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ICOM Introduces the IC-R71A 100KHz to
30MHz suporlor-gmdo general coverage
receiver with In features Iincluding

keyboard frequ and wireless
remote confrol momhr

This easy-to-use and versatile receiver
is ideal for anyone wanting to listen in to
worldwide communciations. Demanding
no previous shortwave recelver expetience,
the IC-R71A will accommodate an SWL
(shortwave listener), Ham (amateur radio
operator), maritime operator or
commercial operator.

With 32 pt%'ommoble memory
channels, $SB/AM/RTTY/CW/FM (optional),
dual VFO's, scanning, selectable AGC and
noise blanker, the | R71A's versatility is
unmatched by any other commercial
grade unlt In its price range.

Superior Recelver Performance.
Utilizing ICOM's DFM (Direct Feed Mixer),
the IC-R71A is virtually
immune to interference

T

Passband tuning, a deep IF notch filter,
adjustable AGC (Automatic Gain Control)
and noise blanker provide easy-to-adjust
clear reception, even In the presence of
strong Inferference or high noise levels. A
preamplifier allows improved reception of
weak signals.

Keyboard Entry.
unique féature to shortwave receivers...
direct keyboard entry for simplified opera-
tion. Precise frequencies can be selected by

ICOM introduces a

e

pushing the digit, keys in sequence of fre-
quency. The frequency will be automatical
entered without changing the main tuning
control. Memory channels may be called u
by prewssm?1 the VFO/M (memory) switch, the
kewng in the memory channel number from
fo 32

VFO's/Memories. A quartz-locked roch
solid synthesized tuning system provides
superb stability. Three tuning rates are pro-
vided: 10Hz / 50Hz / 1KHz.

32 Tunable Memories. Thirty-two
tunable memories, more than any other
general coverage receiver on the market,
offer instant recall of your favorite frequenc
Each memory stores frequency, VFO and
operating mode, and is backed by an intem
lithium memory backup battery to maintai
the memories for up to five years.

Opftions. FM, synthesized voice
frequency readout (activated by SPEECH
button), RC11 wireless remote controller, IC
CK70 DC adapter for 12 volt operation,
MB12 mobile mounting bracket, two CW
filters FL32 — 500Hz, and FL63 — 250Hz. an
high-grade 455KHz crystal filter FL44A

ICOM
TheWorld Systenr

ICOM America, Inc., 21 12-116th Ave NE, Bellevue, WA 98004 (206)454-8155 / 3331 Towerwood Drive, Suire 307, Dallas, TX 75234 (214)620-278
All stared specifications ore approximare and subject to change without notice or obligation. Al ICOM radios significontty exceed FCC regulanions limiing spunous emissons. R71A2



THE
EXPLORER 14

There is nothing like a beam! Compact, High Performance
You hear about the importance of the antenna system from the first day you get ‘ Broadband Tribander with
involved in amateur radio. You hear the big signals on the air being radiated by beams ! Quad-Band Option
and you hear those same signals virtually disappear when the beam is rotated. Yet, for
whatever the reason, getting on the air for the first time with a beam al your station is a
down-right exhilarating experience. The universal reaction is “'Had | really known, |

would have installed a beam years ago™ The value of a Directional Antenna was one of my earfy

The gain of a beam multiplies the effective radiated power of your transmitter just like “discoveries’. Over the years, | have built or bought numerous

an amplifier, More importantly, it amplifies the signal from the station being beamed. Quads and Yagis. | have never been so impressed as | am with my

Off the sides and back of the the effectl diated power of those kilowatts TH7DX. | enjoy QRP but now have a problem convincing folks that
your freq y are reduced to o QRP levels. | am only running 5 watts! The TH7DX is a superb antenna, both

A well-designed beam is by far the best performance buy you can make and it doesn't froma.p eanda 8l poi of view.

usa any electricity. Further, if you buy a good one, it will last longer than some of the Congratulations!

electronics gear in your shack. In terms of cost per hour of enjoyment, a beam antenna Jack Falker TH?Dx

is among the leas! expensive major station components. WBKR Seven element

As sunspot cycle 21 winds down over the next few years the priority for a good beam (WBKR has worked all countries but twol) Thunderbird

shifts from "great to have'' 1o "essential!” To maximize your station capability on the
high bands choose one of these super broadband arrays.

THE EXPLORER 14

The same compact size as the well-known TH3Mk3 it repl The driven el
umanupmmdipolewmchbnmptmutwocaIIPARA-SLEE\fE(Pmsm
Pending). The para-sieeve design achi the broadband perf i . The
forward gain and front to back ratio is very imp: i ially when compared with
other antenna designs in the same size class. 43 lbs {195kg]otmetpodormmco
on a 14 . (4.3 m) boom. Turning radius 17 . (5.3 m) and 7.5 sq. fL. (.69 m?) of surlace
area. The EX 14 is the ideal choice where space is limited. Great for roof mount or on
smaller lowers. Optional QK7-10 kit adds your choice of either 30 or 40 meters 1o the
driven alement.

FIVE ELEMENT THUNDERBIRD TH5Mk2

Broadbanding is achieved with our unique dual driven el ystem. Five el

on the 19 foot boom (5.8 m), mtournﬂmmnumuchnl‘ﬂnﬂmhanda 72

Ibs. (32 kg) of rugged antenna with 7.4 sq. ft. .68 m?) of surface area. Turning radius is =
a manageable 18.4 ft. (5.6 m). £

SEVEN ELEMENT THUNDERBIRD TH7DX
This is a broadb o to the y THBDXX. Five active elements on 10
metars and four elements on both 15-20 meters. The TH7DX represents the ultimate in
high-performance arrays whether you're comparing other large tribander’s or stacked
monobander’s. 76 Ibs. (35 kg) with a surface area of 9.4 sq. . (.87 m), a 24 it (7.3 m)
boom mduummqradlusolzﬂﬂ (6.1 m). If you own a THEBDXX, aoonumonkms
which includes the d driven el the comp y new 9
systemn, a full set of stainless steel hardware, and of course, step by step msiructm
Aftar conversion, your THBDXX is a TH7DX, exactly.

FEATURES COMMON TO EX 14, TH5Mk2, and TH7DX:

* Separate Hy-Q traps for each freq y. Factory bled and i dually
resonated to insure uniform performance.

* Handles maximum legal power with a respectable margin of safety.

* Unigue broadband beta maich assures efficient energy transfer and places the
entire ant e at dc gi d

« BN 86 balun supplied as standard

i ’
+ Top quality stainless steel hardwar lied at no added cost. T LEx -
* Super strong, taper swaged 6063-T832 thick-wall alumlnum tubing used mrwghom o

TH5Mk2

Five element
Thunderbird

= Unique Hy-Gain die cast aluminum boom to mast brach pls mast d
up to 2¥&" (63 mm)
« Toist and sip proot die formed heavy geuge akuminum slement 1o boom brackels. TELEX COMMUNICATIONS, INC.
* All tubing dsburrodmdclemudrormuol'mmhly 9600 Aldrich Ave. So., Minneapolis, MN 55420 U S A
= Only one set of for age of all three bands below 2:1 SWR Europe: Le Bonaparte—Office 711, Centre Affaires Paris-Nord,

\ Designed to survive winds of 100 mph (160 km/hr). 93153 Le Blanc-Mesnil, France.

More Details? CHECK —OFF Page 128 April 1984 1
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Optional FC-10 Frequency
Controller

Connects tathe TM-201A ‘or
TM-401A; Convenient control
keys for fraguency UP/DOWN
MHz shiff, VFQ AlB, and ‘MR
(memaony recall or change
memory channel), A green
LCL display indicates trans-
mitf teceive frequencies,

" " mi V I 18l >
and a "heeper” o confitm % DIYECRanM r\“””'“”
operation of various swilches ALERT, and SCAN (with

For'superlor sound' guality; the blinking Mz decimal)
TM-201A/TM-401A Tf‘r it perfornances. ate super- sepalate, external speaker, can
“comp-ACT"... tough act : IU”‘E a'HiELe be easily moun [slje] Other TM-201A/TM=401A

to follow. ‘ f'_“dd,l I_H(___,-Itd..' \a s }r.n_ spund in U.h desired direc ?ptlonal Accessories:
oullit=in nones pius a tion, A 16-key aulc TU-3 Pragarammable-lwao-:
pesl de- "CoM® inel withe dithium UPIDOWN!mic..allows te I GTESS encor
18 TM-201A VHE (a baltery backsup; memaory scan, | remote operation o . fixed slation power
big “J watls!) ar' the TM-J01A programmable bandi.scan, pri pam | funmunf- TH sUpply r A-4000 dual-banaer
70-am (12'walts) motiiles, ority aleft scan, and GaAs FET =NW : ctradios mobile antenna with duplexer
Measure BWx1.6Hx7:2D RE (frent end) amplifiers. They r* NoW. g\ 3 lor the SW-100A/B SWR/pnower metar
inghes: (the TM-201A and 2a ighly visible yellow popularVHE and UHF bands ME-586 mobile micraphone
TM-401A 2 impact ial display, a repeater providing high perfarmanc with time-oul timer

ras r'.ulﬂlr_l["]r'? Ideal in size iteh, a reverse swilch and superior saund quality

V.AGL TONE HIZLD ! - Ll | VOL-9-8al

_)om r.s.)

TW-4000A
FM "Dual Bander"_ _

Other TW-4000A
optional accessories:

dual dipital Vi

Re L0 K reverse switch;(

package . ends, waged die
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Welcome to the Hotline

Have you ever read a construction article in a magazine, then become all excited about
putting the equipment together — spending weeks searching through junk boxes, flea markets,
and your local radio outlet for all the parts — only to find that when you sat down and put
it all together it didn’t work? Then, when you dug-into the circuit and made sure it was wired
correctly — per the article — you found an error in the schematic? Needless to say, your
feelings at times like this are nothing short of unprintable.

, All publishers, ham radio included, have a difficult problem in this area. We work extremely
hard to catch any errors as our material is prepared for publication. Unfortunately, no mat-
ter how much effort is put into error control, problems sometimes occur. To further com-
pound the problem, it takes at least two or three months to publish a correction; by the
time the correction finally appears in print, a number of people have been inconvenienced.

After giving some serious thought to this whole matter we realized we could improve this
situation, at least for the readers of ham radio. So as of April 1st we’ll be operating a special
“"Ham Radio Short-Circuit Hotline'’ that you can call from 9 AM to Noon and 1 to 3 PM,
Eastern Time, Monday through Friday. Here you can find out whether there are any last-
minute changes or problems you should be aware of in your particular project before you
start work on it. The Hotline number is 603-878-1441. (No collect calls, please.)

As an additional service, we'll keep your name in a file of readers we know are working
on a particular project. If any problems should arise after your call, we’ll drop you a line
telling you what changes are involved.

In using this service, please remember that the Hotline isn’t a technical advisory service.
You'll be talking with a clerk, not a technically trained Amateur. Please don’t call the Hotline
for help with construction; if you have a problem, write to the author of the article in question.

And if you find an error in an article, tell us in a brief letter. We'll check it out, and if we
find that there is indeed an error, we'll add it to our Hotline file and prepare a ““Short Cir-
cuit”’ for publication in the next available issue.

It's important to remember that this service will cover only problems that would render
the project either unusable or unsafe. We regret that we cannot act as a clearing house for
design ideas or offer advice on how to squeeze the last dB of performance out of the equip-
ment concerned. If you have comments of that nature, we’d welcome them; just jot them
down and address them to Rich Rosen, Editor-in-Chief, in a letter.

Hopefully, this will be a good step toward helping to solve this familiar problem and will
make Aam radio even more valuable to all of you builders.

Skip Tenney, WINLB
Publisher

6 April 1984



MFJ RTTY

ASCII

AMTOR

COMPU'I'ER IN'I'ERFACES

RTTY/ACSII/AMTOR/CW [
INTERFACE
CARTRIDGE
FOR
VIC-20/C-64

NE

Most versatlle RTTY/
ASCI/AMTOR/CW Inter- MF-1208
face cartridge available for ¥ 69 95
VIC-20 and Commodore
64, Gives you more features, more performance,
more value for your money than any other interface
cartridge available.

Sll!'l Interface works for both VIC-20 and
Commodore 64. Plugs into user's port.

Choose from wide variety of RTTY/ASCII/CW,
even AMTOR software. You are not married to one
on-board software package. Use MFJ, Kantronics,
AEA plus most other software cartridge, tape or disk.

850 Hz and 170 Hz shifts on receive and transmit.

Has mark and space outputs for scope tuning.

Normal/Reverse switch eliminates retuning.

True dual channel mark and space active filters and
automatic threshold correction gives good copy when
one tone is obliterated by QRM or selective fading.

Easy, positive tuning with twin LED indicators.

Narrow 800 Hz active CW filter. Automatic PTT.

Exar 2206 sine generator for AFSK .

Shieided XCVR AFSK/PTT Interface provid-
ed. Plus or minus CW keyed output. FSK out.

Powered by computer (few mA.), no power Aner
10 buy or extra wire to dangle or pick up/radiate RF

Glass epoxy PCB. Aluminum enclosure. 4ax4%ax1".

GENERAL PURPOSE RTTY/ASCII/
AMTOR/CW COMPUTER INTE HFACE

Lets you send and receive computerized RTTY/ASCII/AMTOR/CW. Copies
all shifts and all speeds. Copies on both mark and space. Sharp 8 pole active
filter for 170 Hz shift and CW. Plugs between your rig and VIC-20, Apple,
TRS-80C, Atari, TI-99, Commodore 64 or most other personal computers.
Uses MFJ, Kantronics software and most other RTTY/CW software.

MFJ INTERFACE plus MFJ

SOFTWARE CARTRIDGE
for VIC-20 or Commodore 64.
MFJ-1228 PLUS MFJ-1250 $ 95
or MFJ-1251 for one low prics oy 50 o0

SOFTWARE CARTRIDGE FOR

VIC-20/C-64 MFJ-1250/MFJ-1251
Powsrful MFJ sottwars 9 49 95
cartridge for VIC-20 (MFJ-

1250, $49.95) and Commodore 64 (MFJ-1251,$49.95).
Plugs into expansion port. Developed by MFJ.

Features RTTY/ASCII/CW send and recelve, split
screen display, type ahead buffer, message ports,
status display, automatic CW speed tracking, parallel
printer compatibllity plus much more.

SU:ER RTTY FILTER

FJ-T25 w
il SO S

Improves copy under

crowded, fading and weak signal conditions.Improves
any RTTY receiving system. 8 pole bandpass active
filter for 170 Hz shift (2125/2295 Hz mark/space). 200
or 400 Hz bandwidths. Automatic noise limiter. Audio
in, speaker out jacks. On/off/bypass switch. ""ON"
LED. 12 VDC or 110 VAC with optional AC adapter,
MFJ-1312, $9.95. 3xdx1 Inch aluminum cabinet.

AR
MF] RTTY CW
g m e L e COMPUTER INTERFACE
‘ oAb cw .
5. 0000 -~
. . MODEL MF 1204
A o BAew mm rev AL
A o -
MFJ Software plus MFJ Interface for VIC- 20/c-64| MFJ-1224
Software cartridge alone er MFJ-1250/MFJ-1224
for VIC-20, MFJ-1251/MFJ-1224 for Commodore 64. $129 $ 9 9 95
Includes cable to interface MFJ-1224 to VIC-20 or C-64.
New MFJ-1224 RTTY/ASCII/AMTOR/CW Com- Automatic tracking copies drifting signal.

puter Interface lets you use your personal computer
as a computerized full featured RTTY/ASCII/
AMTOR/CW station for sending and receiving. Plugs
between rig and VIC-20, Apple, TRS-80C, Atarl,
T1-99, Commodore 64 and most others.

Use MFJ (see MFJ-1250/1251 below) software for
VIC-20, Commodore 64 and Kantronlcs for Apple,
TRS-80C, Atari, TI-99 and most other software for
RTTY/ASCII/AMTOR/CW.

Easy, positive tuning with twin LED Indicators.

Copy any shift (170,425,850 Hz and all other shifts)
and any speed (5-100 WPM RTTY/CW and up to 300
baud ASCII).

Coples on both mark and space, not mark only or
space only, to improve copy under adverse conditions.

Sharp 8 pole 170 Hz shift/CW active filter glves
good copy under crowded, fading and weak signal
conditions. Automatic noise limiter suppress static
crashes for better copy.

Normal/Reverse switch eliminates retuning. +250
VDC loop output drives RTTY machine. Speaker jack.

Exar 2206 sine generator gives phase continuous
AFSK tones. Standard 2125 Hz mark and 2295/2975
Hz space. Microphone line: AFSK out, AFSK ground,
PTT out and PTT ground.

FSK keying output. Plus and minus CW keying.
CW transmit LED. External CW key jack.

Kantronics compatible socket.

Exclusive general purpose sockst allows Interfac-
ing to nearly any personal computer with most appro-
priate software. Available TTL lines: RTTY demod
out, CW demod out. CW-ID input, +5 VDC, ground.
All signal lines are buffered and can be inverted
using an internal DIP switch.

Use Galfo software with Apple, RAK with VIC-20,
Clay Abrams with TRS-BOC, N4EU with TRS-80 Il1,
IV. Some computers with some software may require
some external components.

Metal cabinet. Brushed alum. front. Bx1%x6 In.
12-15VDC or 110 VAC with adapter, MFJ-1312,$9.95.

[(MFJ-1223, $29.95, RS-232 adapter for MFJ-1224. |

Cw INTEHFA'.:CE %?gTRIDGE
NEW-._ ) OR $-2o;c§ga

High performance CW
lnl.mur.anrldpe Gives
excellent performance
MFJ-1226 under weak, crowded, nolsy
conditions. Works for both VIC-20 and Commodore
4. Plugs into user's port.

4 pole 100 Hz bandwidth active filter. 80" Hz
center frequency. 3 pole active lowpass post detection
filter. Exclusive automatic tracking comparator.

Plus and minus CW keying. Audio In, speaker out
Jacks. Powered by computer.

Includes Basic listing ot CW transmit/receive pro-
gram. Available on cassette tape, MFJ-1252(VIC-20)
or MFJ-1253(C-64),$4.95 and on software cartridge,
MFJ-1254 (VIC-20) or MFJ-1255(C-64), $19.95.

You can also use MFJ-1250 (VIC-20) or MFJ-1251
(C-64), $49.95 each, RTTY/ASCII/CW software cart-
ridge. Or use Kantronics, AEA and others.

Also copy RTTY with single tone detection.

UNIVERSAL SWL RECEIVE
ONLY COMPUTER INTERFACE
FORRTTY/ASCII/AMTOR/CW

MFJ-1225
$ 9% -~ - eerrey
69 --m.‘_..?,_.';. '
Use your - —
personal computer | MFJ-1225 plus MFJ-1250

and communications | or MFJ-1251 $99.95.
receiver to receive commercial, military and amateur
RTTY/ASCII/AMTOR/CW traffic.

Plugs between recelver and VIC-20, Apple, TRS-
80C, Atarl, TI-99, Commodore 64 and most other
personal computers. Requires appropriate software.

Use MFJ(see this ad), Kantronics, AEA and most
other RTTY/ASCII/AMTOR/CW software.

Coples all shifts and all speeds. Twin LED indicators
makes tuning easy, positive. Normal/Reverse switch
eliminates tuning for Inverted RTTY. Speaker out
Jack. Includes cable to Interface MFJ-1224 to VIC-20
or Commodore 64, 4Yax1%x4% Inches. 12-15 VDC or
110 VAC with optional adapter, MFJ-1312, $9.95.

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO
OBLIGATION. IF NOT DELIGHTED, RETURN WITH-
IN30DAYS FOR PROMPT REFUND (LESS SHIPPING)
» One year unconditionsl guarantee = Made in USA.
» Add $4.00 each shipping/handiing  Call or write
for free catalog, over 100 products.

MFJ ENTERPRISES, INC.
Box 494, Mississippi State, MS 39762

More Details? CHECK — OFF Page 128

» 163

TO ORDER OR FOR YOUR NEAREST
DEALER, CALL TOLL-FREE

B800-647-1800. call 601-323-5868
in Miss. and outside continental USA
Telex 53-4590 MFJ STKV

_=

=
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preSST Op de WSJUV

APPOINTMENTS FOR AMATEUR EXAMS ARE FILLED UNTIL AUGUST in many FCC Field Offices, as
a result of the drastic cutback In FCC-administered exams effective January 1. Word about
the new four-exam-per-year schedule got around very quickly following the first session in
February, and both potential new Amateurs and present licensees wishing to upgrade have
already filled all available slots in many offices' May session. The effect is also being
seen in the number of new licenses being issued, which dropped drastically in late January
after applications from December testing were processed by Gettysburg.

FIVE VOLUNTEER EXAMINER COORDINATORS HAVE NOW BEEN AUTHORIZED by the FCC, with VEC
agreements with groups in Alaska, Puerto Rico, and the second, eighth, and ninth call
areas all signed February 23. Formal acceptance of all five had been delayed by internal
FCC procedural problems, not unexpected when such a far-reaching new program goes into
effect for the first time. However, even though the new VECs have been formally accepted
it will still take some time for them to get their programs on line. Serious efforts
toward setting up VECs in the fifth and sixth call areas are also reported under way, but
the remaining districts seem to be a long way from an adequate testing schedule.

ARRL Progress In The VEC Program Seems To Be At A Standstill, with the directors still
agreeing that they won't proceed any further until the FCC agrees to permit the collection
of a fee. In addition, it appears likely that the ARRL doesn't want to be involved in the
exam program at all unless it is on a national basis—despite the FCC's report and order
that VECs be regional though permitting one VEC to serve in more than one district,

FCC's NPRM To Permit Amateur Exam Fee Collection Is Due momentarily, and may well be
out before you read this. Key questions the FCC would Iike addressed in responses to its
Notice of Proposed Rule Making include what portion (if any) of the fee should go to the
examiner, and who should collect the fee. The NPRM may have a very short Comment time,
so those wishing to file comments should be prepared to respond rather quickly.

RE-EXAMINATION FOR CODE PROFICIENCY EVERY TWO YEARS is being sought in a Petition for
Rule Making submitted by Wayne Green, WZNSD. In addition, he also proposes requiring five
wpm upgrades at each two-year interval, to a final level of 35 wpm. Failure to improve CW
speed would lead to loss of license. At presstime no RM number had been assigned.

Novice Phone Privileges On 220 MHz Have Been Proposed in another Petition for Rule
Making filed by WAZMCT/5. He'd permit simplex voice and RTTY operation by entry-level
licensees from 223.4 to 223.95 MHz. Such a move would, he feels, help protect the 220-Miz
band from developing pressures by commercial services. It has no RM number yet, either.

COMMUNICATIONS FOR THE U.S. 1984 OLYMPIC TORCH RUN will be provided by Amateur Radio.
The run, which begins May 8 on the East Coast and will cover 13,000 miles and all the 48
contiguous states before ending July 28 in Los Angeles, will be coordinated by Amateurs
operating from stations in the fleet of support vans. AT&T is supporting the event, and
the Amateur operators will be AT&T or subsidiary employees donating their vacation time.

The FCC Is NOT Directly Involved With Olympic Communications, Amateur or otherwise, at
this summer’'s Olympics. Amateurs with questions regarding Olympic communications and
Amateur Radio should contact W6EJJ or K6ZT. It presently appears that, because of security
considerations, there may be no Amateur Radio operation from the Olympic village as there
has been in previous Olympics. The FCC does plan a strong, well coordinated effort against
jammers or other radio abusers on Amateur bands and other frequencies during the Olympics.

THE FORMAL AGREEMENT BETWEEN ARRL AND REACT to facilitate cooperation between the two
groups during emergency situations may now be a dead issue. The effort, which had begun
last May by the ARRL board, was tabled at the October board meeting in Houston, reportedly
out of concern for the results of CB delicensing. Despite a letter from REACT Executive
Director Gerald Reese noting that the agreement would be with the REACT organization and
not individual CB operators, and that it would simply recognize officially a mutually
beneficial arrangement that already exists in many parts of the country, it now appears
the board does not plan to proceed with an agreement in the foreseeable future.

QRM TO AMATEURS ON 70 CM HAS RESULTED IN THE SHUTDOWN of coastline navigation devices
in California and may bring similar action along the Gulf Coast. Navigation Services, Inc.,
turned off eight 433 and 437 MHz transmitters in Southern California after the FCC con-
firmed their operation was causing harmful interference to area fast-scan ATV users.

The Gulf Coast Situation Is Similar, though in that case an attempt to arrange for
"peaceful coexistence” is being made with the navigation system operator, Sercel. Amateurs
do share the 70-cm band with other users, but on a strict non-interference basis.

"THE AMSAT-STONER CHALLENGE CUP," an OSCAR 10 operating competition, celebrates the
25th” anniversary of W6INS's April, 1959 proposal in CQ magazine that there could be an
Amateur communications satellite. Competitors are to work (or for SWLs, hear) as many grid
squares as possible from April 15 to July 14, 1984. First place winner will receive a
silver cup—other top winners, plaques. Complete rules appear in Amateur Satellite Report
and Orbit magazine. A contest ''package' that includes copies of the historic articles that
led to the contest is available from AMSAT for $2.

8 B April 1984



OWN THE WORLD
WITH THE R3

NO RADIAL
VERTICAL

10, 15, 20 METERS

t distribution glus
w angle radiation for DX

or on small city lots. Even if you have plenty of
space, R3's combination of neat appearance
and DX capability make it ideal for your sta-

. tion. The R3 includes an integral turner to give
a perfect match across 10, 15, and 20 meters.
The remote tuning feature allows easy finger-
tip control as you operate your station.

R3 is a complete antenna system ready to in-
stall in virtually any location from ground level
to roof top.

FEATURES
3 dB Gain, ref YaAwhip
No Radials
360° Coverage
Integral Tuner with
Remote Control Console and Indicator
24 Volts To Tuner
110 or 220 Volt Operation
75 ft (22.9m) Control Cable Included
Only 22ft (6.7m) High
1 sq ft (.09 sq m) Space
Self Supporting
Stainless Steel Hardware
Mount: Sleeve Type Fits Pipe Up To
1% in (4.5cm) dia
Can Be Easily Stored and Set Up For
Portable or Temporary Operation

Add up the features—you'll find that you can
have ALL OF THIS PERFORMANCE without
the need to buy tower, rotator and associated
hardware. R3 IS ANOTHER PRODUCT
CREATED FOR THE ENJOYMENT OF YOUR
HOBBY BY THE WORLD RENOWNED
CUSHCRAFT ENGINEERING DESIGN TEAM.

More Details? CHECK — OFF Page 128

~ R3 brings high performance antenna features.
to those living in apartments, condominiums

- 1
] R >

CORPORATION

THE ANTENNA COMPANY

48 Perimeter Road, PO. Box 4680

Manchester, NH O3108 USA

TELEPHONE 603-627-7877

TELEX 953-0O50 CUSHSIG MAN
AVAILABLE THROUGH DEALERS WORLDWIDE
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THE FIRST NAME IN

ELECTRONIC TEST GEAR

NEW FROM RAMSEY-20 MHz
DUAL TRAGE OSCILLOSCOPE

Unsurpassed quality at an unbeatable price, the Ramsey oscilloscope
compares to others costing hundreds more. Features include a compo
nent testing circuit that will allow you to easily test resistors, capacitors
digital circuits and diodes ® TV video sync filter ® wide bandwidth &
high sensitivity ® internal graticule ® high quality rectangular CRT

® front panel trace rotator ® Z axis ® high sensitivity x-y mode ® very
low power consumptlion ® requlated power supply ® built-in calibrator
® rock solid triggering ® high quality hook-on probes

high quality
hook-on probes included

RAMSEY D-3100
DIGITAL MULTIMETER

Reliable, accurate digital
me nis at an amaz
ingly low cost ® In-line
coded push bullons, s§
2Clion * abs plash
d input
yad protection
ranges ® 3% digit LCD
splay with auto zero, auto

polarity & low BAT indicator

$5995

test leads and battery
included

RAMSEY D-2100
DIGITAL MULTITESTER

A compact easy 1o use unit
lesigned 1o operale like a pro
Featuring ® 3% digit LCD » low
BAT. indicator * all range over-
cad protection ® gverrange indi
cation ® auto-polarity ® Transis
tor 1estlar ® dual-siope integra
lion ® vinyl carrying case

$5495

hgg test leads, battery & vinyl
carrying case included

RAMSEY D-1100
VOM-MULTITESTER

Compact and reliable, de-
signed o service a wide vari
oty of equipment, Features in
clude ® mirror back scale

* double-jeweled precision
moving coil ®* double over-
load protection # an ideal low
cost unit for the beginner or

i re back-up unit

$199s
test leads and battery
included

CT-70 7 DIGIT CT-90 9 DIGIT

CT-50 8 DIGIT

CT-125 9 DIGIT

525 MHz COUNTER

Lab qu
Fean
wilh
limes ® gale aclivity i
® 50mV i 150 MHz typical sensitivily
* wide frequency range ® 1 ppm

IcCuracy

$44995

wired includes AC adapter

it a breakthrough price

amp ® dual sel

CT-70 kit N $99.95
BP-4 nicad pachk B8.95

600 MHz COUNTER

The most versatile lor less than $300
Features 3 sele le gate limes &
digits * gate ind ® display
SmV @ 150 MHz typical sen
* 10 MHz timebas 'ur wwy
tion ® 1 ppm acci

$14995

wired includes AC adapter

CT-90 kit $129.95
OV-101 PPM oven timebase , . .59.95
BP-4 nicad pack B8.95

1.2GHz COUNTER

A B digit counter that will outperform
units costing hundreds more. ® gate
indicator ® 24mV @ 150 MHz typical
sensitivity ® 9 digit display ® 1 ppm
accuracy * display hold = dual inputs
with preamps

$416995

wired includes AC adapter

BP-4 nicad pack B.95

600 MHz COUNTER

A versatile lab bench counter with
optional receive Irequency adapter
which turns the CT-50 into a digital
readout for most any receiver ® 25 mv
@ 150 MHz typical sensitivity ® Bdigit
display ® 1 ppm accuracy

$416995

wired
CT-50 kit $139.95
AA-1 receiver adapler kit 14.95

DM-700 DIGITAL
MULTIMETER

Quality at

ment ® !ull. natic

31 1995

wired includes AC adapler

DM-700 kit $99.95
MP-1 probe set 4.95

PS-2 AUDIO
MULTIPLIEH

or 100
']

34995 |

P5-2 kit

™

ACCESSORIES FOR RAMSEY COUNTERS

PR-2 COUNTER
PREAMP

PR-2 il lor me:
i 110 ta 1,000
* BNC connect

RF ® ideal receiver

The uring weak

$34.95

ok
VoA

TEAMS
ariginal

PS-1B 600 MHz
PRESCALER

ds the range of
y GO0 MHz

) MHz ® BN(
® drives any counter

PS-18B kit

$ 8.95 —
16.95
16.95
13.95

Telescopic whip antenna—BNC plug

$1000 = "
High impedance probe, light loading » 00 day paris

PHONE ORDERS GALL . o1t 51002251 50« N eses s s
716-586-3950 RAMSEY ELECTRONICS, INC.

2575 Baird Rd.
TELEX 466735 RAMSEY CI

Low pass probe, audio use
Direct probe, general purpose use
Tilt bail, for CT-70, 90, 125 2

Penfield, N.Y. 14626
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RAMSEY PARTS WAREHOUSE =025k s

1
ELECTRONIC S We now have avarlable a huneh of goodies 1oo 716-586-3950

q00d 1o bypass  tems are smited so order toda
Inc' ! vt o Call your Phone Order in Today. TERMS:

Satentactien quaranteed o money retunded

MINI KITS - YOU HAVE SEEN THESE BEFORE NOW Col)’ ns SN M o S0
HERE ARE OLD FAVORITE AND NEW ONES TOO. e, s S 15 S ke

poStaps

GREAT FOR THAT AFTERNOON HOBBY. T NY rdenty addd 77t

Video Moduistor Kit 1o,y
FM Color Organ Converts any TV 1o video mofitor  Super e CLOCK KITS
stabte. funable over cn 4-6  Runs on $- Your old favorites are here again. Over 7,000 Sold to Date.

15V. accepts std video signal Bestuniton

M I NI See music come the market' Complete kit VD-1  $9.95 Be one of the gang and order yours loday!

alive! 3 ditferent .

lights flicker with Super Sleuth Try your hand at building the finest looking clock on the

MlKE music.  One light Led Blinky Kit Asuper sensitiveampli- - market. Its satin finish anodized aluminum case looks great
A great attention get- [ fier which wilt pick upal 4y where, while six 4" LED digits provide a highly readable

each tor. high. )
t hich alt tel pin drop at 15 feet! Great X
A super high performance FM wire- | mid-range and ,;'s,:és'g lu;;g&gsy for monitoring baby's§ display. This is a complete kit, no extras needed. and it only

less T'ke‘k'fa’ooﬁa":m"iha stable | jows Each indi- [ Use for name badges. | foom or als'gem-érall| gu‘x takes 1-2 hours to assemble  Your choice of case colors
signal up to J00 yards with excep- | yigyally ~ adjust- | buttons warning |pose amplifier Fu silver, gold. black (specify)
tional audio quality by means of it nel lights. anything' rms output. runs on 6 to ) '
busit in electret mike  Kit includes | 20'€ @nd drives up g?ms or?:! to 15Yvo"§’ 15 volts. uses 8-45 ohm | Clock kit. 12/24 hour. DC-5 $24.95
case. mike. on-off switch. antenna | 10 300 W runs on Complete kit. BL-1 speaker Clock with 10 min. ID timer. 12/24 hour, DC-10 $29.95
battery and super instructions This | 110 VAC $2.95 J Complete kit. BN-9
s the finest unit available Complete kit $5.95 For wired and tested clocks add $10.00 to kit price
MLt [cpoa ‘ SPECIFY 12 OR 24 HOUR FORMAT
FM-3 Kit $14.95 $8.95 Runs on 312 Yoyl ) OUT 00 tor cPo
FM-3 Wired and Tested  $22.95 - Alarm. Audio oSO soiplete kit $2.95
f i i Yone Decoder —~
FM Wireless Mike Kit Whisper Light Kit A complete tone deco:
An interesting kit. small mike | der on a single PC
Transmits up to 300" to picks up sounds and converts board Features: 400- _
any FM broadcast ra- s them to light The louder the | 5000 Hz adjustable image rejection, fully tunable audio to recaver
dio. uses any type of sound, the brighter the hight range via 20 turn pot. voitage reqgu- hidden’ subcarriers. divige by two PLL demodu-
mike RAunson 3109V Type FM-2| |ncjydes mike. controls up to | 'ation 567 1C  Usetul for touch- lator for excellent threshold performance, tight
has added sensitive mike preamp 300 W. runs oﬁ 110 VAC tone burst detechon FSK. etc tracking AFC to assure dritt free reception, and
stage Complete Kit, WL-1 Can also be used as a stable tone of course, fulf 24 channel tunable coverage
FM-1 kit $3.95 FM-2 kit $4.95 $6.95 : encoder Runs on 5 to 12 volts Bulld your satellite TV system around the R2B.
B - - Complete kit. TD-t $5.95 cloge to ten thouaand gthera already have and now
it's available in kit form at a new low price. Order
- , THE POPULAR SAT-TEC RECEIVER IN KIT-FORM! yours today
Siren Kit

Universal Timer Kit Mad Biaster Kit Produces upward and downward '
Provides the basic parts and PC wail charactenistic of a police y -

board required to provide a source | Produces LOUD ear shattering and siren 5 W peak audio output. runs

of precision hming  and pulse | attention getting siren hke sound on 3-15 volts. uses 3-45 ohm e e
T s o o o | Can supply up lo 15 walis of | speaker Story Oday 83, tna relablo, P28 Satrec Tv ToRerienna, LNA (ow noise amp
includes a range of parts for most | obnoxious audio Runs on 6-15 VDC Complete kit. SM-3 52.95 J recever 1s now operating 1n thousands of foca; ceiver and Modulator,
timing needs 60 Hz Time Base tions. The R2B is easy to buil re-etche A elvevw dang T ’ ::::
2B Receiver, Wired and Testex
T- _ Buns 0n & 15 VOO Low rurranr J ama. 1 plated boards with screen nt layoul
UT-5 Kt $5.95 MB-1 Kut $4.95 vvm‘mnm? accuracy TR 7"»(4' ';5 sg @l assures accurate cog t and the 120°K LNA
critical IF ses are pre. RM3 RF Modulator sAS 95
assembied i are included Prices include domestic UPS shipping
for the R2B._aTEn3 case, powef supply. and insurance.
descriptive 0| ng manval as well as com- -

plete assembly instructions Features of the re
ceiver include; dual conversion design for best

PARTS PARADE

Resistor Ass't Audio
Assortment of Popular values - ' Crystals Prescaler 600 MH
watt Cuttead for PC mounting. ' " |3 578545 MHZ $1.50] Make high resolution audio z
LINEAR TTL center. '." leads. bag of 300 of |14 00000 MHZ $5.00] measurments, great for musical PRESCALER
74500 s.a0 | "¢ §248800 MHZ  $5.00] 'PStrumenttuning. PL tones. etc
$2.00
20 :':g 7447 § 65 Mtllll'?llsls au1c‘1:)lo UP]'B(;VGQUSHC())'1» Extend the range of your
g - selectable x10 or x wes
ggg ” ’s‘-ig ;:gg ggg i 1oagle gggﬁhes $1.00 AC Adapters HZ resolubion with 1 s%c gate COL;]HYEB'I to 600 MHz  Works
2oe 100 | 74196 $1.35 | Rog Pushbuttons NO  3/61.00 Ghoo'n 'mva“ ciniangsA(m(I,ad time! High sensitivity of 26 my. 1 with all counters. Less than
Earohones e Pled | meg input z and built-in filtering 150 mv sensitivity. specity -
B 3 jeads 8 ohm pood for small tane 85 vdc (@ 20 MA $1.00 gives great performance Runs 10 or -100
E;ﬁv 10/:;'42)3 SPECIAL speakers a\aqvm clocks etc 16 vac @ 160mA  $2.50 on 9V battery. all CMOS
1458 $ 50 ___5for$1.00 12 vac @250ma  $3.00 | PGS kit $39.95 | Wired tested. PS-1B  $59.95
3900 $50 | 11090 $15.00 | Mini 8 ohm Speaker Solid State Buzzers PS-2 wired $49.95 Kit. PS-18B $49.95
5038 s295 | 10116 $ 1.25 | Aoprox 2" diam Rouna smail buzzer 450 Hz 86 4B sound
k . , ‘ " 12
1200 A S I Rt 30 Watt 2 mir PWR AMP
CMOS 72160 $21.00 Siug Tuned Colis AC Outiet Simple Class C power amp features 8 times power gain. 1Win
;g?zc $12.50 | Small 3/16" Hex Slugs turned coil | Panel Mount with Leads | for 8 out, 2 W in for 15 out, 4W in for 30 out. Max output of 35 W,
o3 ‘28 5375AB/G § §§§ 3 turns 10 for $1.00 48100 incredible value, compiete with all parnts. less case and T-R refay
4013 g . -
(@1 : APACITORS
:ozg $1.85 (r:ANTALCuuo ALUMINUM OISk CERAMIC PA-1, 30 W pwr amp kit $24.95
4040 .50 Oiwoed Epory Electrolytic o1 evase 208100 | TR-1. RF sensed T-R relay kit $6.95
pres $9.00 1.5 uF 25V 3/$1.00 1000 uF 16V Radial $.50 116V 15/81 00
4518 gfgg FERRITE BEADS | 138 uF 25V 3/81.00 1000 tov armisis o0 1000 304106 | MRF-238 transistor as used i pa-1 | FOer Supply Kit
5639 $1.75 ::;:e&:?:;i:;: ':;::: .22 UF 25V 3/$1.00 10F 19V Ragal 10/81 00 047 16V 20/81.00 | 8.10db gain 150 mhz $15.95 SCUopf;'pvleptfo Ktjrewsylvea“;;geu?:gd‘aV%?r:::
v
Sockets DC-DC Converter Ceramic IF Filtars, RF actuated relay senses RF | 200maand+5at1Amp Excellentioad
READOUTS 8 Pin 10/82.00 | -5 vdc input prod -9 vac @ 30ma Mm‘ "o\_ 1> khz 1W) and clo yDPDT rel regulation. good hitenng and small
14 Pin 10/$2.00 | +9vdcproduces -15vdc @ 35ma $1.25 = 31,50 ea. ( and closes elay size Less transformers. requires 6 3V
FND 359 4 CC $100 | oo 10/$2.00 LA For RF sensed T-R relay 1t A and 24 VCT 4
FND S07/510 5°C A 1.00 g Trimmer Caps > . 2 an
MAN 72/HP7730 33°CA 100 gg g:: :;gggg 25K 20 Turn Trm Pot :‘»W r,@ Sprague - s pt TR-1 Kit $6.95 Complete kit, PS-3LT $6.95
8 1K 20 Tun Tnm Pot § .50 Stable Pol )
HP 7651 43°C A 200 | 40 pin 3/$2.00 urn Tnm Po! e ey opyiene OP-AMP Special \)“
Diodes Crystal Microphone i AG178 G BI-FET LF 13741 -Directpinfor pin 741 co- <. but 500,000 MEG
TRANSISTORS 51V Zener 20/41.00 |Small 1" diameter %" thick |1r16 " '-o' 0 o(‘))ax input z, super fow 50 pa input curo power drain
2N39G4 NPN C-F ws100 | ING14 Type 50/$1.00 |Crystal mike cartridge $.75 . ; 50 for only  $9.00 10 tor $2.00
2N3806 PNP C+F 188100 | 1Ky 2amp 8/$1.00 c
. oax Connector 9 Voh Battery Clips 7812 $1.00
g:::?g ::: ((::i :::::: 100V YAmMmp  15/$1.00 Chassis mount Nice quahty chps S for $1.00 SOLD OUT Reguiators 7815 $1.00
2N416 FET CoF 8100 BNC type $1.00 | »" Rubber Grommets 10 for $1.00 123 3.5v 7905 $1.25
2N5401 PNP C-F 8/$1.00 Parts Bag Conneciors 328'5( ::;: ;g:g ::;g
2N6028 C+F 4/$1.00 25 AMP 'Assl 0‘1 cho;es msi1 cCaAps tant  resisiors 6 DAII'\ :)B%e gold contacts for M -
2N3777 NPN Sicon s150 h 'ansistors diodes MICA caps eic mA-1003 car ciock module Shrink Tubing Nubs Mini TO-92 Heat Sinks
2N5179 UHF NPN 3/$2.00 100V Bridge sm bag {100 pc) $1.00 g bag (300 pc) $2.30 | price 5 o8 Nice precut pces of shrink size 17 x '’ Thermalloy Brand S for $1.00
Powsr Tab NPN 40W  3/$1.00 $1.75 each _ ¢ choi it shrink to '+~ Great for sphices  50/$1.00 T0-220 Heat Sinks 3 tor $1.00
Power Tan PNP 40W  3/1.00 Leds - your choice. please specify
MPF 102/2N5484 550 o e 0 ey Infensity Fed. lummnator Red 8/81 | Opto Isolators - 4N28 type ‘ ‘T& $.50 ea.
new 3304 Type T-Rson2s0 | Mini-Bridge 50V Opto Reflectors - Photo diode + LED I $1.00 ea.
PNP 3008 Type T+R 50/$2.50 1 AMP Varact
283085 $.00 2 for $1.00 Motorola MV 2209 30 PF Nominar cap 20-80 BF - Tunable range Motex airendy Orex et Perect | Rosist D loce® 250 oh
. - - - @x aiready precut in gth of oc! esistance varies wi Q! ohms to
2N2648 LT vs2ee 50 each or 3/$1.00 for 14 pin sockets. 20 strips for $1.00 over 3 meg 3 for $1.00
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resonant circuits

Understanding the relationship
between component and circuit Q
and source and load impedances

How well do you understand the basic resonant circuit? In this ex-
cerpt from his recent book, RF Circuit Design, Chris Bowick explains
the fundamentals of RF circuitry.

The resonant circuit is certainly nothing new in
Amateur Radio. Used in practically every transmitter,
receiver, or piece of test equipment in existence, it
selectively passes a frequency or group of frequencies
from a source to a load while attenuating all other fre-
quencies outside of this passband.

The ideal resonant circuit passband, as pictured in
fig. 1, would be rectangularly shaped, with infinite at-
tenuation above and below the frequency band of in-
terest. No attenuation would be introduced at the
signal frequency. But the realization of this filter is,
of course, impossible because of the physical char-
acteristics of the components which make up the filter;
because there is no such thing as a perfect compo-
nent, there can be no perfect filter. However, under-
standing the mechanics of resonant circuits enables
us to tailor an imperfect circuit to suit our needs.

Fig. 2, a more realistic representation, shows what
a practical filter response might resembie. Applicable
definitions are presented below:

The bandwidth of any resonant circuit is commonly
defined as the difference between the upper and lower
frequency (f, — f;) of the circuit at which its
amplitude response is 3 dB below the passband re-
sponse. It is often called the half-power bandwidth.

12 April 1984

The ratio of the center frequency of the resonant
circuit to its bandwidth is defined as the circuit-Q.
_ S 1
Q= J2 — Ji "
This Q should not be confused with component Q
which is defined as the ratio of a component’s reac-
tance (X) to its series resistance (Rg). While compo-
nent Q does have an effect on circuit Q, the reverse
is not true; circuit Q is a measure of the selectivity of
a resonant circuit. The higher its Q, the narrower its
bandwidth, and thus, the higher its selectivity.

The shape factor of a resonant circuit is typically
defined as the ratio of the 60 dB bandwidth to the 6
dB bandwidth. For example, with a 60 dB bandwidth
of 3 MHz and a 6 dB bandwidth of 1.5 MHz the shape
factor is:

3 MH?

SF = 75 Mz =2

Shape factor is a measure of the steepness of the
skirts; the smaller the number, the steeper the re-
sponse. Notice that our perfect filter of fig. 1 has a
shape factor of 1, which is the ultimate. The passband
for a filter with a shape factor smalfer than 1 would
have to look similar to the one shown in fig. 3. Ob-
viously, this is a physical impossibility.

Ultimate Attenuation, as the name implies, is the
final minimum attenuation that the resonant circuit
presents outside of the specified passband. A perfect
resonant circuit would provide infinite attenuation out-
side of its passband. However, with real components,
infinite attenuation is impossible to obtain. (Keep in
mind that if the circuit presents response peaks out-
side the passband, as shown in fig. 2, then this, of

*Adapted with permission from RF Circuit Design by Chris Bowick, Howard
W. Sams & Co., Indianapolis, Indiana 46206. (Available from Ham Radio’s
Bookstore, Greenville, NH 03048, $24.95 postpaid.)

By Chris Bowick, WD4C, 200 Abri Place,
Lilburn, Georgia 30247
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fig. 1. ldeal filter response.

course, will detract from the ultimate attenuation
specification of that resonant circuit.)

Insertion Loss occurs whenever a component or
group of components is inserted between a generator
and its load, and some of the signal from the generator
is absorbed in those components as a resistive loss.
The resulting attenuation, called insertion loss, a very
important characteristic of resonant circuits, is usual-
ly expressed in decibels (dB).

Ripple, a measure of the flatness of the passband
of a resonant circuit, is also expressed in dB. It is the
difference between the maximum and minimum atten-
uation /n the passband.

resonance (lossless components)

What is resonance? What causes it to occur,and
how can it be used to best advantage? Using voltage
division, whenever a shunt element of impedance Z,,
is placed across the output of a generator with inter-
nal resistance R,, fig. 4, the maximum output voltage
available from this circuit is:

A A

out = Rg + Zp in (2)
V,ue is always less than V. If Z, varies with frequen-
cy, such as would occur with capacitive or inductive
reactance, then 1}, is also frequency dependent and
the ratio of ¥,,; to V,, which is the gain {or in this
case, loss) of the circuit, is also frequency dependent.
Let's take, for example, a 25 pF capacitor as the shunt
element (fig. 5A} and plot the function 1,,,/V,, in dB
versus frequency, where we have:

v, Xe (3)
oUL = 20 logio R, + X,

where —7— = loss in dB
n
R; = source resistance
.. 1
= itive =
X, capacitive reactance joC

The plot of this equation is shown in fig. 5B. Note
that loss increases as the frequency increases; thus
we have formed a simple /owpass filter. Notice also
that the attenuation s/ope eventually settles down to
the rate of 6 dB for every octave (doubling) increase
in frequency (also called 6 dB ‘‘roll-off"’). This is due
to the single reactive element in the circuit. This at-
tenuation slope increases an additional 6 dB for each
significant reactive element that we insert into the
circuit.

If we now delete the capacitor from the circuit and
insert a 0.05 uH inductor in its place, we obtain the
circuit of fig. 6A and the plot of fig. 6B, where

Vour _ XL ()
% = 20 logyg R. ¥ X1
where Vour = loss in dB
Vin
R; = source resistance

coil reactance = jwlL

ke
il

Here we have formed a simple highpass fifter with an
attenuation slope of 6 dB per octave.

Simple calculations using the basic voltage division
formula (eq. 2) enabled us to plot the frequency
response of two separate and opposite reactive com-
ponents. But what happens if we place both the in-
ductor and capacitor across the generator simultan-

048} —
RIPF.‘LE INSE| R'I;ION Loss
soo{ j
Y A,
-60dB ULTIMATE
0 TENUATION

L

h
14

ATTENUATION

a
3
&

FREQUENCY

fig. 2. A practical filter response.
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fig. 3. An impossible filter shape factor.
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eously? This case is no more difficult to analyze than
the previous two circuits. In fact, at any frequency,

we can simply apply the basic voltage division rule

as before. The only difference here is that we now
have two reactive parallel components to deal with in-
stead of one. The circuit is shown in fig. 7A and its
response is plotted in fig. 7B. Notice that as we
approach the resonant frequency of the tuned circuit,
the slope of the resonance curve increases. This
occurs because two significant reactances are present
and each one is changing at the rate of 6 dB per oc-
tave, with slopes in opposite directions. As we move
away from resonance in either direction, however, the
curve again approaches a 6 dB/octave slope because
again only one reactance becomes significant. The
other reactance presents a very high impedance to the
circuit at these frequencies and the circuit behaves as
if that reactance were no longer there.

loaded-Q

The Q of a resonant circuit was defined earlier to
be equal to the ratio of the circuit’s center frequency
to its 3 dB bandwidth {eq. 1). This “circuit Q," as it
was called, is often given the label “loaded-Q"’ because
it describes the passband characteristics of the reso-
nant circuit under actual in-circuit or /oaded condi-
tions. The loaded-Q of a resonant circuit is dependent
upon three main factors (see fig. 8): (1} the source
resistance (R;), (2) the load resistance (R;), and (3)
the component Q.

effect of R; and R; on loaded Q

The role that source and load impedances play in
determining the loaded Q of a resonant circuit is prob-
ably best illustrated through an example. In fig. 7 we
plotted a resonance curve for a circuit consisting of
a 50-ohm source, a 0.05 uH lossless inductor, and a
25 pF lossless capacitor. The loaded Q of this circuit,
as defined by eq. 1 and determined from the graph,
is approximately 1.1. Obviously, this is not a very nar-
row band or high-Q design. However, after replacing
the 50 ohm source with a 1000 chm source and again
plotting the results, the response in fig. 9 is applicable.
{The resonance curve for the circuit with the 50 ohm

V OUT/V iN=THE LOSS IN dB
R = THE SOURCE RESISTANGE
X =THE REACTANCE OF THE CAPACITOR
Rs
oV OUT TO HiGH
IMPEDANCE LOAD

VIN 2z
vour=—2B
Rg+Zp

fig. 4. Voltage division rule.
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(A})SIMPLE CIRCUIT

YOUT/ v IN (dB)

6 dB /OCTAVE

FREQUENCY
{B) RESPONSE CURVE

fig. 5. Frequency response of a simple RC lowpass filter:
{A) shows simple circuit; (8), response curve. J

V OUT TO HIGH
IMPEDANCE LOAD

VIN Xt <=4 0.05un

(A} SMPLE GIRCUIT

6 dB PER OCTAVE

vV OUT 7V IN (d8)

FREQUENCY
(B) RESPONSE CURVE

fig. 6. Simple highpass filter: {A) shows simple circuit;
(B), response curve.

source is shown in dashed lines for comparison. Notice
that the Q, or selectivity of the resonant circuit, has
increased dramatically to approximately 22. Thus, by
raising the source impedance, we have increased the
Q of our resonant circuit.

However, neither of these plots addresses the ef-
fect of the load impedance on the resonance curve.
If an external load were attached to the resonant cir-
cuit, as shown in fig. 10A, the effect would be to
broaden or “de-Q" the response curve, depending
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upon the value of the load resistance. The equivalent
circuit is shown in fig. 10B. The resonant circuit sees
an equivalent resistance of R; in parallel with R; as
its true load. Because this total external resistance is,
by definition, smaller in value than either R, or R;,
the loaded Q must decrease. That is, assuming lossless
components,

Q=2 (5)

where R, = equivalent parallel
resistance of R and R,
X, = either the inductive or capacitive
reactance (they are equal at
resonance}

Eq. Sillustrates that a decrease in R, also decreases
the Q of the resonant circuit and an increase in R, in-
creases the circuit Q. It also illustrates another very
important point: the same effect can be obtained by
keeping R, constant and varying X),. Consequently,
for a given source and load impedance, the optimum
Q of a resonant circuit is obtained when the inductor
is a small value and the capacitor is a large value; in
either case, X, is decreased. This effect is shown in
figs. 11 and 12.

Rs
v our

Xc I Xy
N e
X TOTAL

fig. 7A. Resonant circuit with two reactive components.
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FREQUENCY (MHz)

Lfig. 7B. Frequency response of an LC resonant circuit.
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fig. 8. Circuit for loaded-Q calcuiations. J
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fig. 9. The effect of R; and R; on loaded Q.

Two possible approaches to designing a resonant
circuit with a particular Q are available: selecting an
optimum value of source and load impedance or
selecting L and C component values which optimize
Q. Often there is no real choice because in many in-
stances the source and load are defined and cannot
be varied. When this occurs, X, is automatically de-
fined for a given Q and we usually end up with com-
ponent values that are impractical at best. Methods
of eliminating this problem will be shown.

example 1

Design a resonant circuit to operate between a source
resistance of 150 ohms and a load resistance of 1000 ochms.
The loaded Q must be equal to 20 at the resonant frequen-
cy of 50 MHz. Assume lossless components and no im-
pedance matching.

Solution: The effective parallel resistance across the reso-
nant circuit is 150 ohms in parallel with 1000 ohms, or

R, = 130 ohms

Using aq. 5

Xp = %& =12i00=6.50hms
and Xy = ol = =
therefore L = 20.7 nH

C = 489.7 pF
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fig. 10. The equivalent parallel impedance across a reso-
nant circuit: (A} shows resonant circuit with an exter-
nal load; /B), equivalent circuit for Q calculations.
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fig. 11. Effect of Q versus X at 142.35 MHz: (A} shows
large inductor, small capacitor; B8/, small inductor, large
capacitor.
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the effect of
component Q on loaded Q

Up to this point we have assumed that the com-
ponents used in the resonant circuits are lossless and
do not degrade the loaded Q. In reality, however, such
is not the case; individual component Q's must be
taken into account. In a lossless parallel resonant cir-
cuit, the impedance seen across its terminals at reso-
nance is infinite. In a practical circuit, however, due
to component losses, some finite equivalent parallel
resistance exists, as shown in fig. 13. This resistance
(Rp) and its associated shunt reactance (X)) can be
found from the following transformation equations:

Ry = (Q? + 1) R (6)
where R, = equivalent parallel resistance

I

\
f

Qs = Qp = component Q
= component series resistance

and X, = —gi 7
1]

2
I

If the O of the component is greater than 10,
then
R, = Q2R (8)

and X, = X; (9)

These transformations are valid at only one frequen-
cy because they involve the component reactance
which is frequency dependent. The following exam-
ple illustrates this point.

example 2
Given the 50 nanohenry coil shown in fig. 14A, compute
its Q at 100 MHz. Then transform the series circuit of fig.
14A into the equivalent paraliel inductance and resistance
circuit of fig. 14B.
Solution: The Q of this coil at 100 MHz is:
N
Q= %

2 (100 x_106) (50 x 10-9)
70

= = 314
Since the Q is less than 10, eq. 6 is used to find R,

Ry, = (Q2+ IR,
= [(3.142 + 1] 10 = 108.7 ohms

Next, we find X, using eq. 7.

R 108.7
X, = —Q’i = 3.4 = 34.62

and, the parallel inductance becomes
X
w

3462
(100 x 106 - > nH

These values are shown in fig. 14B.

L, =

Example 2 clearly illustrates the undesirable effects
of using low Q components in highly selective reso-
nant circuit designs; doing this is equivalent to plac-
ing a low value shunt resistor directly across the cir-
cuit. As we saw in an earlier section, any low-value
resistance shunting a resonant circuit drastically re-
duces its loaded Q and increases its bandwidth.

In most cases, we only need to know the Q of the
inductor in loaded Q calculations. The Q of most
capacitors is quite high over their useful frequency
range, and the equivalent shunt resistance they pre-

ATTENUATION

FREQUENCY

fig. 12. Plot of loaded-Q curves for circuits in fig. 771.
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fig. 13. A series-to-parallel transformation.

50nH

b
55.1nH 108.7 ohms
<

10 ohms

(A) SERIES CIRCUIT (B}EQUIVALENT PARALLEL
CIRCUIT

fig. 14. Example of a series-to-parallel transformation:
(A) shows series circuit; (B), shows equivalent paraliel
circuit.

sent to the circuit is also quite high, and can usually
be neglected. Care must be taken, however, to en-
sure that this is indeed the case.

insertion loss and component Q

If inductors and capacitors were perfect, rather than
lossy, then insertion loss for L-C resonant circuits and
filters would not exist. This is, of course, not the case
and as it turns out, insertion loss is a very critical
parameter in the specification of any resonant circuit.

Fig. 15 illustrates the effect of inserting a resonant
circuit between a source and its load of equal value.
in fig. 18A, the source is connected directly to the
load. Using voltage division, we find that

V, = 0.5 Vi

Fig. 16B shows a resonant circuit placed between the
source and the load. Fig. 15C is the equivalent circuit
at resonance. Notice that the use of an inductor with
a Q of 10 at the resonant frequency is equivalent to
a shunt resistance of 4500 ohms. This resistance, com-
bined with R;, produces a 0.9 dB voltage loss at V;
in comparison with the equivalent point in fig. 15A.

An insertion loss of 0.9 dB doesn’t sound like much,
but it can add up very quickly if several resonant cir-
cuits are cascaded. Example 3 may help to clarify
things.

18 IR April 1984

example 3

Design a simple parallet resonant circuit to provide a 3
dB bandwidth of 10 MHz at a center frequency of 100 MHz.
The source and load impedances are each 1000 ohms. As-
sume the capacitor to be lossless. The Q of the available
inductor is 85. What is the insertion loss off the network?

Solution: From eq. 1 the required loaded Q of the reso-
nant circuit is:

Se 100 MHz _ 4

Q= 57 = J0oMH;
To find the inductor and capacitor values to complete the
design requires that we know the equivalent shunt resistance
and reactance of the components at resonance.
From eq. 7
Ry
X, = o8
where X, = reactance of the inductor and
capacitor at resonance
R, = equivalent shunt resistance
of the inductor
Qp = Q of the inductor = 85

Thus R, = 85X) (10
The loaded Q of the resonant circuit is equal to
0=10= RLK/T&
where Rrprqr = shunt resistance
= RpHRsHRL
(three parallel values: R, R; and R;)
_Rp(500)
+ 500
= = Sp T U7 (1)
or Q=10 X,

VIN

(VI=05VIN)

{A) SOURCE CONNECTED DIRECTLY TO LOAD

Rs
- VI

1000 ohms I
003 25pF 1000 ohms

ViN Qs Qeoo I RL
{B) INSERTION OF A RESONANT GIRCUIT
Rs
\—1y o O Vi= 045VIN
1000 ohms (0.9dB LOSS
COMPARED TO
CIRCUIT A}
ViN Rp € 4.5K Rp <1000 ohms

(C ) EQUIVALENT CIRCUIT AT RESONANCE

fig. 15. The effect of component Q on insertion loss: (A)
shows source connected directly to the load; (B), inser-
tion of a resonant circuit; (C), equivalent circuit at
resonance.
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fig. 16. Resonant circuit design illustrates example 3.

_

We now have two equations and two unknowns (Xp, Rp).
If eq. 10 is substituted into eq. 11

Xp = 44.1 ohms

Plugging this value back into eq. 10 gives

R, =375K
Thus, our component values are
Xp
L= " =70nH
7
C = w)?p = 36 pF

and the final circuit is shown in fig. 16.

The insertion loss calculation, at center frequency, is
found by applying the voltage division rule as follows: R,
in paraliel with R; is equal to 789.5 ohms. The voltage at
V; is, therefore

789.5
Vi = 7895 + 1000 (Vs
The voltage at V; without the resonant circuit in place is
equal to 0.5 V; due to the 1000 ohm load giving

o 0.44 Vy
insertion loss = 20 logjo 55
g s

=1.1dB

impedance transformation

As we have seen, low values of source and load im-
pedance tend to load a given resonant circuit down
and thus decrease its Q and increase its bandwidth.
This makes it very difficult to design a simple L-C
high-Q resonant circuit for use between two very low
values of source and load resistance. In fact, even if
we were able to come up with a design on paper, it
would most likely be impaossible to build such a cir-
cuit because of the extremely small (or negative) in-
ductor values that would be required.

One method of circumventing this problem is to
make use of one of the impedance transforming cir-
cuits shown in fig. 17. These circuits increase the
value of the source or load resistance presented to the
resonant circuit. For example, an impedance trans-
former could present an impedance (R} of 500 ohms
to the resonant circuit, when in reality we have an R
of 50 ohms. By using transformers, the Q of the reso-
nant tank and its selectivity can be increased. In many
cases these methods can make a previously unwork-

able problem workable again, complete with realistic
values for the coils and capacitors involved.

The design equations for each of the transformers
are presented below and are useful for designs needing
loaded Qs of greater than 10. For the tapped-C
transformer (fig. 17A)

, cry?
Ry = R, (1 + ?2‘) (12)

And the equivalent capacitance (C7) that will resonate
with the inductor is equal to CI in series with C2 or

Cl
Cr = of e nal
For the tapped-L network of fig. 17B
R = R, (ni)z (14)
!

Example 4 illustrates the use of these equations in
a simple design.

example 4

Design a resonant cireuit with a loaded Q of 20 at a center
frequency of 100 MHz which will operate between a source
resistance of 50 ohms and a load resistance of 2000 ohms.
Use the tapped C approach and assume that the inductor
Q is 100 at 100 MHz.

Solution: The tapped-C transformer is used to step the
source resistance up to 2000 ohms to match the load
resistance for optimum power transfer,

R, = 2000 ohms

and from eq. 12, we have

a _ /R,
< "J R T

oo Cl =53¢2 (15)
Proceeding as we did in example 3, we know that for the
inductor
Qp = R 100
P X, =
therefore
R, = 100 X, {16}

(A) TAPPED-C CIRCUIT

(C ) EQUIVALENT CIRCUIT

fig. 17. Two methods used to perform an impedance
transformation: {A4) shows tapped-C circuit; (B/, tapped-L
circuit. (C) shows equivalent circuit.
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fig. 18. Final impedance transformation circuit.

We also know that the loaded Q of the resonant circuit is
equal to
g = Rrorat
Xp
where Ryorap = total equivalent shunt resistance

= R{||IRy| IR, = 1000||R,,

and where we have taken R, and R; to each be 2000 ohms
in parallel.

Hence the loaded Q is
0 = 1000R, a7
(1000 + R_,,,i ,\I,,
Substituting eq. 16 into eq. 17 and solving for X, yields
X

P 40 ohms

And substituting this result back into eq. 16 gives

R, = 4000 ohms

Xp
and L = 63.6 nH
w
5 ! B =
Cy X = 39.78 pF

We now know what the total capacitance must be to
resonate with inductor. We also know from eq. 15 that C'/
is 5.3 times larger than C2. Thus, if we substitute eq. 15
into eq. 13 and simultaneously solve the equations we get
C2 = 47.3 pF
Cl = 250.6 pF

The final circuit is shown in fig. 18.

As an exercise, you might want to rework exam-
ple 4 without the aid of an impedance transformer.
You will find that the inductor value which results is
much more difficult to obtain and control physically
because it is so small.

conclusion

The parallel resonant circuit, as simple as it may
seem, certainly offers quite a lot to think about. We've
discovered why good quality, high-Q, components are
desirable in any low-loss, narrowband, tuned circuit,
and why lossy components (low-Q components) in-
crease insertion loss and broaden the bandwidth of
the circuit. We've also discovered the effects of source
and load impedances on the loaded Q of the resonant
circuit. More importantly, however, by understanding
these effects we have mastered a method of control-
ling them through the use of impedance transformers.

ham radio
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a handheld
optical spectrum analyzer

Experiment with light
build an inexpensive
homebrew spectroscope

The history of Amateur and commercial radio,
has been marked by the use of ever-increasing fre-
quencies. Each era has seen applications found for the
previously useless short wavelengths. With the intro-
duction of lasers, communication in the optical fre-
quency band is becoming attractive. Long distance
fiber optic links use semiconductor laser diodes to
achieve bandwidths up to several Gigahertz. Amateurs
have communicated using gas and semiconductor
lasers over moderate paths, and as the price of lasers
continues to decline, more and more applications will
be found — particularly by Amateurs in their role as
experimenters and innovators in communications tech-
nology. But lasers are not the only usable source of
light. Incandescent lamps, fluorescent lamps and
especially light emitting diodes can and will continue
to be used to transmit data.

basic spectrum analyzer

Most people do not consider light to be in the same
class of phenomena as radio signals; after all, one can-
not see radio, television, or radar waves. However,
light is, in fact, actually extremely high frequency radio
waves. Red light has a wavelength of about 600 nano-
meters (1 nanometer equals 10— 9 meter), about 130
million times shorter than an 80-meter signal. Blue light
has a wavelength of about 400 nanometers. The Ama-
teur Radio high frequency bands span from 10 meters
to 80 meters, a ratio of 1:8. The visible spectrum ex-
tends from about 400 nm to 650 nm, a ratio of 1:1.6.

Most people know that white light is made up of
many colors or wavelengths. If we could see radio
signals, the myriads of different wavelengths would
appear white. But just as radio signals can be
separated according to wavelength using narrow filters
— i.e., radio receivers — white light can be separated
by optical filters. To determine the strength of each
wavelength present in a radio band, a spectrum analy-
zer — generally in the form of a rapidly tunable receiver
that scans the wavelength or frequency band and dis-
plays its output on an oscilioscope — is used. To
determine the wavelength or frequency of a segment
of the visible spectrum, an optical spectrum analyzer
is used.

Complex, high-resolution optical spectrum analy-
zers, or spectroscopes, spectrographs, or monochro-
meters, can be built using film or high gain electronic
detectors. But low-resolution optical spectrum analy-
zers can be built more cheaply and more simply than
either radio frequency spectrum analyzers or sophis-
ticated electronic optical analyzers because the human
eye can serve as the detector.

The simplest spectroscope is the prism. Newton is
known for his work with these: he was the first to
apply the word ““spectrum’’ to the band of colors pro-
duced by the prism.

Some of Newton’s experiments can be duplicated
at home. For example, you can demonstrate the separ-
ation of white light into colors by building the simple
low-resolution system shown in fig. 1. First make a
small hole {(1/16 to 1/8 inch} in a sheet of dark,
opaque paper or thin sheet metal. Prop the sheet up
against a sunny window, blocking out all light except
that which escapes through the hole. Hold a prism
about three feet (one meter) from the hole, and a spec-
trum will appear on the white card as shown. While
the colors produced by this system appear to be con-
tinuous — red, orange, yellow, green, blue, indigo,
violet — dark, narrow gaps can be detected with
higher resolution.

By J.M. Franke, WA4WDL, 1310 Bolling
Avenue, Norfolk, Virginia 23508
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fig. 1. Repeating Newton's experiment with the first op-
tical spectrum analyzer.

CELLOPHANE
OR ACETATE

WAVELENGTH SCALE

LIGHT
BAFFLE

fig. 2. Mechanical illustration of an optical spectrum

analyzer.

A higher resolution spectroscope, with a calibrated
scale, can be built for less than ten dollars. The design
that follows is neither unique nor critical; it works ex-
tremely well — considering the cost — and should pro-
vide hours of interesting observation. The layout of
the spectroscope is shown in fig. 2.

design approach

The first thing you may notice is the absence of a
prism. A diffraction grating is used instead, because
the grating is cheaper than a prism and more easily
calibrated. The transmission type grating is made with
many finely spaced grooves — 13,400 lines per inch,
or 528 per millimeter. {A good microscope would be
needed in order to see the grooves.) The grating is
available from Edmund Scientific,” in two forms,
sheets or slides. The sheets (No. E40267) measure
8-1/2 inches x 11 inches {22 x 28 cm) and sell for
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$4.95. The slides are small pieces cut from sheets and
mounted in 35 mm slide mounts (No. E30282) at $8.50
for 40 slides. The slides are convenient to handle, but
| prefer the sheets because of their increased versa-
tility. {A word of caution, however: don't touch, brush,
or attempt to clean the delicate grating surface; you'll
destroy it.)

construction

Next to the grating is the lens, which should have
a focal length equal to or slightly longer than the box
you use. The lens serves to collimate, or yield paral-
lel, the light incident on the grating from the entrance
slit, which is one facal length or slightly less from the
lens. In this position, the slit is imaged to be at or
near infinity.

| used a BUD-AU1209 box measuring 6 x 5 x 4
inches {15 x 12.5 x 10 cm}; my lens had a focal
length of 6 inches (15 cm). The lens should be at least
1/4 inch (1 cm) in diameter. Mine measured 1/2 inch
(2 cm). A simple plano-convex, flat-bulged lens works
well. {An achromat would be wasted in this applica-
tion.) Suitable lenses are available from Edmund
Scientific. The lens is clamped against the eye hole
wall. Then a thin piece of cellophane or acetate is
placed against that wall, followed by the grating and
two paper spacers. The lens is positioned next, with
its curved side facing the slit, a wooden spacer set
around the lens, and finally the aluminum plate clamp.
(The assembly is held in place with two No. 6 sheet
metal screws.)

The eyepiece hole measures 1/8 inch (4 mm) in di-
ameter. A larger hole would produce a brighter image,
but parallax with the scale would increase. A horizon-
tal slot 1/8 inch x 1/4 inch {4 x 8 mm) would be
best. The spectrum is sighted through the eye hole.
Looking straight through, the zero order or direct
light is seen. Looking downward through the hole, the
spectrum will be seen superimposed on the wave-
length scale.

The entrance slit is formed with two razor blades.
| used single edge industrial blades with the reinforc-
ing splines removed. Each of the blades is held in place
with a No. 4 screw, nut, and washer. The slit must
be horizontal for this design. The slit height (called “slit
width,’’ even when the slit is actually horizontal) is a
compromise between image brightness and resolution:
the wider the slit, the brighter the image. The effec-
tive length of the slit is determined by the 1/4 inch
entrance hole. Mount the upper blade first. Then, look-
ing through the eye hole, point the spectroscope at
the sky or a shaded lamp. Mount and adjust the lower
blade to produce a thin, horizontal, even line of light.

*101 East Gloucester Pike, Barrington, New Jersey 08007



THE STANDARD OF EXCELLENCE
EXL-5000 COMMUNICATIONS TERMINAL
® RTTY e ASCIl e DUAL AMTOR* @ CW ©

*DUAL AMTOR - COMMERCIAL QUALITY: THE EXL-5000
INCORPORATES TWO COMPLETELY SEPARATE MODEMS
TO FULLY SUPPORT THE AMATEUR AMTOR CODES AND
ALL OF THE CCIR RECOMMENDATIONS 476-2 FOR
COMMERCIAL REQUIREMENTS.

1 YEAR LIMITED
WARRANTY EVERYTHING BUILT-IN
NOTHING ELSE TO BUY
Code Morse (CW. contains Kana), Baudol [RTTY), ASCII (RTTY), JIS (RTTY) Display Output

ARQ/FEC (AMTOR)
! s, Kana

(AUTOTRACK)

ite (weight 1:3-1.6)

!
RTTY (Baudol ASCII

160 characters

Tim I AC IEK\ 120V/220-240V 50/60MHz + DC 13.8V, 2A

Color IGIW) x 121(H) x 35VD)mm: Tarminal Unit

EXCLUSIVE DISTRIBUTOR DEALER INOUIIFES INVITED FOR YOUR NEAREST DEALER OR TO ORDER: — |
AMATEUR-WHOLESALE ELECTRONICS TOLL FREE . . . 800-327-3102 VISA
BB17 S.W. 129th Terrace, Miami, Florida 33176 Telephone (305) 233-3631 Telex: BO-3356 _| ‘

MANUFACTURER
TONO CORPORATION
[@) 93 Motosoja Machi, Maebashi-Shi, 371, Japan

More Details? CHECK — OFF Page 128 April 1984 [ 25



NCG WORLD BAND COMMUNICATIONS

Just ; — -
Slightly
Ahead

15M 160/10M
Tested and Proven 15 Meter Mobile Transceiver USB and ALL NEW, with the features you have been waiting for
cw HF 160-10 meters SOLID STATE Transceiver 200 watt PEP
Power-High 10 watts, Low 2 watts All 9 HF Bands ready to go
VFO Tuning, Noise Blanker AC/DC Power supply built in
Fine Tune =1 kHz 3-Step Tuning 1 kHz/100Hz/25Hz
Digital Frequency Counter 4 memories, Auto Scan
;358 \E’lJ)((J g 35. :I(eg.sqlr(:{und Automatic Up/Down Tuning Advanced Systems
Ailthis PLUS the freedom of DXing 8?!3;8:”:0' Solid State-Adjustment Free, IF Tuning, IF

Noise Blanker, Mic. Compressor
VOX, CW Side tone, AC 120V DC 13.8 RTTY-Fax operation
USB-LSB CW (Narrow CW filter optional)

1275 North Grove Street COMING SOON'

Anaheim, CA 92806

(714) 630-4541 40T1r€i)b;gdmlreansceiver
- r
Mk Orar, SO0 Yias. Mastor Charde 26 Watts PEP. Built-in AC/DC Power Supply

Prices and specifications subject to change without notice or obligation
Calif. Res. add Sales Tax v 176

Free Antenna Accessories Catalog| (@KE_NF__R_O— %

3 4 Coaxial Antenna Relays
galhe AT

WHEN ONLY THE BEST WILL DO . ..

T Remotely select up to 9 antennas
‘5"' A U™ from your transmitter, using only one
{‘ - .-3_ e coaxial cable Environmentalized, high

‘ L power and low loss

W2AU and W2DU Baluns» ,‘\,ﬁ”

QOur baluns, center insulators and in-
sulators have been preferred for 20 74
years by Hams, industry, and the armed ‘
forces. Protect against TVI and lightning
1.8-200 MHz

' «W2VS Antenna Traps
ﬂ Add these traps 1o your dipole and
gel low SWR on 2 to 6 bands, depen-
P

ding on how many you add. Antenna
wire and custom kils also available.

KR 500 ELEVATION ROTOR

THE WORLD STANDARD

AVAILABLE ONLY THROUGH FULL—TIME AMATEUR DEALERS

Send For Yours Today»

Don't delay. Call or write today, and
we will send you free literature which

fully describes our Ham antenna ac- DISTRIBUTED BY
cessory product line

- inqu“ias " - m“m
* UNADILLA/REYCO/INLINE 6743 Kinne St., Easl Syracuse, NY 13057

Toll Free 1-800-448-1666 TWX 710-541-0493

T2 A Divenion o | Microwave Fiter Co.. bne

NY/HUAK/Canada (Collect) 315-437-3953 5717 N E 56th St Phone 206-641-7461
Seattle, Washington 98105 TLX DUFF INTL SEA
v m +» 165
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r e
table 1. Values of the angle 6 and its sine value throughout \‘
the visible light spectrum. ‘

wavelength
(nanometers) [*] sinf '
400 12.18 0.211
450 13.73 0.237
500 16.30 0.264
550 16.87 0.290
600 18.46 0.317
650 20.06 0.343
| 700 21.67 0.369
[ l | ) T T ]
‘ | ! |
. § 8§ § 8
i —

“~ALIGN WITH SLIT

| fig. 3. Wavelength scale pattern (not to scale). Actual
size will depend on focal length of lens (see text).

Then tighten the lower screw. You can experiment
with the slit width after you become accustomed to
using the instrument.

calibration

The wavelength scale is easily made and calibrated.
Unlike a prism, the dispersion of a grating is given by
a simple formula:

nk = d sin 8 (1

where n is the spectral order, in our case 1, and A is
the incident wavelength. The grating line spacing is
« and the angle at which you must look down through
the eye hole to see that wavelength is 6.

0.0005276 A (in nanometers).

Table 1 is a listing of values of 8 and sin 8 for the visi-
ble spectrum from 400 nm to 700 nm. The wavelength
scale is based on this table. The scale is made on a
piece of white paper pasted on an aluminum strip bent
into an arc. The center of the arc is the eye hole. The
arc radius is the distance from the lens to the scale,
about 5.8 inches (14.5 cm) in my model. Laying out
the scale is not difficult. First the linear distance along
the scale that represents one degree must be deter
mined. | call this number “1."

| - 2w )
360

Rewriting, sin 6 3

where r is the arc radius.

The scale mark for 400 nm should be 12.18 degrees
from the slit position. Mark the slit position, measure
out L x 12.18 inches, and then mark and label the

Interior view (A) shows razor blade slit and wavelength scale.
Note ground plastic scale light diffuser at left. View (B) shows
light baffle and lens mounting arrangement.

400 nm line. Similarly multilply each value of 8 by [,
measure out from the slit position, then mark and label
the point. The scale is held in place with an angle
bracket. The zero or slit position is aligned with the
slit. A rectangular hole on the top of the instrument
admits light to illuminate the scale. A ground glass or
ground plastic sheet diffuses the illumination to
smooth it out and reduce glare. A light baffle prevents
the illuminating light from reaching the eye hole direct
ly. The baffle and entire interior is painted flat black.
(Obviously, the slit blades, scales, lens, and grating
should not be painted.)

Few dimensions are shown in fig. 2 because your
final dimensions will depend on the focal length of your
lens and the size of the box. | recommend breadboard-
ing the instrument before final construction.

Once assembled, the spectroscope is ready for final
alignment and use. Only two parts should need adjust-
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9 MHz CRYSTAL FILTERS

Apfll- Band-
t width Poles
24 kHz
2.4 kHz
24 kHz
2.4 kHz
24 kHz
3.75 kHz
50 kHz
120 kHz
500 Hz
500 Hz
250 Hz
IF noise 15 kHz

10.7 MHz CRYSTAL FILTERS

XF107-A NBFM kHz
XF107-B NBFM kHz
XF107-C WBFM kHz
XF107-D WBFM kHz
XF107-E Pix/Data kHz
XM107-S04 FM kHz

Export Inquiries Invited

NDOAaDDDOD@mEOWK

Shipping $3.50

MICROWAVE MODULES VHF & UHF EQUIPMENTS

Use your existing HF or 2M rig on other VHF or UHF bands

LOW NOISE RECEIVE CONVERTERS

1691 MHz MMk1681-137 §$249 95
1296 MHz MMik1296-144 148,85
432/435 MMc432-28(S) 74.95
439-ATV MMc439-Ch x 84.95
220 MHz MMc220-28 69.95
144 MHz MMc144-28 54,95
Options: Low NF (2.0 dB max., 1.25 dB max.), other bands & IF's avallable

LINEAR TRANSVERTERS

1296 MHz 1.3W output, 2M in
432/435 10 W outpul, 10M in
144 MHz 10 W output, 10M in
Other bands & IFs available

LINEAR POWER AMPLIFIERS

1296 MHz 20 W output UT1296BL $450.00
432/435 100 W outpul MML432-100 389 95

MM11296-144 $339.95
MM1432-28(S) 269.95
MMt144-28 179.95

50 W oulpul
30 W output
144 MHz 100 W oulpul
50 W output

MML432-50-5 23995
MML432-30-LS 189.95
MML144-100-LS 269.95
MML 144-50-5 21495
MML144-30-LS 109.95

ment: the slit, which should be horizontal and narrow,
as previously mentioned, and the grating, which must
be rotated so that the grooves are parallel to the slit.
This is done by pointing the instrument at a nearby
unshaded lamp and rotating the grating until the spec-
trum is perpendicular to the slit and falls on the wave-
length scale.

applications

The spectrum produced by an incandescent lamp
is called a continuum because it is continuous from
the infrared to the ultraviolet wavelengths; watch what
happens when you place cellophane or colored glass
filters in front of the slit. Discharge lamps such as neon
bulbs and ornamental signs produce line spectra —
that is, they emit most of their energy on discrete nar-
row wavelengths which appear as thin lines in a spec-
troscope. Try looking at a distant mercury or sodium
street lamp with this instrument.

While the sun should never be observed directly
(irreversible eye damage may result), the slit width can
be reduced greatly and sunlight reflected from a dis-
tant object — a car, for example — may be observed
to produce a continuous spectrum crossed with thin,
dark horizontal lines caused by absorption by gases
in the solar and earth atmospheres. If the same gases
were ionized, bright emission lines would be seen

instead.
ham radio

avanti®antennas

MOBILE ANTENNAS

30 W oulpul
25 W output
All models include VOX T/R switching
“L" models 1 ar 3W drive, others 10W drive.

Shipping: FOB Concord, Mass

ANTENNAS

420-450 MHz MULTIBEAMS
48 Element 70/MBM4B 15.7 dBd $59.95
88 Element 70/MBMBS 18.5 dBd 8495

144.148 MHz J-SLOTS

8 aver B Hor. pol DBI2ZM 12.3 dBd $63.40
8 by B Vert pol D8/2M-vert 12.3 dBd 76.95
10 + 10 Twist 10XY/2M 113 dBd 79.95

UHF LOOP YAGIS

1250-1350 MHz 29 loops 1296-LY 20 dBi $44 .95
1650-1750 MHz 29 loops 1691-LY 20 dBi 55.95
Order Loop-Yagi connector extra Type N $14.95, SMA $5.95

Send 40¢ (2 stamps) tor full details of all your VHF & UHF equip 1@l E

MML144-25 99.95

ment and KVG crysial product requirements

(617) 263-2145
SPECTRUM
ERNATIONAL, INC. Hatry Electronics
st Office Box 1084 The Elect in Electronics
,MA 01742, U.S.A. 500 LEDYARD STREET
: HARTFORD, CONN. 06114
w152 Phone 203-527-1881
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IC-271H

Now a 100 Watt, 2 Meter Base!
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For the ultimate in two-
meter communications, ICOM
presents the IC-271H transceiver
with a high dynamic range
receiver and a 100 watt
transmitter. Operating from the
IC-PS30, IC-PS15, or the internal
IC-PS35 (optional), the IC-271H
brings all the advanced
functions of the latest CPU
controlled radios to your shack.

4100 Watts. Now a two-
meter base station with 100
watts of intermnal power! The IC-
271H provides all the power
required for operation from
emote places to repeaters, or
Of simpiex

All srared specificatic

IV
-]
TONE

[FAICOM] 144mHz ALL MODEREE-2 TR

NB AGC METER PREAMP MODE-S

MIC GAINSHRI PWR

Subaudibie Tones.
Included as a standard feature
are 32 built-in subaudible tones
which are easily selected by 1o-
tating the main tuning knob. PL
tones may be stored into memory.

32 Full-Function Memories.
Each tunable memory holds
frequency, offset, offset direction,
mode and subaudible tone
Each parameter |s selected by
rotating the main tuning knob in

ction with the switches on
the front panel

PLL Locked at 10Hz.
leeraiy Ir)w noise, rur(

2 r:::lu‘; PLL allows th
271H's synthesizer to lock
providing receiver performc
unparalleled by any other VHF
receiver

subject to change without nofice O

cbligation. All ICOM rodios significo

-] [
S s B B =
i 1 LE I LU=ES

A/B A=B SCAN

[ - -

mM=Vvio |

Fluorescent . ICOM's
high-visibility, multicolor display
gives easy-to-read display of all
information necessary for logging
a contact. Frequency, mode,
duplex, offset direction, RIT fre-
quency, memory channel and PL
tone can be displayed.

Scanning. The IC-271H can
scan memores and programmed
sections of the band or modes
Mode-S scan can be used to
scan only memories with a par
ticular mode or lock out fre-
quencies continuously busy so
the receiver will not stop at that
memory channel while scanning

Other Standard Features.
To facilitate the op n of the
IC-271H, D 2
a duplex
squelch, receive rJule tone
control, S-meter, center meter,
seven-year lithium battery
memory backup, a SSOry
connector and microphone.

Optional Features.
options are: switchable
preamplifier, CTCSS
encoder/decoder (encoder
standard), computer interf
and voice synthesizer

==row

C regulations limifing spurous emissions

VIO/M  WRITE
= e ) |
ﬁ RIT
- + |
[
CLEAR |
:
J MHz ‘
e, g
JI DOWN U P i
A | |

Size. Only 11% inches wide
by 4% inches high, the IC-271H is
styled to look good and engi-
neered for ease of operation

1C-271H
Shown with internal

The IC- 2711\ The IC-271A

features as
an optional
Dower supply to
o

IC OM
The World System

ICOM Americo, Inc., 2112- 1101h Ave NE, Bellevue, WA 98004 (206)454-8155 / 3331 Towerwood Dnve Suire 307, Dallas, TX 75234 (214)620-2760

271H1083-1



Shown actual size.
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Exclusive KDK 6in 1 control is now joined by 6
exciting new KDK features:

NEW! % Soft Orange background Liquid
Crystal Display (LCD) for direct sunlight view-
ing plus lighting for night viewing.

'NEW! % Offset (+,~,S) stored in memory
along with the frequency information.

NEW! % Frequency coverage of 142.000 to
149.995 MHz for M.A.R.S. and C.A.P. usage.

NEW! % Chrome front panel with t

* Only memories with data are scanned;
blanks are skipped.

» Complete memory back-up with power un-
plugged. Re-chargeable Ni-Cd with capability
of several months back-up of memory.

» Single frequency sub-audible tone genera-
tor included as a standard feature.

» Tone unit switch on front panel to prevent
“humming" on the wrong channel.

» Repeater input monitor capability with the
push of a single momentary switch.

« Solid-state level meter for both output level
and input level monitoring.

« User programmable initial characteristics
for band limits, channel step size, etc.

» Odd repeater splits can be handled with the

knobs and lighter color on case to match to-
day's auto decor.

NEW! % Scan for signal now has 3-second
delay before resume after loss of signal.

NEW! % Repositioned controls for more con-
venient operation.

The Exclusive KDK 6 in 1 Knob.

FUNCTION
M-CH M-FR
\

y in the AxB mode.

* Programmable band-scan limits are stored
in protected RAM.

* Modular construction with pluggable inter-
connecting wiring.

» Touch-Tone" microphone TM-2 is standard
with each radio.

» Change channels, skip-scan or step up and
down the band from TM-2 microphone.

*» Audible beep forend-of-band orlast memory
location for better “eye's ofl" operation.

The KDK FM-2033 represents a signifi-
cant advance in user convenience and simpli-
city of operation for the radio user. The KDK
*33' series of transceivers provides excellent
readability in any lighting condition for either
the operating frequency or the memory chan-
nel number in use. The use of a warm orange
background for the LCD displays improves
the readability by prmrlding an easy on the
eyes trast impr

Simplicity of operation has always been the
mark of the KDK design team and the FM-2033
is no exception. From the single knob frequen-
cy and memory selection to the automatic re-
call of the desired repeater offset from

e,
ry, the FM-2033 continues to pc%:Ide relaxed,
comfortable mobile opei'l\llon.

Once the 10 memory frequencies have been se-
lected, a single knob is all that'is required for
operation on the standard simplex or repeater
channels. Using the audible beep as the end
of memory marker allows setting to a particu-
lar channel without even looking at the radio.

In the scan mode, scanning for a busy memory
or pre-programmed band scankeeps youup to
date on the happenings in the area. Very busy
frequencies can be skipped by using the up
key on the TM-2 microph Ifafull 10

ries are not used, the unused ones can be
marked for scan skip so that no time is wasted
checking them.

The FM-2033 provides a clean 25 watt output
signal across 142 - 149.995 MHz lo operate in
balance with most repeater signals and pro-
vide quieting on the simplex operations.
M.A.R.S. (NAVY too!) and C.A.P. frequencies
are also accommodated.

You want convenience, reliability and easy
operation for your mobile station and a tough
to beat dollar value. Check out the FM-2033 at
your local dealer TODAY or send a QSL for
specifications.

* Touch Tone is a Registered Trade Mark of
American Telephone and Telegraph.

Specifications are nominal and are subject to
change. All KDK transceivers meet or exceed
FCC regulations regarding spurious emissions.

@ KDK

Distributed by e 137
Encomm, Inc.

2000 Avenue G, Suite 800, Plano, Texas 75074

Phone (214) 423-0024 TLX 79-4783 ENCOMM DAL




The Digital
vs. Analog
battle is over.

%8 buys you the new champ
The new Fluke 70 Series.

1i t nr f
ligial ari (

For your 1 stributor or a free brochure
call toll-fr 1e 1-800-227-3800,
Ext. 229. Fomoutsid J11.-400-496.1350 Ext
FROM THE WORLD LEADER

IN DIGITAL MULTIMETERS

Fluke73  Fluke?s
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new DX champion!
The 3CX800AY.

Varian EIMAC continues to com-
mit its development of reliable
tubes for HAM radio.

The new, rugged 3CX800A7
power triode provides 2 kW PEP
input for voice service or 1 kW
cw rating up to 30 MHz. Two
tubes will meet the new, higher
power ratings authorized by the
FCC.

Designed for today's low profile,
compact linear amplifiers, the
3CX800A7 powerhouse is only

22 inches (6.35 cm) high. Cool-
ing requirements are modest
and a matching socket, air
chimney and anode clamp are
available.

A data sheet and more informa-
tion is available from Varian
EIMAC. Or the nearest Electron
Device Group sales office. Call
or write today.

. Varian EIMAC
301 Industrial Way
San Carlos, California 94270
Telephone: 415+592-1221

varian

+»~ 188
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Handbook
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The Radio Handbook
has been a best seller for
over 45 years. This
brand-new edition covers
in complete detail all of
the latest state-of-the-art
advances in electronics.
Hams and engineers alike
will find this handy,
single-source reference an
invaluable aid. Chock-
full of projects from sim-
ple test equipment to
complex receivers and
amplifiers. Chapters in-
clude an explanation of
Amateur Radio commu-
nications, electronic and
electrical theory, tubes
and semiconductor de-
vices; a special chapter
on RFI and more . . .
This invaluable book is a
must for every ham-
shack. Orders yours
today and save. 1136
pages. ©1982 (121874

SPECIAL $22.95

($19.95 plus $2.50 s. & h.)

ham radio’s

BOOKSTORE

Greenville, NH 03048

Build

“Supershack”

From QRP to SSB,
Heath leads the way with
high tech products that
perform.

e SS-9000 microprocessor-based,
solid-state Deluxe HF Trans-
ceiver with nine band operation.

* HD-8999 UltraPro™ CW micro-
controlled keyboard. Send letter
perfect code at up to 99 WPM.

e HW-5400 Synthesized HF SSB/
CW Transceiver. Qur lowest cost,
high tech transceiver.

» HL-2200 2kW Linear Amplifier.
The lowest cost-per-watt in 2k
linears.

* Plus dozens of other high tech
amateur products and
accessories.

* New HFT-9 QRP Antenna Tuner
gives operators an exact trans-
match, when every watt counts in
a low-power QSO. An enjoyable,
kit with our famous guarantee:
“"We won't let you fail.”

See our complete amateur radio line including the
L new Tunable Active Audio Filter, RTTY Terminal Interface,

Smart Outlet Box and more.

Over 50 value-
priced products for
the well-equipped
hamshack. See
them on display at a
nearby Heathkit
Electronic Center!

mmHeathkitm

Heath

More Details? CHECK —OFF Page 128

Name

I I PO

Get more information in the '

FREE CATALOG |
Please send me the new, |
expanded 104-page Heathkit
Catalog. |

Mail to: Heath Company, Dept. 122-162 |

Benton Harbor, M| 49022 I

I
I Address

| City

State
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|
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|
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CALL TOLL FREE FOR QUOTES

1-612-535-5050
(IN MINNESOTA-COLLECT)

P> TNl

4124 West Broadway, Robbinsdale, MN 55422 (Mpls./St. Paul)

DISCOUNT—CASH

“*BENCH-TESTED"’
USED EQUIPMENT LISTING

I KENWOOD
- NG PA GE—SPECIALS? -

®  YAESU
Call For Low CUSTOM PACKAGE PRICES ... NOW!!!  MiRace
PACKAGE #1: ICOM 730, Astron RS20A Power N ~ g::;:g hCS
Supply, Hy-Gain HG52SS 52" Tower w/Accessories, Hy- e s KDK
Gain Explorer 14 Antenna, CD 451l Rotator \ ‘}\\ AZDEN
PACKAGE #2: KENWOOD TS430S, MC60A < PYE VIKING
Mike, PS430 Power Supply, Hy-Gain HG54HD 54" Tower SUPER TELEX HY-GAIN
w/Accessories, Hy-Gain Explorer 14 Antenna, Ham IV SPECIAL! HUSTLER
Rotator = KLM
PACKAGE #3: KENWOOD TS930S w/Auto HEGNN SFLONER 39 SUsIRART
Tuner, SP930 Speaker, HG70HD 70" Tower NOW '>\ COMPACT TRI-EX TOWERS
w/Accessories, Hy-Gain TH7DX Antenna, Tailtwister ONLY 526’“ HGH
Redatin ,1( PERFORMER!

FREE SHIPPING!

VISA/MASTERCARD S.A.S.E. FOR OUR MONDAY - SATURDAY

9 AM to 6 PM CENTRAL TIME

MICROWAVE VIDEO RECEIVER

THE
¢ HMR,

34+ dB GAIN e FREQUENCY 2.1 to 2.6 GHz
ABSOLUTELY WATERPROOF
COMPLETE e READY TO INSTALL
1 YEAR WARRANTY
*124.95 — INCLUDES:
TAX - SHIPPING - HANDLING

SEND CHECK - MONEY ORDER - OR
CERTIFIED FUNDS TO:

K & S MICRO ELECTRONICS
1920 WEST GRANADA
PHOENIX, ARIZONA 85009

FOR LOWEST PRICES ON
QUANTITY ORDERS CALL:

(602) 253-8605

INDIVIDUAL COMPONENTS AVAILABLE

FAST-EXPERT REPAIR ON ALL TYPES »~ 161
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HOBBY KITS®

EXPERIMENT — LEARN ELECTRONICS
BUILD AND DESIGN YOUR OWN AM,FM, CW,
OR SSB RECEIVERS, TRANSMITTERS AND ETC.
WITH OUR MINI-LINEAR CIRCUIT KITS
All kits Come Complete With Etched and Drilled Circuit Boards
and All Parts Needed To Function As Described
AFA-1 AUDIO AMP. L a6 i
AFP-1 AUDIO PREAMP. Dua au
BMD-1 BAL. MIX. 1w 1286w
DET-1 AM DET. Am Envelape Detector W 5C Oulg
DET-2 FM DET. 1M 3065 FM Detector (455 KHZ ar 411 MKZ
DET-3 SSB DET. L™ 1496 SSB Detector (N SC-1 ar O
DET-4 DETECTOR CW}'SSB using a dual gate FET transiste
|FA 1 |FAMP 30 DB Ga phonal A 455 K7 4
FLS-9 SSB FILTER_ WHZ/2 1 KHZ BW with USE XAL 1
IFA-2 IF AMP. Ca 3028 30 DB Gan 1100 MHZ Optional AGK
MBA-1 FREQ. MULT. Tuned Output Butter- Mun -Ampitier 1
0SC-1 CRYSTAL OSC. wownz
0SC-2 CRYSTAL OSC.
PSV-1 POWER SUPPLY (723 win Pass
PLL-2 TONE DETECTOR tMs67 ¢
RF/MIX-1 RF-AMP/MIXER ca 3028 $7.95
RF/MIX-2 RF-AMP/MIXER 31204 Tunea fF $7.95
VCO-3VARIABLE HI STAB.OSC. vanactor tuned 400 to 600 Khz output $7.95
VCO-4 VARIABLE HI STAB OSC. varactor tuned 310 $7.95

Add 8§2.00 For Shipping & Handling — Send For FREE Brochure
SEND$200 FORFULL MANUAL WITH CIRCUIT DIAGRAMS AND
TYPICAL RECEIVER AND TRANSMITTER HOOK-UPS

MANY OTHER MODULES AVAILABLE

MORNING DISTRIBUTING CO.

P.O. BOX 717, HIALEAH, FLA 33011 174

$4.95
$3.95
$9.95
$3.95
$7.95
$9.95
$4.95
$6.95
$49.95
$6.95
$5.95
$3.95
$4.95
$7.95
$5.95

Tuned AF AMP/Mer 1-100 MHZ

AM/Muxer 1 250 MHT

20 Mhr output

Tell ‘em you saw it in HAM RADIO!




AEA Brings You The AMTOR Breakthrough

We are pleased to announce three new AMTOR products. Our new software package that will allow you to operate
AMTOR with your CP-1is called AMTORTEXT™. A complete hardware terminal unitand AMTORTEXT software plug-
in cartridge for the Commodore 64 computer is called the MICROAMTOR PATCH™. We also have new applications
software packages for the AMT-1 and Commodore 64 or VIC-20 computers.

NEW AMTORTEXT™

AMTORTEXT™ is a LOW COST software package that will allow the CP-1 and Commodore 64 |
computer to be used as a multi-mode AMTOR TERMINAL. Compare the outstanding FEATURES
and PRICE of the AT-64 (AMTORTEXT for Commodore 64) to the competition:

¢ KEYBOARD OVERLAY instructions (eliminates constant referral to manual) ® STATUS
INDICATORS on screen # Easy to follow MENU = ARQ, MODE A- MASTER OR SLAVE » FEC
MODE B ® MODE L (LISTEN TO MODE A) *SPLIT SCREEN with 2000 CHARACTER TYPE
AHEAD transmit buffer® WORD MODE for error correcting with DEL KEY until space or CR is sent

* REMOTE ECHO shows characters transmitted as they are validated by other station ® easy entry

of your SELCALL for automatic response to ARQ calls « BREAK-IN MODE to interrupt sending
station » LTRS/FIGS REVERSE for assistance in MODE L sychronizing ® TEN MESSAGE
BUFFERS OF 256 CHARACTERS EACH e AMTOR timing synced to host computer internal CRYSTAL OSCILLATOR
» PROGRAMMABLE TRANSMIT DELAY can be saved to tape *sAUTOMATIC PTT « POWERED BY HOST COMPUTER ® includes
INTERFACE CABLE for AEA model CP-1 COMPUTER PATCH™.

The AMTOR software TIMING ROUTINES have been written by Peter Martinez, G3PLX (father of AMTOR) which means you can be
sure of having NO SYNCHRONIZING problems with other AMTOR stations adhering to the established international AMTOR
standard. PROPER SYNCHRONIZATION is an ABSOLUTE must for AMTOR!

NEW MICROAMTOR PATCH™ $89.95 List CALL FOR PRICE C-64 AMTORTEXT

MICROAMTOR PATCH™ is a NEW LOW-COST, HIGH-PERFORMANCE AMTOR
. SOFTWARE/HARDWARE computer interface package. The MICROAMTOR PATCH
(model MAP-64) INCORPORATES AMTORTEXT software (described above) for the
Commodore 64 computer. All circuitry and software is incorporated on a single, plug-in
cartridge module featuring the following: * TRUE DUAL CHANNEL MARK AND SPACE
MULTI-STAGE 4 POLE, CHEBYSHEV ACTIVE FILTERS « AUTOMATIC THRESHOLD
CORRECTION for good copy when one tone is obliterated by QRM or SELECTIVE
FADING * EASY, POSITIVE TUNING with TRIPLE LED INDICATOR » NOT a low-cost,
easily “pullable” phaselocked loop detector!!l « SWITCH SELECTED 170 Hz or WIDE
SHIFT on receive * AUTOMATIC PTT » demodulator circuitry powered by your 12 VDC
supply to AVOID OVERLOADING HOST COMPUTER and for maximum EMI ISOLATION e EXAR 2206 SINE GENERATOR for
AFSK output « SHIELDED TRANSCEIVER AFSK/PTT INTERFACE CABLE PROVIDED * FSK keyed output.

The MicroAmtor Patch is structured for easy upgrading to the AEA CP-1 Computer Patch™ advanced interface unit without having to
buy a different software package! Simply unplug the external computer interface cable (supplied with the MicroAmtor Patch) from
the MicroAmtor Patch and plug it into the Computer Patch.

149.95 Li P64 CALL The Model MAP-64/2 incorporates the C-64 MBATEXT™ PROM
$149 List MAP6 on the same board with AMTORTEXT for low cost RTTY/CW/

$239.95 / MAP-64/2 FOR PRICE Asci/aMTOR operation.

AMT-1

The AMT-1 is the DEFINITIVE AMTOR TERMINAL UNIT which all future AMTOR units
will be measured against. All you need for full AMTOR operation is adumb ASCI| terminal
(or personal computer and emulation software) and a normal HF transceiver and antenna.
With the AMT-1 you will receive the following features: #«SENSITIVE FM DEMODULATOR
e FOUR POLE ACTIVE RECEIVE FILTER * TOTAL CONTROL FROM KEYBOARD or by
COMPUTER PROGRAM CONTROL * 16 LED PANADAPTOR TYPE TUNING
INDICATOR ® CRYSTAL CONTROLLED AFSK MODULATOR # RECEIVE/TRANSMIT
standard RTTY ¢« TRANSMIT MORSE CW « MORSE RECEIVE field installable option
¢ AUTOMATIC PTT ® 13 front panel LED STATUS INDICATORS e all METAL
ENCLOSURE for maximum RFI immunity ® operates from your 800 ma 12 VDC power

T $589.95 List CALL FOR PRICE AMT-1 g’:,°,;;';;_‘;:,'",::f,:";;';;";;';;j}o‘f°;’:;”2,§;:’;§g
Applications software for C-64 or VIC-20 ks e iy

AEA also offers an applications software package for the CommodoreVIC- ——— & cr T arnp AFA CATAI DG T
20 (model AMT-1/VIC20-1) or 64 computer that is residenton a plug-in PROM
CARTRIDGE and includes the INTERFACE CABLE to go between the
computer and the AMT-1. KEYBOARD OVERLAY instructions are also

|
| I
| |
included for easy operation without the instruction manual. The COMM-64 Name |
program (model AMT-1/C64-1) offers SPLIT SCREEN OPERATION with ten |
MESSAGE BUFFERS. It also offers UNATTENDED OPERATION with | l
automatic MESSAGE RECORDING and AUTOMATIC STATION Address |
INDENTIFICATION. ssg.gs List ssg.gst 1 .
: I City |
*‘SUGGESTED AMATEUR DISCOUNT PRICE THROUGH | Stat 7] I
PARTICIPATING DEALERS ONLY LS e e P O il Ll 4

C & A ROBERTS, INC.

18511 Hawthorne Blvd., Torrance, CA 90504
213-370-7451 800-421-2258

Brings you the
Breakthrough!

More Details? CHECK —OFF Page 128 v 123 April 1984 35



Also available with TNC connectors

WATTS
THRULINE

JUST RELEASED: new sensitive
elements from 20mW to 100 Watis at
+5% OF READING 25-1000mHz

i

et 5%
milliwatts up (2-1000 M

“&wc Bﬁ'é‘ﬁ""’““"’"“‘"”‘"“‘

7-in-1 Elements $125 to $175.

30303 Aurora Rd., Clevclandgol E Ohio “I39
216« 243-!300 TLX: 98-52!

Ask for Bulletin No. 4410-83 :
» 19
[ by ALUMA
HIGHEST QUALITY 0 Al
ALUMINUM crek y
E..,Lf.:'" « TELESCOPING CRANK-UPI 368 |

Model T-60H * GUYED (STACK-UP)
e TILT-OVER MODELS
Easy to install. Low Prices.
Crank-ups to 100 ft.

EXCELLENT FOR
AMATEUR COMMUNICATIONS

808 N. Main Street e Evansville, IN 47711

I NEW IC-02A/T

ICOM’S new
IC-02A/T represents

the latest in state-of-
the-art handheld ra-
dios. The IC-02A/T
uses a microproces-
ser to control this ra-
dio. The IC-02AIT will
scan, has 10 memor-
ies, stores offset fre-
quency In memory,
has keyboard selectable PL tones
and an internal lithium battery
memory back up.

Uses IC-2 series accessories.
Standard 3 watts or 5 waltts with
optional high power battery pack.

and steel towers made
specials designed and
made—write for details |

l(}re- 36 types slummum\

_—. :
SPECIAL
Four Section 50 F1.
Van Mounted Crank-Up
Aluma Tower

Call Ham Shack today tor more information i
and your price and the rest of the l.
ICOM radio line

L =2 (812)422.0231 89

ALUMA TOWER CO.

BOX 2806HR
. VERO BEACH, FLA. 32960-2806
l. (305) 567-3423 TELEX B0-3405
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INTRODUCTION TO AND
THE OPERATION OF

AMTOR
by Phil Anderson, WBXI
Here's a great new book to answer all of

your questions about AMTOR, Amateur
Teletype Over Radio — It's the error free
mode of Amateur communication
AMTOR is a special form of RTTY, radio
teletype, that uses a seven bit code and
a special operating procedure. TOR,
Teletype Over Radio, was first developed
for ship-to-shore communications where
reliability is an absolute must. AMTOR
allows hams to take advantage of this
unique technology and benefit from reli-
able, nearly 100% error free communi
cation. Phil Anderson gives you an easy
to-read description of the basics of
AMTOR, how to set up a station, equip
ment, operating procedures, sottware
and theory of operation. From there it's
up to you to get your very own AMTOR
station up and running. This is the only

book of its kind available today 1983
1st edition, 36 pages
KT-AMT Softbound $3.95

Please add $1.00 to cover
shipping and handling

Ham Radio’s Bookstore
Greenville, NH 03048

GOT SOMETHING TO SELL?

Try a classified ad in Amateur
Radio’'s #1 magazine, ham radio.

Non-commercial ads $.10 per
word. Commercial ads $.60 per
word. No agency discounts al-
lowed. 15% discount allowed
for ads run 6 consecutive
months without change. 33%
discount allowed for ads run 12
months without change. Pay-
able in advance. Deadline 15th
of 2nd prior month.

From something simple to
something exotic, ham radio
readers are interested. And re-
sults prove that they BUY!

Send your ad in today. Send
payment with order or give us
your MasterCard or VISA and
we'll charge your account for
you.

Name
Address
City
State Zip
Card Number
MasterCard VISA
Expires

HAM RADIO MAGAZINE

Greenville, NH 03048




graphic filter design

Response to pulse
or steady state signals
determines design approach

What would you say if | were to claim that the main
burst of soundresulting from hitting a bell withits striker
is not “ringing?”’

! don’t want to hear it.

Butthat statement would indeed be true if the defini-
tion of ‘’ringing’’ as used by most texts on electronic filter
design were applied toachurchbell, because what hap-
penswhenabellis struck is analogous towhat happens
when a noise pulse rips into an electronic filter.

It would appear that those who wrote about video
pulse amplifiers years ago defined ringing in a peculiar
way which then became extended, by word of mouth,
to apply to bandpass filters. As a consequence, ‘‘flat-
top,”’ or Butterworth filters acquired a bad reputation’;
atthevery least, exaggerated benefitsfor “round top,”’
or Gaussian filters, were implied. Soon the general
notion was that flat-top filters ring and round-top filters
do not.

Infact, this happens to be true — butonly in the case
of low-pass filters driven by a video pulse.

Allband-pass filters “'ring,”’ but there are important
differences. Assuming equal bandwidths, number of
poles, and a unit impulse excitation {(much like a sharp
noise pulse in our communications systems), a round-
top filter will ring with a higher peak amplitude but for
a shorter time than a flat-top filter. And a flat-top filter
not only rings, but also undulates, which corresponds
to whatis called "'ringing”’ in lowpass filters. The basic
ringing frequencyisatornearthefilter's center frequen-
c¢y; the undulation frequency is proportional to one-half
of the filter bandwidth. In exchange for thisringing dif-
ference, the flat-top design provides steeper skirts with
slightly more difficuit design requirements. Fig. 1 pro-
vides a general picture showing severalfilter forms with
their response to impulse noise and steady-state fre-
quency responses for comparison.

It seems to me that the criteria for whether or not a
filter's ringing (or ringing plus undulation) characteristic
isaproblem should be based upon the real signal environ-
ment and how the signals are detected. Clearly alabor-
atory instrument may well utilize an 8-pole Butterworth
with a 10 Hz bandwidth in the metric evaluation of noise-
free steady state signals. But that same filter would be
useless to those of us who wish to copy CW with our

By Don E. Hildreth, W6NRW, P.0O. Box 60003,
Sunnyvale, California 94068
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PULSE RESPONSES

STEADY-STATE RESPONSES

[ 2N\

|
|
|
|
I
[
I

RINGING

TO GET ACTUAL -301- EXAMPLE | 50 Hz BW FILTER

RINGING TIME — 8 sec EXAMPLE

DIVIDE t 8Y xdomz ) rvecay
(2n x 308 BANOWIDTH) | _gol- i

x 25 MILLI-
SECONDS !

(TYPICAL)

12 6 t
o (SEC)

i F/UNIT PULSE
0.19 PEAK

8 !
e B 1 |_SEC)

0.4 P/UNIT PULSE

0.25 PEAK

o34
0.2
o1

VOLTS

-0.1
-0.2
0.3
-04

04
034
0.2
04

oLTS

ot -1

.0_2_
-03 -4
-04

i L | |
§50 700 730 800 850
FREQUENCY (Hz)

e 15 24 3z
TIME (SECONDS)

fig. 1. Pulge and steady-state filter response is compared
for Gaussian and Butterworth types: (4) 2-pole Gaussian;
{B) 2-pole Butterworth; (C/ 4-pole Gaussian; (D) 4-pole
Butterworth; (£) 8-pole Gaussian; and (F) 8-pole
Butterworth.
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table 1. Multiplication factor showing stage bandwidth
increase necessary when cascadinganumberof stages
to arrive at a required system bandwidth.
number of stage BW multi-
poles plication factor
2 1.56
3 1.96
4 2.30
5 2.58
6 2.86
7 3.10
8 3.32

logarithmic hearing response and a signal environment
thatalmost always contains a train of randomly spaced
noise pulses both from natural and manmade sources.
Because of this, we are forced to apply nearly equal
weight to a filter’s impulse and steady-state character-
istics in our receiver designs.

Fig. 1D illustrates an example using the data on ring-
ing. For a 100 Hz bandwidth design, the main ringing
response to a noise pulse would rise and fallin about 13
milliseconds. If you include the time for the second un-
dulation, whichis around 16 dB below the main energy
bundie, the duration would be 26 milliseconds.

To determine how this may affect CW signal copy,
consider thatthe length ofa CW “'dit”” at 20 WPMis ap-
proximately 50 milliseconds. Because in my experience
it seems that the human brain is able to ignore energy
burstslasting forfifty pecentorless of the time duration
of the basic dit element, this filter appears generally
acceptable.

Inaddition toringing time, afilter createsatime delay
and an increase in rise time (the rate at which the ring-
ingbuilds up). This provides a secondary benefitin that
the clicks and pops of impulse noise and/or key clicks
are softened. Consequently, a total rise and fall time of
ten milliseconds or more is satisfactory’ and alot easier
on your ears.

For wide filters such as an 8-pole Butterworth with a
nominal 3 kHz bandwidth, the ringing time — even in-
cluding the third undulation — isonly 1.5 milliseconds.
While a frequently used IF filter of this type will not con-
fuse CW copy with its ringing, it will not soften those
signals that have key clicks.

using multi-pole filters

In general, there are two ways to design multi-pol€
filters: the ladder, or lattice network method, and the
directsynthesis method, in which each poleisisolated.
RF and [F filters usually use the first type; audio filters
using op-amp active filter elements use the second. In
the method using active filters, each op-amp circuit



THE UHF COMPENDIUM
by K. Weiner, DJIHO

This 413 page book i1s an absolute must for every
VHF and UHF enthusiast. Special emphasis has
been placed on state-ol-the-art technigues. Author
Weiner fully describes test equipment, alignment
tools, power measuring equipment and other handy
gadgets. All ol the projects and designs have been
lested and proven and are nol engineer’'s pipe
dreams. Antennas are also fully covered with a num-
ber ol easy-to-build designs as well as large mega-

element arrays. ©11980
[ IKW-UHF Softbound $23.95

VHF-UHF MANUAL
by G.R. Jessop, G6JP

This new, revised 4th edition is jam-packed with cir-
cuits, antennas, converters, cavity amplitiers and
much, much more. Practical theory and construction
projects cover from 70 MHz to 24 GHz. The chapler
on Microwaves has been expanded to 83 state-of-
the-art pages. Receiver and transmitters for all VHF
and UHF bands are covered in 181 pages. The bal-
ance ol this book contains information on propaga-
tion, luned circuils, space communicalions, lilters,
tes! equipment, antennas, plus a handy easy-10-use
data section. Equipmen! designed lor the British 4
meler band can be adapted lairly easily 1o the U.S

6 meter allocation. © 1983, 512 pages, 4th edition

['RS-VH Hardbound $17.50

VHF RADIO PROPAGATION
by J. D. Stewart

Batfled by VHF propagation? It's not a mystery if
you have a copy of this book. J.D. Stewart explains
in detail propagation mechanisms such as atmos
pheric ducting, scattening, auroral reflections and
lonized meteor rails. You also earn how to observe
the Sun and evaluate weather conditions so you can
predict favorable propagation conditions 1982,
112 pages, 2nd edition

NO-PH Softbound $4.95

VHF HANDBOOK
by WIEGQ and WESAI

Contains all the latest information for VHF operation
Antenna design and construction from 50-432 MHz
15 lully covered with proven practical design informa
tion. You also get a complete rundown on FM theory
design and plenty of helpful hints and lips. In the
construction section, the authors detail how to build
low noise, high performance converlers, fransceiv-
ers, amplitiers and plenty of other pieces ol interest
ing equipment. This book is a must for both the be-
ginner and expert in VHF communications 1974
336 pages, 3rd edition

JRP-VH Softbound $11.95

Please add $2.50 lor shipping

HAM RADIO’S BOOKSTORE
Greenville, NH 03048 _ .44

REASONS WHY
KNOWLEDGEABLE
AMATEUR RADIO

OPERATORS CHOOSE

flexible,
electrically
transparent
Phillystran®

1. non-absorption and no
re-radiation of radio signals.

2. no need to compute non-
resonant lengths.

3. complete elimination of RFI
associated with steel guys.

4. substantial reduction in
guy-installation time.

5. no more cutting of steel
cable to install insulators
and cable clamps.

6. no more handling of steel
cable; and no “fish hook”
frayed ends to snag your
hands.

7. non-corroding and
maintenance-free.

8. high strength combined
with lightweight, non-
stretch and inherent
flexibility.

9. a neater, more aesthetically
pleasing tower appearance.

10. substantial reduction in ice
loading.

FIELD PROVEN: More than 450
commercial radio & TV towers
have been guyed with Phillystran.
Pourable resin provides convenient,
highly efficient terminations.
TECHNICAL LITERATURE
AVAILABLE. Call/write

//zrr'/&f K;ymw/z'fw

- PO Box 454 e 20 Commerce Drnive,

Montgomeryville, PA 18936
Telephone: (215) 855-8450
Telex 84-6342 Cable: Philres MMLL

.

| "

DISTRIBUTORSHIPS AVAILABLE
to qualified suppliers of
amateur-radio equipment
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HUSTLER /

DELIVERS
RELIABLE /
ALL BAND HF
PERFORMANCE

Hustler's new 6-BTV six-
band trap vertical fixed
station antenna offers
all band operation
with unmatched con-
venience. The 6-BTV
offers 10, 15, 20, 30,
40, and 75/80 meter
coverage with ex-
cellent bandwidth
and low VSWR. Its
durable heavy
gauge aluminum
construction with
fiberglass trap
forms and stain-
less steel hard-
ware ensures
long reliability.
Thirty
meter kits
(3O-MTK)
for 4-BTV
and 5-BTV
are also
available.

Don't miss our 30 meter excitement.

HUSTLER -
STILL THE STANDARD OF PERFORMANCE.

HUSTLER

3275 North "B" Avenue
Kissimmee, Florida 32744

an h“ Company
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IM Suppression Panels Receiver Multicoupling
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S 4

1alig 1 galual A S
’ G ey L

Duplexers & Preselectors Bandpass, Pass-Reject

and Notch Cavity Filters

Transmitter Combining
150 — 900 MHz

% COMPLETE SYSTEM ENGINEERING ASSISTANCE*

TELEWAVE, INC.Y

1155 TERRA BELLA, MOUNTAIN VIEW, CA 94043
(415) 968-4400 ® TWX 910-379-5055
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QeI reC WHERE Ci»C2+C
GAIN= A -_&% fe = CENTER FREQUENCY
2R Q= _fe BW=BANDWIDTH

3dbew

R2e___Q
@aF-a2rtec /2% IS PAD TO FINE TUNE 1,

fig. 2. Typical bandpass active filter circuit and design
equations.

represents one pole (actually acomplex conjugate pole-
pair, but since our filter designs are derived by transform-
ing lowpass prototypes, the pairisreferred toas one pole)
and the very iow outputimpedance of the op-amp pro-
vides isolation between it and the following stage. Us-
ing the basic active filter design of fig. 2, just cascade
these circuits together with each one tuned to arequired
frequency and Qto getjustabout any function you want
within the gain-bandwidth limitations of the selected op-
amp. Using this basic building block, design examples
are given for Gaussian and Butterworth filter types.

Gaussian filters

Round-top filters, usually implemented by the syn-
chronous tuning of a number of stages, are a member
of the Gaussian class. Although relatively easy to design,
they have one peculiarity that reduces their popularity:
as you add poles you must also increase the bandwidth
of each stage to obtain a given bandwidth. As a result,
ringing time increases very /ittle as stages areadded, and
the filter system skirts do not fall as fast with added stages
as they do with the Butterworth class. To design a multi-
pole filter of this type you first decide the system band-
width you want then determine what the bandwidth of
each stage must be from table 1, or

BW stage = BW system/(21/n — ]}1/2 1
where n = number of stages.

Forexample, if a4-pole round-top filter with3 dB points
of 700 and 800 Hz is needed, then the design center fre-
quency is (700 x 800)!/2 = 748.33 Hz and the band-
width of each stageis 100 x 2.30 = 230 Hzforadesign
Qof3.25. Since each stageis tuned to the same frequen-
cy, the gainthrough thefilter is the product of the stage
gains. Knowing these requirements, the general equa-
tions in fig. 2 can be used to find component require-
ments for each of four identical stages.

Butterworth filters

To abtain the flat-top Butterworth response, the
center frequency and Q of each stage used s different.
However, the geometric pattern used to determine re-
quirements is simple, symmetrical and easy to remember
and apply. An example of the initial step in designing a
2-pole filter with a 50 Hz 3 dB bandwidth (725 Hz to
775 Hz) is shown in fig. 3A. In this case the semicircle
end points represent the 7256 Hz and 775 Hz 3 dB points
of thefinal response with the poles located symmetrically
and separated by 180 degrees/number of poles. Subor-
dinate semicircles complete the design as illustrated in
fig. 3B, which enables you to determine the center fre-
quency and bandwidths forboth stages as shown. Tran-
sient and steady-state responses for this filter are shown
in fig. 1B. Fig. 4 shows the pattern for three, four, and
eight poles. From this basic pattern, the design for any
number of polesfollows. Also as the number of polesin-
creases, some of the resulting Os become quite large,
with steeper skirts andincreased undulation. These pat-
terns are normally plotted on alinear, orundefined, scale
in a number of texts. This linear construction scale
assumes arithmetical symmetry, whichis a reasonable
approximation only when the bandwidth isless than 10
percent or so of the center frequency. To show how to
handle these designs for larger percentage bandwidths,

@+ 180°
N

N = NUMBER OF
POLES TO
BE USED

77

1
:
1
1
|
|
|

—t £ }
ns o A 750 ey M TS
1
7325 Hz 767.5 Mz
0-732.5 o~ 767.5
T675 Las
70715 " 20.93 7as-re0 "2

fig. 3. Design sequence to obtain required center fre-
quency and Q for each pole of a maximally flat 2-pole
Butterworth filter centered at 750 Hz with 3 dB points
at 725 and 775 Hz.
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Full Featured - Miniature

H/T Power to Go...

FROM

B23A
(144-148 MHZ)

* 2 Watts in = 30 Watts out

* Built-in Receive Preamp

* All mode operation (FM, CW, or SSB)
* Automatic Antenna Changeover

See the complete line of MIRAGE amplifiers
at the Dayton Hamfest, Booth #25.

v 172

IS SWITCHING PL TONES A PROBLEM?
You need a PLD-1 private line display

Switching PL tones is simple with a PLD-1 private line display
installed in your Communications Specialists TE-64 encoder. No
more squinting, no more counting and no more guessing. With the
PLD-1, you have immediate channel indication with a large, easy to
see, bright LED display. The PLD-1 displays all 32 PL. channels and
is easy to install in the TE-64 encoder. It also works with most other
Communications Specialists encoder/decoder units.

Complete  $49.95
Visa and Mastercard accepted.

ACQUIS COMMUNICATIONS, INC.
17192 Gillette Ave., Irvine, CA 92714
714/545-3732

JARAEE

Actual Size:
2" x 3V2" x TVa"

C22A
(220-225 MHZ)

¢ 2 Watts in = 20 Watts out

 Built-in Receive Preamp

» All mode operation (FM, CW, or SSB)
* Automatic Antenna Changeover

JURAIEE  P.0. Box 1000

COMMUNICATIONS Morgan Hill, CA 95037

LATE NEWS..

Get the news
As it happens

Westlink Report is your source for information on all
the late breaking stories in the exciting world of Ama-
teur Radio. Westlink Report summarizes the news
that will impact the future of Amateur Radio. Westlink
digs into its stories and gives you the latest from New-
ingtor, summarizes the actions of the FCC, reports on
the importantinternational news, keeps you fully in-
formed about space and AMSAT news and much,
much more.

Subscribe to Westlink Report today. Be informed.
Don't be surprised by the latest developmentsiin this
fast paced hobby. ;

26 issues jugt $22.50 peryear U.S., Canada, Mexico.
$42.50 per year Air Mail.

VESTLINKerorr

11119 Allegheny Street
Sun Valley, CA 91352
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§=45° TYPICAL

02 = 22.5¢ TYPCAL

82211250

fig. 4. Pole patterns for 3, 4, and 8-pole Butterworth
filters.

L |

refer to the four-pole examplein fig. 5. In thisfigure the
only thing that has been changed is the baseline. The
physical constructionis the same, butby using alogscale
the true geometric symmetry of electronic filter circuits
becomes apparent resulting in amore accurate design.
Clearly, if you design each stage for a gain of 1 there will
be some attenuation through this filter type because of
the ‘“stagger’’ tuning. And although it may seem odd,
the particular gain of each stage and the order in which
they are arranged has no effect on the system frequen-
cy response. However, as a practical matter, toavoid a
possible reduction in dynamic range, put the low Q
stages first with a gain of 1 or so and then design some
gain into the latter stages to offset the system loss, if
desired. Fig. 6 shows a complete 4-stage design for both
a round-top and a flat-top filter.

TO OBTAIN EXPANDED LOG SCALE:
LOG N-LOG A

toge-toaa ) M X

WHERE: A« START ENCY
B8« END NCY
MeSCALE DIMENSION TO BE USED(FROM ATO B)
X'DECIHA‘LrV:L“UEE ON M FOR ANY

ASURED FROM A
N+ FREQUENCY TO BE LOCATED ON SCALE

720 730 MO/0 780
{700 X 800)i/2=748.33
EXPANDED LOG SCALE

fig. 5. Exact flat 4-pole Butterworth with 3 dB bandwidth
from 700 to 800 Hz. J

active filter component considerations

Using the circuit of fig. 2 as areference, the value for
R1is not critical, provided itis at least four or five times
the resistance of R2. Thisis usually the case unless you
try to obtain alot of gain with your filters. However, R2,
R3, C1and C2directlyinfluence thefilter stage’s center
frequency, which is of primeimportance. Q, whichisthe
second important parameter, is determined by R3, C1
and C2 — assuming that R2 is adjusted to obtain the
design frequency. Itis preferable to select the magnitude
of C toforce R3to belessthan 1 megohm forthe required
Qo avoid potential problems caused by input currrent
of an op-amp. If you intend to build the filter without
testing and tuning it, the capacitors should be accurate
to * 1 percent or better, within the temperature range
in which most ham equipment is used.

NPO ceramic, mica, or polystyrene capacitors are ex-
cellent, butexpensive and hard to find. | have had good
results for typical ham shack environments using mylar-
film capacitors, which are reasonably priced and avail-
able in * 1 percent units.

While carbon composition resistors can be employed,
they are difficult to use because they tend to experience
semi-permanent value shifts when temperature-cycled
by a soldering iron and also over time. Data on carbon-
film resistors indicates that they are about ten times-
betterinthisrespect; 1 percentmetal-filmresistorsare
better yet. | use carbon-film, +5 percent, 1/4 watt
resistors and mylar-film capacitors for filters with greater
than 50 percent bandwidths and switch to metal-filmre-
sistors for narrow multi-pole CW filters.

Integrated circuits such as the 741 op-amp are abun-
dant and inexpensive. There are a multitude of others,
all with a nominal open-loop gain-bandwidth product of
1 MHz. With these units, if your active filter stages are

April 1984 [ 43



designed to have a gain-bandwidth product of less than
1 kHz and an upper frequency limit of 5 kHz or so, you
can just forget the op-amp’s characteristics when de-
signing the filter. Thisis assumed in the equations of fig.
2. With more exotic op-amps, of course, you can in-
crease the numbers. Inaddition, if aresistance with the
same magnitude as R3is included at the op-amp’s plus
inputforbiasbalance, placealargecapacitance fromthe
+ terminalto ground to avoid high levels of bias current
generated noise voltage across this resistor.

tuning active filters

If you stay within the given op-amp constraints, you
can be quite confident of a 10 percent or larger band-
width design when 1 percent components are used —
even without testing. However, if components of this
accuracy are notavailable, you will probably need a sig-
nal generator, frequency counter, outputindicatorand
a few components.

Since most active audio filtersfor CW or SSB willuse
QOsofborless, setting them on center frequency by sim-
ply using a signal generator atthe input to the filter with
alevelindicator atthe outputjustisn’t practical. The fil-
ter will be too broad to enable an accurate adjustment
of a frequency tweaking pad on R2. One easy way
around this, however, is to take advantage of the fact
thatthe phase slope through thefilter is quite sharp and
at 180 degrees. Knowing this you can add an op-amp
summer as shown in fig. 7. With the signal generator set
on frequency, and the filter close toits final settings, you
adjust the nul! detector for a minimum indication with
the amplitude balance pot, R, then adjust the phase con-
trol {frequency) pad across R2 on the filter for a better
null. Going back and forth a few times with thistechnique
can set your filter on frequency to an accuracy of +0.1
percent or so.

Toassure thisaccuracy, itis better to fabricate the filter
on one day and tune on the next to let the components

I_\ 1=729,028.9,A~/ fc*TB8,0°808,A=! fc=703.5Q%9.5,A=2.8 fca796,048.95, A28

BUTTERWORTH 4 POLE - ALL CAPACITORS 0.0/i4F

1=748.33,Q=325, A=
TYPICAL 4 STAGES

GAUSSIAN 4 POLE -ALL CAPACITORS 0.0 JAF

fig. 6. Comparative designs for two filter systems hav-
ing 3 dB bandwidths from 700 to 800 Hz with unity system

{ gains.
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FREQUENCY

COUNTER

MEASURE OR ADUUST FREQUENCY
—L 100K
SIGNAL SINGLE STAGE
OP AMP ACTVE }—‘
GENERATOR ¥ AP A 1ok +
W QUTRUT

ox cA
100K > ‘
j ‘

fig. 7. Null-balanced method for accurate determination
of filter center frequency.

L

settle after exposure to soldering temperatures. After
you find the required padding resistance, you can then
solderinthenearest5 percentvalue. Assuming the pad
is much larger than the resistor it parallels, it is possible
to arrive at 1 percent or better in final frequency
adjustment.

Because of the excellentisolation afforded by an op-
amp active filter, you just tune each stage independently,
then string them together. If you have been accurate
with your graph work and calculations, chances are ex-
cellent that you will have exactly what you want.

summary

After considering the relative advantages and dis-
advantages of these two basic filter classes, you prob-
ably wish there were some way to get the best of both.
| haven't been able to find it, but there is a reasonable
compromise that performs well: cascaded Butterworth
staggered pairs. Study of the undulation magnitude for
the 2-pole Butterworth class shows it to be quite small,
which makes the cascading of staggered 2-pole sections
attractive. | have used this technique for several years?
and have found it to be very satisfactory.

Becareful, however, about the apparent simplicity of
the synchronously tunedfilter type. Lower QOsin thiscase
donotmean thatyou can settle forlessaccuracy. If you
are not careful with this filter, you may wind up with an
unplanned stagger — compliete withundulation ringing.

references

1. Doug DeMaw, W1FB and Wes Hayward, W720I, ""Modern Receivers and
Transceivers: What Aiis Them?”” QST, January, 1983, page 11.

2. Don E. Hildreth, WENRW, "“Communications Audio Processor for Recep-
tion,”” ham radio, January, 1980, page 71.

Notes:

1. Statements about Butterworth also apply to Chebyshev - onfy more so.
2. PCboard andfilter parts kit are available from Hildreth Engineering, P.O. Box
60003, Sunnyvale, California 94088. For computer programs listed in Basic for
quick and accurate design of filter blocks shown in fig. 2, and to calculate ex-
panded log scales as usedin fig. 5, send $2.00 to cover reproduction, postage,
and handling to Hildreth Engineering at the address above.

3. Mouser Electronics at 11433 Woodside Ave., Santee, California 92071,
619-449-2222, is one source of components. {Write or call for catalog.)
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Attention
Moonbouncers

and Satellite Communications Enthusiasts

Introducing New Ultra High
Performance Antennas
from KLLM Electronics, Inc.

KLM Electronics is fueling the Moonbounce and Oscar 10
revolution with Antenna Equipment that delivers truely
Out-of-This-World performance.

For the Moonbouncer, our New 2M-16L.BX is designed
to be the highest gain 2 meter antenna available on the mar-
ket today by more than a full db, making the 2M-16LBX an
outstanding performer as a single antenna or in Moon-
bounce (EME) arrays.

The New 432-30L.BX follows the same pattern as the

2M-16LBX, and soon will become the industry’s standard 2M-22C
of comparison. BANDWIDTH :ovcvininssimesmmas s 143- 146 MHZ
Featuring straight forward construction, and an innova- (27 3 1, RO i I (144 MHz) 14.8 dBdc
tive tapered boom that greatly reduces windload and adds BEAMWIDTH .....c.coviviiiaviiniiisvinnnnnas (V) 28°, (H) 33
strength and durability. Virtually unbreakable, insulated, FERD JMP . csisiesavaiiiimssamiomossyaivsss e
3/16" rod parasitic elements are anchored through the boom g?)(l)lldiNliNGTH EASORIAS RS e i;f:' If(i]:_nz‘ap:m':ﬂ
to insure years of trouble-free performance. WISV i oo i i w5806 i e 0 1.4:1
For the satellite enthusiasts, the 2M-22C high gain 2 WINDLOAD & oot (H) 1.75 sq. ft. (V) 2.44 sq. ft.
meter, circular polarized antenna, features the same rugged DL 2 e R P R e e R T o e 10 Ibs.
construction and total flexibility as our very popular TURNING RADIUS .........oiiiiiiiiiiiinann, 15 ft. 6 in

2M-14C with a 2db increase in gain.
Four or more 2M-22Cs make an excellent array for
Moonbounce (EME) by elminating Faraday fading.
Fiberglass/aluminum stacking frames are available as
well as 2 and 4 port power dividers and phasing harnesses \
to optimize the performance of these type arrays. Watch
for our new elevation drive system coming soon.

2M-16LBX
BANDWIDTH. . ..oivviieieinriinnnnsnnnannnsnns 144— 148 MHz
AT s v o st i 010 5.5 4 AT 0T W T 13 dBd
BEAMWIDTH . oouvavsinmsseesualanmsiiams sva e v S8
REED IMP: o s i S e S s g i 50 ohms unbal.
BALEEIN . . cccminns mbant A v RN T e e s siesmon s (2) 4:1 coax
BOOM LENGTH . viissansamsvinsssmresis 19 ft. 1 in. (tapered
NSRSy b i s b e e R s 1.5:1
WINDEOAD s s e s 1.85 sq. ft.
BLLIPEICKTY . o itcnnrrsntmrisss it oinsssrnnsssianns 3 dB max.
432-30LBX CIRCULARITY SWITCHER .20 sra s i saes CS-3 included
BANDWIDTH .« oo oo oot e e 430-440 MHz WL CBB) avite s i e i s ales de diate s i wea g aratal e 11 Ibs.
CHATIN i o 16 65 B 3 0 9 0 e B B T s 17.3 dBd
BEAMWIDTH i ingimean e e Wsam v v wae st 20 . .
T I e LSt £, Tt e Ty See all our new antennas and equipment at the Dayton
BTN .. . . v acasa scmateseera simsssieris svia inia seet cot pra o ot e e e included Hamfest, Booth #25. » 166
BOOM LENGTH . «.cv555 wisreivivis s a6 €iv om0 5556 8 wis v 21 ft. 9in.

|77 A A AR N 4B PBIScanissimmsnsemis 35dB

\\E\N\’[r{{(.) e Tt t_.s:ll electromcs, Inc.
0 F Y B .43 sq. ft. (typical) >
TURNING RADIUS .. .ovivrinernnermnarnnennonens 12 ft. § in. P.O. Box {"6

Morgan Hill, CA 95037

WTEID8:) mrcvmaiiin sevinm e TSR N A oS5 50+ 9 Ibs.



THE MOSTAFFORDABLE
REPEATER =

ALSO HAS THE MOST IMPRESSIVE |
PERFORMANCE FEATURES

{AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!)

_— e A A i N ———

JUST LOOK AT THESE PRICES!

LG"“'D nics

FEATURES:
e SENSITIVITY SECOND TO NONE; TYPICALLY

0.15 uV ON VHF, 0.3 uV ON UHF.
e SELECTIVITY THAT CAN'T BE BEAT! BOTH

Band Kit Wired/Tested
10M,6M,2M,220 $680 $880
440 $780 $980

Both kit and wired units are complete with all parts, modules, hardware, and crystals.

CALL OR WRITE FOR COMPLETE DETAILS.

8 POLE CRYSTAL FILTER & CERAMIC FILTER FOR

GREATER THAN 100 dB AT + 12KHZ. HELICAL

RESONATOR FRONT ENDS. SEE R144, R220,
AND R451 SPECS IN RECEIVER AD BELOW.

e OTHER GREAT RECEIVER FEATURES: FLUTTER-

PROOF SQUELCH, AFC TO COMPENSATE FOR

OFF-FREQ TRANSMITTERS, SEPARATE LOCAL

SPEAKER AMPLIFIER & CONTROL.
Aluo avalubia for ot 558 NAKing: Grokshand and namefe: 5556, e CLEAN, EASY TUNE TRANSMITTER; UP TO 20 WATTS OUT

(UP TO 50W WITH OPTIONAL PA).

HIGH QUALITY MODULES FOR
REPEATERS, LINKS, TELEMETRY, ETC.

.. e

e R144/R220FMRCVRS for2Mor220 MHz.
0.15uV sens.; 8 pole xtal filter & ceramic filter
ini-f, helical resonator front end for exceptional
selectivity, more than —100 dB at £12 kHz,
best available today. Flutter-proof squelch.
AFC tracks drifting xmtrs. Xtal oven avail.
Kit only $138.

e R451 FM RCVR Same butforuhf. Tunedline
front end, 0.3 uV sens. Kit only $138.

e R76 FM RCVR for 10M, 6M, 2M, 220, or
commercial bands. As above, butw/o AFC or
hel. res. Kits only $118.

Also avail w/4 pole filter, only $98/kit.

e R110VHF AM RECEIVER kit for VHF aircraft
band or ham bands. Only $98.

® R110-259 SPACE SHUTTLE RECEIVER,
kit only $98.

amronics@
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HIGH-PERFORMANCE
RECEIVER MODULES

e T51 VHF FM EXCITER for 10M, 6M, 2M,
220 MHz or adjacent bands. 2 Watts contin-
uous, up to 2% W intermittent. $68/kit.

e T451 UHF FMEXCITER 2 to 3 Wattson 450
ham band or adjacent freq. Kit only $78.

® VHF & UHF LINEAR AMPLIFIERS. Use on
either FM or SSB. Power levels from 10 to 45
Watts to go with exciters & xmtg converters.
Several models. Kits from $78.

® A16 RFTIGHT BOX Deepdrawn alum. case
with tight cover and no seams. 7 x8 x 2 inches.
Designed especially for repeaters. $20.

ACCESSORIES

COR KITS With Audio mixer, speaker ampli-
fier, tail & time out timers. Kit only $38.

o CWID KITS 158 bits, field programmable,
clean audio, rugged TTL logic. Kit only $68.

e DTMF DECODER/CONTROLLER KITS.
Control 2 separate on/off functions with
touchtones®, e.g., repeater and autopatch.
Use with main or aux. receiver or with Auto-
patch. Only $90

e AUTOPATCH KITS. Provide repeater auto-
patch, reverse patch, phone line remote
control of repeater, secondary control via
repeater receiver. Many other features.
Only $90. Requires DTMF Module.

¢ HELICAL RESONATOR FILTERS available
separately on pcb w/connectors.
HRF-144 for 143-150 MHz $38
HRF-220 for 213-233 MHz $38
HRF-432 for 420-450 MHz $48

Tell ‘'em you saw it in HAM RADIO!



NEW LOW-NOISE PREAMPS RECEIVING CONVERTERS TRANSMIT CONVERTERS

New low-noise microwave transistors make
preamps in the 0.9 to 1.0 dB noise figure
range possible without the fragility and power
supply problems of gas-fet's. Units furnished
wired and tuned to ham band. Can be easily
retuned to nearby freq.

¥y
] I Models LNA( ),
P30, and P432

shown

Tunable
Freq Range

20-40

40-70

Model

LNA 28
LNA 50
LNA 144 120-180
LNA 220 180-250
LNA 432 3B0-470
LNA BOO 470-960

ECONOMY PREAMPS

Noise Figure Galn Price
0.9 dB 20dB $39
0.9 dB 20dB $39
1.0 dB 18dB $39
1.0dB 17dB8 $39
1.0dB 18dB $45
1.2dB 15dB 845

Our traditional preamps, proven in years of
service. Over 20,000 in use throughout the
world. Tuneable over narrow range. Specify
exact freq. band needed. Gain 16-20 dB. NF =
2 dB orless. VHF units available 27 to 300 MHz.
UHF units available 300 to 650 MHz.

® P30K, VHF Kit less case

® P30W, VHF Wired/Tested
® P432K, UHF Kit less case
® P432W, UHF Wired/Tested

$18
$33
$21
$36

P432 also available in broadband version to
cover 20-650 MHz without tuning. Same price
as P432; add "B" to model #.

HELICAL RESONATOR
PREAMPS

Our lab has developed a new line of low-noise
receiver preamps with helical resonator filters
builtin. The combination of a low noise amplifier
similar to the LNA series and the sharp selectivity
of a 3 or 4 section helical resonator provides
increased sensitivity while reducing intermod
and cross-band interference in critical appli-
cations. See selectivity curves at right. Noise
figure = 1 to 1.2 dB. Gain = 12 to 15 dB.

Model

HRA-144
HRA-220
HRA-432
HRA-( )
HRA-( )

Tuning Range

143-150 MHz
213-233 MHz
420-450 MHz
150-174MH2z
450-470 MHz

Price

$49
$49
$59
$69
$79

e Call or Write for FREE CATALOG

® (Send $1.00 or 4 IRC’c for overseas mailing)

Models to cover every practical f & if range to
listen to SSB, FM, ATV, etc. NF = 2 dB or less.

Receiver
Output

144-148
28-30
144-148
28-30
28-30
27-27.4
28-30
50-54
28-30
144-148
144-148
50-54
28-30

Antenna
Input Range

28-32

50-52

50-54
144-146
145-147

144-144.4

146-148
144-148
220-222
220-224
222-226
220-224
222-224

VHF MODELS

Kit with Case $49
Less Case $39
Wired $69

432-434
435-437
432-436
432-436
439.25

28-30
28-30
144-148
50-54
61.25

UHF MODELS

Kit with Case $59
Less Case $49
Wired $75

SCANNER CONVERTERS Copy 72-76, 135-
144, 240-270, 400-420, or B06-894 MHz bands
on any scanner. Wired/tested Only $88.

SAVE A BUNDLE ON
VHF FM TRANSCEIVERS!

FM-5 PC Board Kit - ONLY $178
complete with controls, heatsink, etc.
10 Watts, 5 Channels, for 2M or 220 MHz.

Cabinet Kit, complete

with speaker, knobs,
connectors, hardware.
Only $60.

While supply

lasts, get $60

cabinet kit free when

you buy an FM-5 Transceiver kit.

Where else can you get a complete transceiver
for only $178

e Orderbyphone ormail ® Add $3 S & H perorder

(Electronic answering service evenings & weekends)

Use VISA, MASTERCARD, Check, or UPS COD.

More Details? CHECK — OFF Page 128

Hamtronics *
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For SSB, CW, ATV, FM, etc. Why pay big
bucks for a multi mode rig for each band? Can
be linked with receive converters for transceive.
2 Watts output vhf, 1 Watt uhf.

Antenna
Output

144-146
145-146
50-52
144-144.4
220-222¢
220-224
50-52
144-148
28-30

Exciter
Input Range

28-30
28-29
28-30
27-27.4
28-30
50-54
144-146
50-54
144-146

For VHF,
Model XV2
Kit $79

Wired $149
(Specify band)

432-434
435-437
432-4368

61.25 439.25
144-148 432-436*

*Add $20 for 2M input

28-30
28-30
50-54

For UHF,
Model XV4
Kit $99
Wired $169

VHF & UHF LINEAR AMPLIFIERS. Use with
above. Power levels from 10 to 45 Watts.
Several models, kits from $78.

LOOK AT THESE
ATTRACTIVE CURVES!

T TTTI TTTTMT TT1

“Trpf-f.!f Sni&c!fwry Curves
of Receivers and
Helical Resonators.

[

IMPORTANT REASONS WHY
YOU SHOULD BUY FROM THE
VALUE LEADER:

1. Largest selection of vhi and uhl kits
in the worid.

2. Exceptional quality and low prices due
to large volume.

3. Fastdelivery; most kits shipped same day.

. Complete, professional instruction

manuals.

. Prompt factory service available and
free phone consultation.
6. In business 21 years.

7. Sell more repeater modules than all
other mirs. and have for years. Can give
quality features for much lower cost.

amronics, inc.

65-C MOUL RD. ® HILTON NY 14468

Phone: 716-392-9430

is a registered trademark
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a switching

high-voltage power supply

Save hours

of tedious winding
with pre-wound
high-voltage coil

The power transformer for my old 5-inch oscillo-
scope failed recently, leaving me with the problem of
how to generate the 800 to 1000 VDC needed for the
CRT.

The old transformer used a high-voltage winding
with output rectified by a 1V2 tube. My junk box yield-
ed a power transformer that was capable of supply-
ing the heater and low-voltage needs, but had na high-
voltage winding. | considered taking it apart and wind-
ing on many more turns of No. 36 wire for high voit-
age, but finally decided there had to be an easier way.

Since switching power supplies are in vogue these
days, 1 designed the circuit in fig. 1, using the popu-
lar 88 mH toroid coil that is readily available and in-
expensive. The beauty of this approach is that all
the tedious work — winding the high-voitage coil —
is already done. The complete 88 mH coil is used

48 (3 April 1984

“as-is” for the high-voltage secondary. Two added
windings, the primary and feedback sections, con-
sist of several dozen turns and take only a few
minutes to complete.

The input current and AC output values shown
were measured under no-load conditions. The input
current will increase by 100 mA or more under a
high-voltage load drawing 0.5 to 1 mA — the usual
drain for a CRT. High voltage wili also drop several
hundred volts under load. | used the voltage-doub-
ler/rectifier circuit shown in fig. 2; this yields between
800 and 1000 VDC under load to the 5-inch tube.

the circuit

No particular care need be observed when adding
the two windings, other than to keep them in the cen-
ter of the toroid, away from the ends of the original
winding, which will be at a high-voitage potential.

The circuit will work with a wide variety of silicon
transistors and | have listed input and output voltages
for several varieties. If you have PNPs in your junk box,
these can be used by reversing the polarity of the
diodes in the base leads as well as reversing the polari-
ty of the DC input. {If you want to use germanium
transistors you must change the value of the bias
resistors. As a starting point, change the 470-ohm unit
to 2000 ohms and eliminate both the 100-ohm resistor
and the center-tap connection to the emitters.)

By Jack Najork, W5FG, 3728 East 85th Place,
Tulsa, Oklahoma 74136



a a8 mi ToRaiD
cki 2 100 470 M.V
%) zw Ew

l —=0 + 6 VDC
—0 - 6VDC
| CR1,CR2 silicon diode, 100 PIV

L 12 turns No. 28 center-tapped (Teedback)

(&3 24 turns No. 24 center-tapped (primary)

L original BE-mH toroid winding

01,02 2NI05] or similar
Note: L1 and L2 wound over caniter of B8-mH toroid

no load
transistor DC input AC output
2NIT94 6 ¥ 1860 mA 600
INISIS & ¥ 780 maA S0
2NZT2E 6 ¥ 180 mA 600
2N2222 & V 280 mA 200
2N3053 & V 280 mA 800

fig. 1. Switching power supply uses surplus 88-mH toroid
with added primary and feedback windings.

crRi cR2
. ,” _’*_ — o+
T cR3
==
L3 “T~ 6oov
CRY 800-1000 VDC
/2 TO I mA
[ 0.1
fI\ 600V
O -

CRIL,CR2,CRY, CR4: SILICON DIODE, I000 PIV

fig. 2. Voltage-doubler/rectifier with output suitable for
small cathode ray tube.

| used 2N3053s with small, finned heatsinks as swit-
ches. These run barely warm under load. 2N2222s will
run hot but may be suitable with adequate heatsinks.
The 2N2726 and other plastic types would probably
be overloaded in this circuit, but, again, may be
suitable with good heatsinking. | have not operated
the circuit for long periods with these types so | can-
not vouch for transistor longevity.

If the circuit does not oscillate, or oscillates with very
little AC output when first connected, reverse the feed-
back winding connections to the diodes in the tran-
sistor bases.

ham radio
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WANT A PLEASANT SURPRISE?

Bob Larry Mary Anthony

Just speak with one of Calverts’ courteous
salespeople. Call one of us now, toll free,
at 800-526-6362.

For your added convenience use your

ALL OUR TUBES ARE NEW UNUSED.
FULL FACTORY WARRANTY.

A2 5 200 6HS6 $ 493 6155 $ 70.00
2021 2 45 6JS6C 7.95 6252 55.00
34002 85.00 B6LEGC 3.85 6360 425
35002 85.00 6LF6 7.19 B550A 6.50
3CX400u7 325.00 6MJG 728 68838/8032A 6.75
JCXB00A7 250.00 6X4 3.50 7360 12.00
4-125A 70.00  12AT7 293  7591A 470
4-250A 80.00 12AU7 263 8072 106.00
4-400A 80.00 12AX7/ECC83 2.64 8122 104.00
4-1000A 479.00 12BY7 3.37 8156 12.50
ACX250B/EIMAC 52.00 572B/T160L 59.00 BB44 (voicow 26.00
4CX350A 92.00 (572B) 0 taphicad wan A11A 4 8873 210.00
ACX350F surpns 35.00 807 6.50 B874/3CX400A7 . . 206.00
ACX5000A 1060.00 B11A 11.00 BB7S 215.00
4X150A/7034 23.00 813 34.00 BAT7/3CX1500A7 . . 460.00
5AR4/GZ34 437  5894A 4500 8908 12.95
BAUG 307 61468 695 8950 12.80
GBNB 508  SK406 Chimney for 3-500Z, 4-400A/C 52.00
6CLE 482  SK506 Chimney for 4-1000A 72.00
6GWS8 391 SK606 Chimney for 4X150A, 4CX2508, 4CX350F . . 10.50
SEMICONDUCTORS

MRF245/5D1416 . 30.00 MRF455 12.50 2N3055 95
MRF454 18.95 MRF644/5D1088 19.95 2N6084 12.50
COAXIAL CABLE

RGBU (1000 ft.) . . 175.00 RGS8U (1000 1) .. 49.00 RG5IU (1000 1) .. 49.00
CONNECTORS

PL258 10/8.95 UG255U 2.50 M359 1.79
PL259 1004.95  UG273U 225  Type N Twist On 475
UG175176 1011.60 M358 2.50

CCTV—Complete Security Camera Package
Camera, from award-winning camera maker, 16mm lens, Mounting Bracket, 3" Monitor,
100 foot Cable, Connectors. . . . Total Cost ONLY . .. .........coovivinnnnnn $295.00

Minimum order $25.00 - Ship plng chargas exira
F.0.B. East Rutherfor

TOLL FREE: 800-526-6362 (except from NJ)

CALVERT [d
ELECTRONICS, INC.

One Branca Road, East Rutherford, NJ 07073
201-460-8800 » TWX 710-989-0116 - Telex 4990274




SWL HEADQUARTERS

NATIONS LEADING SHORTWAVE EQUIPMENT SUPPLIER

ICOM R71

THE ULTIMATE RECEIVER

EEB Op