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ICOM IC730

ICOMs (JoAnywh(:r »HF ng f()r hvuyon(ﬁ Pocketbook

W-N | i NUORB=S5PT

\\ W | S BRI v
( AR BRES |

___-..,.__I‘

— —— o -

u FE:' ':'1 WHITH MEMD

HF TRANSCEIVER

()lllyl?’in!aix‘}.Sin(W)xIO.BEn(D)wilIﬁtimnmost WPEPM—MMMMCW@OWM

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

\ Fﬁ ] ] ] Receiver preamp built-in ® VOX built-in

Noise blanker (selectable time constant) standard
Priced right to meet your budget as your main HF rig or as a LRI Kiote S0 G JIOUNE CRALIHOE
second rig for mobile/portable operation. WARC bands

Amateur band coverage 10-80M including the new
Corlvemerlt Speech processor—built-in, standard (no extra cost)

[F shift slide tuning standard (pass band tuning optional)
* Unique tuning speed selection for quick and precise QSY, Fu]ly solid state for lower current
choice of 1 KHz, 100 Hz or 10 Hz tuning Automatic protection circuit for finals under high
® Electronic dial lmk. deactivates mning knub for lock on, SWR conditions
stay on frequency operadon. Digital readout ® Receives WWYV e Selectable AGC
* One memory per band, for storage of your favorite Up/down tuning from optional microphone

frequency on each band. Handheld microphone standard (no extra cost)
* Dual VFO system built in standard at no extra cost. Optional mobile mount available

[€ 3] ICOM|

2112 116th Avenue N.E., Bellevue, WA 98004
3331 Towerwood Dr., Suite 307, Dallas TX 75234

e & @ @ . @& o @

Al stoted spediicotons o approsdmaote ond subject 1o change without notice or obiigoton. All ICOM rodios signiicondy exceed FCC reguiodons imiting spudous emissions.



CALL US FIRST! CASH-IN ON
S5-STORE BUYING POWER!

FAST SHIPMENT POPULAR ITEMS FROM HUGE STOCKS.
QUANTITY BUYING MEANS TOP DISCOUNTS, BEST PRICES.

Amateurs world-wide are taking advantage of
our fast service and special prices.

FREE PHONE :
SAVE substantially!
| 800 Call now for
854-6046 your prlce

9:30AM to 5:30PM

PACIFIC TIME
Monday thru Saturday.

CALIF CUSTOMERS PLEASE
CALL OR VISIT LISTED STORES

FREE
SHIPMENT

TR-2500 'I'R-TBSD

(UPS Brown) 7S-830S

CONTINENTAL e ———————————————————————————
R.L. DRAKE NEW! YAESU FT-ONE
TR-7/DR-7 HF TRANSCEIVER

» Continuous receiver * True passband tuning. » General coverage receiver, e Diode ring first mixer.
coverage, 1.5-30MHZ. | o ndiard 2, 3z filter 150kHz to 29.999MHz. 4 gptignal 600Hz or 300Hz
amateur bands, 160 thru

button selected. » Keyboard freq. entry. Fully )
gram board for MARS, digitally synthesized o |-F shift
commercial, government, « Broadband, full solid- Main tuning dial or push- e Speech processor.
future ham bands state design. ; L
ANAHEIM, CA 92801 : | button scanner in e Digital readout for VFO,
2620 W. La Palma. . UF'ED"VEfS*ﬂ_" wil-Folf Rugged, built-in solid- 10 or 100Hz steps memory chan., RIT offset.
(714) 761-3033 (213) 860-2040 ::cggﬂT:ﬂrﬂ:;:Ti‘nzﬂ;nr state power amplifier. | e Dual VFO's. « Noise blanker
Between Disneyland & Knott's Berry Farm superior strong signal « SSB (w/USB/LSB). AM, e Full CW break-in. e 240W pep input, 5SB.
BURLINGAME, CA 94010 handling performance. CW, RTTY. e Up conversion w/first . 115!22_&'-4’&[: or13.50C
5 miles south on 101 from S.F. Airport CALL FOR YDUFI PRICE

OAKLAND, CA 94609
2811 Telegraph Ave., (415) 451-5757 COLLI NS/ HOCKWELL
Hwy 24 Downtown. Left 27th off-ramp ' n ALPHA KW“-SBO
SAN DIEGO, CA 92123 Limited quantity priced lower

5375 Kearny Villa Road (714) 560-4900
Hwy 163 & Clairemont Mesa Bivd. than current dealer wholesale.

VAN NUYS, CA 91401
6265 Sepulveda Bivd., (213) 988-2212
San Diego Fwy at Victory Bivd

OVER-THE-COUNTER
Mon. thru Sat. 10AM to 5:30PM

AEA-ALLIANCE -ALPHA- AMECD - AMPHENOL - ARAL*ASTRON

+ AVANTI- BENCHES - BERK-TEK - BIRD-BAW-CALLBOOK - COE All ALPHA ampﬁﬂers are in stock

DERTHON - GRAKE - DX ENGINEERING - EWAC + HUSTLER for fast delivery Prices are increasing!
R AR S RERWEON St AR et CALL FOR SPECIAL PRICES PHONE TODAY. SAVE!
*MIRAGE = NYE +« PALOMAR-RADBOT-AOMN-SHURE » SWAN —_———ee e e R

* TELEX-TELREX+ TEMPO - TEN-TEC+ TRISTAD : ' !
YAESL and many mors! Prices, specifications. descriplions subject to change without notice Calif. residents please add sales tax
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Antenna Baluns

Model PB *14.95

350 watts PEP. 1.7 to 30 MHz. Low cost. High performance. Just
right for transceivers. Specify desired ratio from table below:

Matches
Model Ratio 50 ohms to
PB-1 50 ohms
PB-1.5 1.5:1 75 ohms
PB-2 2 100 ohms
PB-3 3:1 150 ohms
PB-4 4:1 200 ohms
PB-5 5:1 250 ohms
PB-6 6:1 300 ohms
PB-7.5 7.5:1 375 ohms
PB-9 9:1 450 ohms
PB-12 12:1 600 ohms
PB-16 16:1 800 ohms |

Model 1K
$32.50

1 Kw CW, 3Kw PEP input. 1:1 or 4:1

Beam Balun
$57.50

2 Kw CW, 6 Kw PEP input. 1:1 or 4:1 | 2 Kw CW, 8 Kw PEP input. 1:1 or 4:1

E i @ Send for FREE Catalog "5

To order, add $3 Ihlﬁplnqmmdllng. California residents add sales tax.

Palomar Engineers

1924-F West Mission Rd., Escondido, CA 92025 » (714) 747-3343
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NEVER S5SAY DIE

editorial by Wayne Green

NOW, THE GOOD NEWS

The easy passage of the Gold-
water ham bill through the Sen-
ate was certainly good news. . .
and will bring closer some badly
needed changes in the funda-
mental rules by which the FCC
has had to operate.

Another bright spot was a bill
entered in the House (in Novem-
ber) by Rep. Timothy Wirth of
Colorado. Let me give you
quotes on some of the provi-
sions of this bill. . .

Authorize use of amateur volunteers
for examination preparation

Section 4(f) is amended by adding
at the end thereof the following new
subsections:

“4(f)4) Notwithstanding the provi-
sions of Part Il of Title 5, United
States Code or 31 U.S.C. §665(b), for
purposes of administering any exam-
tion for an amateur station operator
license, the Commission may accept
and employ the voluntary and un-
compensated services of any individ-
ual who holds an amateur station op-
erator license of an equal or higher
class than the class license for
which the examination is being pre-
pared. Any person who provides ser-
vices under this paragraph shall not
be considered, by reason of having
provided such services, a Federal
employee for any purpose.”

Explanation

This proposal would provide a stat-
utory basis for present practice at
the Commission, and would allow ex-
pansion in the Commission's use of
volunteers. The amendment would
have no discernible effect on our
budgetary requirements.

“4{f{5) Notwithstanding the provi-
sions of Part Ill of Title 5, United
States Code or 31 U.S.C. §665(b), for
purposes of administering any exam-
ination for any amateur station oper-
ator license, the Commission may
accept and employ the voluntary and
uncompensated services of any indi-
vidual who holds an amateur station
operator license of an equal or higher

6 73Magazine = February, 1982

class than the class license for
which the examination is being con-
ducted. Any person who provides vol-
untary and uncompensated services
under this paragraph shall not be
considered, by reason of having pro-

vided such services, a Federal em-
ployee for any purpose.”

Explanation

The present practice of the Com-
mission is to permit volunteer licens-

$$ HOME-BREW CONTEST $%

For some of us, there is no more satisfying experience than
designing and building a piece of electronic gear. Now there'sa
chance for you home-brewers to receive special recognition for
your achievements. It's the 73 Magazine Home-Brew Contest.

Between now and April 1, we’ll be looking for articles de-
scribing the best home-brew projects in the land for under
$100. All useful projects will be published in 73, and the cream
of the crop will share $500 in cash prizes. Top prize in the con-
test is $250, with $100 going to the second place project and
$50 to each of three honorable mentions. These prizes are
over and above the payment that all authors receive for hav-
ing their articles published in 73.

Contest Rules

1. All entries must be received by April 1, 1982. To enter, write
an article describing your best home-brew construction pro-
ject, and submit the article to 73 Magazine. Any construction
article received before the April 1 deadline is automatically
entered in the contest. If you haven't written for 73 before,
please send an SASE for a copy of our author's guide.
2. The total cost of the project must not exceed $100, even if
all parts are puchased new. Be sure to include a detailed parts
list, with prices.
3. All parts used in the project must be available to the aver-
age radio amateur or electronics experimenter. To be on the
safe side, include sources for any unusual components.
4. Projects will be judged by the 73 technical staff on the
basis of usefulness, reproducibility, economy of design, and
clarity of presentation. The decision of the judges is final.
5. All projects must be original, i.e., not previously published
elsewhere.
6. All rights to articles purchased for publication become the
property of 73 Magazine.

Send your entries to:

Home-Brew Contest
73 Magazine
80 Pine Street
Peterborough NH 03458

Winners will be announced in the June, 1982, issue of 73.
Have fun!

ees holding an Amateur Extra, Ad-
vanced, or General Class license who
are at least 18 years of age to admin-
ister Novice Class operator license
examinations. The proposed amend-
ment would give statutory recogni-
tion to this practice and would allow
the Commission to extend the prac-
tice to examinations for other
classes, at the discretion of the Com-
mission.

This program would help to con-
serve Commission resources and ad-
ditional benefits would result from
the fact that applicants would likely
be able to take examinations within
their communities, as opposed to
having to travel to FCC field offices
for testing.

Once the FCC has been auth-
orized to let amateurs prepare
and administer exams, we have
the path open to set up a system
whereby certain clubs might be
able to hold classes to teach the
needed theory, rules, and opera-
tion skills to prospective
hams. . . followed by oral exams
and a demonstration of skills.

While there are some ama-
teurs who believe that the ten-
sion and panic of an FCC-ad-
ministered exam are beneficial
in some way, that was not my
experience...nor the experi-
ence of anyone |'ve talked with
about it. There seems to be a
general concept that we should
do everything possible to keep
enthusiastic people out of the
hobby rather than doing all we
can to interest people in it...
and making their entry an enjoy-
able experience,

There seems to be some wari-
ness that we will suddenly find
ourselves with a system where
we are bringing in people who
will be rotten hams and thus
spoil the hobby. | would say two
things to those worriers. . . first,
we already have a fine system
for bringing in lousy hams, one
which has been working with a
high degree of perfection. One
has only to visit Los Angeles to
get the full flavor of the
1980s-type ham in full bloom.
It should be obvious that the
present system of filtering out
the weirdos is not working
worth beans.

Secondly, | know of no one in-
terested in opening the flood
gates to CBers to come into am-
ateur radio for a free ride. Not
even CBers have suggested any-
thing that preposterous. | do
hear hams opposing it, but
these chaps are merely fighting
their own straw man, not any-
thing ever seriously proposed. If
some hams are gullible enough
to get excited over such ma-
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f88€  for easier tuning. |
e Flva digit frequency display,

with 1 KHz resolution.

* 6 kHz IF filter for AM (wide),

and 2.7 kHz filter for SSB.
CW and AM (narrow).

* Up-conversion PLL circuit,

here’...

easy tuning, digital display

The R-1000 is an amazingly
easy-to-operate, high-
performance, communications
receiver, covering 200 kHz to
30 MHz in 30 bands. This PLL
synthesized receiver features a
digital frequency display and
analog dial, plus a quartz
digital clock and timer.

R-1000 FEATURES:
« Covers 200 kHz to 30 MHz
continuously.

« 30 bands, each 1 MHz wide.

. FWEFdi?(It frequency display
with 1-kHz resolution and
analog dial with precise gear
dial mechanism.

« Built-in 12-hour quartz digital
clock with timer to turn on
radio for scheduled listenin
or control a recorder throug
remote terminal,

« Step attenuator to prevent
overload.

B N D i
v

‘_._._H

: . HF Attenuatur allows 20 dB
attenuation of strong signals.

e Tone control.

e Front mounted speaker.

scale, plus conventional
“S"™ meter scale.

e Coaxial, and wire antenna

« Three IF filters for optimum
AM, SSB, CW. 12-kHz and
6-kHz (adaptable to b-kHz
and 2.7-kHz) for AM wide and
narrow, and 2.7-kHz filter for
high-quality SSB (USB and
LSB) and (!W reception.

« Effective noise blanker,

« Terminal for external tape
recorder.

» lOone control.
« Built-in 4-inch speaker.

« Dimmer switch to control
intensity of S-meter and other
panel lights and digital display.

Digital world clock with
two 24-hour displays,
quartz time base

The HC-10 digital world clock
with dual 24-hour display
shows local time and the time
in 10 preprogrammed plus two
programmable time zones.

'-l
? T‘ 4*1

i m _.. I" ¢
. Gpﬁm&l 1’3 B VBE ti
using DCK-1 cable k
e Other faﬂti.lrﬂ‘cﬂﬂ'ﬂﬁﬁ

* “S" meter, with 1 to 5 SINPO- S headphone jack, and record jat:k

OPTIONAL ACCESSORIES:
® DCK-1 DC Cable kit
® SP-100 External Speaker.

« Wire antenna terminals for
200 kHz to 2 MHz and 2 MHz
to 30 MHz. Coax terminal for
2 MHz to 30 MHz.

+» Voltage selector for 100,
220, and 240 VAC. Also
adaptable to operate on 13.8
VDC with optional DCK-1 kit.

OPTIONAL ACCESSORIES:

« SP-100 matching external
speaker.

e HS-6 lightweight, open-air
neadphone set.
e HS-5 and HS-4 headphones

e DCK-1 modification kit for
12-VDC operation.

120,

R-1000

HS-5

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
1111 West Walnut, Compton, California 90220
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neuvers, then we should consid-
er them part of the problem, not
part of any solutions.

No, | think it is plain to just
everyone that our present lic-
ensing system stinks. Here we
have a Morse code test which a
four-year old has passed with
flying colors...big deal filter.
We have a technical exam that
few people even bother to study
for. . .why bother when you can
buy the test answers from Bash
and just memorize the answers?
That includes questions on
rules, so we don't even have to
know them anymore. It is no
wonder that we have jamming of
repeaters, foul language on the
bands, stupid pileups of DX sta-
tions, and a situation on two
meters in Los Angeles that has
to be heard to be believed.

Not only are things going to
hell in a basket, but we have the
spectacle of thousands of hams
doing all they can to protect this
terrible system and make sure
that we get even more of the
same kind of hams.

Yes, | do have some ideas on
what to do about the situation.
And | think they will work. They
certainly are right up the alley of
the current FCC changes. The
Commission has two major in-
terests these days. . .deregula-
tion and cutting expenses. |
think that we can take advan-
tage of these and at the same
time improve amateur radio
substantially.

Let's take a look at some ba-
sics. Firstly, yes. ..we do have
some terrible hams in our ranks.
But we recognize that, as much
of a pain in the ass as these
bums are, they are a distinct mi-
nority. Okay. . . there's a hint for
us...a clue on how to start get-
ting out of this miserable
situation.

To me, one of the foundations
of amateur radio is the ham
club. | believe that every ham
should belong to and support a
ham club. This is one of the big
strengths we have. This alsoisa
key to our separating the good
from the bad and the ugly, for
few of the really bad eggs ever
join clubs. The same behavior
which makes them despicable
on the air keeps them from hav-
ing friends off the air. And what
few do have the guts to come to
club meetings, knowing what
others think of them, are not
thought well of for it. Thus, | sus-
pect that the more we can in-
volve our clubs in the training

and licensing of newcomers, the
better class of hams we will
have on our bands. Perhaps we
could even consider some sort
of trial period for newcomers be-
fore their licenses are perma-
nent so that we could observe
them on the air.

We already know that the
most vicious and obnoxious of
people are quite capable of
learning the code. In fact, since
some of the worst hams we have
had have been Extra class, per-
haps there is some correlation
between ugliness and adapt-
ability to code (I'm kidding. . .
aren’t 17). | think that CW is one
of the most treasured aspects of
amateur radio, but | also think
that the ability to copy the code
is meaningless as far as deter-
mining whether someone is go-
ing to be a good ham. | think that
once we make code ability hon-
orable and stop forcing people
to learn it for the test, we will
take a lot more pride in it. Who
can really take pride in some-
thing which he has to do,
whether he wants to or not?

Clubs are an answer to many
of our problems. If we are going
to get amateur radio into any
serious growth pattern we are
going to have to have many
more and stronger ham clubs. |
would like to see ham clubs set
up in every high school in the
country. I'd like to know that
every ham club has classes to
teach newcomers the theory,
the rules, and how to operate, If
the Wirth bill goes through, it
will open the way for clubs not
only to teach the fundamentals
of amateur radio, but also to
make up and administer the ex-
ams. Talk about a service being
self-sustaining!

This also would cut the cost
to the FCC substantially. | don’t
know how much they are paying
their people to keep writing new
test questions to try to stay
ahead of Bash and his cheat-
sheets, but it must be a substan-
tial amount. Then there is the
cost of printing and distributing
the tests. If the field personnel
of the Commission did not have
to sit around and administer ex-
ams they would be freed up for
more productive work...or
even to go into the private sector
and earn money for taxes in-
stead of spending it. We sure
have a need for engineers and
technicians these days in indus-
try...a desperate need.

Monitoring

Another provision of the Wirth
bill is as follows. . ..

Authorize use of amateur volunteers
for monitoring

“4{f¥6) For purposes of monitoring
any violation of any provision of this
Act, and of any regulation made by
the Commission pursuant to this Act,
relating to the amateur radio service,
the Commission, notwithstanding
any provisions of Part Ill of Title 5,
United States Code or 31 US.C. §
665(b), may (i) recruit and train any in-
dividual licensed by the Commission
to operate an amateur station; and (ii)
accept and employ the voluntary and
uncompensated services of such in-
dividual. For purposes of recruiting
and training such individual, the
Commission may also accept and
employ the voluntary and uncompen-
sated services of any amateur sta-
tion operator organization. Any per-
son who provides voluntary and un-
compensated services under this
paragraph shall not be considered,
by reason of having provided such
services, a Federal employee for any
purpose.”

Explanation

The volunteers' monitoring author-
ity should include the monitoring of
amateur licensees transmitting on
frequencies not assigned to the ser-
vice and is intended to permit volun-
teers to collect violation reports and
annotate and summarize them for the
convenience of the FCC.

Enactment of this proposal would
enhance the Commission’s enforce-
ment efforts and bolster efforts to de-
tect and prosecute rule violators. To
ensure that a volunteer monitoring
program helps rather than hinders
the enforcement program, it is impor-
tant that violation reports undergo
preliminary review by volunteer
organizations to help FCC personnel
determine which alleged violations
represent the most promising targets
for the Commission's limited en-
forcement resources,

This amendment would not in
crease our budgetary requirements.
It may heilp us to conserve our en
forcement resources or, at least, im-
prove the efficiency of our enforce-
ment program.

If the Commission is to fully utilize
the services of volunteer amateur lic-
ensees for monitoring, as envisioned
by this proposal, there should be an
exception to Section 605 to permit
the monitoring groups lo receive and
disclose information transmitted by
amateur licensees and operators.
(See proposed amendment to Sec-
fion 605, infra.)

Exempt amateur
radio communications
under certain circumstances
Section 605 is amended by striking
the last sentence thereof and adding
the following:

Continued on page 131



Introducing
the first fully
rogrammable

Store
commands,
as well as text,

for automatic execution

The Heathkit ,Matic Memory Keyer’s custom
microprocessor stores up to 240 characters of
text or commands. Variable-length buffers elim-
inate wasted memory space. ‘Command strings”
allow text to be stored in several buffers, then
strung together in any sequence for most effi-
cient use of memory. Command strings can
also select speed, weight, spacing and auto-
repeat count.

No external key to buy

Integral capacitive “touch” paddles unplug and
store in their own compartment inside the Keyer
when not in use. Left handed? A touch of the key-
pad and the paddies are reversed. Choose any
speed between 1 and 99 words per minute, and
any of 11 weight settings. Special rear-panel jack
connects mechanical paddle.

Great code practice machine, too

A “practice” mode sends random code groups of
random length and selectable types for a total of

6,400 different practice sessior
Each sequence sends approximately 3,00C
characters before repeating.

Other features:

Built-in sidetone oscillator and speaker have
pitch and volume controls. Phone jack and ear-
phone are included for private listening. Complete
details on the great new pMatic Memory Keyer
are in the latest Heathkit Catalog. Or see it at
your nearby Heathkit Electronic Center?®

Send for free catalog

Write to Heath Company,
Dept. 011-864, Benton Harbor, MI.

In Canada, contact Heath Company.
| 1480 Dundas Street E., Mississauga, ONT L4X 2R7.

Visit your Heathkit Store

Jules ';,,_p ekl -2 Where Heathkit
| SUazs products are
AR S ‘1 displayed, soid
’ » £ and serviced.

e 47y See your telephone

~* white pages for locations.

*LUinits of Veritechnol
Electronics Corporation in the U.

——r—
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A fresh idea!

Our new crop of tone equipment is the freshest thing growing
in the encoder/decoder field today. All tones are instantly
programmable by setting a dip switch; no counter is required.
Frequency accuracy is an astonishing = .1 Hz over all temper-
ature extremes. Multiple tone frequency operation is a snap
since the dip switch may be remoted. Our SS-32 encode only
model is programmed for all 32 CTCSS tones or all test tones,
touch-tones and burst-tones.

And, of course, there’s no

need 10 mention our

1 day delivery and

1 year warranty.

TS-32 Encoder-Decoder
e Size: 1.25"x2.0" x .40"
® High-pass tone filter included that may be muted

* Meets all new RS-220-A specifications
® Available in all 32 EIA standard CTCSS tones

SS-32 Encoder

e Size: .9"x1.3"x .40"
e Available with either Group A or Group B tones

Frequencies Available:

118.8 2B
123.0 32
127.3 3A
131.8 3B
136.5 472
141.3 4A
146.2 4B
151.4 5Z

* Frequency accuracy, + .1 Hz maximum —40°C to +85°C
¢ Frequencies to 250 Hz available on special order
e Continuous tone

TEST-TONES: | TOUCH-TONES: BURST-TONES:
1600 1850 2150 2400
1650 1900 2200 2450
1700 1950 2250 2500
1750 2000 2300 2550
1800 2100 2350

* Frequency accuracy, + | Hz maximum —40°C to + 85°C
e Tone length approximately 300 ms. May be lengthened,
shortened or eliminated by changing value of resistor

Wired and tested: TS-32 $59.95, S5-32 $29.95

E'; COMMUNICATIONS SPECIALISTS

426 West Taft Avenue, Orange, California 92667
(800) 854-0547/ California: (714) 998-3021 15
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Mark Oman WAORBR
528 Deines Court
Ft. Collins CO 80525

The Fun-Oscillator

— a simple, goof-proof vio
for your QRP transmitter

Note: A complete kit of parts, including PC board, is available from RADIOKIT, Box 411S, Greenville NH 03048 for $34.95 plus $2.50 shipping

and handling.

he Fun-Mitter (Febru-
ary, 1981, 73) and Fun-
Ceiver (July, 1981, 73) pro-
vided the home-brew-ori-
ented amateur with the ba-
sic components for a home-
brew station setup.
Many amateurs have re-
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sponded by saying that they
need more frequency flexi-
bility for their Fun-Mitters.

The simple vfo described
in this article is the result of
those requests. It allows
greater frequency excur-
sions than the simple vxo

Photos by Duane Bertsch

A Fun-Station!

circuit of the Fun-Mitter to
provide approximately the
same frequency coverage
as the companion receiver,
The vfo follows the same
guidelines as the two pre-
vious articles and should be
as easy (or easier) to con-

struct and to get operation-
al.

For those unfamiliar with
my earlier articles, this
series of articles focuses on
simple, easy-to-construct,
easy-to-operate gear with
all parts available from
local Radio Shack outlets.
Size and appearance of the
vfo match the transmitter
and receiver to provide a
nice looking station pack-
age.

Of utmost importance is
the fact that no modifica-
tions have to be made to
the Fun-Mitter to use the
vio. It simply plugs in where
the crystal was (unless C,p,
was installed). This allows
for either crystal or vfo
operation of the Fun-Mitter.
Also, it can be constructed
for either 40 or 80 meters. It
provides about 70 kHz of
coverage on 40 meters and
about 50 kHz on 80.

The Circuit

The vfo should be the
most goof-proof of all three
pieces of gear as evidenced
by the schematic of Fig. 1.
The basic frequency-deter-
mining portion of the vfo is
identical to the vfo of the



Internal view of vfo.

Fun-Ceiver. This allows for
ease of understanding and
construction as well as simi-
lar frequency range.

Betore | began this series,
| developed a set of guide-
lines for the items to be de-
signed. Based on this crite-
rion of setting goals in ad-
vance, | developed the fol-
lowing goals for the simple
vio.

® Cood performance (no
chirp, minimal draft, clean
waveform)

® Simple construction (PC
board use, less than four
hours total build time, mini-
mum parts count)

® Cost —less than $20 with
new parts

® Minimal modification to
the Fun-Mitter

® Full output from the Fun-
Mitter

® No variable capacitors or
inductors

The tinal version of the
vfo meets the above goals.

Only three transistors are
used in the vfo, one as the
oscillator (Q1), one as a
class-A amplifier (Q2), and
one as an emitter-follower
buffer (Q3). This final ver-
sion of the vfo went
through three revisions
from the original form. This
was necessary to maintain
good performance while
still keeping things simple
The original design includ-
ed only two transistors, but
at times chirp was detected

on the transmitted signal.
The main advantage of the
circuit of Fig. 1 is that only
one tuned circuit is used
(L1). This means modifying
only one inductor!

Q1 operates as a parallel-
tuned Colpitts oscillator
with L1, CR1, CR2, C1, C2,
and C3 being the frequen-
cy-determining compo-
nents. The oscillator is
tuned by varying the volt-
age at the junction of the
two diodes. This, in turn,
varies the capacitance of
the diodes which varies the
frequency of the oscillator.
L1 is a modified Radio
Shack 10-uH rf choke. It is
modified, as described lat-
er, to provide the needed
inductance. The last few

Front view of the completed Variable Fun-Oscillator.

turns of the modified choke
are spread out over the
choke body to provide an
easy means of setting the
oscillator frequency.

As mentioned in the re-
ceiver article, the capaci-
tors needed to build a sta-
ble vfo are not easily found
at Radio Shack. NPO-type
capacitors from a large va-
riety pack again are used in
parallel and series combi-
nations to obtain the need-
ed capacitance for C1, C2,
and C3. Silver-mica or poly-
styrene capacitors will give
even better results.

Output from Q1 is taken
through a coupling capaci-

Ll
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Fig. 1. Schematic of vfo.
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tor, C4. This capacitor
should be kept as small as
possible to isolate the oscil-
lator from load variations
which can cause chirp. The
capacitor is attached to the
next stage, Q2, a class-A
amplifier. This amplifier
raises the level of the signal
to the level needed to drive
the Fun-Mitter.

Q2 is direct-coupled to
the final stage, Q3, an emit-
ter follower. This stage pro-
vides excellent isolation be-
tween the oscillator and the
transmitter as well as pro-
viding an impedance match
between the two. Without
QQ3, as in the original design,
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PC layout for vio.

PC boards for the vfo are available from the author for $7
ppd. PC boards for the previous articles also are available as
follows: Fun-Mitter—$7 ppd; Fun-Ceiver—$7 ppd; Filter—

$3.50 ppd.

Parts List
Radio Shack

Designator Value Part Number
C1 200 pF NPO (approx.) 272-801
C2, C3 470 pF NPO 272-801
C4 10 pF (use two 4.7 In

parallel) 2-272-120
C5,C6,C9 0.1uF 272-135
C7, C8 0.01 uF 272-131
CR1-CR4 1N914 276-1122

On 80 meters, for CR1 and

CR2, use two 1N914s in

parallel for each (piggyback)
J1-J3 phono jack 274-346
L1 B80m: Two 273-101 inductors

in series; one with no turns

removed, one with 10 turns

removed

40m: 10 turns removed from

273-101 inductor.

For both 80 and 40 m the

last 3 turns of the modified

inductor should be spread

out over rest of the form
L2 100-uH inductor 273-102
Q1 FET 276-2035
Q2, Q3 RS2033 276-2033
R1 100k, 1/4-W 271-1347
R2 10k, 1/4-W 271-1335
R3 4.7k, 1/14-W 271-1330
R4-R6 4709, 1/4-W 271-1317
Not on PC
board:
Lext 100-uH inductor 273-102
R101 3.9k, 1/14-W 271-1329
R102 10K linear pot 2711721
R103 2209, 1/14-W 271-1313
R104,
R105 1k, 1/14-W 271-1321
S1 SPST switch 275612
case 270-251
knob 274-392

14 73 Magazine * February, 1982

TO Lexy

+12V (TO Sl
| CR2
——
Al
-..lL.r:a \‘5, ,;“ﬁ > +EFII
“'L"E‘E « _L “
T R4 ce
C D T |
o3 B R2 QI ©
n E C o s Je3
Q2 LI
ST
T RE 1\ %H:’-
TO J2 CSRSRS
(OUT) T%
L2
Yy A
Component location.
the vfo is not stable when potentiometer (R7) 1is
the transmitter is keyed mounted on the front

CR4 is used to shift the
frequency of the vfo when
the transmitter is not in use
and you are listening to the
receiver., It does this by
changing the voltage at the
junction of CR1 and CR2,
which shifts the oscillator
frequency. Without this
feature, the vfo signal
would appear on the listen-
ing frequency and make lis-
tening impossible!

Construction

The construction of the
vfo is intended to be goof-
proof. It is builtona 2% " X
3" single-sided board just as
the transmitter and receiver
were. |t cannot be overem-
phasized that the circuit
should be built on a PC
board. Nearly all of the
problems that readers had
in building the previous two
pieces of gear were due to
breadboard or point-to-
point construction. If you
are an inexperienced home-
brewer, it is fairly easy to
make mistakes when wiring
the circuit apart from a
printed circuit board.

| built my vfo in an enclo-
sure that matches the en-
closures used for both the
transmitter and receiver.
Also, the front-panel layout
was made compatible to
enhance the appearance of
the gear.

As can be seen in the
photographs, the tuning

panel. The associated re-
sistors and inductor (R6, R8,
L3) are also mounted on this
potentiometer, and wires
run from there to the appro-
priate circuit points.

The rear panel contains
three jacks. One is for
the vfo output signal, and
one is for the vio offset. The
connection between the
vfo and transmitter should
be made with coaxial cable
(RG-174 or R(G-58).

Operation

The vfo is best operated
with a battery rather than
an ac supply. This elimi-
nates any possibility of ac
hum on the transmitted sig-
nal. It also helps improve
frequency stability. Two
6-volt lantern batteries in
series will power the vfo for
a long period of time. If the
Fun-Mitter is powered by
batteries, the needed 12
volts can be tapped from
those batteries.

Tuning and operation are
very easy: Only one adjust-
ment needs to be made—
setting the vfo on frequen-
cy. This is accomplished in
the same manner as was
done in the receiver. Using
a separate receiver, listen
on the frequency you want
the low end of the vfo to be
set on (for example, 7100
kHz). Drape a length of wire
near the vfo and attach the
other end to the receiver



antenna input. With the vfo
on and warmed up, slowly
spread or compress the |ast
few turns of L1 until the vfo
signal is heard in the receiv-
er. This adjustment should
be done with the tuning po-
tentiometer (R7) fully
counterclockwise. Finally,
verify that the vfo covers
approximately 70 kHz if
built for 40 meters and 50
kHz if built for 80. That’s all
there is to the adjustment.

To operate the vfo, two
connections need to be
made —one to the transmit-
ter crystal socket and one
from the vfo offset input to
J3 of the Fun-Mitter. (This
jack was added to provide
receiver mute operation for
the Fun-Ceiver.)

If Copt was not included
in the Fun-Mitter, then the
vfo signal can be applied di-
rectly to the crystal socket
terminals (see Fig. 2). If Cypt
was included, remove its
connection and connect
that terminal of the crystal

socket to ground. An in-
spection of the Fun-Mitter
schematic will reveal that
even this step is not neces-
sary if a method can be de-
rived to connect the shield
of the vfo cable to ground
of the Fun-Mitter. Alterna-
tives such as a rear-panel
phono connector on the
Fun-Mitter also can be used.
A plug can be made easily
from two 2" to %" lengths
of #12 gauge copper wire.
Solder the vfo signal and
ground leads to these wires
and plug them into the ap-
propriate crystal socket
pIns.

Once the vfo is plugged
in and turned on, verify that
the transmitter operates as
it did before. With the vfo
in use and all connections
in place, the vfo signal
should be heard only when
the transmitter is in the
transmit mode (due to the
vfo offset feature). Zero-
beat the vfo with the trans-
mitter in the transmit posi-

CRYSTAL
SOCKET

RGIT4 OR RGE5E

Fig. 2. Connections between vfo and Fun-Mitter.

tion and the key down. Re-
member that when using a
direct-conversion receiver,
you must zero-beat the cor-
rect side of the signal you
are listening to.

Crystal operation still
can be used by simply re-
moving the vfo leads and
plugging the crystal back
in.

It should be possible to
use the vfo with low-power
solid-state transmitters
other than the Fun-Mitter.
However, modifications
may be necessary to the
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transmitter if the oscillator
is not configured as in the

Fun-Mitter.

Conclusion

The vfo should be simple
to build and goof-proof in
Its operation. Many more
contacts now should be
possible due to the ability
to move to the frequency
the other station is on. This
series will be continuing in
the months to come with
additional goof-proof proj-
ects. Meanwhile, enjoy the
Variable Fun Oscillator! R
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Photo A. Front view of the dummy load/wattmeter/rf bridge.
The resistance dial is a 2-1/4” diameter plastic skirt attached

to a standard knob.
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Penn Clower W1BG
459 Lowell Street
Andover MA 01810

~ ere is a weekend proj-
ect that combines two
instruments and an old
technique into a very handy
gadget to have around the
shack. First, it’'s an 8-to-10
Watt 52-Ohm dummy load
with a calibrated wattme-
ter: perfect for tuning up
low-power transmitters.
Second, it’'s also a calibrat-
ed rf resistance bridge
which can make antenna
adjustments a lot easier by
telling you more about the
nature of a mismatch than a
plain swr bridge will. The
old technique provides a
nice tie-in between these
two instruments and gives
some benefits besides: The
dummy load is also a resis-
tive power divider that pro-
vides a low-level driving sig-
nal for the rf bridge.

One benefit of this ar-
rangement is that the power
source sees a load which is
essentially independent of
the bridge load. That means
you can load your QRP
transmitter into this instru-
ment, put that new antenna

on the bridge output, and
fool around to your heart’s
content without risk of
damaging the transmitter or
even detuning its output
stage. In addition, the
power delivered to a 50-
Ohm load is only about 40
mW when the power com-
ing out of the transmitter is
5 Watts. That is a 21 dB
reduction, and it means
that any signal you radiate
while adjusting the antenna
is 3-1/2 S-units less than it
might have been— certainly
a neighborly gesture on to-
day’s crowded bands.

Background Theory and
Circuit Description

There is nothing new or
unique about the circuits
described here. Rf resis-
tance bridges have been
around longer than the
more familiar high-power
swr bridges and there are
several examples in recent
publications.'? The dummy
load/power divider tech-
nique was described in
Solid State Design for the
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Radio Amateur (ARRL) and
recently used in a trans-

match tuning circuit de-
scribed in QST.3

What | hope to empha-
size here is this instrument’s
usefulness as a matching
aid, the simple and inexpen-
sive nature of the circuit,
and the fact that the same
circuit can be used as a
dummy load with a built-in
calibrated wattmeter. It's
like getting two instruments
for the price of one, and the
final result is a very handy
piece of test gear,

The resistive rf bridge is a
simple modification of the
classic low-power swr
bridge, so before getting
down to circuit details let’s
consider swr bridges in gen-
eral for a moment. There
are two main types of
bridges used for measuring
swr, and the most common
type is a high-power han-
dling circuit meant to be
left in the transmission line
for continuous monitoring.
Usually, this type of bridge
requires a minimum of 5
Watts or so driving the load
before the meter readings
are large enough to inter-
pret accurately. This occurs
because the bridge itself is
very loosely coupled to the
transmission line, typically
through a few picofarads or
several inches of wire run-
ning parallel to the center
conductor of the main line.

The other type of bridge
is inherently a low-power in-
strument. The driving signal
runs right through the resis-
tive elements which make
up the bridge, so the bridge
itself must be able to ab-
sorb a large fraction of the
input power. The resistive
bridge doesn’t find much
use in amateur circles be-
cause it requires only a
Watt or less of drive and
can’t be left permanently in
the line; it’s strictly an
occasional-use test instru-
ment.

There is nothing wrong
with continuous swr moni-
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toring. After all, the familiar
deflections of the high-
power monitor do give a
constant verification that
the transmitter is tuned and
the antenna connected. The
low-power test instrument
described here has some
advantages over the usual
swr bridge, though, espe-
cially for initial antenna ad-
justments, because it tells
you more than just the mag-
nitude of a mismatch.

Swr can be defined sever-
al ways, and one is the ratio
of a load impedance to the
transmission line’s charac-
teristic impedance (which is
almost always near 50
Ohms in current amateur
usage). For example, to
cause a 3:1 swr, a 50-Ohm
cable could be terminated
with either 150 or 16.6
Ohms. These are purely re-
sistive loads, but there is
also an infinite number of
reactive loads which would
give the same 3:1 swr, and a
common swr bridge can't
tell the difference between
any of them. You can build
a bridge to measure both
the reactance and resis-
tance present in a load,*>3¢
but such bridges tend to be
too complex for my taste
and requirements.

When matching a load to
a 50-Ohm line, | generally
have two questions. |s it
resonant, and what's its re-
sistance? If a load is reso-
nant (and that’s how | want
all my antennas to be), then
it has no reactive compo-
nent—just resistance. If |
know the value of that resis-
tance, then | know the swr
and whether | need more or
less resistance to get a
match. I’ll give an example
at the end of the article, but
right now let’s look at the
schematic shown in Fig. 1.

There really isn’t much to
the circuit diagram. The in-
put signal is terminated in a
53-Ohm dummy load con-
structed with a series-paral-
lel resistor assortment. The
voltage development across
the 10-Ohm portion of that

dummy load drives a sim-
ple bridge circuit made up
from a 250-Ohm pot, a
51-Ohm standard resistor,
and the load impedance.
The bridge error signal ap-
pears between the output
connector and the poten-
tiometer arm and is detect-
ed by a germanium diode.
The result is then indicated
by a 100-uA meter in a volt-
meter circuit.

Bridge operation is
equally straightforward.
When input power is ap-
plied to the instrument, it
develops a voltage across
the 53-Ohm dummy load.
About 1/5 of this voltage
appears across the 10-Ohm
portion of the dummy, and
this is the driving voltage
for the resistance bridge.
Some fraction of this driv-
ing voltage shows up be-
tween the potentiometer
arm and ground, the exact
amount depending, of
course, on the shaft posi-
tion. Similarly, there is
some other fraction of the
bridge driving voltage ap-
pearing across the load ter-
minal, this fraction depend-
ing on the load resistance
connected there.

If there is no load con-
nected, then the entire
source voltage appears
there and we’ll make use of
that fact later to calibrate
the wattmeter portion of
this instrument. If a 51-Ohm
load is connected, then ex-
actly half the source volt-
age will be there. The differ-
ence between the output
voltage and the potentiom-
eter arm voltage is rectified
by the diode and drives the
meter through the sensi-
tivity control, so with the
51-Ohm load the bridge will
show a null when the pot
travel is exactly centered.
Other load resistances will
show nulls at other posi-
tions and the potentiometer
dial may be calibrated by
marking the nulls corre-
sponding to a whole series
of load resistances. In
theory, the bridge should

“

show nulls for every load re-
sistance between zero and
infinity, but in practice this
doesn’t happen because the
potentiometer isn’t infinite-
ly adjustable.

The circuit can be cali-
brated pretty accurately for
resistances between 5
Ohms and 1k, with the best
resolution around the
center of the dial at 20 to
150 Ohms. Notice that the
bridge cannot be nulled
completely if the load has a
capacitive or inductive
component since such a
load would introduce a
phase shift between the
bridge source voltage and
the bridge load voltage. As
there is no corresponding
phase shift between the
bridge source voltage and
the potentiometer arm volt-
age, there never will be a
point where the diode volt-
age will be zero and the
meter nulled. Even when
the voltages at each end of
the diode are equal in am-
plitude, the fact that they
are phase-shifted with re-
spect to each other guar-
antees that there will be a
sine wave or error voltage
for the diode to rectify. In
practice this means that un-
less the load is a pure resis-
tance there will not be a
true null but only a partial
dip in the meter reading as
the potentiometer shaft is
turned.

A true rf impedance
bridge would have two null
adjustments: one for rf re-
sistance and one for reac-
tance. With such a bridge
you can completely define
any mismatch, but, as
noted earlier, that's often
unnecessary, especially in
antenna work where the
goal is to tune out reac-
tance by resonating the
antenna. You can always
tell when a load is resonant
with the resistance bridge
because at resonance the
null will be complete. Then
steps can be taken if
necessary to transform the
remaining impedance to
match a 50-Ohm line.

Reader Service for facing page .~ 81—
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solid 25 watts nf power, full MAHS and CAP coverage from 143,000 Mhz
to 148.995 Mhz, plus built in memory retention for up to one year .
and much, much more makes this the radio of the year. If you have been
naiting to move up to a new model, or have wished for a radio with
‘everything” . . . KDK has it!
@ The ten channel memory is easily addressable and you have two banks
)f five channels each. You can even use both banks at once for odd splits.
@Standard 600 hz shift up or down. Band scan or memory scan. Memory
ican is easy. There is also band scan with upper and lower limits you can
:hoose yourself!
@ Built in nicads for the memory retention which has drain in nano-amps,
10t milli-amps. The internal battery will hold the memory for up to one
rear! No other radio offers you this feature.
@ Fast and easy dialing. Full solid state dialing and you can choose from
he front panel either a fast or slow dial rate.
@ No relays are used, only solid state switching. This eliminates a trouble
pot many radios encounter.
@ KDK has also eliminated another trouble spot by completely hand
viring each radio. No internal plugs to become intermittant and no wire
vraps either, just good solid wiring.
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@ The audio output stage in the 2025A Hk 1l uses an integrated circuit
which has internal protection against over-voltage and shorted output
conditions. Plus it is a high audio output chip — just what you need in a
noisy mobile situation.

@ The transmitter uses direct VCO varicap modulation for true FM. Your
transmitted audio sounds as it should; crisp, clear and natural.

@ The power output stage of the 2025A Mk Il will not break down even
with an infinite VSWR load, and uses heavy duty solid state antenna
switching with a four stage low pass filter. All this gives you an exception-
ally clean, spur free output.

@®KDK has included an adjustable sub audible tone circuit which can also
be used for CTCSS or tone burst on transmit. Again, more features!

®Size is 2 7/10" high — 7 1/8" wide — 9 1/2" deep.

® You can switch from 25 watts to 3 watts low power.

® And, of course, the DC cable is included along with the microphone
and mobile mounting bracket.

Write for brochure — Dealer inquiries invited!
Warranty information available at your dealer
Company reserves the right to change specifications without notice.

Exclusive US Distributor — Dealers Welcome!

ORDER DIRECT
OR AT YOUR DEALER!

Distributed by:

KDK DISTRIBUTING CO. INC.

617 SOUTH GALLATIN ROAD — MADISON, TN 37115
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Fig. 1. Schematic diagram of dummy load/wattmeter/rf
bridge. R1 is chosen as necessary to calibrate the wattmeter.

This same bridge circuit
can be used to measure the
power delivered to the
dummy load by the trans-
mitter. A glance at the
schematic will assure you
that with no load connected
to the bridge and the resis-
tance dial set to zero Ohms,
the voltmeter circuit will in-
dicate the rf voltage across
the 10-Ohm portion of the
dummy load. Knowing that
voltage, we can easily cal-
culate the voltage across
the whole dummy resis-
tance, and knowing that, we
can calculate the power
there from P=VZR. The
calibration can be accom-
plished using only a dc volt-
meter and will be described
shortly.

Construction

A lot of articles begin
their construction descrip-
tion with the assurance that
“the layout is completely
noncritical.” That is certain-
ly not true here, but “criti-
cal” is also too strong of a
word, so let me just caution
you to be careful with lay-
out. There are three main
areas that can cause trou-

ble.

First, it's best to arrange
the dummy load portion of
the circuit so that current
flowing in the ground path
from the bottom of the
dummy load back to the in-
put terminal does not share
any conductor with part of
the bridge circuit. If it does,
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then variations in the input
power will shift the null po-
sitions on the resistance
dial. Photo B shows one
way to solve that problem
by bringing the input power
and its ground return to the
dummy resistors on a single
piece of coax, thus avoiding
the temptation to ground
the bottom resistors to
some point on the chassis.

Second, the detector di-
ode should have one end
connected directly to the
output jack. My first few at-
tempts had more compact
physical arrangements with
the diode connected to the
bridge output terminal with
lengths of wire or brass
strips. This always inter-
fered with getting good
deep nulls on both ends of
the resistance range.

Third, the detector
should not be a silicon
diode, since the 0.6-volt
threshold of a silicon diode
will cause the bridge nulls
to be too wide. With a given
load termination there
should be a single, sharp
deep null on the dial, not a
dead zone covering several
degrees of rotation. My col-
lection of diodes is pretty
large, and the best of the lot
turned out to be some ger-
manium 1N34 equivalents |
paid 10¢ each for some 15
years ago! Radio Shack’s
2761123 diodes cost the
same today and should
work as well.

The dummy load nomi-
nal value is about 51 Ohms
with the circuit shown. |
used an assortment of resis-
tors from the junk box, so
feel free to substitute val-
ues, but do observe a few
simple rules. Wire-wound
resistors are definitely out
because they look like coils
at radio frequencies. Also,
stick with carbon resistors
having values less than 1k,
When paralleling resistors,
try to have them all of the
same value so they dissi-
pate equal amounts of pow-
er. Keep the leads short and
the wiring direct; this keeps
the dummy load looking re-
sistive at the higher fre-
quencies and prevents stray
coupling which might inter-
fere with the bridge nulls,

The rest of the physical
arrangement is pretty clear
from the photographs with
the exception of the bridge
potentiometer mounting. A
similar bridge is described
in W6SAIl's 1962 Radio
Handbook’ and the author
there cautions that stray ca-
pacitive coupling between
the potentiometer resistive
element and ground can
cause frequency sensitive
errors in calibration.

The suggestion made
there, and followed here, is
to cut a large hole in the
box (say, 1-1/2” in diameter)
and mount the pot in the
center of this open space
using a piece of insulating
plastic, bakelite sheet, or
unplated circuit board for
support. This insulates the
pot body from ground and
thereby greatly reduces the
capacitive coupling be-
tween the pot resistive ele-
ment and ground. |t seemed
like a good suggestion so |
followed it. | can’t strictly
say it is necessary because |
didn’t try it the other way,
but it sure can’t hurt.

The skirt on the resis-
tance dial covers the hole
from the front of the box. If
you want to use a smaller
knob with a pointer, you
could mount a rectangle of

insulation over the hole
from the front side of the
panel and use that to hold
the pot and the calibration
marks. The actual value of
the bridge potentiometer is
not too critical. It should be
at least 50-Ohms so that it
doesn’t draw too much
power, and anything over
1k is probably asking for
trouble with stray capaci-
tance. If you have anything
inside that range, try it
before you buy a new
250-Ohm unit.

The box shown is a cut-
down Bud minibox that
started out as 3" X 4" X 5",
The 3” height was reduced
to just under 2 because it
fit the hand better, but
there is nothing magic
about these dimensions.
Use anything of roughly the
same size as long as it is
made of metal. You also
will note in the photographs
that BNC connectors are
used instead of the more
common (in amateur cir-
cles, anyway) UHF series. |
don’t run enough power to
require RG-8, and | find the
smaller quick-connect BNC
connectors more conve-
nient for my home-brew
projects. Naturally, if all of
your antenna cables have
UHF connectors, then you
also should use them on
your bridge.

Calibration

There are two things to
calibrate here: the watt-
meter and the bridge scale.
The meter serves as a null
indicator when using the
bridge, so the wattmeter
calibration can be done
after the bridge has been
checked out.

The bridge dial can be as
simple or fancy as desired
but it should be large
enough to read easily. The
skirt on my dial is 2-1/4” in
diameter. You probably will
want to start with a paper
scale and save the fancy
artwork until everything is
working properly.

Assemble a collection of
carbon resistors covering as



many values as possible be-
tween 5 and 1000 Ohms and
then cut the leads to about
1” in length. The leads are
bent so the resistors can be
spring loaded into contact
with the bridge output con-
nector. If you have a lot of
spare connectors, you also
could make up a number of
dummy loads with the dif-
ferent resistors similar to
the one shown next to the

bridge in Photo B.

Any layout problems will
be more pronounced at the
higher frequencies, so fire
up a 10-meter rig if you
have one and feed several
Watts of rf into the bridge.
(I've used this instrument
only on 10 meters, but it
might work all right up to 6
meters.) With the bridge ex-
cited, check the nulls at
both ends of the range, say,
with a 10-Ohm then a
680-Ohm load.

Both nulls should be
deep and well defined. If
one isn't as deep as the
other, then there is prob-
ably something wrong with
the physical layout of the
bridge elements. Try mov-
ing things around some or
try another ground routing.
If vou followed the layout
shown, then there really
shouldn’t be any trouble.
Remember that this is an rf
resistance bridge and with
resistors on the bridge out-
put, the nulls theoretically
should be right down to
zero meter movement. In
practice, stray reactances
prevent the nulls from be-
ing perfect but they should
come pretty close to it. If
the load does contain some
reactance, there still will be
a dip but it won’t be to zero
as previously mentioned.

When you're satisfied
with the basic bridge opera-
tion, make a temporary
scale and mark off the posi-
tions of the nulls due to the
collection of sample resis-
tors. Standard resistor val-
ues aren’t nice round num-
bers, but with enough cali-
bration marks you can
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Photo B. Interior of the instrument, showing layout and construction details. The object in
the foreground is a dummy load typical of those used during calibration.

make a final scale with lines
at 5, 10, 20, 30, etc., Ohms
as shown on the front panel
in Photo A.

The wattmeter scale can
be calibrated easily using a
dc power supply and a
good dc voltmeter. Remem-
ber that the wattmeter is ac-
tually reading the rf voltage
across the 10-Ohm portion
of the dummy load when
there is no bridge load and
the bridge pot is set to zero
Ohms. Under these condi-
tions, the 0.0027-uF cou-
pling capacitor (that's not a
critical value—anything
from 0.001 to 0.05 will work
as well) will charge to the
peak value of the rf sine
wave.

Since the peak value of a
sine wave is 1.414 times the
rms value, it is easy to cal-
culate a dc value which,
when fed into the instru-
ment, will read the same on
the meter as some given rf
power. A conversion chart
for the 53-Ohm dummy
load is given in Table 1
along with the equation
necessary to calculate your
own equivalents should you

use some other combina-
tion of resistors. Since | was
interested in converting CB
sets, | calibrated my watt-
meter for a full-scale
reading of 5 Watts, even
though the resistors can
handle 10 Watts for short
periods. To make the
5-Watt calibration, feed a
measured 229 volts into
the unit, turn the sensitivity
control all the way down
(maximum resistance), and
select a value for R1 that
gives a full-scale meter
reading.

Now comes the hardest
part: making the meter
face. | don’t like conversion
charts so | made a whole
new face for my meter. It’s
not as difficult as you might
think, but it does require a
steady pair of hands.

Open the meter, remove
the two screws holding the
faceplate in place, and
remove the faceplate while
taking care not to damage
the meter pointer. Glue a
clean piece of white paper
over the old faceplate using
paper paste and not liquid
white glue (which tends to

dampen the paper so much
that it wrinkles). Be sure to
cover the faceplate evenly
with paste so the paper
won’'t have a chance to
wrinkle. The pointer travels
close enough to the face-
plate that it can get stuck
on wrinkles.

When the paste is dry,
use a sharp knife to trim off
the excess paper, and a pin
to punch through the screw
holes. Now a drawing set
with an ink compass can be
used to draw in a nice arc
for the baseline of the new
scale. Remount the face-
plate, center the meter zero
adjustment, and make a
light pencil mark under the
pointer tip to define the
zero rest position. Reapply
the 229 volts and make
another pencil mark to spot
the 5-Watt full-scale posi-
tion. Now go down the list
in Table 1 and mark off
each intermediate point,
checking occasionally that
all of the points are repeat-
able and properly marked.

Finally, remove the face-
plate again and finish off
the scale graduations with
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Fig. 2. Shortened loaded vertical, a CB mag-mount whip.

ink or dry transfers using
the light pencil marks as a
guide. With a little care, the
results can be pretty profes-
sional. One real bonus of
this technique is that the
calibration is correct with
the particular diode, resis-
tors, and meter actually
used, since the whole cir-
cuit is calibrated at once.
That’'s important because
the diode is not a perfect
rectifier and the meter
scale will be influenced
slightly by the characteris-
tics of the particular diode
used.

An Application Example
The most obvious use for

Input Power Dec Voltage

Watts Equivalent
5.0 22.90
4.0 20.49
3.0 17.74
2.0 14.49
1.0 10.24
0.5 7.24
04 6.48
03 5.61
0.2 4.58
0.1 3.24

Table 1. Wattmeter calibra-
tion. Input power levels cor-
responding to dc voltage
equivalents. Values are cal-
culated using £ =
where P = rf power [in
Watts), R = total dummy re-
sistance, and E = dc input
voltage (where E is peak
value of rf sinewave). Cau-
tion: With these dc inputs,
the dummy load is dissipat-
ing twice the indicated rf
power, so be careful not to
overheat the resistors.
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the rf resistance bridge is in
making matching adjust-
ments to antennas. Some
antennas, dipoles, for ex-
ample, are easy to adjust
with an swr bridge since
their feedpoint impedance
at resonance is already
close to the typical cable
impedance. When a dipole
is fed with either 52- or
73-Ohm coax, its swr at
resonance is bound to drop
to somthing like 1.5:1. This
isn’t true with shortened an-
tennas such as mobile
whips since their feed im-
pedance may be only a few
Ohmes.

There are two adjust-
ments necessary to get a
low swr with such an anten-
na: one for resonance and
one for impedance match-
ing. Making these two ad-
justments with only an swr
bridge can be very difficult
because a low swr will re-
sult only when both settings
are correct. With a re-
sistance bridge, the adjust-
ment is much easier.

Consider the antenna
shown in Fig. 2, a magneti-
cally-mounted, base-load-
ed CB whip. The antenna
really has two adjustment
points, although the tapped
loading coil is normally ad-
justed and sealed at the fac-
tory and all that is neces-
sary for 27-MHz operation
is a slight height adjust-
ment. Putting this antenna
to use on 10 meters or using
a different length whip sec-
tion may change things
enough that a low swr can-

not be achieved without a
change to the coil size or
tap position.

For example, | am using
one of these antennas on
the roof of my house as a
loaded ground plane. The
eight 1/4A radials laid out on
the roof do not provide the
same type of ground return
as the roof of an automo-
bile. In addition, a 5" whip is
being used as a radiating
element in place of the orig-
inal 3’ length. This longer
length lets me use a smaller
loading coil with lower
losses. | built this test in-
strument partly because of
the difficulty | was having
trying to tune this antenna
with only an swr meter and
grid dipper.

Adjusting such an anten-
nais a lot simpler with the rf
resistance bridge, but first
the bridge must somehow
be connected to the base of
the antenna. It would be
nice to locate the bridge
physically at the base of the
antenna but this isn’t
always practical. For one
thing, the bulk of the oper-
ator’s body would probably
upset the antenna tuning. If
the bridge is connected to
the antenna through a
length of coaxial cable then
that cable length must be
chosen carefully because
the impedance seen look-
ing into a transmission line
depends on three things:
the line impedance, the
load impedance, and the
line length.

Luckily, it happens that a
section of transmission line
which is some multiple of a
half wavelength in length
will have an input imped-
ance almost exactly equal
to its load impedance. Us-
ing such a line makes it pos-
sible for the bridge to be
located at some convenient
position and still indicate
the antenna base imped-
ance. At 28.5 MHz, a half
wavelength in free space is
16’ 5" and in coaxial cable it
will be about 2/3 of that or
10" 117,

If you have a section of

cable this length, it is easy
to check its electrical
length with the bridge. First
put a 10-Ohm resistor di-
rectly on the bridge and
check for the null at 10
Ohms. Then insert the cable
section between the bridge
and resistor and see that the
bridge still reads a resistive
10 Ohms. If it is a little off,
as indicated by an incom-
plete null somewhere near
10 Ohms on the dial, you
may want to change the
transmitter frequency a bit
to adjust the operating
wavelength to the line’s
physical length.

Just for fun, you might
try a quarter wavelength of
cable and verify that it
transforms the 10 Ohms in-
to 270 (52-Ohm cable). In
fact, you might get out a
good article on transmis-
sion-line matching sections
and try a number of things
with different loads and
line lengths—it's fun and
really brings that dry old

theory to life.
With the antenna fed

through some multiple of a
half wavelength of cable,
the radiator length can be
adjusted for resonance as
indicated by a complete
null of the meter reading.
The resistance indicated at
resonance is the feedpoint
impedance of the antenna,
and the ratio of that imped-
ance to 52 Ohms is the swr
on the cable—assuming
you're using 52-Ohm cable.
It the swr is more than 2:1
(antenna impedance great-
er than 100 or less than 25
Ohms), then you may want
to change the coil tap posi-
tion. It probably is easier to
change the inductance be-
low the tap by squeezing or
separating the coil turns
there slightly than it is to
unsolder and move the tap
itself. These adjustments
can be pretty fine and you
probably won’t end up
changing the coil size by a
whole turn’s worth anyway.

With the inductance
changed, look for the new
null on the bridge and, once
again, adjust the antenna



height until the feedpoint
impedance is pure resis-
tance. Depending on
whether that resistance is
closer or further from the
52-Ohm target, you now
know in what direction the
coil must be altered to ef-
fect an acceptable match.

Conclusion

Of course, there are
many other tuning applica-
tions for this instrument
besides CB antenna conver-
sions. You will find it more
useful than an swr bridge
for any application which
requires both resonating a
load and transforming its
impedance. As a bonus, you
can use it to measure swr
when the load impedance is
mostly resistive. The inter-
nal dummy load lets you
adjust and modify antennas
without danger to vyour
transmitter and without
putting a big signal on the
air. You'll also find that the
dummy load and calibrated

wattmeter are a valuable
QRP tune-up aid. Last, but
not least, you can develop a
real understanding of trans-
mission-line matching tech-
niques by using the bridge
to verify some of the theory
you read when studying for
your ticket! Il
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Police Freqs for the TR-2400

— a sleepless night for the mod squad

do not need to extol the

bounty of convenience
and luxury Kenwood'’s new
TR-2400 hand-held 2-meter
transceiver has brought to
VHF enthusiasts. Most
hams, no doubt, have seen
or read of its features—no-
tably 10 channels of pro-
grammable memory and its
ability to scan these mem-
ories, stopping on active or
inactive channels. Being
strictly a VHF enthusiast,
my mind began to drift
when my TR-2400 arrived to
what the next advance inra-
dio/scanner technology
would bring forth. It didn't
take very long to imagine
the first tri-band program-
mable hand-held scanner.
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Fig. 1. Vco location.
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After all, the TR-2400 had
broken the ground, at least
in a single-band version.

| also began to ponder
the possibilities of convert-
ing the TR-2400 to the “ac-
tion band.” One sleepless
night was spent tracing the
schematic lines and deci-
phering its method of oper-
ation. | would like to thank
Trio-Kenwood Corporation
for their practice of supply-
ing block diagrams and full
schematics with their prod-
ucts. | wish all manufactur-
ers would make it a policy
to do the same with every
unit. This ham, for one, dis-
trusts “black boxes.”

Several possibilities
emerged to modify the
TR-2400 so that reception in
the 154- to 158-MHz range
would be possible. Three of
them will be outlined here,
from simple to complex.
The simplest of these is cur-
rently working in my rig.
The second requires moder-
ate circuit modification,
but may not work depend-
ing on the range of the vco.
The third method requires
additional parts and good

instruments to adjust, but is
sound in theory. | present
these here in hope that
someone else will follow
my theories, try to imple-
ment them, and report their
results. | cannot because |
begin Navy pilot training at
Pensacola, Florida, within
two weeks of writing this
draft and don’t have the
time!

Theory in Operation

The operation of the
TR-2400 is fairly straight-
forward as frequency syn-
thesizers go. Referring to
your owner’s manual (pages
14 and 15) with the follow-
ing description may be
helpful, but not necessary,
to follow the principle of
the synthesizer.

Transistors Q7 and Q8
and associated power sup-
ply pass transistors Q2 and
Q3, respectively, form a
complementary electronic
switch—i.e., when Q2 is ON
during receive, Q3 is OFF,
and vice versa during trans-
mit. Q2 controls the fixed
frequency receive beat os-
cillator/tripler (X1, Q1). Q3

controls the transmit beat
oscillator/tripler (X2, Q4).
During transmit, positive
bias on the base of Q7
causes it to conduct to
ground and turn off Q2 and
Q8, which turns on Q3 and
Q4.

The output of Q4 (138.5
MHz) and the VHF voltage
controlled oscillator (vco,
Q10) are mixed, filtered,
and amplified by Q5 and
Q6. This forms a downcon-
verter, much like the i-f sys-
tem when in a receiver. As
shown on the block dia-
gram in the manual, the
output of Q6 is always be-
tween 5.5 and 9.5 MHz for
2-meter operation (144.0—
138.5=5.5 MHz). The full
range is 5.4 MHz to 9.995
MHz. In receive mode, pass
transistor Q2 activates Q1
(127.8 MHz) and D3. The
output of Q1 is lower than
Q4 by 10.7 MHz, which is
the i-f frequency. In order
to keep the output of Q6
between 5.5 and 9.5 MHz,
the vco must drop its fre-
quency by 10.7 MHz, too.
Most of this drop is ac-
complished by D3 bypass-
ing C27 when forward bi-



ased, effectively increasing
the value of C26 (the value
of two capacitors in series is
lower than the smallest
value; bypassing one of
them therefore increases
the value of capacitance in
the circuit). This lowers the
vco frequency by about
10.7 MHz.

IC Q20 is a binary-en-
coded 3%:-stage decade
programmable counter (i.e.,
it divides by any integer,
not just powers of two). Ac-
tually, as used here, only 3
decades are program-
mable: units (A1-D1), tens
(A2-D2), and hundreds
(A3-D3). The thousands half
stage (A4-B4) is wired at one
thousand (i.e.,, A4 goes to
Vdd and B4 goes to ground,
a binary one). Frequency
division of the signal from
Q6 is therefore 1000 plus
whatever is loaded into
Q20 by the microprocessor,
Q25 (and interface I1Cs Q23
and Q24). Divisors range
from 1080 at 143.900 MHz
to 1999 at 148.495 MHz, the
limits of the TR-2400.

The phase comparator
reference frequency (5 kHz)
is derived from X3 (10.240
MHz) and fixed binary di-
vider IC Q22. To get 5 kHz
in this case, a divisor of
2048 is used, which is 2",
hence pin Q11 on the sche-
matic. 10,240 kHz + 2048 =
5 kHz.

The divided outputs from
both IC Q22 (reference) and
IC Q20 (signal) are fed to IC
Q21, the phase comparator.
Any difference between
phases in the two signals
(usually caused by a dif-
ference in frequency) causes
an error voltage to appear
at pin 1, “AMP OUT.” This
output is proportional in
magnitude to the phase dif-

ference of the two signals.
This error voltage is applied

to D2 (actually a varactor
diode) to tune the vco fre-
quency and hence correct
the phase difference the
comparator in IC Q21
senses. Simultaneously, this

voltage is fed to four varac-
tors in the front end (D1-4)
to ensure peak tuning
across the band in the re-
ceiver front end. The error
voltage was measured at
nearly 1/2 volt per mega-
hertz of frequency change.

Back to the beginning for
a moment. The trans-
mit/receive switching volt-
age used to drive Q7 and
Q8 is closely associated
with the biasing voltage for
diodes D9 and D8/D27.
These diodes select the
routing of the vco output
signal to either the receiver
(D9) or the transmitter
(D8/D27) as it is needed.

To complete the theory
of operation, the deviation
for transmitting is devel-
oped in the vco. Output
from microphone amplifier
IC Q13 is applied to D5 in
the vco, another varactor.
Thus, modulation is true
FM, produced directly at
the VHF frequency without
the use of frequency multi-
pliers.

Conversion

The most commonly
used portion of the VHF-hi
public service band of
usual interest lies almost
exactly 10 MHz above the
2-meter amateur band (154
to 158 MHz). The transmit-
ter frequency from the vco
(143.9 to 148.495 MHz) is an
appropriate injection fre-
quency to the receiver for
nearly the same range
(+10.7 MHz=1546 MHz
to 159.195 MHz).

The only trick necessary
to accomplish this higher
injection frequency is to
use the higher-frequency
transmitter beat oscillator
(Q4) with the receiver and
turn off the receiver beat
oscillator (Q1) and D3. Two
wires can be rerouted
through the S. TONE switch
(if not being used) to shift
the receiver up band. No
critical or sensitive circuits
are disturbed, so perfor-
mance is virtually ensured.
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Fig. 2. Suggested circuit. Note: LM358 is a dual op amp in an
8-pin DIP designed for single-ended power supplies.

In operation, the collector
of Q7 is bypassed to
ground, which switches the
oscillators, as needed, but
not the radio circuits.

The Mod

Turn the radio off and
the TX offset to BU OFF. Re-
move the four rear screws,
back cover, battery cover,
battery pack, and the two
screws beneath the battery
holder. Disconnect the bat-
tery. Locate the empty area
in the center of the rear cir-
cuit board where the tone
board would go. Find the
red (V+) and black
(ground) wires and short
them together (use a piece
of insulated wire if you
like). The red line will be
disconnected fromV+ ina
moment. Replace the back
cover without screws.

Turn the radio over, face
up. Carefully lift the face
plate up and off to the right.
All these ICs are CMOS and
could possibly be de-
stroyed by statit charges on
loose fingers or tools. There
is no need to touch these,
so don’t! Note: You will be
on a remote lead of the
microprocessor (PA2), but
this lead has static protec-
tion (C9, R66).

Find the S. TONE switch
assembly in the top, center.
Just to the right of this
switch is a black wire
marked B1. Follow this wire
down to the bottom edge of
the board. Remove this one
end of the wire from this
point by cutting or un-
soldering it. This discon-
nects the red wire on the

bottom board from V+.
Lay the black wire aside.

In the lower left corner is
a shielded portion of the
circuit. This is the vco. At
the top of this box is tran-
sistor Q7 and its associated
resistors. To the right, in the
2 o’clock position, is R18.
See Fig. 1. The wire lead of
R18 is the connection point
for the end of the black
wire removed above. The
lead on R18 has a ceramic
coating for insulation, part
of which must be removed
to make a place to solder
the black wire. This coating
will chip away easily under
a pen knife, razor blade, or
even serrated plier tips if
done very gently. After
removing the insulation,
solder the black wire to the
resistor lead quickly. These
small resistors won’t handle
much heat for long. Don’t
break the circuit. This is just
a convenient attachment
point.

That is the entire modi-
fication. Put the case to-
gether, careful not to pinch
any wires, and connect the
battery pack. Be careful not
to overtighten the screws.
Turn the radio on before
moving the TX OFFSET
switch from BU OFF.

Operation

This modification causes
the ON AIR indicator to be
on when the S. TONE
switch is depressed. The
transmitter is not on. The
microprocessor (pin PA2)
reads the collector of Q7,
which you just shorted to
ground, as the transmitter.

/3 Magazine » February, 1982 27



CALL

TOLL FREE

1-800-238-6168

In TN. call 901-683-9125

MEMPHIS AMATEUR
ELECTRONICS

(Formerly-Germantown-Sere-Rose)

Authorized Dealer for: Kenwood, Yaesu, lcom,
Drake, Mirage, AEA, Info-Tech, Ten-Tec, MFJ,

Cubic, and B&W.

MON-FRI 9:00—5:00
SAT 9:00—12:00

Write: 1465 Wells Stat. Rd., Memphis, Tn. 38108

Only the transmit beat os-
cillator is on. While in this
mode, | suggest you keep
the F LOCK ON and the TX
switch in the STOP position
to avoid inadvertent trans-
mission while monitoring. If
you do transmit, the trans-
mission will be in the
amateur band as usual.The
transmitter is not shifted up
band by this modification.

To receive the desired
new channel, subtract 10.7
MHz from the known fre-
quency (e.g., 155.61 MHz —
10.7=14491). Make sure
the S. TONE is off (up po-
sition) and program the
radio as usual for the cor-
rected frequency (e.g.,
4910). Now depress the S.
TONE switch. As the ON
AIR flag appears, your
radio is tuned to the new
channel.

While in this mode, the
keyboard will not function,
just as if you were transmit-
ting; thus, there is no band
scan or memory scanning.
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These features may be re-
gained by the more com-
plex modifications, or by
isolating pin PA2 of the mi-
croprocessor and keeping it
near Vcc (which | do not
recommend). If the radio is
turned on with the S. TONE
switch already depressed,
an incorrect display is likely
to occur. Simply turn the S.
TONE switch off, then on
again to correct the read-
out. Receiver sensitivity in
the new band will fall off
because varactors D1-D4
(front end) are not being
properly tuned for this high-
er range. However, sensitiv-
ity remained sufficient to
receive my local sheriff’s
department near the edge
of the county.

Other Theories

The best theory requires
some careful circuit work,
but has great promise. Ba-
sically, if you add 2000 to
the divisor at IC Q20, all fre-
quencies would be shifted

up by exactly 100 MHz.
This is easily done by lifting
B4 from ground and con-
necting it to Vdd, or A4.
Thus, programming would
be just as on 2 meters— just
the last 4 digits of the fre-
quency, without the need
for a correction factor. Us-
ing this higher divisor would
allow using the receive beat
oscillator and keep band
and memory scan capa-
bility.

The easiest way to keep
the vco working 10 MHz
higher than usual above the
receive beat oscillator is to
isolate D3 in the vco by
breaking the control line
from Q2. An additional
switch would be needed to
switch it back in for normal
two-meter operation.

A more extensive circuit
addition may vyield better
results. The AMP OUT line
from IC Q21 goes from
about 1.2 volts to 3.4 volts
(a range of 2.2 volts) from
1439 MHz to 148.5 MHz (a
spread of 4.6 MHz), or
roughly +.5 volts/MHz.
Thus, to go 10 MHz higher
would require about 5 volts
more, in addition to 3.4
volts, for a maximum swing
of 8.4 volts. This is below
the battery voltage and is
therefore feasible, but may
not be practical. There are
several limiting factors that
must be checked before im-
plementing either modifica-
tion: 1. capacitance range
and response curve of D2
for these voltages; 2. main-
taining the supply voltage;
and 3. will IC Q20 handle an
input frequency of 20 MHz?

The output of the AMP
OUT line of IC Q21 is limit-
ed to Vdd, the supply volt-
age from regulator Q9. This
Is 6 volts, or about 10 MHz
of total possible spread, us-
ing 1 volt as a minimum
figure and linear mode of
operation from D2. One
possible solution to this
limited voltage swing is an
amplifier stage with a volt-
age gain of 2 connected to
the battery line. The output

would feed varactors D2
and D1-D4 in the front end.
This may tune not only the
vco over the full 15 MHz,
but also the front end to
maintain sensitivity. How-
ever, it may be impractical
to use the unregulated bat-
tery voltage. Low batteries
and varying load conditions
(e.g., audio) may cause volt-
age fluctuations and insta-
bility in the vco.

Still one more option ex-
Ists. Alternating X2 with a
crystal for 459333 MHz
would shift the transmit
beat oscillator exactly 10.0
MHz above the receiver os-
cillator instead of 10.7
MHz. These crystals would
be switched in or out by
means of their ground con-
nection. These two crystals
(X2 and X2A) would differ
by less than 250 kHz, so the
bandwidth of the oscillator
should not be a problem.
The accurate tuning of
these crystals is imperative.
To tune the front end, an op
amp could be used in a volt-
age summing circuit. (See
the suggested circuit in Fig.
2.)

The trimpot would be ad-
justed to add a preset value
to the vev (varactor control
voltage) line to feed the
front end (only) when
switched in. When not in
use, both sides of the pot
would be grounded so it
would add zero volts for
normal operation. Note:
X2A may also work on the
receive oscillator side if Q1
is broadband enough, and
D2 will work on a higher
voltage. If so, change R3, 4,
and 5 (Fig. 2) to 220k and
connect the vcv line to D2
as well. Eliminate the con-
nection to Q7. This will re-
store memory scan again.

It is my hope that some-
one else will pick up on
these ideas and work them
out to completion. In emer-
gencies, such capability to
switch between ham and
police or fire department
channels could prove very
valuable.

Good monitoring! B



ICOM Presents the

Minicom IC25A

Imagine..25watts/5 mem-

ories/2 scanner systems
ina2"Hx5%"Wx7"D

2 meter transceiver!

A very small package with a 25 watt
punch, the IC-25A is a full featured FM
transceiver for the space conscientious
operator. Nearly the same size as an auto-
motive AM radio, the I1C-25A will fit in
places usually considered impossible for a
one piece 2 meter transceiver. The IC-25A

is no lightweight when it comes to features:

® 5 memories. Store your favorite fre-
quencies.

® Priority channel.
important frequency.

Monitor your most

(Clip this actual photo out and try it in your car.)

3% mches wide

e 25 watts high/1 watt battery saving
low power.

® Touchtone™ mic standard..no extra
cost...to work your favorite autopatch re-
peater.

e Full band scan/programmable scan
(set your own limits)/memory scan....all
with automatc resume after preset delay or
carrier drop.

e 2 VFO's with data transfer standard.

® 2 tuning rates 5 KHz (A VFO) or 15
KHz (B VFO).

e Nor/Rev switch for instant monitor-
ing of repeater inputs.

® Memory back up power supply option
holds memory when attached.

Actual Size.

144 M)

' 2112-116th Avenue NE, Bellevue, WA 98004
3331 Towerwood Drive, Suite 307, Dallas, TX 75234
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Jim Gray W1XU
73 Magazine Staff

Those Amazing Bobtails

— the current-fed connection

he Bobtail antenna sys-

tem described in the
references has created
quite a stir. Various com-
binations of construction
methods and feed systems
have been suggested
through a great deal of cor-
respondence between vari-
ous amateurs.

A nagging problem has
been the lack of a satisfac-
tory explanation of the op-
eration of the antenna
when it is current fed. It is
hoped that this article may
shed some light on this sub-
ject and spur others on to
try this excellent antenna.

To begin, we need a cou-
ple of definitions: 1) Volt-
age feed—feeding an an-
tenna at a point where a
voltage loop (or maximum)
occurs. 2) Current feed—
feeding an antenna at a
point where a current loop
occurs,

Antenna theory shows
that whenever you have
two vertical radiating ele-

*a 12 a

ments spaced 1/2 wave-
length apart, the radiation
will be reinforced in a direc-
tion perpendicular to a line
drawn between the anten-
nas. By using three vertical
radiating elements (or four,
five, or more) all spaced 1/2
wavelength apart, the radi-
ation will be reinforced in
the same directions as be-
fore, approximately propor-
tionally to the number of
radiating elements. Such an
antenna is known as a cur-
tain. Because our antenna
has only three elements, it
is known as a short, or Bob-
tail, curtain.

Curtain antennas of the
type described are bidirec-
tional, with radiation pat-
terns that look like elongat-
ed figure-eights viewed
from the top of the antenna
looking down. The figure-
eight pattern extends per-
pendicularly from a line
drawn between the anten-
nas, and when many ele-
ments are phased, the fig-
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Fig. 1. The current-fed Bobtail.
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ure becomes longer and
skinnier and the result is a
bidirectional beam: a
broadside array.

In order to understand
the operation of the Bobtail
curtain antenna, one must
consider the antenna cur-
rents in terms of their mag-
nitude and phase relation-
ship. Ideally, in an antenna
of this type, all radiation is
from the vertical elements,
and little or no radiation oc-
curs from the horizontal
sections (flat-top portion)
because these exist merely
to achieve the proper phase
relationship between the
vertical elements.

Heretofore, the Bobtail
has been voltage fed by
means of a coupling net-
work attached to the bot-
tom of the center element,
although it is possible, if de-
sired, to attach the cou-
pling network to the bot-
toms of either of the verti-
cal end elements.

For many reasons, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>