The left-hand
latch normally passes on the information that the last
word is complete. It then steps the address into the
next position. However, when the D address line
goes high for address 8, the inverter opens the latch,
no more steps are permitted, and the sentence is ter-
minated. If the 100-Hz switch on the DD-1 is not
depressed, the lower gate operates at address 6, cut-
ting the sentence two words short.

table 2. Address truth table.

multiplexer multiplexer address lines
address position A B C D
0 0 0 0 0
1 1 0 0 0
2 0 1 0 0
3 1 1 0 0
4 0 0 1 0
5 1 0 1 0
6 0 1 1 0
7 1 1 1 0
8 0 0 0 1



The right-hand latch has a logic 0 entering it at
completion of a word, after the address has been
stepped, which it passes along and inverts the next
time a valid read period occurs from the DD-1. The
latch Q output is inverted internally and serves as a
start pulse to the speech module, telling it to GO
while the data is valid.

As |'ve indicated, the unit normally stops talking at
the end of a sentence; this is its initial condition with
all address lines high. The pushbutton pulls down the
74193 LOAD terminal, resetting it to the 0 address,
so it runs through the permitted sequence to address
8 and stops.

Another feature of the 74151 involves the use of its
preset capability. If all four preset lines are in the 0
logic state, a down pulse on the LOAD terminal will
cause it to go to the 0 address. If the A preset line is
tied high, the reset will go to address 1. If both A and
B preset lines are tied high, while C and D are at
ground, the unit will reset to address 3.

This design permitted two useful features to be
incorporated. When the DD-1 is presenting 160, 80,
or 40 meters, only one digit is needed to enumerate
the megahertz. Spectronics connects all four data
lines for the first digit high on these bands to cause
the digit to blank out. But this presentsan A, B, C, D
to the S2A and it will say OVER in this first-digit loca-
tion. Since the DD-1 reads only a 1 or 2 when it reads
anything in the first-digit position, only the A and B
data lines need be connected to the multiplexers.
Connecting the C and/or D data lines to the A preset
line will cause the program to skip that digit entirely,
which will shorten the beginning of the sentence by
one word. The designers of the 74193 must have had
this in mind, wow!

Rather than connecting directly to the preset line,
however, | ran the C and D data lines through one
section of a dpdt toggle switch so that both the A

Back view with the cover of the DD-1 removed. The harness
and circuit board are visible at the left. The harness enters
the talking readout unit through an enlarged hole adjacent
to the power transformer in the DD-1.

its anode on the 74193 LOAD terminal and cathode
on the sentence-terminator clock input of the left
latch permitted the unit to AUTO-RUN, repeating
however short or long a sentence were chosen, ad
nauseam. It apparently provides a sufficient down
pulse to the LOAD terminal to reset at the completion
of each sentence. Really slick for an afterthought!

The interface unit was built on a Radio Shack proj-
ect board, about 102 mm (4 inches) square with a 44-
pin edge connector printed on one edge. There are
three rows where up to nine device sockets can be
mounted as well as printed tabs permitting two or
three connections to each chip terminal. Keeping the
data lines in groups of four, along side of the connec-
tor, makes tracing easier; the extra one or two can be
at the end that didn’t quite make it.

table 3. Relationship between the address, displayed frequency, and output of speech module.

DD-1 display 1 4 .
speech ONE FOUR POINT
address position 0 1 2

and B preset lines can be tied high in the other switch
position (see fig. 1). The other switch position will
delete the ONE FOUR POINT from the start of the 20-
meter reading when desired; call it megahertz Delete,
| guess. Shortening the sentence to just the three-
kilohertz numerals takes only 3/8 as long to say, per-
mitting more rapid checking while tuning around the
band with the transceiver. This can, of course, be
switched in and out,

While playing around with the unit at this stage of
development, | noticed that connecting a diode with

2 5 0 . 3
T™WO FIVE OH POINT THREE
3 3 5 6 7

Make a sketch and assign each 74151 a data-line
letter: A, B, C, or D. One of each four data lines for a
given digit will go to the same number pin of each
74151. The first digit lines go to pin 4, second to pin
3, third to pin 1, fourth to pin 15, fifth to pin 14, and
sixth to pin 12. Pins 2 and 13 of the A and B multi-
plexers go to +5 volts; the same pins of the C and D
multiplexers go to ground as a part of the fixed deci-
mal POINT at these address locations.

Wiring can be completed, on the device-side of the
board, | recommend about no. 24 (0.5-mm) stranded
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Internal view of the talking readout chassis. The speech
synthesis module is in the center of the chassis, directly
behind the speaker. The interface board has temporarily
been removed from its connector. At the top of the chassis
is the clock board which has been added to incorporate a
talking clock feature. This unit will be described in a subse-
quent issue of ham radio.

wire as about the largest practical size to work with,
The picture tells the story; it's a real birds nest! Use
the bus down the center row of devices for ground;
the other two for +5 volts. The only reason for sig-

T805

l % |
rr—-[[:[]-—ﬂ"o—o—--hl—-l | 3000 !

power supply

The power supply (fig. 2) is conventional and
requires little comment. The +5 volt supply uses a
6.3-volt, 1-amp transformer. | slipped in a half dozen
extra turns over the existing secondary winding with-
out tearing down the transformer so that its output is
close to 7 volts, providing adequate voltage for good
regulation. The total load at 5 volts is about 300 mA.
A small 300-mA, 12-volt transformer from Radio
Shack is adequate for the light load of the negative
supply.

The case of the 7805 may be bolted to the chassis;
the 7815 can be insulated with a mica or fishpaper
shim. To realize a — 10 volts, the positive terminal is
connected to the +5 volt output; the negative com-
mon will then be 10 volts below ground. The full 15
volts of the negative supply is used by the LM380
audio amplifier, so the speaker should be returned to
the — 10 volt bus.

some afterthoughts

There are other ways of building this unit. Perhaps
mounting the four multiplexers on a small board
internal to the DD-1 would make things easier and
minimize the interconnection problem. This
approach shoulg permit a unit no longer than the
DD-1 for the balance of the circuit. | hope this is only
the first article on the subject. Good luck on your
talking second operator!
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fig. 2. Power-supply schematic. Circuit is conventional. Parts are available from
Radio Shack and other popular suppliers.

nals getting where they shouldn't is solder bridges,
and if they don’t get there at all it's poor connec-
tions. After installing all the devices, a couple of
point-to-point checkouts with the ohmmeter are
worthwhile. It boggles my mind to imagine this as an
etched board — perhaps someone will accept the
challenge!

62 [ june 1979

Oh yes — should you desire to interface a visual
readout with only the seven-segment connections to
the LEDs available for data, National Semiconductor
makes the 86125, which will convert seven-segment
data back to the BCD mode. One would be required
for each digit, of course.

ham radio
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an introduction to

An interesting idea from
our Canadian colleagues:
computer time sharing
over vht links

on the vhf bands

If ever two hobbies were made for each other, they
must be microcomputers and Amateur Radio. More
and more hams seem to have taken the piunge and
are starting up small computer systems. A logical
outcome of this marriage of activities is that sooner
or later the ham will wonder if he can’t use the radio
to send his computer information to his friends on
the air. It can be done, and this article describes one
of the best ways of doing it.

time sharing

Most computer users have been exposed to the
time-shared computer. The computer is very fast,
and the users require and generate information very
slowly. If each user is connected to the computer by
a separate line (fig. 1) or a radio link (fig. 2), then all
the computer has to do is to check each line periodi-
cally and divide the processing time among the
users. Typically it might take 20 seconds to type in a
line on your terminal and only a few milliseconds at
most for the computer to process that data line. Time

packet radio

act as an intelligent clearing-house for programs in
which the users interact with each other.

The next step is to look at the lines, or radio links,
themselves. The line that took 20 seconds to type
might contain 64 eight-bit ASCli characters, or 512
bits of information — an average rate of 512/20, or
about 26 bits per second.

It's easy to send 2400 bits per second through a
normal voice channel and it's theoretically possible to
use much higher rates. So, if we were to store each
line localiy then send it in a short burst, it could be
sent in about 0.2 second! More detailed estimates
and calculations show that several hundred users
could be accommodated on one voice channel.

Also, because only one frequency (or two for full
duplex) is used, newcomers can join the system easi-
ly by getting onto that frequency without having to
wait for new channels to be assigned at the com-
puter. Now we have a time-shared radio link working
with a time-shared computer (fig. 3). As we’ll see,
the time-shared radio link is useful by itself, without
the central computer. Ilts major advantage is a huge
saving of spectrum space {not to mention knowing
what frequency to look on to find your friends).

packets

Each of the short bursts mentioned above is called
a packet and most contain, in addition to the data,
the identification of both sending and receiving sta-
tions and some form of error checking, so that the
recipient will know if the information is correct. If itis
correct, the recipient sends an acknowledgment
(ACK) to the sending station (a fully automatic proc-
ess). Full details of the packet format appear below.

Transmission of radio packets by Amateurs is now
legal on several vhf and uhf bands in Canada. U.S.

sharing permits each user to think he has the whole B_Y' lan Hodgson, VE2BEN, 296 Malcolm
computer to himself. It also permits the computer to  Circle, Dorval, Quebec, Canada H9S 1T7

64 B june 1979



COMPUTER

USER USER

USER USER

fig. 1. A wired time-sharing system requires separate con-
nections for each user. It permits communications between
users as well as computing functions.

Amateurs may want to apply pressure to be permit-
ted to send packets also.

networks

Although two stations can send packets back and
forth, the method doesn’t really come into its own
until many users share a packet repeater (called a
node). Many nodes can be linked {possibly by a geo-
stationary satellite — this system may actually be
working in a couple of years) to form a network {fig.
4). Each packet contains its own address informa-
tion, so the network can automatically forward the
information to its destination.

The first radio packet network in use was set up by
the University of Hawaii and is called the Aloha net.
It links terminals on several islands to a central com-
puter on about 400 MHz.

the node

The repeaters in a network may take several forms.
They may be simple rf repeaters used to extend
range, as we now use on two meters. This scheme,
however, doesn’t fully exploit the advantages of
packets.

COMPUTER

AN

TRANSCEIVER

TRANSCEIVER

P

TRANSCEIVER

TRANSCEIVER TRANSCEIVER

TRANSCEIVER TRANSCEIVER TRANSCEIVER

USER USER USER USER

fig. 2. Radio equivalent of a wired system. A different fre-
quency and a separate transceiver at the computer are re-
quired for each user.

A better repeater is the store and forward repeater,
which receives packets from one or more users, pro-
cesses them, and forwards them to a central node,
which would otherwise be too far away to access. If
major cities had intelligent rodes, store and forward
repeaters would make thern accessible to users in
outlying areas.

Major nodes would likely be computer controlled
to perform error checking, acknowledging, and rout-
ing of packets between users. Ultimately, the node
might be connected to a central computer with more
power than the individual users could afford to have
at home. You could have access to utility programs,
a ham community bulletin board, repeater council
data, a swap program, or even play multi-user space
war instead of rag chewing.

what else can it do?

Any information that can be put into digital form
can be sent through packets. This information
includes RTTY, computer data, and even voice and
TV pictures. Of course, data rates must be much
higher for the last two modes. The packet system
could be as easy, fast, and reliable for talking to
hams a continent away as for talking across town on
the repeater.

how about details?

Let’s take a closer look at the details of the proc-
ess. The packet format hasn’t yet been finally decid-
ed upon, but here’s what we’ve been experimenting
with {each byte is eight bits).

bytes contents
1 packet initiation byte (hex A7)
1 start of header (SOH, hex Q1)
6 destination call sign
2 destination node
6 originator’s call sign
2 originator’s node
1 service message flag byte (set to hex 41, A, for ACK)
1 spare
1 end of header (EOH, hex 04)

2 CRC16 (this is a type of error check) for header
{Everything above is the header)
1 start of text (STX, hex 02)
64 DATA (could be ASCII, binary or EBCDIC)
1 end of text (ETX, hex 03)
2 CRC16 for data

N bytes total

Note that all packets must be the same length if
the system is to operate efficiently (if you don’t
understand why, let’s just say that it can be shown
mathematically, and, even though | can do the fig-
ures, | don't really understand either).
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COMPUTER

TRANSCEIVER
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TRANSCEIVER

TRANSCEWVER TRANSCEIVER TRANSCEIVER

USER USER USER USER

fig. 3. A packet network needs only one frequency and one
main transceiver. In addition to computing power, the net-
work offers flexible communications between users, a fact
that Amateurs can put to good use.

An ACK is simply the header from the received
message with the originate and destination addresses
interchanged and with the service byte set to indicate
thatitis an ACK. No data is included in an ACK.

interference and ACKS

it will undoubtedly come to pass that two users
will, sooner or later, send their packets at the same
time, thus causing total or partial loss of both. We
can deal with this problem by using what's called a
CSMA POSACK system. This acronym stands for Car-
rier Sense Multiple Access Positive Acknowledg-
ment. Here's how it works:

You finish typing your line of data and hit
“return,”’ or whatever, to send the packet. Your sys-
tem checks with your receiver, and if no signal is
being received, the system immediately sends the
packet. It then waits for a time of one packet length

NODE

fig. 4. A packet network allows time-shared communica-
tions between users and a variety of nodes. Nodes in
various cities may be connected together by uhf links or
perhaps by satellite. Not as far out as it seems, this scheme
may be in operation within two years.
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for the ACK. If not received, the system waits an ad-
ditional, random, number of packet lengths and tries
again. The process is repeated three times. If still no
ACK is received, the system returns a message to the
sender, telling him that the transmission was unsuc-
cessful.

Why do we wait a random delay? If there were no
random delay, and two stations sent their initial
packets at the same time, then all three tries would
collide. This way, they don't.

When receiving packets, your system intercepts all
packets regardless of their address. The system
checks the destination of every packet, and if it’s for
you, the error check (CRC 16) is performed. If this is
OK, the system immediately sends an ACK. Note that

N4

: PROTOCOL -
USER e ROr 220~MHz
TERMINAL UNIT TRANSCEIVER

Y

USER MiCRO- PC’Z%’;%‘ZL- 220-MHz
TERMINAL COMPUTER ONIT TRANSCENVER
USER MICRO- 220 MHz
TERMINAL COMPUTER TRANSCEIVER

fig. 6. Three possible packet radio setups. The protocol con-
trol unit may be used by itself to implement the packet pro-
tocol, or it may be used in conjunction with a microcom-
puter to allow computer information exchange between
users. Alternatively, the microcomputer may be program-
med to take care of the protocol itself, with some reduction
in its availability for other purposes.

ACKs have priority on the system, as all transmitters
wait one packet length after each packet sent so the
ACKs can get through. Also if a signal is present on
the initial receiver check, the packet transmission
from your station is delayed long enough so that the
other station can be acknowledged.

hardware

Sounds complex? Well, it is. But don’t forget how
inexpensive complexity is becoming; witness the
pocket calculator, which for less than $10 is more
complex than everything else in your house put
together. Here's what you really need:

a. A vhf (220-MHz in Canada) transceiver {fm will
do)

b. A computer, Protocol Control Unit, or both
(see fig. 3)

A single-board microcomputer can form the Proto-
col Control Unit (PCU) to implement all the above



details (these details are called the packet protocol).
It would require only about 2k of memory and could
probably be built for less than $100. We are working
on this too. In due course, these should be available
commercially, but for now let’s build our own. Full
details of the final protocol will be published when
available.

what frequencies can | use?

In Canada certain portions of some vhf bands have
been set aside for packets:

frequency
(MHz) transmission mode
220.1-220.5 shared packet and other modes
220.5-221.0 shared wideband packet and other modes
221.0-223.0 packet only
223.0-223.5 shared wideband packet and other modes
433.0-434.0 packet only (wideband, 100 kHz, for repeater
links)
24,000-24,010 shared packet and other modes

Obviously the bulk of the activity is expected to be
on 220 MHz. If you've looked at the low prices on
rigs for that band, it seems like an excellent idea.

how it all began

In April, 1978, the Department of Communications
(DOC) in Canada announced its intention of changing
the regulations to permit only ““Packet Radio" (cries
of, “What the devil is that?”’) on 220-225 MHz.
Amidst the horrified screams of many Amateurs, a
few of us decided to have a closer look. We liked
what we saw. With the close cooperation of the
DOC, who modified their original proposal according-
ly, we started experimenting with packets. The
group doing most of the work is based in Montreal.

One more thing to note. The Amateur Radio com-
munity is the group that will develop this system on a
low-cost, widely distributed basis. Our work will no
doubt be closely watched by commercial interests,
so let's earn our privileges as hams and contribute
once more to the advancement of the state of the
art,

acknowledgments

I’d like to thank Bob Rouleau, VE2PY, for enthusi-
astically supporting the packet concept and keeping
the rest of us going; Paul Laflamme for his work on
the protocol and programming and for helping to
prepare this article. Special thanks to Dr. John de
Mercado, Director General of the Telecommunica-
tions Regulations Branch of the DOC, for giving us
the initial kick by changing the regulations and for his
continued support and close cooperation. | wish a//
government departments worked this way!
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7ﬁl 1/4 KILOWATT

LINEAR AMPLIFIER

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

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

POWER INPUT HARMONIC ATTENTUATION:

5-20W Carrier FM or CW All Harmonics Attenuated
20W PEP maximum SSB or AM 60 dB or Greater

CURRENT DRAIN:
FM-40 Amps @ 250W
S5B8-30 Amps @ 300W PEP
DUTY CYCLE
FM 50% @ 150W 33% @ 250W
SSB 60% @ 150W S50% @ 250W

Model 2002 $499.00

degradation at 142 150 MHz
can be ordered for repeater application
for additional information contact

;P COMMUNICATIONS INC.

1324 W. 135TH 5T . GARDENA, CA 90247 (213) 538-9814

Canada: Lenbrook Industries, Lid , 1145 Bellamy Ad , Scarborough, Ontano M1H 1HS
Export: EMEC Inc., 2350 South 301h Avenus, Hallandale, Florida 33009

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

FREQUENCY RANGE:
144 to 148 MHz"
" will operate with slight

Call or Write for Delivery or Quote

KENWOOD TS180S

LEAVE A MESSAGE & WE'LL CALL YOU BACK!

MADISON
ELECTRONICS SUPPLY, INC.

1508 McKINNEY « HOUSTON, TEXAS 77002
713/658-0268

MASTERCHARGE =« VISA

All prices fob Houston. excep! where indicated. Prices subject to change
without notice, all items guaranteed Some ilems subject prior sale Send
letterhead for Dealer price list Texas residents add 6% tax please
add postage estimate, $1.00 minimum W5GJ, WSMBB, KS5AAD, N5JJ
AGSK, WSVVM, WDSEDE. K5ZD, WASTGU, WBSAYF KSRC, KSBGB
WBS5USV
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MIDLAND OWNERS
13-510 13-513
SCANNERKITS

DOES EVERYTHING THE TR-7400A
SCANNER DOES ONLY YOU SELECT
THE MHz SEGMENT YOU WANT.
THE SCAN RATE IS 200 kHz/sec

Kit $39.95
Preassembled and Tested $59.95

add §1 50 for postage and handling

TR-7400A “KENWOOD”
OWNERS: SCANNERKIT

= Installs completely inside rig No oblrusive external connec
tiong * S¢ ele band or only the partion you select
on the MH: § of your rig (e.g 144-148 or 146-148
MHz) * Scan Irequency 1§ displayed on digital readout * Two
miniature toggle swilches supplied with kit (scanner. on-oll
scan-lock may be mounted externally or on Ihe lop o
In the scanner OFF mode the TR-7
the scanner ON mode the scann
equency pauses for a preset time (3-30
then resumes scanning. This means you can
var the band without lifting a hinger When you
teresling you flip the switch to the lock
s ready to transmit = Scans at the rate ol 50
kH? per second * Complele with delailed instructions [even
for the beginner)

Introductory Offer
I KIT §39.95

benaves normally |

1
1

Preassembled $59.95
add $1 50 postage and handling

dealer inquiries invited

AED ELECTRONICS

FT-227 “MEMORIZER”
OWNERS: SCANNER KIT

= Selectable sweep width (up to full band) = Scans ONLY the
portian of band you select » Scans al the rate of 200 kHz per
second * Switch modilication on mike allows you lo scan past
or lack on. any occupied Irequency Complete kil with detailed
instructions » Installs INSIDE rig. no obtrusive extarnal connec
tons * Rig can easily be returned to original candition whenevar
desired = Scans lo presel imits and reveérses « Automatic by-
pass of locked lrequency in 3"/ seconds unless you press lock-
on switch = You can eavesdrop all over the band without lifting a
hnger
KIT $34 95 Preassembled and tested $54 00
add $1 50 postage and handling

IC-22S SCANNER KITS

also available
KIT $34 95 $54.00 Assembled
add §1.50 postage and handling

750 LUCERNE ROAD, SUITE 120, MONTREAL, QUEBEC, CANADA H3R 2H&

TEL. 514-737-7293

Now from
J.W. Miller

DAIWA
CORPORATION

Communications
Essentials

SWR & Power Meters
Models CN-720 and CN-620

Simultaneous direct reading SWR
Forward Power and Rellected Power

Frequency Range: 1.8-150 MHz
SWR Detection Sensitivity: 5 Watts Min
Power: 3 Ranges (FWD 20/200/1000 Walls)
(REF 4/40/200 Watls)
Input/Output Impedance: 50 Ohm
Dimensions: 180 x 120 x 130 mm;
Tx475x5iIn
165 x 75 x 97 mm

arma
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RF Speech Processor
Model RF-440

Increases talk power with splatier free operation
RF clipping assures low distortion. Simply install
between microphone and lransmitler

Talk Power: Better than 6 dB

Clipping Threshold: Less than 2 mV at 1 KHz

Bandwidth: 2200 Hz at 6 dB down

Frequency Response: 300-3000 Hz at 12 dB down

Distortion: Less than 3% at 1 KHz, 20 dB clipping

Qulputl Level. More than 50 mV at 1 KHz

Power Requirement: 115 VAC, 60 Hz, 14 W
or135VDC, 55 mA

Dimensions: 150 x 70 x 150 mm, 6 x25x 6 in

Coaxial Switches

2 Position/Model CS-201
4 Position/Model CS-401
Prolessionally engineered cavity
Construction: High Isolation
Power Rating: 2.5 kW PEP. 1 kW CW
Impedance. 50 Ohm
Insertion Loss: less than 2 dB
VSWR. 1.1.2
Maximum Frequency. 500 MHz
Isolation: Belter than 60 dB at 300 MHz

better than 45 dB at 450 MHz adjacent

terminal

Connectors: SO-239

Exclusive USA agent for these units;
inquiries invited.

Write for literature

il J. W. Miller Division
BELL INDUSTRIES

19070 REYES AVE m PO, BOX 5825

Pl COMPTON, CALIFORNIA 90224

—> BIRD WATCHERS <&

Don't be absurd, buy a BIRD!
. . . from your Bird distributor

MODEL
43

ALL ITEMS AND ELEMENTS
ORDINARILY IN STOCK

Prepaid Shipment in Continental USA Only

MADISON
ELECTRONICS SUPPLY, INC.

1508 McKINNEY HOUSTON, TEXAS 77002
713/658-0268 Nites 713/497-5683

Yool .
= Scanners

QQ“Q?‘Q.‘

0 Amateur Bands

» General Communication
WY+ Industry
Marine VHF
= Micro processor crystals
send 10 for our latest catalog. write or
phone for more details

w : charge
CAVETALS

2400 Crystal Drive
—Ft_Myers, Florida 33907
l I all phones (B13) 936-2397

More Details? CHECK — OFF Page 110



Now you can really
enjoy the challenge of work-

ing that tough to work 2-meter

DX. The all new Boomer

3.2-\yagi gives 16.2 dBd

forward gain. A high efficiency
balanced feed system, with in-

tegral balun, gives a clear, pre-

cise pattern. The trigon reflector
reinforces Boomers' 24 dB front to

back ratio. Boomer has that right
combination of features which will give
you long path DX capability or allow
you to participate in tropo, sporadic E,
meteor scatter and EME activities.

The Boomer is designed to last with a
large diameter round boom for more
strength with less wind load. It has a re-
versible truss support, high strength alumi-
num mounting plates and all stainless
steel hardware.

When you install Boomer, you'll appreciate
our typical attention to detail. You can throw
away the hack saw and hand drill. Boomer
has a detailed instruction manual, precisely
cut elements, plus machined and finished
components which need only pliers and
screwdriver to assemble.

When you are ready to move up to even
higher gain, we have complete stacking kits
with everything necessary to assemble two,

| four and larger yagi arrays.
Stalk down to your local dealer (anywhere
in the world) for full details on Boomer.

cushcraft

CORPORATION
The Antenna Company
A-3219 BOOMER 48 Perimeter Road, P.O. Box 4680

UPS SHIPPABLE Manchester, NH 03108
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biquad bandpass filter for CW use

The biquad bandpass filter has many advantages
when used as a CW filter. First, the biquad can be
adjusted to control both center frequency and Q. Se-
cond, the filter is very stable and will not break out in-
to ear-shattering oscillations. Third, the filter can be
built by hams like you and me. That is to say, the
components are available at Radio Shack, the toler-
ance of none of the components is critical, and no
special test gear is needed.

circuit description

Fig. 1A shows the traditional circuit, which
requires the plus and minus supplies. The advantage
of this configuration over the single-voltage circuit is
the capability to couple directly to the input and out-
put of the fiiter. In addition, the op amp has better
gain characteristics with the higher supply voltage.

The single supply circuit is very similar (see fig.
1B). Most references recommend providing a low-
impedance dc return for the input circuit. For this
reason, | avoided for a long time even trying the
single-voltage supply. But my experiments with the
1A741 showed that the circuit does a remarkably
gooad job. By providing half the supply voltage to the
positive input of the op amp, all of the outputs are
operating above ground. This is the obvious reason
for needing the capacitive coupling on the output
and input. The pA741s will drive headphones direct-
ly, but for general use, an amplifier speaker is recom-
mended.

By James M. Rohler, N@DE, 1967 Bristol
Drive, Bettendorf, lowa 52722
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After a short periad of experimenting, you will find
the adjustable features useful. The Q is especially in-
teresting, since it can be adjusted too high, causing
ringing. Under some conditions, the narrower band-

Rl
100k

w

o
! o0k

me b

15k

Re

out 27k

fig. 1. Schematic diagrams of the biquad active filter for
dual supply (A) and single supply (B).



BUILD YOURRUELENALL:

MATERIALS

YOU HAVE THE
FUN

Tell us what you need
AsK us about our custom
antenna packages

6061-T6 DRAWN
ALUMINUM TUBING
AIRCRAFT* GRADE
PLATED HARDWARE
HIGH* STRENGTH

ouTRUT

N | ey
7Y 1w ey FIBERGLASS SPREADERS
) [} Lot L’fc’ﬂ hebira STAINLESS* STEEL
sl U g | P ‘f‘;n‘ ELEMENT CLAMPS
‘B Fit o RP-Ser CALL OR WRITE FOR FREE

INFORMATION

L—
VLA
G
ENTEAPRIBES @

GL ENTERPRISES
ROUTE 1, BOX 10
BROWNSVILLE, WIS

fig. 2. Foil pattern for the active bandpass filter (above). The
parts placement diagram is shown (below).

S53008, PH [914)] S83-4001

width and ringing is a fair tradeoff for eliminating the

QRM.
GREGORY ELECTRONICS

components and construction gl =y The FM Used
Fig. 2 shows the foil pattern and parts placement Equipment People.

diagram. If potentiometers are not desired, fixed

;c;s:]‘.;ts(;':::lues can be determined from the following GE NE RAL ELECTRIC
fom —1 HIGH BAND

27C JR3R4 (1)
i &
" e - | Porta - Mobils
G = R2/RI (3)

where f, is the center frequency in Hertz, LG36FASS5, 132-
150 MHz, 8 watts,

B|‘51he bapdwndth rr"l Helrtz, local housing, 12
G is the gain of the circuit. volt, neg. gnd.
The Q is the reciprocal of the bandwidth supply, shipping
times the center frequency. weight 20 Ibs.

For single-supply operation, jumpers are used to
connect the junction of the bias resistors to pin 3 of
each IC. In addition, pin 4 of each IC is connected to
ground. To use a dual supply, the pin 3s are connect-
ed to ground, and pin 4s to the minus supply. Also,
in this case, the input and output capacitors and bias

reslEtors canbe aliminated. @& GREGORY ELECTRONICS CORP.

ham radio = 245 R1. 46, Saddle Brook, N.J. 07662
Phone: (201) 489-9000
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wnar's Portable Erectable '
MY  Antenna Towers -

+ ldeal for ground or roof mounts = High stability

« One man can assemble and erect

* Modular and portable =
« Lightweight » Extremely rugged ‘1
* High quality aluminum alloy -
These unique antenna towers can be installed Base Is approximately 60" high and weighs 28 i
on the ground or roof. Since they're easily pounds. Tower sections are 72" high and
transported and site erected, they're a natural weigh 21 pounds ”
for field and portable operations

Constructed of sturdy aluminum alloy, they're
sturdy enough to handle large size HF beams
and EME arrays as well. Also available with
optional stainless steel hardware for harsh

Base plus wi
1 tower section

with cad hardware 95

Suggested T

environments List Price
CALLM &M FOR PACKAGE DEAL DISCOUNT! (714) 299-9741 i
LUNAR AIGA ROTORS ALL pith ROTORS
LINEARIZED (formerly by E =
AMP. Wiison) .
] *I
w [

M&M RF DISTRIBUTORS

P.O. BOX 82183, SAN DIEGO, CA 92138 )’_[

RTTY for ALL Systems QUARTZ CRYSTALS

MODEL 402 @ “IN A HURRY"”
- b= SINCE 1970

CRYSTALS AVAILABLE FOR:
¢ CB — Synthesizers
= Amateur - HF, VHF, UHF

e |ndustrial

ELECTROCOM® “SERIES 400" * Scanner
FREQUENCY SHIFT CONVERTERS e Marine — LB & VHF

Professionally engineered lor outstanding
performance, stabilily, and rehability, the
Electrocom® Models 400 and 402 add new

dimensions of compatibility between radio
and teletypewriter systems. Manulfactured to
highest quality standards—an Electrocom
tradition for nearly two decades—these units
are ideal for military, government, commer-
cial, civil defense and amateur applications
The Model 400 front panel digital knob accu-
rately selects shifts up to 1000 Hz., while two
such knobs on the Model 402 independently
sel the mark and space frequencies. Both
models may also be presel with any tone pair
between 1000 and 3200 Hz

Optimum performance with FSK or AFSK

systems 15 assured by maltched lilters. pre-
cision linear detectors, baud rate selector
bias compensation, and semi-diversity cir-
cuitry. Operation is enhanced by a CRT
monitor, autostart with solhid-state motor
switching, antispace. markhold. EIA/MIL
output voltages, and a constant current loop
supply. In addition, various options are
available including rack mounting and polar
current output

Write or call us for complete product de-
tails and specifications. Learn why Electro-
com* 400" Converters are designed not
only for today's communication environ-
ment, but ultimately to fulhill RTTY require-
ments lor years to come

I NDUSTRIES
’ﬁ 1105 N. IRONWOOD DRIVE, SOUTH BEND, INDIANA 46615
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» Conversion Crystals
* Special Attention to R & D.
*  Micro-processor Types.
DISCOUNTS AVAILABLE TO
DEALERS & MANUFACTURERS
CALL “BONNIE” FOR
PRICES & DELIVERY

VISA & MASTER CHARGE

?‘ credit cards accepted. @
== =

CAL CRYSTAL LAB, INC.
1142 N. Gilbert Street
Anaheim, CA 92801
(714) 991-1580

More Details? CHECK — OFF Page 110




HF & VHF BEAMS e
and VERTICALS

At Warehouse-To-You Savings

SPECTRONICS, ine.

1009 Garfield St., Oak Park, Illinois - 60304

(312) 848-6777

the antenna
apeacialists

&y & 4

2 MTR DUCKIES

Q wmodel HM-4. Has 516732 thread. Fits I
Motorola HT's, ICOM 1C2 15 and Standard
146A ... . $7.00
Model HM-5. Same as above, but with
PL-259 connector . e $7.00
Model HM-226. Same, with TNC connec-
tor for Witson 1405 . . $18.50
Model HM-227. Same, but with BNC con-

a nector termination . . $12.00

U Model HM-228. With F connector for

Wilson 14028 Tempo . ... ... .. $11.50
HM-4 HM-5

2M BASE ANT. PACKAGE

Here’s what you get:

Cushcraft AR2 Ringo
South River.

* PFM71 Roof mount.
* A125-5P 5 alum mast.
¢ [ag bolts.
- ¢ 50' 8U foam coax.
’ ¢ PL259 coax conn. )
.
J $599% L
Loy o

l g Wt.16  Ibs.

HM180 2mtr, 3db trunk lip ant...... 833.50
HM179 2mtr, 3db hole mount ant. ... 29.00
HM20 2mtr, 3db for marine use...... 39.00
HM176 440MHz 5db trunk lip ant . . .. 33.00
HM175 440MHz 5db hole mount ant . 29.00
HM224 220MHz 4db trunk lip ant . . .. 33.50

oooUToUT

NEW' ASP-694 v4-Wave
= Magnetic Antenna

Low profile magnetic antenna with cable
and connector. Tunable 108-512 MHz.
Can be converted to gain antenna later.
Wt.: 3ibs.

Model ASP-694 . ... .. . . .. $21.00

AR2 2meter Ringo base ant........ $24.95b
ARX2 2mtr Ringo Ranger base ant ..39.95¢
AR220 220MHz Ringo base ant...... 24.95b
ARX220 220MHz Ringo Ranger...... 39.95¢
AR450 UHF Ringo baseant......... 2495b
ARX450 UHF Ringo Ranger bse ant . 39.95¢
ARB 6 meter Ringobaseant ........ 36.95¢
ARX2K Adapts 2M Ringo to Ranger . 16.95b
A147-44 ele2M FM beamant ....... 24.95b
A147-11 11ele2M FMbeam......... 36.95¢
A147-20T 10 ele 2M vert/horz twist. .. 62.895d
A144.7 7 ele 2M CW/SSB beam. .. ... 26.95¢
A144-11 11 ele 2M CW/SSB beam. ... 36.95d
A144-10T 10 ele Twist OSCAR ant ... 42.95¢
A144-20T 20 ele Twist OSCAR ant ... 62.95d
A220-77 ele 220MHz beam. ......... 26.95¢
A220-11 11 ele 220MHz beam ....... 34.95¢
A449-66 ele UHF FMbeam ......... 2495¢
A449-11 11 eleUHFbeam........... 34.95¢
A432-11 11el 432MHz SSB/CW beam 34.95¢
AFMAD 144-148MHz FourPole ...... 69.95¢

AFM24D 220MHz Four Pole. ........ 64.95¢
AFM44D 435-450MHz Four Pole.. .. .. 64.95¢
ASQ-22M Squalo horizant ......... 19.95b
LAC-1 Goax lightning arrester. ....... 4.95a
LAC2- Coax lightning arrester........ 4.95a
ATB34 » 4 ele 20-10mtrbeam ..... 219.95%
ATV3 20-10mtr trap vertical ......... 49.95¢
ATVA4 40-10mtr trap vertical . ........ 69.95e
ATV5 80-10mtr trap vertical ... .. ... 89.95¢
A50-3 3 element 6 meterbeam ...... 39.95d
A50-5 5 element 6 meterbeam ...... 59.95e¢
A28-3 x 3 element 10 meter beam .. 69.95 %
A432-20T 432MHz 20 ele twist. ...... 59.95d

FINCO

The most rugged 6 & 2 meter beams we've
seen yet!!

A21010ele,2Mbeam ............ $44.95d
A 2-55 ele, 2M beam, 9.5db gain..... 27.95¢

A 2-2 10 ele, 2M dual polarization. ... 46.50 e

A62 6&2M antennaononeboom ....74.95¢

A6-55 element 6M beam, 11db ... ... 46.50 e

AB-3 3 ele 6M beam, 7db gain ....... 30.00d

A1% 220MHz 10ele,138db ... ..... 32.95d
LER

399 *‘BUCK-BUSTER" ‘
SF-2 ANTENNA .
Fits all Hustler deluxe mobile
mounts. 3/8''x24 base. 5/8"
wave two meters, 3.4 dbgain. Y
SWR at resonance: adj. to
1.5:1 or better. Bandwidth: 6 )
MHz, 2:1 or better SWR. 100 ]

watts max.
NEW 4-BTV 1

$ 79 9 VERTICAL

One setting covers 10, 15, 20, r
40M. Space restricted or un-

limited, you get top signal re- ‘
ports, consistent contdcts and |
complete coverage. Add 5th J
band with a 75M resonator. J

+ hygain

VERTICAL ANTENNAS

T Model 14AVQ/WB

e 40 thru 10 meters

* Wide band performance
| ¢ New Hy-Q traps
' Self-supporting. automatic band switching
veitical ‘antenna. Omni-directional perfor-
mance. Favorable L/C ratio. High Q. True
4 wave resonance on all bands. Low angte
radiation pattern. Taper swagged seamiess
aluminum construction. 12" double-grip
rmast bracket. Full circumference com-
pression clamps at tubing joints. Weight

8.2 Ibs
Model 14AVQ/WB .. ... . $57.00

Model 18AVT/WB

« Automatic band switching

o Completely Self-Supporting

o Omni-Directional Performance

Three beefed-up Hy-Q traps permit auto-

matic switching. 5 band capability. Favor-

able L/C ratio. Top loading coil. Across
ihe band performance with one furnished

setting for each band (10 thru 40). True 'a

wave resonance on all bands. SWR of 2:1

or less at band edges. Low angle radiation

pattern. Extra heavy duty tapered swaged
seamless aluminum tubing with tull cir-
curmference, corrosion resistant com-
, cression clamps at tubing joints. Antenna

E -an-be mounted without guide wires. 25’

righ. Weight: 10.7 ibs.

Use one feedline, any length.

% Requires no switching or m
SF-2 matching devices. 15 Ibs. 4-BTV
MO1 Mobilemast................. $22.95¢
MO2 Mobilemast .................. 2295¢
RM10 10 Meterresonator............ 6.95b
RM15 15 meterresonator............ 7.95b
RM20 20 Meterresonator............ 8.95b
RM40 40 Meter resonator........... 14.95b
RM75 75 Meter resonator........... 16.95b
RMB80 80 Meterresonator........... 17.95b
RM10S 10M resonator 2KW PEP ....11.95b
RM15S 15M resonator 2KW PEP ....1295b
RM20S 20M resonator 2KW PEP ....13.95b
RM40S 40M resonator 2KW PEP . ... 16.95b
RM75S 75M resonator 2KW PEP ....31.95b
RM80S 80M resonator 2KW PEP ....31.95b
CG1445.2db 2mtr ant %, x 24 stud...26.95b
CGT144 Same but trunk lip mount. .. 42.95¢
SF23db2mtrant¥,x24stud ........ 9.95b
SF220 3db 220MHz ant 3/, x24 stud .. 11.95b
4BTV 40-10mtrvertical ............. 79.95 e
G6-144 2mirbaseant6db........... 79.95d
BM1 Bumper mount ¥, x 24 thread. . . 15.95d
RSS2 Mobile resonator spring ....... 5.95a
QD1 Quick disconnect ¥y x24....... 16.95a

Model 18 AVT/WB .. ............ $79.95

\.

BN86 Ferrite balun for 80-10mtrs. .. $15.95 a
155 Center insulator for doublet. .. ... 5.95a
156 End insul. for doublet (pair) ...... 3.95a
18HT « HyTower 80-10M vertical . . 239.95 »
18V Economy 80 tru 10M vertical ....24.95¢
12AVQ 20-10mtr trap vertical........ 39.95¢
14AVQ 40-10mtr trap vertical........ 57.00d
18AVT/WB 80-10mtr trap vertical ....79.95d
2BDQ Trap doublet for 80 & 40mtr...39.95d
58DQ Trap doublet for 80-10mtrs....69.95e
TH3 Mklll % 3 ele 20-10 tribander .. 179.95 %

THEDXX «w 6 ele 20-10M tribander. . 239.95 %
TH3 Jr 3 ele tribander (750W PEP) ..
HY QUAD » 2 ele quad 20-10 mtrs . 189.95 »

103BA 3 element 10Mtrbeam ....... 5495¢
153BA x 3 element 15mtrbeam....... 79.95
204BA » 4 element 20mtr beam ... 179.95«
402BA » 2 element 40 mtr beam. .. 169.95 »
64B » 4 element 6 meterbeam ....... 39.95
270 6db fiberglass 2M antenna...... 3995¢
203 3 element 2 meteryagi.......... 15.95b
2055 element 2 meteryagi.......... 17.95¢
2088 e'>ment 2 meteryagi.......... 2595¢
214 14 element 2 meteryagi......... 31.95d

y' e

TA33 » 3 el triband beam 2KW PEP. $189.95
TA33Jr x 3ele triband TKW PEP ... 149.95 %
TA36 % Bele triband 2KW PEP ... 269.95 %
CL33«x 3eleClassic.............. 209.95 %
CL36x 6eleClassic..............

TA40KR 40mtr adpt for TA33/36 . . ..
MPK3 2KW kit for TA33Jr . .

.
EXIXIXIRTND ageodee3e 020 s30 630 30 030 o%0 o3

: After the price of each item you will find a

letter, i.e., 18.95 a. To make it easier to tig- .,
o ure shnpplng costs, these letters indicate .;.
.\ the approximate weight of the item as <

e follows: <
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Homebrew dummy load
with low SWR
that includes

rf-voltage monitoring
provisions

In a previous article,’ | described a home-built
dummy load based on intelligent overload of a bank
of carbon resistors good for 5-second tuneup of a 1-
kW transmitter (50 per cent loaded at tuneup). The
dummy load served me well for many years and, in
fact, is still in use. But an incident occurred recently
during a TVI test of a new linear that emphasized that
a rating of 500 watts for 5 seconds doesn’t mean a
full kilowatt continuously! A new set of resistors got
the load back to normal, but the incident caused
some time out to build the dummy load described
here, which is capable of running tests at the 2-kW
input level.

review of rating techniques

The following applies to Allen-Bradiey 2-watt resis-
tors. Other sizes, or resistors of other manufacturers,
can be used, but the rating coefficients must be ob-
tained from the manufacturer.

A 2-watt, A-B resistor of the 20 per cent series is
rated for a continuous load of 2 watts for 100,000
hours when the resistor is mounted with 25.4-mm (1-
inch) leads and has a body temperature of 100C
(212F). This occurs when the ambient temperature is
50C (122F). The life rating increases by a factor of ten
for a 50C (122F) reduction in temperature. The aliow-
able load increases by 40 per cent for a 10:1 reduc-
tion in life. For short-term loads the resistors are
rated at 44 watt-seconds for the same mounting and
ambient temperature, i.e., 44 watts for 1 second, and
soon,
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gallon-size dummy load

The required life for a test dummy load is very
short; a few hundred hours in many years. Also,
good cooling can be provided by mounting resistors
with metal fins touching the resistor body and im-
mersing the resistor body and fins in oil. Even after
considerable testing, the resistor body temperature
need not exceed 50C (122F).

The shorter life requirement allows the power in-
put to be increased by a factor of 1.44 and the lower
temperature by a factor of 1.4. The rating now
becomes 10.6 watts continuous, or 47 watts for 5
seconds. It's somewhat over 28.5 watts for 10
seconds and well over 20 watts for 20 seconds. {(Am-
bient temperature isn’t a major factor for very short
loads, but resistance change is.)

At high power there’s another factor to consider.
The maximum voltage rating of a 2-watt resistor is
500 volts, which will affect the mounting method.

choice of design values

Since some work is done at full 2-kW input, a
dummy load that could accept this power for short
test periods seemed desirable. A reasonable assump-
tion for maximum linear efficiency is 60 per cent, so
the desired rating was 1200 watts for 5 seconds,
which would aliow 300 watts continuously.

The volitage rating must be reduced by the peak-
to-average ratio of the applied signal. Also, for high
frequency power use some dielectric heating of the
resistor body will occur. With some allowance for
this, the rf voltage across a resistor should not ex-
ceed 250 volts rms.

At this voltage the minimum resistance for a peak
dissipation of 47 watts is about 1325 ohms. A total of
26 resistors in parallel would be needed for a 50-ohm
load. However, since this is not a standard value,
some adjustment is necessary.

The local surplus emporium had no 2-watt resis-
tors close to the 1200-ohm value, but there was a
large bin of 470-ohm units at a very good price. A
quick calculation showed that eighteen of these in
parallel would give a resistance of 26 ohms, with two
such banks in series giving the desired 50 ohms.
Alternatively, two banks of fifteen resistors each

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



would give 60 ohms, nearly the mean between 50
and 75 ohms. The last combination was chosen for
construction

dummy-load circuit

While the dummy load is usually used with a watt-
meter, an independent power check is sometimes
useful. A built-in rf voltmeter can give this measure
ment. Because of the high voltage present, a voltage
divider must be included. The circuit is shown In
fig. 1.

With the resistors in hand, the mounting and oil
immersion problems must be worked out. For very
short periods of operation, a 0.946-liter (1-quart) can
would be suitable. However, the temperature rise is
rapid, and more oil is desirable, so 3.8 liters (1 gallon)
allows reasonable test periods.

construction

It's easier to show the construction than to
describe it. Fig. 2 shows the load assembly. Three
fins provide the connections for the two banks. One
outer fin soldered to the can case provides most of
the assembly support and the connection to the
outer coax lead. The other outer fin is drilled to fit
over the center conductor of the coax receptable,
providing the remainder of the support. (Note that
the three fins should be the same size to keep the
voltage equal across the banks.) The voltage
monitoring components are mounted on a terminal
strip with tip jacks used for the output.

If possible, use hermetically sealed connectors.
Transformer oil, the preferred cooling medium, tends
to migrate, and unsealed connections will always be
oily. Even light mineral oil will migrate. Hydraulic
brake fluid, the other possible coolant, also migrates.
If you must use standard connectors, be generous
with silicone rubber sealant.

Performance of the unit is good. The SWR is about
1.2:1, with a 50-ohm wattmeter, to above 30 MHz.
However, at higher frequencies the uncompensated
reactances affect performance. The apparent resis

[} - L
-,
L
"3
FIND—# - . =
) ¥
R. R4 cR
L] - -
FIN
RI.R2 EACH 470 OHM 2WATT ALLEN BRADLEY

RESISTORS IN PARALLEL
HI A4 IWATT
0001 uF CERAMIC DiS(
R GERMANIUM DIODE

fig. 1. Dummy-load schematic, including voltage-
monitaring provisions

fig. 2. Construction of the gallon-size dummy load. Fins are
made from copper flashing. The 2-watt resistor leads pro
ject through holes in the copper, are bent over, and then are
soldered. The fins should touch the resistor body. Resistor
spacing should be two body diameters or more. The fins
should clear the can sides by 12.5 mm (% inch) or more

tance on 144 MHz is appreciably reduced, and the
SWR is undesirably high. While the unit is usable at
vhf, it's basically a high-frequency design

variations

Many variations of the basic design are possible.
Sixty resistors would handle a kilowatt transmitter
for long periods. Exact 50- or 75-ohm loads can be
worked out for SWRs around 1.056:1. Special resis
tances are possible, such as 8 ohms for audio ampli
fier tests. Stray reactance can be tuned out for vhf
operation.

The unit shown has been operated many times
with a linear amplifier running at 1-kW input for
periods of 10 minutes or so. No measurable change
in resistance values was found. The unit has paid its
way: the linear is now free of TVI thanks to the
testing time possible.

reference

1. Robert P. Haviland, WAMB, “'Superfluous Signals,” ham radio. March,
1976, pages 40-43 .
ham radio
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4 NEW — NEW — NEW from DATA SIGNAL N

TOUCH TONE® MICROPHONE MINIATURE ENCODERS
DataCoder 5 DTM

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
12- or l6-digit Digitran keyboard,

Price DTM - $39.00, DTM-PTT - $49.00

SUB-MINIATURE ENCODERS

53900

JUST LOOK AT THESE FEATURES:

* Tough ""Mobile Environment” Microphone
Positive-Action Tactile Keys

MODEL SME-1: Smallest available crystal-controlled Touch-

For Vehicle or Hand-held Purlabin Use Digitran keyboards. Price of either unit $29.00 with choice of
Complete . . . Not a Kit . . . $39.00 keyboards. SME-1 or SME-2 encoder only (less keyboard) $24.00.

*Touch-Tone is a registered trade name of ATAT

DATA SIGNAL, INC. =&

» High-Impedance Ceramic or 500-ohm Dynamic Cartridge Tone encoder, only 0.2"h x 0.5"w x 1.87d. Complete with all
. J\d}ustable Tone Balance and Output Level connecting wires, mounts inside portable. MODEL SME-2:
= “Positive Hold - Easy Lift" Hanger Only 1" square, mounts directly to pins on 12- or 16-digit
.

2403 COMMERCE LANE Be sure to ask about
k
ALBANY, GEORGIA 31707, 912-883-4703 °m":.fn°o'fy§,’fésv72ﬂrf:.v/

FULL-POWER, QUALITY \

(:HE BU@?GNM

HAM ANTENNA PARTS YOU'VE SEEN THE MAGAZINE ARTICLES
“N“DILL" Here's what you can expect
‘W2AU Baluns St" AT YOUR DEALER from the DX ENGINEERING
"”" T — RF Speech Processor
%Ls = * BALUNS TRAPS INSULATORS
PROFESSIONALS : o QUAD PARTS-ANTENNA KITS
WORLD- WIDE :l'll':"“ + BOOM/MAST MOuNTS- WIRE (:S db INCREASE IN AVERAGE
OVER 12 YEARS PEP « CABLE-CONNECTORS POWER
+ MAINTAINS VOICE QUALITY
WRITE FOR FULL CATALOG
s [Enclose 30¢ Stamps | « IMPROVES INTELLIGIBILITY
«Stainless Hardware - * NO CABLES OR BENCH
“Sealed ASSISTANCE? T caowae UNADILLA/REYCO DIVISION [oept. HR ) SPACE REQUIRED
GUARANTEED  Call: HUGH CUNNISON, WAZE0T I JFCeumans « EXCELLENT FOR

Tell-Free BOO-44B-1666 STAIMIMNE STREET FAST STRACUSE NEW vONN 13047 PHO"E PchH .. w

[MYS Collect 315-437-3953] NO ADDITIONAL ADJUST
= L] -
Models Now Available

CLIPPING LEVEL
ifl\‘fﬂil NEW YORK'S FASTEST GROWING HAM DEALER
‘ — m Collins 325, KWM-2 __$ 98.50 ea.

* UNIQUE PLUG-IN UNIT — NO

MODIFICATIONS REQUIRED
Featuring Yaesu, lcom, Drake, Atlas, Ten-Tec, Swan, DenTron, Pace, Palomar, Alda Midland, Drake TR-3, TR-4, TR-6, TR-4C,
Wilson, KDK, MFJ Microwave Module, Standard, Tempo, Astron, KLM, Hy-Gain, Mosley, T-4, T-4X, T-4XB, T-4XC $128.50 ea.
Larsen, Cushcratt, Hustler, Mini Products, Universal and Tristao Towers, We service every: Postpaid — Calif. Residents
thing we sell! Write or call 1or quote. You Won't be Disa g Iinted. add 6% Tax

We are just a few minutes off the NYS Thruway (1-90) Exit 32
Watch for other models later!

ONEIDA COUNTY AIRPORT TERMINAL BUILDING
Warren ORISKANY, NEW YORK 13424

— e | This is RF Envelope Clipping—
= /the feature being used in new
transmitter designs for amateur
and military use.

Bob
K2IXN WAZMSH
Call Toll Free: 1-800-448-7914 New York State Residents Call: 315-337-2622 or 315-337-0203

DX Engineering

1050 East Walnut, Pasadena, Cahlif. 91106
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-fjain. THSDX
10-15-20 METERS

We are proud to introduce the newest member of our famous Thunderbird line of Tri-Band antennas. The
TH5DX offers outstanding performance on 20, 15, and 10 meters. It features 5 elements on an 18 foot boom,
with 3 active elements on 15 and 20 meters and 4 active elements on 10 meters. The TH5DX also features
separate air-dielectric Hy-Q traps for each band. This allows the TH5DX to be set for the maximum F/B ratio
and the minimum beam width possible for a Tri-Band antenna of this size. Also standard on this antenna are
Hy-Gain’'s unique Beta-match, rugged Boom-to-mast bracket, taper-swaged elements and improved element

compression clamps.

Boomlength .................. .18 feet VSWR at resonance ..... less than 1.5:1
Longest Element ............... 31 feet Power lnput .......... Maximum Legal
Tuming Radius................. 18 feet Input Impedance ............. 50 ohms
Surface Area ............... 6.4 8q. feet -3dB Beamwidth........... 66° average
Windload..................... 164 Ibs. Lightning Protection ....... DC ground
Weight......................... 50 Ibs. Forward Gain .................. 8.5 dB

Front-to-Back Ratio ............ 25 dB

15 Meter

NOTE: These are original Polar Charts on file at
Hy-Gain Electronics

“fldl. electronics

DIVISION OF TELEX COMMUNICATIONS, INC.
8601 Nartheast Highway 6 » Lincain, Nebraska 68505 U.S.A
Tetephone: (402) 467-5321 telex. Hygain Len a 48-4324

EURCOPE: 22, rue de la Legion-d"Honneur
93200 Sant-Oens - France
Téléphone: B20 98.46 telex: Telcodi 630013

More Details? CHECK — OFF Page 110 june 1979 [ 77




DIGITAL TECHNIQUES

multivibrators and
analog input interfacing

Previous parts of this series have concentrated on
only one multivibrator, the bistable, or flip-flop. This
part will examine the monostable multivibrator, or
one-shot, and look into ways of converting analog
signals to digital levels.

A one-shot will create a single pulse of controllable
width in response to a trigger. The trigger can be
either a positive-going or negative-going state transi-
tion. There are two basic types: conventional and
retriggerable. The latter will automatically reset and
start the pulse again if a trigger arrives before the
pulse is complete. Most of the former will inhibit any
retriggering if the pulse has already started.

A one-shot symbol is shown in fig. 1. It has Q out-
puts and direct set and clear inputs as in a flip-flop.

¥ec PTIONAL EXTERNAL
T TIMING COMPONENTS
¢ 4 -‘ (—1

i !

L L

rosirve o [Rur Pexr/Cext CexT I |
EDGE TRIGGER ° ourrur
7 R 3
RESET ™ I I

‘ec

% RESET (CLEAR) AND SET (PRESET)
MAY BE EITHER ACTIVE-LOW OR
ACTIVE-HIGH DEPENDING ON DEVICE

fig. 1. One-shot multivibrator symbology with option-
al external components.

Some devices allow a choice of positive or negative
triggering. As in the flip-flop, unused control and
input lines must be tied high or low depending on
function.

Qutput pulse width depends on an RC time con-

By Leonard Anderson, 10048 Lanark
Street, Sun Valley, California 91352
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stant, either internal or external. The device is partly
analog in operation, and a full description is found in
texts.! Each one-shot IC is specified in width from a
simple formula or a graph showing width versus RC
combinations. Most all one-shots have internal resis-
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fig. 2. Schmitt trigger gate hysteresis curve and symbol.

tors and capacitors that can be changed by external
components. Most confusion in RC selection comes
about by the three pins marked R;,,, C.,,, and
R,/ C.x- Connection rules are:

internal C only: C,,, pin left open

External C: Capacitor between C,,, and
Rxy/ Coxt PINS

Internal R only: Connect R, pinto V.

External R: R;,, pins left open, resistor be-
tween V., and Ry;/Cex PIN

Internal capacitance and resistance are specified for
each device. External components should be mount-
ed as close as possible to the package; R and C pins
are very susceptible to noise pickup, even with TTL.

External resistance may be variable for adjustment.
The trimming potentiometer must not be wirewound
for short pulses; winding inductance will change the
time constant.

astable multivibrators

These are free-running oscillators with digital level
outputs. Their use is generally restricted to digital
VCOs (voltage-controlled oscillators). Most are of the
emitter-coupled variety for stability.* Details can be
found in application notes or reference 1.

Most of today’s timing is obtained from quartz
crystal or LC oscillators, with or without dividers for
lower frequencies. Such oscillators don’t have the
fast rise and fall times required for digital circuits. TTL

*Not to be confused with ECL, or emitter-c¢oupled-logic.



devices will not work properly with transition times of
about 5 microseconds or more; internal circuitry will
actually oscillate while a transition is made from logic
0 maximum to fogic 1 minimum. CMOS is a bit more
tolerant. There are two solutions.

the Schmitt trigger

A Schmitt trigger is a high-gain amplifier with
feedback to give hysteresis. Hysteresis is a nonlinear-
ity between input and output and, in digital form,
helps to discriminate signa! and noise when feeding
digital inputs.

Some gates and inverters incorporate Schmitt trig-
ger circuits at each input. So do a few one-shots.
Typical input versus output is shown in fig. 2 for a
TTL gate. The hysteresis symbol is used in gates and
inverters having Schmitt inputs.

A rising input voltage will cause the output to
“snap’’ from high to low when it crosses the 1.6-volt
threshold. Internal feedback allows a very slow
threshold crossing to change the output very rapidly.
Schmitt inverters and gates are very good for inter-
facing an analog signal within input maximum volt-
age swing to conventional digital circuitry.

Other uses are given in fig. 3. Circuits of figs. 3A
and 3B are useful for automatically resetting a digital
circuit during power-on. Fig. 3C may be used to
debounce a single-throw switch, but with some cau-
tion. Values are for TTL, and closure time constant is
much shorter than opening time constant. It will
work well with CMOS, where resistor values can be
equal and much higher.

comparators
Comparators are high-gain, wideband operational

Voo

120uF

e

100 3 mSEC

° HOLD LOW AT TURN ON

OoNn

3 mSEC

1.5uF
J: G HOLD HIGH AT TURN ON

1=SWITCH CLOSED

)
0=SW/TCH OPEN

° 047
BF
@ swircn wrereace

fig. 3. Schmitt trigger applications with inverters.

THRESHOLD VOLTAGE
ADJUSTMENT POT
STABLE DC VOLTAGE

BYPASS CAPACITOR
THRESHOLD

VOLTAGE

ANALOG SIGNAL INPUT I I

DIGITAL LEVEL
OQUTPUT TO LOGIC

COMPARATOR QUTPUT
SWITCHING TIMES

SIGNAL BASELINE
EQUAL TO THRESHOLD

fig. 4. Typical comparator circuit.

amplifiers with output clamps to restrict output volt-
age swings to digital levels. A typical application is
shown in fig. 4.

Comparators usually need two more supply volt-
ages. This requirement is offset by the ability to
threshold signals with a dc baseline way off digital
voltage limits. Input voltage thresholds and baseline
shifting are the same as for lower-frequency opera-
tional amplifiers.

The main characteristic in choosing comparators is
slew rate, or response time. Slew rate is rate of
change of output voltage per unit time compared
with input voltage. Slew rate should be as high as
possible, The newer rating is response time and is
found on data sheets as time-related graphs of out-
put voltage change for different overdrives.

Overdrive occurs when the input voltage exceeds
threshold voltage. Most high-speed comparators
have nearly the same output voltage transition with
any overdrive; the major change is a slight delay with
small overdrives.

Packages such as the Motorola MC3430 have four
separate comparators. The MC3430 needs only two
voltages, +5 volts and — 5 volts, and also has a com-
mon strobe control line. All four outputs are TTL-
compatible and are three-state. When the strobe is
high all outputs are in a high-impedance state, which
allows wiring several outputs in parallel. Feed-
back may also be added for hysteresis.2

The Harris HA-4905 is also a quad comparator with
an interesting supply connection. Two package pins
are used for the comparator section and two more
are used for the output circuits. One or two supplies
can be used for the comparator with a differential of
5-15 volts. The output-circuit supply may be set to
equal the digital-circuitsupply for signal compatibility.

references

1. Jacob Miliman and Herbert Taub, ““Pulse, Digital, and Switching Wave-
forms,”” Chapter 11, McGraw-Hill Book Company, 1965.

2. Motorola Semiconductor Data Library, Volume 6, Series B, Motorola
Semiconductor Products, Inc., 1976, page 6-23.
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ASCIl MORSE RTTY: -

MONITOR #139.

(12" B&W)

COMPUTER

RS232

remmssmmsannn
tinfout)

COMPLETE
KEYBOARD

TERMINAL I
#380. xit 295

Features

e ASCII & BAUDOT
® Auto Sync. 1-150 WPM
® Microcomputer Interface

TRANSCEIVER

SERIAL
LOOP

(Less Monitor)

8CT-100 STAND
ALONE VIDEO BOARD*

e Partial Kit 985,

e Full Kit #1587.

® Assembled & Tested #187.

MXITEX CORP

1:3628 Neutron P. 0. Box 402110 F 4
Dallas. Texas 75240 12141 386-3859 :"-.... oy b
MC/VISA  ORDER BY PHONE X3 ﬁ KEYER OPTIONAL
WITH A

TELREX “BALUN"” FED—"INVERTED-VEE” KIT
THE IDEAL HI-PERFORMANCE
INEXPENSIVE AND PRACTICAL TO INSTALL LOW-FREQUENCY
MONO OR MULTIPLE BAND, 52 OHM ANTENNA SYSTEM

Telrex “*Monarch” (Trapped) I.V. Kit
Duo-Band/4 KWP I.V. Kit $66.50
Post Paid Continental U.S.

Optimum, full-size doublet performance, independent of ground conditions! "Balanced-
', low radiation angle, high signal to noise, and signal to performance ratio!
Minimal support costs, (existing tower, house, tree). A technician can resonate a
Telrex “Inverted-Vee"” to frequency within the hour! Minimal S/W/R is possible if
installed and resonated to frequency as directed! Pattern primarily low-angle, Omni-
approx. 6 DB null at ends! Costly,
Complete simplified installation and resonating to frequency instructions supplied with
each kit.

Pattern’

directional , lossy, antenna tuners not required!

For technical data and prices on complete
Telrex line, write for Catalog PL 7 (HRH)

STSTims
SNCE 1921

AlLEY PaRe Niw EESEY 077

Irex —- |
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MORSE
(TX/RX)

e Partial Kit #985.
e Full Kit 8225.
e Assembled & Tested $2985.

CURTIS LSI’s
help you

# B8044; Keyer-On-A-Chip* (Replaces 8043). 514,95
Apr ‘75 WA, Feb ‘76 OST, Radio Hdbk ‘75, Apr Hdbk '77-78

# B044-3;IC,PCB,Socket, Manual. . .. ... 24.95
* B044-4; Semi-Kit................. 54.95
* B045; Morse Keyboard-On-A-Chip IC . . . 59.95
* 8045-1;IC,PCB,FIF0,Sockets,Manual . . B9.95
» B045-2, Semi-Kit................ 159.95
* B046; Instructokeyer-On-A-Chip IC . . . . 49.95
* BO46-1;Semi-Kit................. 79.95

* B047; Message Memory-On-A-Chip IC . . 39.95
* B047-1;IC,PCB,RAM,Sockels,Manual. . 69.95
(add $1.75 on above lor postage and handiing)
EK-430; CMOS Keyer* (Feb'76 05T) 124.95
IK-440A; Instructokeyer® (Mar'7605T) . . . . 224.95
*new with dash memory a3 standard
System 4000 Ham Computer (see Jan ‘78 0ST) (Wrile)

 Curnis Electro Devices, Inc. W

visa | DepL H (415) 964-3136
More Details? CHECK — OFF Page 110

. fox 4090, Mountain View, CA 94040



“HOT" NEW BOOKS FOR
ICRO-COMPUTER PROS!

The latest in micro-computer books that people waited in line to buy!

TV Typewriter Cookbook
By D. Lancaster
Covers vt terms, principles, configurations,
memories, system design, cursor & update
circuitry & technigues, hard copy, color
graphics, keyboards & encoders. 256 pgs.
#21313 ... §9.95

Getting Acquainted with
Microcomputers

By L. Frenzel
Explains basic concepts, definitions, organi-
zation, architecture, operation, software, pro-
gramming & personal compuhng With exper-
iments for self-education. 288 pgs.
#21486 ... $8.95 &

Z-80 Microcomputer Handbook
By W. Barden, Jr.
All about the Zilog Z-80, a very sophisticated
microprocessor. its hardware, its software,
and microcomputers built around it. 304 pgs
#21500 .. $8.95

The Cheap Video Cookbook
By D. Lancaster
A complete guide lo super-low-cost al-
phanumeric & graphic microprocessor-based
video displays, with construction details on a
seven |C circuit—& much more! 256 pgs
#21524 . §5.95

Design of Active Filters, with
Experiments
By H. Berlin
An intro 1o the theory, design & use of aclive
filter circuits using the 741 op-amp chip—and
no complex math. Many expenments, exam-
ples. 240 pgs. #21539 ... $795

More Details? CHECK — OFF Page 110

8080/8085 Software Design
By C. Titus, P Rony, D. Larsen & J. Titus
Offers basic & advanced instructions for as-
sembly language programming. Covers
mathematical manipulations, number-base
conversions, decoders, arrays, etc. 336 pgs.

CMOS Cookbook
By D. Lancaster
What CMOS is, how it works, & how to power
use, test & interface it, etc. With minicatalog of
over 100 devices. 416 pgs. #21398 . .. §10.50

#21541 ... $9.50

Design of OP-AMP Circuits, with
Experiments

By H. Berlin
The fundamentals of operational amplifier de-
vices (e.g., 741 & 3900) in linear amps, dif-
ferentiators, filters & nonlinear amps. 35 exper-
iments. 224 pgs. #21537 ... $795

AVAILABLE FOR THE
FIRST TIME BY MAIL!

NO RISK
OFFER!

YOURS TO EXAMINE
AT NO RISK
FOR 15 DAYS

Design of Phase Locked Loop
Circuits, with Experiments
By H. Berlin
Details the design of the basic PLL circuits,
detector, phase comparator & voltage-
controlled oscillator circuits. 15 experiments
256 pgs. #21545. . $8.95

555 Timer Applications Sourcebook,
with Experiments
By H. Berlin
Deals with the many uses of the 555 timer
“chip™—for timing, signal generation, voltage
regulation, control, sequencing. 15 experi-
ments. 160 pgs. #21538 ... §5.95

TTL

Cookbook

TTL Cookbook

By D. Lancaster
Explains what transistor-transistor logic is
how it works & how to use it—for a digital
counter & display system, electronic stop-
watch, digital tachometer, voltmeter, etc. 336
pgs. #21035 .. $9.50

rCIEp Out-Mail Today!

YES Please send me the book(s) indi-
cated below. If I'm not completely satisfied, |

may return any or all within 15 days of receipt

for full credit or refund. Add sales lax where I
applicable

O 21313 1 21539 ] 21538

[] 21486 [0 21541 [ 21035

1 21500 [ 21537 [] 21398
[ 21524 [] 21545

[71 | have checked 3 or more titles and de-
ducted my 10% savings.

Name " [Please pll_ll)

Address -
cty o
—— __Tolal $ .

State Zip Code

[] Check [] Money Order [[] Master Charge
[] Visa/BankAmericard

Exp Date A
Account No.. = g
Interbank No ——— e CTacs oY
e Lhamge on
317 0oy MN54
Signature —m————
Minemum credit card purchase: $10 00
MAIL TO
Howard W. Sams & Co., Inc.
4300 W 62nd St
5 Incianapohs. IN 46206

Prices subject 1o change 6 months after issue dale
L I I I I . .-
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' Barry Electronics Yo e
) ry © o for Amateur Radio Gear
’ * * I3 .
¢ JUNE is Hand-holding Month! Look at Barry’s “twin specials”:
P Yaesu FT-207R synthesized handie includes microprocessor, scanning Tempo Syncom S-1 synthesized hand held features 144-148 MHz output in 5-kHz
3 feature, Touchtone input, four memories, programmable offset, 3-watt steps (receive): transmit simplex or + 600 kHz offset. tiny, pocket-size, lightweight; bat- 4
) output, 144-148 MHz in 10-kHz steps, and much more. Call NOW! tery pack, charger, and telescoping antenna included: many options available. In stock. 4
: We also have ves.wehave ~WE STOCK THESE FAMOUS NAME BRANDS
L pTENAS FoR e & UK ST A8, O 28
¢ ROTORS & Chimneys

JUST CALL OR ! ANTENNA DS! MFJ TEN-TEC

: * TOWERS WRITEFORTHE 24 YAESU SPECIALISTS DENTRON  MIRAGE TRLEX
* REPEATERS BARRY PRICE; Replacement ATLAS DRAKE MOSLEY VHF
p ¢ MICROPHONES BETTERSTILL ... Tubesinstock! B&wW EIMAC NEWTRONICS  ENGINEERING
’ * KEYS & KEYERS STOPIN!! Repairlab BT\ 1\ INICATIONS  HY-GAIN ROLN . VAESU.
p ¢ TUBES and much, more on premises. )
, SPECIALISTS ICOM STANDARD

b
¢ 512 BROADWAY R
) BARRY ELECTRONICS  L2PROADWAY (212) 925-7000

CRYSTAL FILTERS

NLY

o
The Heart of your Set — Get the BEST for Less! sgg00
YAESU — KENWOOD — HEATH — DRAKE — COLLINS )

82 june 1979

FOX-TANGO continues to expand its quality-line of 8-pole filters, made up entirely of specially-treated, high Q crystals. Custom-made
;:o‘;;a‘_c‘?"sue& with ultimate r$|eclion of over 80 dB gnd ‘srl:perior shapr(‘e factotrsd, lhesernllers are unavailable f[jomhother source‘sj‘ Only
- gives owners of the most popular brands of ham gear a choice of drop-in filters closer to their needs than the limited num- N
ber of 6-pole (or less) units offered as exira-cost oplions by most manufacturers. In addition, for the Yaesu and kenwood lines we DRAKE R-4C FILTERS AND ACCESSORIES
ateces v foom Thut.iher how ar 1 i Fuure. 3 5o Coud be providel wih 3 shrp (260 ) andor standard (500 Spectacularly improve the performance of this excel-
Hz) CW filter; and/or a narrow (1800 Hz) SSB in addition to the regularly supplied SSB filter — all switch selectatle. This provides lent time-tested receiver, popular worldwide with the
superior variabie bandwidth selection without the need for buying an expensive new model to provide it. {n the(s)e dinfran'onary times, it most successful DXers and Contesters, by adding
is sound economics to up-grade your present set. FOX-TANGO makes it easy — and relatively inexpensive. Order with confidence: i ali . i i
satisfaction is guaranteed on a money-gack basis. Incidentally even our current line of filters w%lll fit n?any other brands or home-brew our hlghes' qualll'y‘ 8 Po‘e filters 'and a.ccessones'
rigs. Check the specifications or write us about custom-built units for most rigs. Ct(;mpare :“’ s‘ﬂfg'f'citg’x”?r:a%g['ces with those of
others and you'if buy FOX- !
FOX-TANGO CRYSTAL FILTER SPECIFICATIONS ) ,
BANDWIDTH — Hz TERMINAL | CASE YF56H8.0 (GUF-1). Broad first IF Filter. Superior
ewter | useo FRCEE)TJTEENRCV INSLEORSTSlON W %)UT SSIEZEE SEE 8-pole type (Shape factor 1.5, ultimate rejection
NO.YF- | FOR kHz _6d8 | -60dB a8 ¢ n}pF ) BELOW NOTE > 100d8) repleces original unit (Shape factor 4.7,
TTH250 T CW-N 793 1 50= 50 | <750 =3 5000 A 1 ultimate rejection 65d8). Used in CW/SSB mades.
co| 31Hs00 | Cw 31793 | 500 = 50 | <1200 <7 5000 A 2 Drop-in replacement of original unit — only two sol-
E;: gm;g ggglg g;gg ;ggg + }gg <%88 <g gg% g 436 dered connections. Recommended for use in con-
) - * < < ; M N - ) .
*“1 31460 M 3180|6000 = 500 | < 11K 6 5000 A 5 lun:!;orés\glth 1(,%(12. 3v;lnh complete. lnslllructlons.
o | Q0| ORA | 8me3 [ zsE s | <70 | <19 5000 ? ] GUF-1 $65 ppd. Add $3 for overseas airmail.
2| 91H5 8999.3 500 + 50 | <1400 <8 5000 \ X .
2 | 22| %% | ssen | "o 1800 % 00| S3100|  Sé 5000 ¢ 3 YF56HB00 (GUF-2). Narrow first IF Filter. (Shape
“<" Ll 90H2.4 | SSB-F 9000 2400 = 100 | <4200 <6 5000 C 6 factor as low as 2.0, ultimate rejection >100dB.)
> ["5 | aH2s0 | cwN | 31793 | 250 =50 | <750 <9 800/5KQ J 1.15 Both GUF-1 and GUF-2 improve dynamic range, re-
T {318 ] SSBN 3180  |1800 + 100 | <3100 <3 800/5KQ J 3,15 duce intermod due to overloading of second mixer,
| SiH2 Ss8 3180 12100 + 100 | <3100 <4 800/5KQ d 9.15 reduce QRM, etc. GUF-2 includes a relay kit and all
2 S| son2s0 | cwn 89883 | 250+ 50 | <750 <10 5002 ¢ 1 parts needed to prowqe automatic sqlgctlon of
£ | soHsoo | ow 8988.3 | 500 = 50 | <1400 <8 5000 ¢ 2 GUE-1SOf Gl:]F-Zh depending UD?\n the Dosg_'r?n of ll"e
Mode Switch, thus retaining phone capabilities lost
e 33H250 | CW-N 250 + 50 <750 <9 4.7K/33pF B 1 . .
oS § 33H400 | CW gggg 400 + go <1200 <8 4.7K/33%?)F 8 7 if GUF-2 (CW) 15 used alone. Complete step-by-step
g 2] 33H18 | SSB-N 3395 11800 + 100 } <3100 <6 4.7K/33pF 8 3 instructions simplify installation. GUF-2, including
Z | 8 |88H20 | CW-N 8830.7 [ 250+ 50 [ <750 <10 470/5pF D 1 relays and parts: $90 ppd. Add $3 for overseas air-
w o 88H400 cwW 8830.7 400 + 50 | <1400 <9 470/5pF 0 7 mail
x I 88H1.8 | SSB-N 8830 1800 + 100 | <3100 <6 470/ 5pF 0 3 ’
- §§ YF56H125. Sharp 125Hz 8 pole, second IF Filter.
= 52 335333 CngN 333?;3 388 i 28 :172%% :S 5&3 E g {Shape factor as low as 2.0, ultimate rejection
¢ Za| 33H21 SSB 3395  |2100 = 100 | <3100 <6 2KQ 3 9 >100dB.) Sharpest CW filter available. See Specs
) 2 <ova o Towrssalsees = o018006 = 506 e 3 S000 F T in Table. If you can’t get it with this filter, you can't
. 45 + + < < \ A . : o
S | 9 [ome00 [ cw (56455« 50800 £ 100 | <1800 | <5 5000 ¢ 10, 12 get it — period! Puts selectivity where it counts. in
| & | 56H125 | CW-N | 5695+ 50 | 12550 | <350 | <13 500 6 10 the AGC |f00D I:zl)lmlgates loss of RX 9:'" d;e If:j Ow
outside of passband, commonly noted with audio fil-
[ . A
= S ters — yet works well with them. Simple installa-
o | T |455H250} CWN | 455£ 50 | 250 £ 50 | <750 <10 5k H 114 tion; plugs into accessory socket on back of the set.
8| R $100 ppd. Adc $3 for overseas airmail.
(&) r~
3 éll_ flllqrs,l e(;(cep( qullins andd Dral;(es, arce $55. Co|li’c|s !_:ItersF are $150 each; 1_¢|)r %r;bég prices see adjacent column. GUD Product Detector Kit. Al parts and instruc-
rices include airmail postpaid to U.S., anada and Mexica. For overseas airmail, a . tions needed 10 convert the eXiSﬁl’lg detector to a
ctwssuis N?TEsSh W Filte for DX and C . 9 Superior rep! " dard SSB omit double-balanced type to provide better isolation
(LWH in mm) . Sharp ilter for DX and Contest wor . Superior replacement for standar uni between input and output. Overcomes distortion in
B I e aa s voaa O ™ 10 Ao krwn as GUE T Seopa, | audio output and AGC altack. Includes compact PCB
C 40x20x21 H78x16%22 4. Useinstead of XF-30A (6 pole) in early units 12. Also knowcn a? GUF{ZS —-$90 pps, s § with active DBM SN16913, relay switch, and acces-
D 50x18x18 J 30x30x75 5. Superior to XF-308 (6 pole) AM unit 13. Sharpest CW filter for contest work, $100 ppd. sory components. Detailed instructions, diagrams
E 57%24x25 6. Used in G3LLL RF Speech Processors 14. Introductory price $150 ppd. Limited time only. . P X ' :
7' Use instead of optional 500 Hz (6 pole) unit 15, Appfies to series 400, 407, 560, 570. and photographs simplify installation. GUD Kit $45
8. Use instead of optional 400 Hz (4 pole} unit ppd. Add $3 for overseas airmail.
See you at the Atlanta HamFestival, June 16, 17! Dealer Inquiries Welcomed
DIODE SWITCHle BOARDS — DUAL (2 EFILTER) TYPE FOR aLL YAESU AND KEngOZD .I).ISTED. Specify Florida residents add 4% (sales tax)
make and model — $21.00 airmail ppd. SINGLE (1 FILTER) TYPE FOR FT/FR-101 ONLY — $12.00 airmail ppd.
Specity desired unit completely when ardering. Include make and model of set, filter number desired, and center frequency.

FOX-TANGO CORPORATION

Box 15944, W. Palm Beach, FL 33406

More Details? CHECK — OFF Page 110



7 Getagreat
Wl . 2-mefer value

T

a a Shown with Optional = Optional leather holster  Included at no extra charge
Auto-Patch Encoder mounts on your belt. is convenient drop-in battery
Installed for access te  Optional external mike charger - gives you 10 hours
repeaters with tele- lets you talk from of operation on a full charge.
phone auto-patch the hip.
inputs

" VF-2031

A minimum 2 watts out gives you plenty of \ Read about the new VF-2031 and all the other
power for local two-way communications e = exciting Amateur Radio products from

and repeater access. Spurs are down a full e ] _ Heath in the new FREE Heathkit Catalog.
60 dB so you never worry about causing : . Send for your copy today.

interference or accidentally keying repeat- - Or bring this coupon to your nearest Heathkit

ers. A separate speaker and microphone Electronic Center {'l.?nits of Schlumé‘grger il}rudumu
and well-designed FM circuitry bring you . C;l_ﬂpm.mmn.l lo:‘ oY ;lg‘;m:ﬁ c;mbzg'
outstanding ‘audiq quality on both trans- ) . hrlliccehli;r:lé?irc:; :::i 5]I:elclillc‘:|?:§r?s sc::bgercl to
mit and receive. Eight crystal-controlled 5 change without notice.

channels and + 600 kHz offsets give you o s s ==

a total of 8 receive and 24 transgﬂt ! : — B
channels for real versatility. - . = Heath Company, Dept. 122-540
Shop and compare! At just $189.95 in kit form, we don't FREE! Rl Bonton Harbor, Michigan 49022
think you'll find a better all-around hand-held rig than the § Please send me my FREE Heathkit Catalog.

VF-2031! And with its complete list of options — auto-patch, I am not on your mailing list.

tone encoder, external mike and holster-style carrying

case — it puts real 2.meter power right in your hands. ——

Like every Heathkit product, it's designed by Hams for

Hams, and it gives you the value, features and perform- Address

ance you're looking for!

Theres more for the Ham at Heath

If coupon is missing. write Heath Company. Dept. 122- 540. Benlon Harbor, Ml 49022

oy | | S — State _

D =h ----J

AM-389 Zip
. m-nu-ﬂﬂﬂﬂ!—!ﬂﬂ=-ﬁﬂﬂ14




increased break-in delay range for the Heathkit HW-8

The Heathkit HW-8 transceiver
break-in delay time constant is such
that, even with relatively fast keying
and maximum time delay set in, the
rig returns to the receive mode after
every word. This is fine for rapid
break-in, but most CW operation is
not rapid break-in, and all that's ac-
complished is unnecessary relay wear
and operator fatigue. The fix is sim-
ple: Change C92 from 10 uF to 50 uF,

* CHANGES

from 10 uF to 50 uF, the transmitter
and sidetone monitor oscillator key-
ing develop tails because of the cou-
pling back through the solid-state de-
vices. This side effect may be elimi-
nated in the transmitter keying circuit
by lifting the end of R64 nearest the
back of the printed circuit board,
where wire W'’ connects, soldering
the anode lead of a 1N4148 silicon
diode (Radio Shack 276-1122) in the

MUTE

+13.4V

In addition, receiver muting is de-
layed excessively by the increased
size of C92. This may be corrected by
placing a 4700-ohm resistor in parallel
with C43. Remove C43 from the cir-
cuit board, solder it across a 4700-
ohm resistor, and place the pair
where C43 was originally installed.
(Refer to fig. 1.) All resistors are %
watt.

After making the modifications,

KEYING S,

DELAY
* CONTROL
S 4700
<

R67 RELAY DRIVER

J—n
N

SIDETONE OSCILLATOR
2v

*
R9X
2iM

R74

10M
e e AAA e

% ot

r72*  Liceo -
-

R76
€7k

V

fig. 1. Changes to the Heathkit HW-8 for increased break-in delay range.

25 volts; R72 from 3.3 megohms to
1.0 megohms; R73 from 10 megohms
to 22 megohms; parallel C43 with
4700 ohms; and add a diode in series
with R64 (see fig. 1).

The time constant is controlled by
C92. However, when C92 is increased

84 B june 1979

empty hole, and soldering the cath-
ode lead of the diode to the uncon-
nected end of R64. Reconnect wire
"W’ to the junction of the diode and
R64, above the board. In the sidetone
oscillator circuit change R72 and R73
as indicated above.

the DELAY CONTROL potentiometer
will provide a wide range of time con-
stants. Each operator should adjust
the DELAY CONTROL to suit his par-
ticular keying speed, with high speed
requiring the least delay time.

John Abbott, KEYB



Collins b16F-2

high-voltage regulation

Shortly after acquiring my Collins
S-line equipment, | became aware
that the CW waveform as viewed on
the SB-610 monitor scope left some-
thing to be desired. A definite trough
appeared in the waveform, which is
characteristic of a high-voltage power
supply with insufficient regulation
(fig. 2). The as-built, 10-uF filter is

AR

A7
A v ’
I
o

fig. 2. Monitor scope display of Collins S-
Line CW waveform showing insufficient
high voltage supply regulation.

sufficient for SSB operation. How-
ever, during key-down CW opera-
tion, with the amplifiers running full-
bore and exhibiting a widely varying
load, there’s a need for increased ca-
pacitance in the filter section. | found
that a minimum of 25-uF of filter
capacitance provided the smooth

waveform shown in fig. 3.
//7/ ,
)

/;
//7/ /
.

o
)

fig. 3. Monitor scope display of Collins S-
Line CW waveform showing good high
voitage supply regulation, which is ob-
tainable in practice.

With under-chassis space being at
a premium, three 80-uF caps
{Sprague TVA 1716) were used to re-
place the originals. These capacitors
will provide over 2% times the former

TO vi

capacitance and will fit into the chas-
sis-mounted clamps without protrud-
ing below the chassis bottom. If other
types or sizes are used, be sure suffi-
cient chassis clearance remains.

Before removing the original caps,
observe the physical wiring arrange-
ment. Place the new capacitors in the
same direction as those to be re-
moved. The original capacitors are
manufactured with terminals instead
of wire leads, but no difficulty should
be encountered if the full-length leads
of the new units are used and only
the negative lead of the ground-end
capacitor (C4) and positive lead of the
high-voltage bus capacitor (C2) are
trimmed after the connections have
been made. Be sure to insulate the
negative/positive interconnecting
leads of the three capacitors. They
are not at ground potential, and they
pass near the capacitor mounting
brackets. See fig. 4.

270k 270k 270k

ct cz2 c3 c4
0.05 30uF 30uF 30uF
0l Ol Wl

2

-0 +800

R4 R5
25k 25k

) ) 7
fig. 4. Modified Collins 516-F2 supply.

High-voltage filter caps C2, C3, and C4
are replaced with 80-,F caps.

After installation, make certain that
no short circuits exist. When the sup-
ply is reconnected to the 32-S (), en-
sure that the bias pot adjustment is
correct.

Paul Pagel, N1FB

loss of torque in
HAM-M rotators

Several years after | purchased my
first HAM-M rotator, it started to slow
down. At first | thought the slow-
down was because of the extra an-

tennas |'d added, so | increased the
voltage with another transformer in
series with the internal transformer.
This helped for a while, but the rota-
tor gradually slowed down again until
it took five minutes to rotate 360
degrees!

After several inquiries and investi-
gations, | found the cause. It seems
that the electrolyte in the motor ca-
pacitor, C2, a 120-140 uF, 50-Vac ca-
pacitor, dries out in time. | installed a
substitute capacitor, and the anten-
nas almost took off. | removed the
extra transformer. Even then, with a
heavy antenna load, the 1-rpm speed
was fully restored.

The motor-start capacitor is easily
changed. It's conveniently located in
the control box. The as-buitt Cornell
Dubilier capacitor part number is
51172-10, priced at $2.50. A higher
quality (but possibly larger in size) re-
placement is probably available from
your local electrical or motor supply
house. The capacitance should be at
least 120 uF.

I've experienced this problem sev-
eral times. In one case, it happened
after only one year on a new
HAM-M-It,

Joe Reisert, W1JR

phono plug wiring

Soldering the braid of coaxial
cable, such as RG