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WE DON'T KNOW 
OF ANOTHER 

TRANSCEIVER OFFERING 
ALLTHESE FEATURES AS 
STANDARD EQUIPMENT 
Hybrid digital frequency presentation.. . built-in 

. .  AC and DC VDC power supplies. built-in 
. .  CW filter. built-in 

High performance noise-blanker . . .  built-in 
. VOX and semi-break in CW keying.. built-in 

. .  Speaker. built-in 
. Cooling fan. .  built-in 

Microphone.. . included 
When you buy the Tempo 2020 you don't have to spend 
a bundle on accessories. . . just hook up to a power source 
and an antenna and you're on the air. A truly fine 
transceiver at a modest price. 

The Tempo 2 0 2 0  features a phase lock-loop (PLL) 
oscillator circuit that minimizes unwanted spurious 
responses. It is an advanced solid-state uni t  with 
only 3 tubes, inc lud~ng  2 rugged 6146-8 final 
amplifier tubes. I t  covers all bands 8 0  through 10 
meters, USB, LSB, CW and AM.  Additional features 
worth noting is the 2020 ' s  crystal calibrator and 
WWV receiving capability, dual RIT control, fixed 
channel crystal control on two  available positions, 
RF attenuator, adjustable ALC action, phone patch 
in and out jacks, separate PTT jack for foot switch, 
extraordinary receiver sensitivity ( .3u  S / N 1 0  db) 
and oscillator stability (1 00 Hz 3 0  min. after 
warm-up). 

The TEMPO 2020 . . . . . . . . . . . . . . . . . . . . .  $759.00 
Model 81 20  external speaker.. . . . . . . . . . . . . . . . . . . . . . .  $29.95 
Model 801 0 remote VFO..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $139.00 
Send for de,sotptive inforrn;~tton on the fine tr,7nsce1ver. or on 
the time proven Tempo ONE transceiver wti ich conttnoes to offer 
reliable. low cost performance Both are .7va/lnhle at select 
dealers throogliout the U S 

Hen!  Radio 
11240 W .  Olympic Blvd.. Los Angeles. C a l ~ f .  90064 2131477.6701 
931 N .  Euclid. Anaheim. C a l ~ l .  92801 7141772-9200 
Butler. Missouri 64730 8161679-3127 



Get all this 
transceiver 

Plug-In 
tt Board 
isembly 

for under $500. 
Available Options Include 100 kHz/lO kHz Dual Crystal Calibrator, Noise Blanker 

and Portable or Heavy Duty Power Supply 

Microphone and ALDA 103 is completely 
mobile mount included. manufactured in the U.S.A 

totally solid state SSB Transceiver 80 through 20 meters 250 watts 

ALDA Communications Inc., 214 Via EI Centro, Oceanside, CA 92054 (714) 433-6123 



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

MFJ-16010 ST Super Antenna Tuner MFJ-16010 Antenna Tuner CWF-2BX Super CW Filter 

Order 6y Mail or Call TOLL FREE 800-647-8660 and Charge It On ......... 
P. 0. BOX 494 

- 
M F J  ENTERPRISES MISSISSIPPL STATE, MISSISSIPPI 39762 

Thls NEW MFJ Deluxe Kever gives You more features 
par dollar than any other keyer available 

Uses Curtrs 8043 keyer ch~p  Sends lamb~c auto 
Semi . Use squeeze s'ngle 

lever Or s'ralqht key . self completing dots 
and dashes lam proof spaclng lnslanl start RF proof . keying +300 max . We,ght lone vol 
ume speed controls . Uses c cells external power 
lack 6 x 6 x 2 ~nches S~delone and speaker Op 
!tonal squeeze key $29 95  

SBF-2BX SSB Filter 
Dramatically Improves readability . Opt~mjzes your audio to reduce sldeband splatter re 
move low and hlgh pttched ORM Ills5 s td t l~  ~rdshes 
background nolse 6 0  and 120 Hz hum Reduces 
fat~que during contest DX and ragchewlng Plugs 
between phones and recelver or connect between aud~o 
staqe tor speaker operatton Selectable bandwidth IC 
actwe audio t~ller Uses 9 voll battery 2 3 16 x 
3 1 4 x 4 ~nches 

In Eurooe contack ING I. STERN. Lohkooaelstrasse 27.  2000 Harnburo 76. West German". Tel.: 1040) 299-6110. Telex: 2161808 STEX D 

CMOS-8043 Electronic Keyer 

State ol the art design usas CURTIS-8043 Keyeron-a- 
chip 

Bull1 ln Key Dot memory lamblc operatton wlth 
external squeeze key 8 to 50 WPM Sldetone and 
speaker Speed volume tone weight controls Ultra 
reloable solad state keylng 5 3 0 0  volts max 4 pos~tlon 
sw~tch lor TUNE OFF ON SIDETONE OFF Uses 4 

penl~ght cells . 2 3 16 x 3 1 4 x 4 anches 

- *I $1 Qg5 

Up to 400% more RF power. Plugs belwnn your 
microphone and transmltier 

G~ves your audio punch power lo  sllce through QRM 
30  dB IC log amp and 3 actwe f~lters RF protected 

9 V battery Two M z  lacks '. phone lacks un 
committed 4 pln lack Outpul cable 2 118 x 3 518 x 
5 9 16 ~nches LSP 520BX on standard MFJ en 
closure elecbontcally ~dentlcal $49 95  

MFMOT QRP Transmitter 
Worh the world wlth 5 watts on 40 Meter CW 

NO tun~ng . Matches 50 ohm load Clean output 
wllh low hanontc content . Power ampltfler trans!stor 
prolected against burnout . Switch selects cryslals 
Or VFO ,npul . 12 VDC . 16 

MFJ 40V Companion VFO $29 95 
MFJ 12DC IC Regulated Power Supply 

1 amp 12 VDC $29 95 

MFJ-POOBX Frequency Standard 
Provides strong. precise markers every 100. 50. or 25 
KHz well Into VHF region. 

Exclus~ve ClrCultry suppresses all unwanted markers 
Markers are gated for poslllve ~dent~t~cal~on CMOS 

IC s wllh transistor outpul No dlrect connect#on 
necessary Uses 9 volt battery Adllrstable trtmmer 
lor zero beat~ng lo  WWV Swltch selects 100 50  25 
KHz or OFF 2 3 16 x 3 1 4 x 4 tnches 

CPO-555 Code Oscillator 
For the Newcomer to learn the Morse code 

tho Old 'Imer lo pol'sh 'ISt 
Ihe lnstructw leach classes 

Send crlsp clear code w~th plenty ot volume lor class 
room use Self conta~ned speaker volume lone con 
trols alumdnum cabmet . 9 V battery Top qual~ty U S 
construct~on Uses 555 IC tlmpr . 2 3 16 x 3 1 4 x 
4 ~nches 
TK 555 Opt~onal Telegraph Key $1 95 

MFJ-1030BX Receiver Preselector 
Clwrly copy wwk unreadable signals (Increases s1gn.I 
3 l o  5 ' S" units) 

More than 20 dB low nose galn Separate lnput and 
output tunmg controls glve maximum gaon and RF selec 
tlvlty to slgnlllcantly relect out of band slgnals and reduce 
Image responses Dual gate MOS FET for low nolse 
strong signal handl~ng ab~llttes Completely stable OP 
tlmlzed lor 10 thru 30 MHz 9 V battery 2 1 8 x 
3 5 8  x 5 9  16 ~nches 

C-500 Digital Alarm Clock 
This dlglhl alarm clock is also an ID Tlnm. Assembled. 
loo' - GIVES ID buzz every 9 mtnutes automal~cally or alter 
tappang ID doze button Presslng ID doze button dls 
plays seconds Large 63  lnch dlqlts . Eas~ly zeros 
to WWV AM and PM LED lndlcators Power out lndl 
cator Fast set slow set buttons 110 VAC 6 0  Hz 

3 I 8 x 3 3 4 x 3 3 8 ~nches One year warranty 
by Falrchlld 
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During the holiday season it's customary to take stock, to look back over the past year, and to make our 
resolutions for the next - resolutions, no doubt, which will be forgotten by the time the snow melts from 
the landscape and the trees begin to show their buds. The long winter nights are also a good time to plan 
that new antenna system or to dream about some new station equipment. With the snow swirling up to 
the window sills and the cold winds howling down from the north, perhaps it's a good idea to take some 
time to think about where amateur radio has been, and where it's going. 

With the World Administrative Radio Conference (WARC) of 1979 rlow less than two years away, I can't 
help wondering what our amateur bands will look like in the 1980s. Will amateurs be given some of the 
additional high-frequency bands requested by the WARC planning committees, will the width of the 
amateur bands be pared down, or will we lose much or all of our high-frequency allocations? Nobody will 
know the answer to that until the final votes are tallied in 1979, but I suspect it will fall somewhere between 
the two extremes. 

There are some who would have you believe there will be no high-frequency amateur bands after 1980, 
and very little vhf spectrum either, but I'm more optimistic than that. Optimism, unfortunately, leads to 
apathy and that, my friends, is our worst enemy. Perhaps it's best to prepare for the worst and approach 
WARC '79 with cautious optimism. 

It must be remembered that the last international conference which had much effect on the high- 
frequency spectrum was held in 1947 when the United States and our Allies had considerable influence on 
the 50 member countries of the United Nations. Radio amateurs were highly regarded by our government 
for the part they played in war-time communications - not as amateurs, but because they provided a pool 
of trained technicians and communicators. To a lesser extent the same thing was true in Britain and the 
Soviet Union. Radio Amateurs were also the backbone of the communication networks set up by the 
resistance movement in Europe, and of the coast watchers in the South Pacific. 

Governments which had severely curtailed amateur radio before the war now recognized its great poten- 
tial as a national resource. Amateur radio was no longer considered a nuisance to be tolerated, but an ac- 
tivity which should be encouraged. Part of that encouragement was a new, exclusive 15-meter band. Old 
timers will hasten to point out that bits were shaved off the top ends of 10 and 20 meters, and 160 meters 
was dominated by Loran, but most amateurs agreed that 15 meters more than made up for the losses. 

By the time the next ITU conference on high-frequency allocations was convened in 1959, the United 
States' sphere of influence had decreased and it looked like amateur radio was in serious trouble; the 
foreign broadcasters wanted big chunks of 40 and 80 as well as portions of 20 and it was uncertain if we 
could rally enough votes to save amateur radio. Fortunately some of the nations who weren't particularly 
friendly toward the United States but supported amateur radio came to the rescue, with the result that the 
amateur bands in the Western Hemisphere came through unscathed (amateurs in other parts of the world 
lost 50 kHz of shared space on 40 meters). 

In general, the United States and other governments which were supportive of amateur radio in 1959 
still are, but in the 20 years since that last conference the balance of power has changed; the emerging 
nations are now in the majority and they are not altogether in favor of amateur radio - a few ban it 
outright. Many of these nations have few amateurs, so to them the amateur bands represent wasted space 
- space they feel should be allocated to a radio service that better serves their national interest. These are 
the same countries which often oppose the policies of the rich western nations simply because it's in the 
vogue to do so. 

Nevertheless, there's still hope, because many of the questions to be asked at WARC '79 will be 
answered on the basis of their scientific merits. There's bound to be a certain amount of political arm 
twisting, but if the delegates from the emerging nations can be made to see the value of an amateur radio 
service to the technological development of their nation, perhaps they can be persuaded to vote in favor of 
increased amateur spectrum. 

Jim Fisk, WlHR 
editor-in-chief 
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That's all, Folks! 
All you need for All Mode Mobile, that is. 
All Mode Mobile is now yours in a superior ICOM radio that is a generation ahead of 
all others. The new, fully synthesized IC-245/SSB puts you into FM, SSB and CW 
operation with a very compact dash-mounted transceiver like none you've ever seen. 

Variable offset: Any offset from 10 
KHz through 4 MHz in multiples of 
10 KHz can be programed with the 
LSI Synthesizer. 
Remote programing: The IC- 
245/SSB LSI chip provides for the 
input of programing digits from a 
remote key pad which can be com- 
bined with Touch Tone* circuitry to 
provide simultaneous remote pro - 
gram and tone. Computer control 
from a PIA interface is also possible. 

* a registered trademark of ATBT. 

FM stability on SSB and CW: 
The IC-245/SSB synthesis of 100 
Hz steps make mobile SSB as  stable 
as  FM. This extended range of oper- 
ation is attracting many FM'ers who 
have been operating on the direct 
channels and have discovered SSB. 

The IC-245/SSB is the very best and 
most versatile mobile radio made: 
that's all. For more information and 
your own hands-on demonstration see 
your ICOM dealer. When you mount 
your IC-245/SSB you'll have all you 
need for All Mode Mobile. 

ICOM WEST, INC. ICOM EAST. INC. ICOM CANADA 
'-.ullc2 1 S c ~ ~ t r  307 ,011 VII tot 1'1 111 tve 
I 1256 Northrup Way 3331 Towerwood Drive Vdncouvrr B C V5P 3Y9 
B ~ l l f ~ v u e  Wash 98005 D,illas Texas 75234 Cdnddd 
(2061 747-9020 (2 14) 620-2780 (604) 321-1833 

More Details? CHECK-OFF Page 150 decernber 1977 



ARRL'S "CODE OF ETHICS" has been challenged in a formal written complaint filed with 
the Federal Trade Commission's Bureau of Competition. 

Specific Complaints are that the Code wili violate anti-trust laws by restraining 
traae, constitutes a -deceptive practice" as defined by the FTC, violates the First and 
Fourteenth Amendments to the Constitution, and that vendors who sign the ARRL pledge 
will become accessories after the fact in the above violations. 

FCC'S DROPPING OF DOCKET 19759, the proposal that the 220-MHz Amateur band provide a 
home for a new CB service. doesn't mean that the band won't still become the new CB home. 
It does remove the immediate threat to the band, however, and many opinions have it that 
the longer the decision on where CB should go is delayed, the less likely 220 becomes as 
a choice. 

In Announcing Its Termination of Docket 19759 the Commission pointed out that so many 
changes in related circumstances have occurred since several thousand comments were filed 
on it back in 1973, those comments were now obsolete. However, the question of a new CB 
band and where to put it is still very much alive, and 220 will undoubtedly be one of the 
options when the Commission considers the issue again in a future rulemaking. 

A PETITION FOR RECONSIDERATION of the FCC's Report and Order on repeater deregulation 
(Doc et ressto , November), is being prepared by the ARRL. In it three issues 

restoration of the WR-prefixed callsigns for repeaters, restoration willkbe 
of repeater licenses, and the need for formal consideration of the needs of the so-called 
"weak-signalu vhf/uhf operations. 

Plenty Of Support for the League position appears likely, as many repeater groups al- 
ready oppose the dropping of repeater callsigns and licenses. In addition, reservations 
over the repeater sub-band expansion and even the proposed new bandplan for 144.5 - 
144.5 MHz is starting to build among FM users as well as various SWOT and other VHF/UHF 
user groups. 

AMATEUR LICENSING IRREGULARITIES will receive a full-fledged investigation run by an 
FCC Administrative Law Judge. The decision to go all-out on such a probe was reached at 
a closed meeting of the ~o&nission, when information was presented that some Amateurs had 
apparently paid for the issuance or upgrading of their licenses or for special callsigns; 
that some of the same abuses may have occurred without payment; and that some Amateur 
callsigns have been issued inconsistent with normal FCC procedures. 

ARTHUR C. CLARK, the noted science-fiction writer, was made an honorary AMSAT member 
in ceremonies attended by most of the AMSAT brass - Clark's honor came in recognition of 
his predictions of communications satellites and synchronous satellites in a 1945 Wireless 
world article. 
7 7 8  Orbital Prediction Booklets for OSCAR 7 only will be available shortly from 
Skip Reymann, W6PAJ, Box 374, San Dimas, California 91773. They're free to AMSAT Life 
members who request them; $3 to AMSAT Annual members and $5 to non-members - be sure to 
include AMSAT membership number and an self-addressed label with orders. 

OSCAR 7's Mode Schedule will be changed effective January 1 to two days in Mode B for 
every.day in Mode A, and the new schedule will be shown in W6PAJ's orbital calendar com- 
ing out in December. Ample Mode A operations will be provided by the Russian's "RS" 
spacecraft and AO-D, and OSCAR 7 is considerably more sensitive in Mode B than it is in 
  ode A. 

A New Satellite Band lan is also going into effect January 1 which will place CW on1 
on the bottom third of :he satellite downlink, mixed CW/SSB in the center third, and& 
only operation on the top third - the reverse of current practice. 

OSCAR 6's Fifth Birthday was October 15, but revival efforts from VE3SAT failed to 
bring any response L-rom it. RIP. 

The Amateur Space Program made the Congressional Record in October when K7UGA lauded 
it during a Senate discussion of Sputnik's 20th anniversary. 

THOSE PACIFIC AND CARIBBEAN prefix changes may not be as drastic as originflly 
announced. FCC's news release announcing the change has now been "cancelled, and while 
it appears that prefix changes will still be made they'll be done in such a way that the 
resulting callsigns should identify the individual islands or island groups (Presstop, 
November). 

FCC'S "GAG" ON DISCUSSIONS of current matters will remain in place as a result of the 
Supreme Court's decision not to review the Court of Appeals decision in the "Home Box 
Office" case (Presstop, June). 

WESTINGHOUSE SCIENCE TALENT SEARCH is open to any high school student in the United 
States and Puerto Rico who'll graduate before October 1, 1978. Teachers who have an out- 
standing student who'd qualify for one of the many scholarships and awards must request 
entry materials from Science Service, 1719 N. Street, Washington, D.C. 20036 - entries 
are due by December 17, 1977. 

6 december 1977 
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10-15-20 METER BEAM 
Cushcraft engineers have incorporated more than 30 years of design - experience into the best 3 band HF beam available today. ATB-34 

111 
has superb performance with three active elements on each band, 
the convenience of easy assembly and modest dimensions. Value 
through heavy duty all aluminum construction and a price complete 
with 1-1 balun. 
Enjoy a new world of DX communications with ATB-34! 

FORWARD GAIN - 
FIB RATIO - 

SPECIFICATIONS 
7.5 dBd WlND SFC - 
30 dB WEIGHT - 

5.4 Sq.Ft. 
42 Lbs. 

VSWR - 15-1 WIND SURVIVAL - 90 MPH 
POWER HANDLING - 2000 WATTS PEP 
BOOM LENGTH1 DIA - 18 x 2 118 
LONGEST ELEMENT - 32 8 
TURNING RADIUS - 18 9 $239.95 I,@ ar "1-5 

UPS SHIPPABLE NO EXT9AS TO BUY 

IN STOCK WITH DISTRIBUTORS WORLDWIDE 

C O R P O R A T I O N  

BOX 4680, MANCHESTER, N.H. 03108 



Enjoy the thrill of dependable long distance contacts on 
simplex or thru remote repeaters. The 20 element co- 
linear DX-Array offers a precise pattern with large cap- 
ture area. This vertically polarized, horizontally stacked 
array provides a narrow beamwidth for the discriminating 
FM user. Wide impedance and gain bandwidths make the 
DX-Array a natural choice for the serious FM'er. A verti- 
cal polarization bracket, model DX-VPB, is required 
(support boom and mast not supplied). Seek out new 
horizons with DX-Array! 

SSB/CW - F 
Discover reliability in long-haul communications with 
VHF SSB and CW. The Cush Craft DX-Array also gives 
low angle, high gain performance for many exotic propa- 
gation modes - tropo, aurora, sporadic-E, and meteor 
scatter. Horizontally polarized DX-Arrays may be used 
singly or combined in pairs (twice Effective Radiated 
Power) or quads (4 x ERP). Each DXK stacking kit is 
complete with stacking frame and phasing harness 
(vertical mast not supplied). This year has seen some 1 
spectacular VHF band openings - Don't miss the next 
one! 

P c 

EME - 
Many VHF experimenters have found excitement in 

I conquering the formidable Earth-Moon-Earth (EME) 
path. 2-meter moonbouncers have achieved outstanding 
success using eight stacked DX-Arrays. Impedance and 
gain characteristics of this antenna permit stacking 
without the critical detuning problems inherent in large 
arrays of Yagis. Enlarging system size will yield a more 
uniform gain increase with DX-Arrays than with many 
other large antennas. The physical configuration 
alleviates mounting and phasingltuning problems. EME 
enthusiasts are setting new records - So can you! 

DX-ARRAYLEADS THE WAY! - -  - - 

DX-Array end Polar Mount EME System 

220 MHz, 
del: Pricc 

2 MHz. 
I: Price: 

144 MM 
Model: PI 

I. 
rice: Mo Descrip ti 

20 Elemenl 
DX-Arra 

Frame & H 
I40 E.) 

ion: 
t 

'Y c 
larness 

c 
Frame 6 H 

180 El.) 
1-1 52-ohn 
Ven. Pol. I 

120 El.) 

c 
7 Balun 1 
Bracket 

1 DX-VPB $9.95 

More Details? CHECK-OFF Page 150 december 1977 9 



present-day receivers 
generate IMD products, but only when both stations - some problems 1 are transmitting simultaneously. In the extreme situa- 
tion, not only may IMD occur, but one signal alone 

and cures I can block, deaden, or desensitize the receiver. 
In a pileup or contest situation, many strong CW 

Some thoughts on 
and cures 

for problems 
encountered in 

modern amateur 
communications receivers 

The modern-day communications receiver IS 

going through a continuous evolution that has 
brought about significant improvement in certain 
operating features. Among these are greatly im- 
proved frequency stability and setability, better 
selectivity, a slow and consistent tuning rate from 
band to band, and a wide-range automatic gain con- 
trol system that functions on CW and single side- 
band. At the same time, unfortunately, the design 
philosophies which have made the above advances 
possible have also reduced the typical receiver's abili- 
ty to simultaneously handle weak desired and strong 
undesired signals. This absolute reduction in receiver 
dynamic range has occured at the same time the 
number of high-power signals on the amateur bands 
has been increasing. 

Insufficient dynamic range in a receiver can result 
in one or more stages being over-driven into 
nonlinearity by undesired strong signals. The result is 
internally-generated intermodulation distortion (IMD) 
products. These undesired products can occur in any 
mode of operation, but are easiest to identify on CW. 
Two CW signals which are overdriving a receiver will 

stations can cause serious receiver overload, inter- 
modulating with each other, and resulting in multiple 
phantom signals; it will appear as if several operators 
are randomly tapping their keys, or that you are 
listening to the Novice band with a diode detector 
without a BFO. 

Two or more ssb signals with the correct frequen- 
cy relationship can also intermodulate with each 
other and result in IMD products on top of the station 
you are listening to. The interference, however, will 
be unintelligible. IMD can also occur from a single 
ssb station on an adjacent channel as the individual 
speech frequencies mix with their own harmonics. 
Generally speaking, transmitted I M D from an rf 
power amplifier will be worse than that internally 
generated in the receiver, with the result that the 
transmitted IMD may cover up a receiver's short- 
comings. An operator may never be certain whether 
the unintelligible signals he hears are being generated 
within his receiver, or coming from the outside - 
there is enough rf interference to contend with 
without the receiver creating its own! 

The improvements mentioned in  the first 
paragraph have been generally obtained by using a 
double- or triple-conversion scheme, plus a non- 
bandswitched master oscillator (PTO or VFO) .  
Depending on the design technique, the first i-f may 
have a bandwidth of as much as 500 kHz, as in the 
Heath SB-104, or as narrow as 6 kHz in the Drake R- 
48. Assuming that most of a receiver's selectivity oc- 
curs at the second intermediate frequency, you 
might think that the wider the bandwidth of the first 
i-f, the greater the chance of picking up more strong 
signals which could overload the second mixer. Of 
greater importance than this bandwidth, however, is 
the net gain between the antenna and the mixer that 
drives the narrow crystal or mechanical filter. 

The Collins R-390A, for example, has three mixers 
and two separate gain stages ahead of its mechanical 

By J. Robert Sherwood, WBBJGP, and 
George B. Heidelman, K8RRH, Sherwood 
Engineering, Incorporated, 1268 South Ogden 
Street, Denver, Colorado 80210 
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fig. 1. Block diagram of the Drake R4C receiver showing the gain redistribution. A shunt across the first i-f amplifier will reduce 
its gain the same amount as is added after the narrow i-f filters. 

One topic that has received considerable attention by 
amateurs in recent years has been that of receiver perform- 
ance and design. Many approaches have been covered, 
from the initial design of the "super receiver" to  modifica- 
tion of existing equipment; but to  the person with just a 
casual interest, the reasons behind some designs may not 
be readily apparent. In fact, the problems themselves may 
not be noticeable to the ordinary amateur. This article is 
another in a continuing series that shows you how to 
recognize the problems in typical modern receivers; in addi- 
tion, i t  discusses modifications applied to one receiver and 
the motives behind these changes. 

Of major importance is the reason for the modification. 
The intent of this article is not to prove that one particular 
receiver is superior to another for whimsical reasons, but to 
realistically and fairly compare different receivers by 
presenting test results on comparable circuits. On the basis 
of the test results, design changes were made in one 
receiver in an attempt to  improve overall performance. You 
will notice while reading the article that the results are given 
in very specific terms: this will help you to better under- 
stand the basics of receiver performance standards. With 
this knowledge, you will be able to  judge the merits of the 
different receivers on the market and choose one according 
to  your own needs. Editor 

filters; it also has a set of elaborate, mechanically- kHz wide first i-f window, but unlike the R-390A, it 
tracked tuned circuits which have high Q and high has little selectivity ahead of its narrow filters and too 
insertion loss. Thus the net gain from the antenna to much gain. This results in higher susceptibility to 
the major selectivity-determining elements is low overload from strong signals anywhere in the band, 
enough to maintain good dynamic range. which then cause undesired IMD products to be 

Another receiver, the Heath SB-303, has a 500- generated within the receiver. 
At the opposite end of the bandwidth scale is the 

Drake R-4C with its &kHz wide first i-f filter at 5645 
kHz. This four-pole crystal filter does an excellent job 
of keeping most of the undesired signals in the band 
from passing on to  a second high-gain mixer. 
However, any undesired strong signals that do pass 
through this 8-kHz window can proceed to the 
second mixer with disasterous results. The net gain 
from the antenna to the narrow second i-f crystal 
filter can be as high as 50 dB when a desired weak 
signal (S1) is being received; this puts an impossible 
demand on the i-f stages, since the 1-dB compres- 
sion point of the second mixer output has occured 
with any signal 30 dB over S9. An undesired signal, 
outside the narrow selectivity but inside the first i-f 
window, that is S9+40 dB (-33 dBm or 5 mV 
across the 50-ohm antenna input) for example, 
would have to be linearly amplified to a level of + 17 
dBm (1.58 volts across the 50-ohm narrow-filter in- 
put) and then be rejected by the filter. To supply this 
power level to the filter, the high-impedance plate of 
the second mixer would have to linearly swing more 
than 40 volts to yield a signal that is as great as 15 
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volts rms; even if this level could be produced in a 
low noise mixer, which is highly unlikely, the filter 
could be damaged. 

What  actually results when there are t w o  
undesired signals at S9 + 40 dB with the correct fre- 
quency relationship, over loading the second mixer, 
is a spurious third-order IMD signal that is greater 
than S9 in strength. This would certainly be strong 
enough to obliterate the desired weak signal! 

One possible reason why such net-gain design 
errors are overlooked is our present method of 
testing receiver dynamic range. This subject has 
received considerable attent ion lately in  ham 
radio1,2,3 and QST.4 An increasingly popular method 
of testing for dynamic range has been developed by 
Wes Hayward, Wi'ZOI, and is used by the ARKL.5 
Basically, .it consists of applying two well-isolated, 
equal-strength signals, 20-kHz apart, to  a receiver's 
input and then adjusting their level so that the 
undesired third-order IMD products generated within 
the receiver are just equal to the noise floor of the 
receiver. The difference in level between the noise 
floor and the test signals gives the receiver's dynamic 
range. The higher the receiver's dynamic range, the 
better it can handle both desired weak and undesired 
strong signals at the same time. 

The choice of 20-kHz spacing for the two test 
signals is arbitrary and in many cases satisfactory. In 
a receiver which has all its significant selectivity far 

Installation of the 600-Hertz first i-f filter. The filter is in- 
stalled on a vertical shield near the original 8-kHz filter. The 
devices wi th  8 leads are 1 0 - 5  size relays that are used to 
select the appropriate filter. 

down the i-f chain, this signal spacing is relatively 
unimportant. If the early-stage bandwidth is nar- 
rower than the test signal spacing, however, its 
selectivity will partially or completely reject one or 
both of the test signals, resulting in a highly inflated 
dynamic range reading. We feel these measurements 
should cover worst-case conditions since real-life 
interference on the amateur bands may be spaced 
less than 20 kHz. 

Third-order IMD products, with 20-kHz spacing, 
will occur 20 kHz below the low frequency test signal 
and 20 kHz above the high frequency test signal. 
When the receiver is tuned to a third-order internally- 
generated spurious IMD signal, the test signals are 20 
and 40 kHz up or down the band. The 25-kHz-wide 
crystal filter in  the first i-f of the Signal-One 
transceiver, to name just one example, will greatly at- 
tenuate the test signals before they can reach the 
following stages. Thus, 20-kHz spacing will test only 
the front end and first mixer. What is needed is 
spacing narrow enough so that both test signals can 
pass through any selectivity prior to the narrow filter. 
We feel a spacing of 2 kHz will satisfy this require- 
ment, and at the same time be wide enough so the 
narrow filter will adequately reject the test signals 
when the receiver is tuned to an IMD product." 

The Drake R-4C, with its 8-kHz-wide first i-f filter, 
shows an inflated 20-kHz dynamic range of 83 dB. 
This reading has remained quite consistent over 
several receivers, including one we tested at the 
ARRL 1aboratory.t When the test signals are placed 
2 kHz apart, however, so they both pass through the 
8-kHz filter, the dynamic range drops to  around 
58 dB. 

improving receiver performance 
There are three ways to  improve a receiver's 

dynamic range. If the second mixer cannot handle 
the required level, one option is to replace it with a 
mixer that wi l l  do  the job. Unfortunately, as 
WB4ZNV discovered.6 the process of replacing an 
active mixer wi th the superior passive double- 
balanced mixer is a laborious task, even if it does im- 
prove the receiver's overload characteristics. 
Oscillator injection levels and impedances are usually 
not compatible with existing circuitry. 

Another remedy is to redistribute the gain in the 
receiver, reducing it ahead of the overloaded stage 
and building it up again after the narrow filter. A third 
method is to insert more early-stage selectivity into 
the receiver so strong interfering signals are not as 
likely to get past the first mixer. We chose to inves- 

'When performing a 2-kHz IMD test, one very important factor 
must be taken into consideration: the noise sidebands of the signal 
generators. General test equipment, oscillators, or VFOs are more 
than adequate for testing, until a receiver's dynamic range nears 
100 dB. At this point it will be impossible to accurately measure 
true receiver IMD products if the signal generators are producing 
excessive low-level spurs and noise. At this time there are only two 
or three generators that have the necessary sideband suppression; 
one manufactured by Hewlett-Packard and another by Rohde and 
Schwartz. 

tThe ARRL laboratory uses a pair of ANIURM-25 signal 
generators to perform IMD tests. A 2-kHz IMD test produced 
results within 2 dB of those obtained by the authors while using 
the high quality, low-noise sideband Rohde and Schwarz XUA 
signal generator. 
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tigate the latter two options, using our own R-4Cs. 
The initial gain redistribution began with a 20-dB 

reduction of the signal level as seen by the second 
mixer. This gain loss was then restored after the nar- 
row filters at the high-impedance grid of the third 
mixer. The original amplifier used a single jfet plus a 
step-up transformer to provide the necessary gain, 
but the circuit suffered from instability problems and 
noise. It was then decided to relocate the added gain 
outboard from the receiver and insert it at a con- 
venient 50-ohm point, the output of the switchable 
second i-f crystal filters (see fig. 1). 

A cascode jfet amplifier, with 50-ohm input and 
output impedances (fig. 21, was built and inserted in- 
to the i-f chain just prior to T-6. The coax cable that 
'connects T-6 and the mode switch was lifted at the 
swi tch end; t w o  lengths of miniature coax 
(RG-174IU) were then run out through a slot in the 
rear of the receiver. The first length is connected to 
the lugs on the mode-switch wafer, while the second 
is spliced into the cable that feeds the transformer. 

This amplifier can possibly be located inside the 
receiver. Regardless of its location, it should be 
mounted in a metal box or other well-shielded 
enclosure. Two toroidal transformers provide the 
necessary impedance changes, their associated trim- 
mer capacitors forming resonant circuits. While both 
trimmers can simply be peaked for maximum signal, 
the input may be fine-tuned for the best compromise 
signal-to-noise ratio among the switchable narrow 
filters. (The 2N5950 and 2N5953 jfets may be pur- 
chased from G. R. Whitehouse Company, Amherst, 
New Hampshire 03031 1. 

We found the best way to attenuate the signal 
level into the second mixer was to swamp the output 
of the first i-f amplifier Q1 (V316BZ6 in  early 
receivers). A miniature 5000-ohm multi-turn trimmer, 
from noise blanker socket pin 4 to ground, made a 
convenient way to adjust this level. Simply adjust the 
trimmer to drop the calibrator signal 20 dB on the 
S-meter; then adjust the gain pot on the cascode 
amplifier to restore the S-meter to its previous level. 
On certain receivers it may be necessary to peak T-6 
to obtain 20 dB of gain from the cascode amplifier; 
always readjust both cascode trimmers after making 
a gain change. 

If the noise blanker is installed in the receiver, 
significant IMD products can occur in its stages, too. 
Due to noise limitations, however, the blanker can- 
not be starved a full 20 dB. Instead, after replacing 
blanker resistor R1 with a 0.001 pF disc capacitor, 
reduce the gain to the blanker about 12 dB, and then 
turn down the blanker output pot 8 dB to achieve the 
20 dB reduction at the second mixer. Alternately, the 
gain of blanker transistor 02 can be decreased by 
reducing its emitter resistor bypass capacitor, rather 
than readjusting the blanker output pot. 

Take care not to use too much cascode amplifier 
or blanker gain; otherwise amplified 5645-kHz 
oscillator leakage can degrade system performance. 
With the antenna disconnected and the top and bot- 
tom covers of the receiver in place, make sure the 
S-meter does not kick upward more than one-quarter 
S-unit when the passband tuning is slowly turned 
through its range. In some receivers it may be 
necessary to jumper the cable-braid ground point of 
the Q4 oscillator board with a short clip lead to the 
shield tray on which the blanker board rests t o  
reduce this oscillator leakage to an acceptable level. 
It might also be necessary to insulate the frame of the 
rear carrier-oscillator jack from the chassis ground. 

The new product detector is installed next to the audio 
transformer and behind the variable capacitor used for 
passband tuning. The entire assembly is mounted on a 
1-314 x 1-518 inch (4.5x4.lcml board. 

Also, if the cascode amplifier breaks into oscillation 
when the mode switch is between detent positions, 
reverse the leads of a high impedance winding of one 
of the toroids. 

Proper operation of the gain redistribution circuits 
provided greatly reduced susceptibility t o  IMD 
overload problems on both CW and ssb, as was 
visibly demonstrated with strong nearby DX contest 
signals; yet the receiver was still able to meet its sen- 
sitivity specification. Agc attack distortion was also 
reduced somewhat. Dynamic range improved from 
58 dB to around 70 dB, while using our 2-kHz 
spacing test method. 

i-f filters 
As an additional CW remedy we chose to increase 

the selectivity (possibly on a switchable basis) follow- 
ing the output of the first mixer; the bandwidth is 
presently determined by an 8-kHz wide four-pole 
crystal filter. This bandwidth is needed on phone to 
pass an upper and/or lower sideband signal. A band- 
width of at least this magnitude is also required to 
pass undistorted noise pulses to the blanker. A noise 
blanker's usefulness, however, is marginal at best 
with one or more strong nearby signals, due to its 
agc greatly increasing the blanking threshold, or 
possible false triggering. Thus, the need for narrow- 
ing first i-f selectivity ahead of the noise blanker, 
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which reduces blanker effectiveness, occurs under 
conditions which are usually unfavorable to blanking 
in the first place. 

Circumstances could occur where blanking would 
be necessary at all times, such as when you suffer 
from a continuous very high level of blankable noise. 
In these cases, the 8-kHz first i-f filter must remain 
ahead of the blanker. Then a properly-terminated 
narrow filter could be inserted just after the blanker, 
but before the second mixer. The signal path can be 
switched between the narrow filter and an attenuator 
equal to its loss. While the chance of second mixer 
overload is greatly reduced with this arrangement, 
there is no such narrow bandwidth IMD protection 
for the blanker; this limits the receiver's potential 
dynamic range considerably below what is otherwise 
obtainable. I t  is therefore mandatory to use the 
cascode gain redistribution system with this special, 
optional filter arrangement. With this arrangement 
close-in dynamic range will be in the high 70s. 

We decided that the first i-f CW selectivity should 
be equal to the widest desirable under contest condi- 
tions. We then designed a new 600-Hz six-pole filter, 
keeping in mind package size limitations and inser- 
tion loss requirements. We've also developed a 
miniature relay system which allows instant inter- 
change of our internally-mounted, CW-bandwidth, 
first i-f filter with the existing 8-kHz phone unit. 

The project of minimizing overload in the R-4C was 
now complete and totally successful. When 
measured using our worst-case 2-kHz test method, 
the receiver's dynamic range jumped from an original 
unacceptable 58 dB to a final excellent 85 dB. This 
value ranks with the best of the commercially- 
available amateur gear on the market today, and 

Z N 5 9 5 0  
Z N 5 9 5 3  

S H I E L D  P F  T U R N S  T U R N S  

Z N 5 9 5 3  

G A I N  

S 

0 1  

N O  B Y P A S S  
O N  8+ S I D E  - 

NO BRAID 1 ,  I I 

CONNECTiON AT - 8 I 

RECEIVER END T O  t 1 4 V  
A C C E S S O R Y  J A C K  

should be more than adequate for most practical 
situations. As a side note, a similar arrangement of 
first i-f filter switching can be used on ssb by 
inserting a set of 2.6 or 2.3-kHz phone filters in the 
first i-f for improved phone selectivity. 

simple receiver testing 
While we made use of a considerable amount of 

test equipment during this project t o  measure 
dynamic range, you can make comparative tests 
using only a crystal calibrator and transmitter vfo, 
loosely coupled into the receiver. Comparative noise 
floor measurements, with no antenna connected, 
can be made by measuring the preselector noise 
peak (above later stage noise) with an ac voltmeter 
connected to the audio output line. 

When making gain redistribution or selectivity 
changes, adjust the receiver to maintain its original 
net gain by measuring the calibrator level on some 
specific frequency. We use 7.2 MHz as our reference 
frequency. Here the calibrator level should read 
about 15 to 20 dB over S9 with nothing connected to 
the antenna input. (Don't readjust the S-meter sen- 
sitivity pot.) Two strong test signals, accurately set 
to a specific S-meter level, will produce a repeatable 
reference IMD that can also be measured on the 
S-meter. As improvements are made the IMD, read 
on the S-meter, will drop. We made our 2-kHz tests 
at S9 +40 dB, and ended up reducing the IMD from 
greater than S9 to less than S3. 

filter rejection 
The 600-Hz first i-f filter, in addition to greatly 

reducing the chance of overload, had the extra 
benefit of eliminating the annoying signal leakage 
around the narrow second i-f filters. This problem of 
not being able to realize the ultimate rejection 
capabilities of a well-designed filter is one that 
plagues all equipment that, to our knowledge, is 
presently on the market. It is really quite difficult to 
even design a test fixture to correctly measure the 
ultimate rejection of a filter. Obtaining adequate 
ultimate attenuation, which should be in excess of 
100 dB for an eight-pole filter in a receiver or 
transceiver, requires tedious attention to detail. Cur- 
rent ground loops and stray capacitive coupling are 
the main problems that must be eliminated. We have 
had many frustrated amateurs ask us to provide a 
filter for their receiver or transceiver which would not 

fig. 2. Schematic diagram of the cascade amplifier used for leak like the factory installed units. unfortunately, 
the gain redistribution. There is only one ground return on some of the limitations were in the receiver and not 
the circuit, through the input coax cable. The braid on the the filter. Althounh re~lacinn or adding to an existing - .  - 
output coax cable goes to the primary of T6 which is not /ate narrow filter can often improve skirt 

- 

grounded at that point. T I  and T2 are wound on Micromet- 
als T-50-2 toroidal cores. The high-impedance windings are 

selectivity, the only way to eliminate the last traces of 

80 turns of no. 30 AWG (0.25mm) while the low-impedance these leakage problemst in existing popular 
windings are 5 turns of no. 24 AWG (0.5mm). receivers, is to add a filter earlier in the set with a 
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bandwidth closer to that of the main filter. The early 
filter should preferably be on a different frequency 
from the later one, such as in the R-4C or 28. 

We tested one all-solid-state American transceiver 
that had so much leakage around the CW filter that a 
2-kHz dynamic range test could barely be made. The 
IMD was masked by the test signal leakage until 
special audio filtering was employed. 

While discussing filters, we would like to em- 
phasize the importance of a great variety of band- 
widths being available to the operator. Most of the 
equipment on the market has just one standard 
phone bandwidth, with one CW filter available as an 
option, and when installed i t  must be used at all 

with this trade-off, there is an additional insertion 
loss of 5 to 7 dB compared to the phone filter, and 
relatively poor skirt selectivity. 

As a minimum, the receiver net gain should be 
designed around the lossiest filter, with the losses of 
the other filters increased to that constant level. 
Another school of thought suggests that the noise 
integrated by each of the filters should be the same, 
requiring increasing gain (or decreasing insertion 
loss) as narrower filters are selected. To  our 
knowledge, no amateur equipment manufacturer is 
currently keeping the integrated noise constant, and 
only the R-4C provides for constant insertion loss 
with narrow bandwidth filters. 

N E W  PRODUCT D E T E C T O R  E X I S T I N G  P R O D U C T  D E T E C T O R  
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fig. 3. The MC1496L can be used as a product detector as shown in A. The IC plus associated components are mounted on a 
small circuit board which is installed next to the audio transformer in the receiver. C1 and C2 are critical values and should not 
be substituted. For smaller size, the 1-pF capacitors may be tantalum. B shows the interconnections between the detector and 
the receiver. 

times for that mode. Many of the imported rigs are 
examples of these limitations. The Yaesu FT-101 B 
has only a six-pole 600-Hz filter, and the Kenwood 
TS-820 is limited to only a six-pole 500-Hz unit. 

By today's standards a six-pole 500-Hz filter is 
quite broad and has a poor shape factor. One possi- 
ble reason for offering only these filters is that the 
design of the equipment was based on the use of an 
ssb filter having an insertion loss of only 2 to 4 dB. 
Unless a manufacturer employs special technology in 
building, say, an eight-pole 350-Hz filter that is more 
advanced than required for a phone filter, the inser- 
tion loss will rise to an unacceptable 14 to 16 dB. It is 

We have noted with interest the comments from 
some of our Japanese and German filter customers 
about American rigs such as the R-4C and T-4XC. 
The cost of these units in their home countries, due 
to import duties, is 30 to 50 per cent higher than here 
in the United States, but the discriminating foreign 
amateur is willing to pay that premium partly because 
of the excellent filters which are available. Compared 
with the typical filter in the average set, the Drake 
eight-pole 250-Hz and the Sherwood eight-pole 125- 
Hz CW filters are valuable assets. Similarly, an op- 
tional 1500 to 1800-Hz ssb filter" can make the dif- 

quite undesirable to have the signal drop 12 dB when 'Drake also offers the FL1500, a 1500-Hz filter. Though publicized 
the CW filter is used; a compromise is made, and the as an RTTY filter, it provides exceptional performance, especially 
six-pole filters mentioned above are offered. Even under difficult phone contest conditions. Editor. 
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Cascode amplifier used for gain redistribution is installed in 
a small enclosure. The shield must be in place between the 
stages of the amplifier. 

ference in being able to hold a contact under heavy 
interference and contest conditions. 

It takes some practice to become proficient at 
using a narrow i-f filter, just as in learning to tune 
with the wide-skirted audio filters. But during crowd- 
ed band conditions a 250-Hz filter can often be too 
broad! One CW operator used the 125-Hz filter in his 
R-4C almost exclusively during the hectic 160-meter 
contests. 

The entire line of filters for the R-4C is excellent 
and can be adapted to any receiver or transceiver. A 
construction article in the 1977 ARRL Handbook7 
describes a method of adding bandpass tuning to a 
receiver lacking this feature. This circuit uses 
455-kHz filters and is inserted in the receiver i-f chain 
by converting down to 455 kHz and back up again. 
This basic idea can be used with any pair of filter and 
receiver intermediate frequencies. 

You could convert from 3395 kHz up to 5695 kHz 
and back down again, for example, or down from 9 
and up again. As the difference between the two i-f 
frequencies becomes smaller, the difficulty of the 
conversion process increases. A Drake R-4B owner 
who wishes to add R-4C filters to his receiver has to 
cope with a conversion frequency difference of only 
50 kHz. Howard Sartori, W5DA, has developed a cir- 
cuit for use in his R-4B which can be adapted to any 
i-f by simply changing one crystal oscillator. I t  has 
been used on intermediate frequencies as low as 50 
kHz and as high as 30 MHz with excellent results. His 
circuit is described on page 20 of this issue of ham 
radio. One precaution, when adapting the Handbook 
circuit or W5DA's i-f converter to a transceiver: make 
sure the transmitted signal does not have to pass 
through the added filters. Otherwise, with use of the 
two narrowest filters (the FL-250 and CF-125181, the 

transmitter carrier offset frequency adjustment 
would become quite critical, and keying on the 
transmitted signal could be too soft. 

The Kenwood TS-820, which we have in the lab, 
has a noise floor and dynamic range in the ssb mode 
that is virtually identical to that of the Drake R-4C. 
Both units perform very well on phone; when you 
want to dig out a weak CW signal on a quiet band, 
however, the R-4C is significantly better. The R-4C's 
gain remains constant when a CW filter is switched 
in, but the TS-820's drops off 5 to 6 dB. Even if a 
weak received signal is above the noise floor, this 
gain reduction increases the agc threshold to  the 
point where it may become necessary to manually 
ride the gain control. The Yaesu FT-1O1B we tested 
had a dynamic range, at any test signal spacing, as 
bad as the unmodified R-4C when measured with the 
worst-case 2-kHz test method. The bulk of the 
problems in the FT-1OlB were caused by a bipolar 
transistor in the noise blanker which was being over- 
driven. 

A receiver's maximum net gain from the antenna 
to the detector can change significantly from band to 
band without having much effect on the measured 
sensitivity. Two sets with similar signal requirements 
for a given signal-to-noise ratio can have vastly dif- 
ferent capabilities in  handling weak, fluctuating 
signals, especially on the 10- and 15-meter bands. As 
the net gain falls off, more and more signals will fall 
below the agc threshold. The R-4C, for instance, 
holds a much more consistent net gain from 80 to 10 
meters than the TR-4C. The TS-820 increases the net 
gain on 10 meters compared to 20 and 15 by chang- 
ing a capacitive tap on the rf amplifier drain. Its gain, 
however, is too high on 160 meters, resulting in a 
higher susceptibility to overload by broadcast sta- 
tions. When connected to a nearly self-resonant 
160-meter vertical antenna at our lab in Denver, the 
TS-820 grossly overloads with the eighteen local 
broadcast stations, developing more than 1 volt 
across its antenna input. Without the 20-dB rf at- 
tenuator switched in, the 160-meter band is nothing 
but a solid mass of S9 + 30 dB IMD products. 

The TS-820's front end is not selective enough to 
cope with this admittedly unusual receiving situation. 
On 1.8 MHz, the preselector attenuates signals that 
are 100 kHz off frequency by 18 dB. In comparison, 
the R-4C attenuates these same signals by 38 dB. On 
3.6 MHz, the TS-820's front end is down 8 dB at 100 
kHz off frequency, the TR4C by 12 dB, and the R-4C 
by 24 dB. When tested on 10 meters, the 500-kHz at- 
tenuation is 8 dB on the TS-820, 8 dB on the TR-4C, 
and 15 dB on the R-4C. 

One way to  eliminate the need for a sharp 
preselector is to use an up-conversion scheme, with 
the first i-f above 40 MHz. The input may only need a 
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bandpass filter that rejects signals below 1.8 and 
above 30 MHz. Then image signals would fall above 
80 MHz and be virtually eliminated by the bandpass 
filter. The first mixer must have a much greater 
signal-handling capability than in present receivers, 
however, because it would see all stations between 
1.8 and 30 MHz. Two strong local signals, one on 14 
and the other on 21 MHz, could produce a 7-MHz 
IMD product. 

The R-4C and the TS-820 show a 20-kHz test- 
signal-spacing dynamic range in the ssb mode of 
about 80 dB when tested on 20 meters. At this fre- 
quency, the preselectors do not significantly enter in- 
to the dynamic range test, since they will not at- 

stenuate the test signals more than 1 dB. This is not 
the case on 160 meters, especially with the R-4C. 
Here, its high-Q front end attenuates the 20-kHz 
signals enough to raise the dynamic range by 12 dB. 
On the other hand, some receivers have too much 
gain on 80 and 160 meters which, even with sharp 
preselectors, could yield a dynamic range no better 
(or even worse) than on 20 meters. 

While the 20-kHz dynamic range of the R-4C im- 
proves on the lower frequencies because of its 
preselector, the 2-kHz dynamic range measurement 
remains quite constant at just under 60 dB. Similarly, 
it is consistently above 83 dB with the 600-Hz first i-f 
filter that cures its window overload problem. The 
TS-820 does not have this window problem since it is 
a single-conversion design and has no overloadable 
stages between the wide noise blanker filter and its 
narrow filter. Any improvement in dynamic range 
with increasing frequency separation of the test 
signals can only be attributed to its preselector. 

A detailed review of the TS-820 in CQ-DL,8 far 
more comprehensive than anything published in this 
country, showed a 6-dB improvement in dynamic 
range as the test signal spacing was increased from 2 
to 50 kHz. It is interesting to note that CQ-DL also 
feels that a close-in 2-kHz spacing is necessary for 
proper evaluation. * 

The Atlas 210X, without its noise blanker opera- 
tional, has a better than average dynamic range of 
about 90 dB, which would be even better if its 
double-balanced mixer were properly terminated 
above the i-f frequency.2 This could be accomplished 
with the use of a diplexer, as described by Wes 
Hayward,4 or with a power jfet, as related by Ulrich 
Rohde.2.3 There is one limitation in the 210X that 
cannot be easily remedied, however; its potential 
strong-signal handling capabilities cannot be fully 
realized due to its noisy conversion oscillator. Since 
this oscillator has noise sidebands that are only 65 dB 
down 10 kHz on each side of its center frequency, all 
'A recent independent measurement by DJ2LR showed the 
intercept point of the TS820 to be - 12 dBm. 

the signals passing through the mixer will take on 
similar noise sidebands. Consider a strong station 
near a desired signal that is weaker in amplitude. 
Reciprocal mixing of oscillator noise can cause noise 
sidebands to be transferred to the strong nearby sta- 
tion and cause interference to the desired signal. 
Thus, even if the i-f filter's ultimate rejection is ac- 
tually realized in the receiver circuitry, which is 
doubtful in practice, this high level of rejection can 
be negated by wide-band mixer noise. So while it 
takes two strong signals to cause IMD which can in- 
terfere with weak signal reception, a noisy oscillator 
and one strong signal can cause the same un- 
fortunate results.9 

The noise blanker in the Atlas 210X also degrades 
its dynamic range, diminishing the advantage of the 
double-balanced passive ' mixer. The 210X 
transceivers we tested had a dynamic range of 
between 73 and 81 dB, depending on the band 
selected. When the blanker was turned on, these 
numbers dropped by 3 dB. 

There is little reason for a noise blanker to include 
additional gain stages which can degrade receiver 
performance. The TS-820 has only a 4-diode bal- 
anced blanker gate in its i-f chain; therefore, it does 
not reduce the overload capability or significantly in- 
crease the noise floor. Alternately, a balanced mixer 
or push-pull i-f stage can be gated for noise blanking; 
this requires no additional gain stages in the sig- 
nal path. 

product detectors 
Another area that could use additional work is that 

of the product detector. As the name implies, its out- 
put should be the product of the two input signals. If 

IMD generated at the output of the R-4C second mixer by 
two 5 mV signals at the antenna input. The signal spacing 
was 2 kHz. The receiver was tuned so that the narrow sec- 
ond i-f filter was positioned away from any test signals or 
I M D  products. Therefore, with no signal reaching the AGC, 
the receiver gain is at maximum and the S meter reads S1. 
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6FO injection is removed, output should go to zero. If 
this is not the case, as in the Heath HW series, 
envelope detection is also occurring, which causes 
audio distortion. On the other hand, the 6GX6 pro- 
duct detector in the Drake R-4, TR-4, and TR-4C, 
and the 6BE6 in the Drake 2A and 2B, works very 
well. 

Other extraneous outputs can occur even if the 
detector is acting solely as a product mixer. A detec- 
tor should be a double-balanced, or other arrange- 
ment, which provides good isolation between input 
and output. The two-diode detector in the R-4B and 
R-4C is not a double-balanced design and allows the 
detected audio to leak back and envelope modulate 
the last i-f stage. This resultant signal is detected in 
the agc, which then tries to follow it at an audio rate, 
especially (but not only) when the faster time con- 
stants are in use. This audio output sounds slightly 
distorted, and is noticeable on ssb as well as CW. In 
addition, BFO injection is marginal, causing addi- 
tional distortion on AGC attack. 

We decided to replace the product detectors in our 
R-4C receivers, but wanted to use a device that was 
compatible with the existing drive and impedance 
levels. The MC1496L active double-balanced mixer 
looked like a good choice, and with minor circuit 
changes from the data sheet, was installed in the 
receiver. The modulation of the i-f by the detected 
audio was eliminated, resulting in cleaner sounding 
audio. AGC attack distortion was further reduced. 

The MC1496's main drawback is its high number 
of associated components. Eleven 114-watt 
resistors, nine capacitors, and the IC had to be 
squeezed on a 1-314 by 1-518 inch (4.5x4.lcm) board 
which was nestled between the audio output  
transformer and the adjacent PC board (see fig. 3). 
All R-4C owners, whether they change product 
detectors or not, should add a 0.0015 PF capacitor 
across R83 in the audio amplifier. This corrects a 
phase error in the feedback circuit, and eliminates an 
undesirable peak in the audio frequency response 
which accentuates harmonic distortion. The Ken- 
wood TS-820 and the Atlas 210X both use a double- 
balanced diode product detector that works quite 
well, and needs considerably fewer parts, but they 
are low-impedance devices not easily adapted to 
some circuitry. 

conclusions 
We have discussed several popular receivers and 

noted some of their strengths and weaknesses. 
Some problems can be corrected in the field, while 
others go beyond the scope of a weekend project. 
We've also investigated two ways to improve a 
receiver's susceptibility to overload, so that it can 
better handle today's high-level rf environment: 
redistributing the gain and increasing the early-stage 

selectivity with an additional filter. The importance of 
having a wide choice of adequate narrow filter selec- 
tivity, without leakage, was also mentioned. While 
most of our circuit changes have been applied to one 
specific popular receiver, the Drake R-4C, the ideas 
can be extended to other sets. A method of checking 
a receiver's overload capabilities which requires no 
test equipment was also described. Thus receiver 
changes can be evaluated as to  their effect on 
dynamic range. 

The real key to how a receiver performs is its net 
gain distribution, particularly in relation to the loca- 
tion of selectivity determining elements. A receiver 
must have a great deal of gain from its antenna to the 
speaker to be able to receive weak signals. But if too 
much gain is placed ahead of a narrow filter, the 
receiver is bound to overload and generate in- 
terference of its own. 

How a receiver will perform in real-life situations 
can be determined in the lab, but only if it is tested in 
a manner that approximates the real world. We feel 
that the present 20-kHz signal-spacing method can 
be quite misleading, and should be augmented with 
our 2-kHz test procedure. If the two readings are 
significantly different, then further investigation is 
warranted. 

As we stated at the beginning of this article, 
receivers have improved in many ways, especially 
over the past 15 years; at the same time, dynamic 
range has diminished. Amateur radio operators 
should be demanding excellence in this critical 
parameter. Improvements in receiver versatility need 
not reduce system performance, as we have so often 
observed. Potential problems can be eliminated in 
new equipment by state-of-the-art design or by 
retrofitting existing receivers. All that will be lost is 
some internally-generated rf interference! 
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Compare the Atlas 350-XL 
with lot her transceivers 

D m =  and see why it's your best buy! 
~ b & e  is a chart comparing leading HF Transceivers 
that fall in approximately the same price range as 
the Atlas 350-XL. The Drake TR4-CW is least ex- 
pensive. while the HY-Gain 3750 is the highest. 
Rated power input (SSB) and bands covered are 
listed in the chart. but below is a discussion on a 
number of other interesting comparisons which will 
help you choose the right transceiver for your 
station. 

1. STATE-OF-THE-ART, ALL 
SOLID STATE 
The first 3 transceivers listed above are all solid 
state. The real designs of the future! Having manu- 
factured and sold over 12.000 of our little 210x1 
21 5~ 's .  we can attest to the high performance and 
reliability of all solid state design. Tubes for the 
driver and P.A., with their tuning circuits and high 
voltage power supplies are rapidly becoming obso- 
lete. As a result their resale valuewill be declining. 

2.POWER RATING. 
The higher power rating on the 350-XL provides 
vou with a comfortable edoe over the others. Run- 

4. DIGITAL FREQUENCY READOUT 
On the 350-XL, the optional Digital Dial can be in- 
stalled. and you still retain the conventional analog 
dial, with the option of switching the digital dial off 
if you wish. With the Ten-Tec or Yaesu 301. you 
lose the analog dial i f  you purchase the digital dial 
model. making you totally dependent on the digital 
dial. 

5. FULL BREAK-IN CW 
Only two rigs offer this feature; the Atlas 350XL 

available soon for installation in the AC supply. The 
Hy-Gain. Kenwood. and Yaesu also provide some 
form of speech processing. 

9.  AUXILIARY VFO 
All of the rigs listed offer an optional second VFO 
for split frequency operation. But Atlas is the only 
one with an Auxiliary VFO that is not an add-on 
box. The Atlas Auxiliary VFO plugs right into a 
space provided in the upper right hand corner of 
the front panel. Although miniature in sue i t  tunes 
the same 500 kHz as the primary VFO, and does i t  
smoothly with coarse and fine controls that have 
10:l planetary drives. Green, yellow. and red LED'S 
let you know which VFO you have set up for 
receiving and transmitting. Very neat, and all 
self-contained. 
An option to the Model 305 Auxiliary VFO is the 
Model 31 1 crystal oscillator that provides up to 12 
crystal controlled channels. I t  also plugs into the 
front panel just like the 305. Vernier controls pm- 
vide fine tuning of the crystal frequency. 

10. MOBILE/PORTABLE OPERATION 
"ing barefoot you can e i i l y  ride over the com- and the Te"-~ec ! The others are all "semi-break- The Atlas. Ten-Tee . and Yaesu, being solid state. 
petition. If you're driving a linear you don't have to in". And the Atlas includes CW sidetone with pitch are unique in that they will operate mobile or port- 
strain for every bit of drive from the transceiver. I t  and volume adjustments. able directly from a 12-14 volt DC battery. Also. the 
can loaf along with ease. The 350 watt input rating 6 .  NARROW BAND cw FILTER solid state rigs are considerably smaller and lighter 

weight than the hybrid rigs. The Atlas is unique in is conservative Typical input power rum This is another standard feature in the Atlas, o p  a very handy bracket for the Wwards Of ''IJ 450 watts tional on the Ten-Tec . Yaesu. and Kenwood Ours 35DXL that makes it a simple matter to plug-in and Considerably more than the others. is an I.F. filter with 500 Hz bandwidth, and shape go mobile, 
3 .  BAND COVERAGE factor of better than 3 to 1. 

Not onty does the 350-XL cover the 10 through 160 7. A.F. NOTCH FILTER 
1 1. OTHER 350-XL STANDARD 
FEATURES include R.I.T.. VOX. Crystal Calibra- meter bands (including all of lo in 'Our '0° This 3 5 0 x 1  standard feature permits nulling out tion, ANL, and ~~i~~ ~ l ~ ~ k ~ ~ .  kHz segments). but one of its exclusive features is heterodynes and other interference, The Yaesu. Hy- 

that you can install UP to 10 auxiliary 500 kHz Gain and Kenwood include a similar feature, 
Compare the Atlas 350-XL SSB-CW Transceiver 

ranges anywhere from 2 to 5 MHz, and from 6 to with the others. and we think you'll agrea the Atlas 
23 MHz. This gives you great flexibility for MARS 8.SPEECH COMPRESSlON has everything you'll ever need in a transceiver. 
operation and possible future amateur bands. Crys- The standard Atlas ALC system provides up to 20 And it's made in  America. 
tals for Auxiliary Ranges are installed internally. In dB of R.F. compression which increases your talk And let us not forget to mention Our Customer 
addition, the 350-XL provides reception of WWV at power and at the same time reduces "flat-topping" Sewice which is second to none. Just ask the ham 
5. 10, and 15 MHz. without having to add any aux- and splatter. An optional speech processor to pro- who owns one. 

iliary range crystals. vide up to 20 dB additional A.F. compression will be 
Model 350-XL (less options). . . $995. 

4 M A D E I N A M E R l C A * * * * * * * * * * * * * * * * * * * * * +  ModelDD6-XLDigitalDial . .  . .  $229. 
4 We're very proud that every Atlas transceiver is  made right here i n  America, (as are the Ten- 4 Model 3 0 5  Auxiliary VFO . . . . . $155. 
4 Tee and Drake). We think the American worker, and our employees i n  particular. are the most + 
4 talented, industrious people in the world. The quality and versatility of our transceivers are 

proof of this. 
And by using this American quality workmanship, advanced value engineering in  design and * manufacture, and rigid puelity control. the Atlas transceiver is not only competitively priced 

4 with the imports. but  i s  ;ctuaIly a better value! 4 41 7 Via Del Monte. Oceans~de. CA 92054 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Phone (714) 433-1 983 

-b 
Spec~al  Customer Service Direct L~ne 

Merry Christmas and Ho/iday Greetings frvm rX tbt~ gang at Atlas! @ 1714) 433-9591 
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an upldown filter converter - 
matches any 

bandpass filter 
to any receiver i-f 

Design and construction 
of an upldown converter 

that will interface 

terference caused by many nearby strong signals. 
Then receiver performance specifications such as 
third-order intercept point, dynamic range, receiver 
desensitization, and mixer overload suddenly come 
to mind. 

One goal of modern high-frequency receiver 
design is to process the desired signal through the 
narrowest available filter, with the smallest number 
of active components. Maintaining a credible noise 
figure, however, tends to legislate against throwing 
out all of the active front-end components except the 
mixer.* While giant strides have been made in 
semiconductor development, filter technology has 
been advancing rapidly, too. 

This article will discuss the use of available crystal 
filters and will show you how to easily add high- 
performance filters to receivers without facing the 
frustrations of mixer design - frequency conversion, 

any crystal filter I loss of sensitivity, and degradation of dynamic 
range. 

with any receiver i-f. filter characteristics 

A design example 

shows how to add 
a 125-Hz filter 

A complete line of filters optimized at the same 
center frequency for CW, RTTY, ssb, and a-m, par- 
ticularly the i-f in your receiver, is hard to find at a 
price you can afford, especially from a single 
manufacturer. Many receivers place the ultimate 
selectivity (that filter which passes the information 
bandwidth, such as a 2.4 kHz ssb filter) in the second 

to the Drake R-4B 1 i-f stage, or further down the active component 
chain than is desirable. 

Ult imate receiver performance is viewed by most 
amateurs as a moving target, with increasing cost 
just one factor that keeps the target out of reach. 
New inventions and techniques are constantly being 
announced by the fast-moving electronics industry; 
yesterday's dream of an ideal receiver becomes 
history long before the final receiver payment is due. 
Giant strides in IC technology have made receivers 
comfortable and easy to use through the addition of 
synthesizers, diode switches, and frequency 
counters. However, most real receiver performance 
improvements, in terms of signal-handling capability 
and selectivity, are still to be made. The name of the 
game is picking the weak signal out of the in- 

Frequently a receiver manufacturer does not offer 
filters which are optimized for RTTY or CW. If you 
find a filter with the desired response characteristics, 
chances are that it won't match the receiver i-f. 

If you look to filter manufacturers who specialize in 
only crystal filters, you'll find that, within the past 
year or two, excellent crystal filters have become 
available that will optimize filtering for any mode of 
radio communications. The first stumbling block is 
the wide variety of filter center frequencies, typically 

I 
"Recent developments in solid-state mixer design actually permit 
the omission of all active stages prior to the mixer. It is now possi- 
ble to obtain a mixer noise figure of 10 dB or less on the high- 
frequency bands. This will be sufficient for all but the most de- 
manding reception requirements, such as OSCAR 7, Mode A on 
10 meters. Editor 

By Howard Sartori, WSDA, 721 James Drive, 
Richardson, Texas 75080 
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U P - M I X E R  D O W N - M I X E R  

T O  C R Y S T A L  
T O  

R E C E I V E R  F I L T E R  
2 2  R E C E I V E R  

, - f  r - f  

L O C A L  
O S C I L L A T O R  

/L - 

fig. 1. Block diagram of the upldown frequency converter for adding an additional filter to a receiver. 21 and 22 represent the 
impedance matching networks necessary to interface the mixers and filter. 

in the range from 5 to  11 MHz. Rarely does one 
manufacturer produce a complete line of filters, op- 
timized for the information bandwidth of each of the 
operating modes used by amateurs. 

Cost has been a major factor in the past, but 
crystal filter production techniques have vastly im- 
proved and costs have turned downward. To  put 
cost into perspective, and to consider the effects of 
inflation, excellent 8-pole crystal filters, with signal 
rejection floors below 100 dB, are now available for 
about the same price level as 4- and 6-pole crystal 
filters were about 5-10 years ago. 

Describing a crystal filter by its shape factor, nor- 
mally defined as the ratio of the 6-dB to  60-dB band- 
widths, doesn't tell the whole story. This measure of 
squareness is typically 1.7 to 2.2 for a good quality 
ssb filter, the slope of the response curve in a simple 
filter is determined by the characteristics of  the 
crystals. For a 2.4 kHz ssb filter wi th  a shape factor of 
1.75, for example, the attenuationla frequency of 

the filter slope would be 54 dB1900 Hz. When nar 
rower filters were designed, the bandwidth between 
corners was reduced but the slope remained essen 
tially the same; a 500 Hz filter had a shape factor 
greater than 4.0. In  fact, the bandw~dth of the slope 
itself on one side of the ssb f~l ter was wider than the 
60 dB bandwidth of an optim~zed CW filter! 

Eventually new fabrication techniques, such as 
mounting all crystals on the same header, permitted 
development of high-performance crystal filters. In 
some filters the entire passband may move as much 
as 2 HzI0F, but this is not objectionable when the en- 
tire filter shape moves. To  further illustrate the 
tremendous achievements in crystal filter technology 
that have occurred during the past several years, 
consider the 125-Hz CW filter now on the market. A t  
one time, not too many years ago, 125-Hz crystal 
filters were a novelty of the laboratory. Today CW 
filters with 125-Hz bandwidths and shape factors of 
2.5 are available for approximately $125. 

I S T  M I X E R  P N D  M I X E R  

R E C E I V E R  
I N P U T  

L O C A L  
P R E - M I X E R  

7 -- 

6 O S C I L L A T O R  
i ( = 5  6 4 5 M H 1  

O S C I L L A T O R  
f,, i Z 5  i M H z  

X E Y  

V F O  
f w =  5 M H 2  

U P - M I X E R  

L O C A L  O S C I L L A T O R  
f l o =  i i 3 4 O B O O M H 2  

fig. 2. Block diagram of the Drake R-48 showing the receiver frequency conversion scheme. The conversion is necessary for the 
additional filter inserted between the first and second mixer. This diagram can be used to check for any sideband inversion. 
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By using the newer 8-pole crystal filters, receiver the first i-f, and the final selectivity in the second or 
performance can be imoroved in the following ways: last i-f stage. Obtaining all the needed selectivity at 

1. Filters are optimized for the information band- one i-f is difficult, however, because of signal radia- 
width. tion and leakage (even with the best shielding). By 

2. Signal-to-noise ratios are improved. 
placing a high-performance crystal filter in the first 
i-f, overload of the second mixer can be greatly 

3. Filters placed as close to the front end as possi- reduced. Further, spreading the selectivity over 
ble improve dynamic range. several stages is an excellent way to improve ultimate 

signal rejection. 
Since the crystal filter you want to use will prob- 

ably not agree with your receiver i-f, to say nothing 
of the input and output impedances, a convenient 

O U T P U T  E o u T P u T  E method is required to interface additional filters. 
Many receivers have a simple general purpose filter in 
the first i-f with an output impedance of 500 to 1000 

I N P U T  I ohms. This is an ideal place to add an outboard 
crystal filter. 

DUAL 
D I F F E R E N T I A L  Designing a conversion scheme can be a compli- 
A M P L I F I E R  ---+ 

cated process; consider all the variables. Fig. 1 
shows a block diagram of the general approach for 
heterodyning the first i-f signal up or down to a high- 

I N P ~ T  2 performance crystal filter, and then heterodyning 
back to the receiver. The first mixer (up converter) 

D I F F E R E N T I A L  can easily overload; the down-mixer is not nearly as 
A M P L I F I E R  -+ ' o D E C O U P L E  I susceptible t o  overload. In addition, the local 

L - - - - - - -  - - - - - -  _I - - - - - - - - - - - - - -  - oscillator can act as a source of spurious radiation for 
I I birdies in the amateur bands. Since only one local 
I 

CONSTANT I oscillator is generally used for the two mixers, it may 
C U R R E N T  
SOURCE serve as the leakage path for the signal around the 

filter. Or, the local oscillator signal could feed 
through the down-mixer into the next i-f stage. And 

G R O U N D  consider the fact that since almost all commercial 

fig. 3. A representative schematic diagram of the Texas In- crystal filters are in the 5 to 11 MHz frequency range, 
struments TL442 doubly balanced mixer IC, Input 1 has an the receiver i-f and the crystal filter frequency should 
input impedance of 600 ohms, while input 2 is 50 ohms. The be very close. 
output can be connected for 600 or 1200 ohms output im- Having both the receiver i-f, fir, and the filter, fFL, 
pedance, depending whether the supply voltage is connec- 
ted to + V,, or OUTPUT E. 

at nearly the same frequency is probably the leading 
cause for abandoning the project. Mixers not only 
mix; they can amplify. Therefore, if fif cannot be 

4. Cascading with an existing filter to achieve bet- 
filtered out by the LC bandpass filter (BPF) at the 

ter filter skirt and out-of-band performance. 
output of the up-mixer, overload may eventually 

When you optimize filters, you not only reduce 
susceptibililty to interference - you also reduce 
listener fatigue. Improved signal-to-noise ratios are 
particularly noticeable on the low bands for several 
reasons. First, if only an ssb filter is available for CW, 
when a 125-Hz bandwidth filter is switched into the 
circuit, the bandwidth improvement ratio will be 10 
log 24001125 or 12.8 dB. Even if a 500-Hz CW filter 
were available, a 125-Hz filter would improve the 
signal-to-noise ratio by 6 dB. In addition, by the very 
nature of impulse and static noise, the filter will pre- 
vent overloading the following stages; this means 
that the signal-handling ability of the receiver has 
been improved. 

Some receivers have a nominal 2- or 4-pole filter in 

become a problem because both signals could be 
substantially amplified. To make matters worse, the 
conversion process usually results in some loss of 
desired signal; as much as 30 or 40 dB difference be- 
tween the two mixer output signals, fir and fFL, is not 
uncommon. As a result, the filter signal rejection 
floor is greatly diminished. If the two frequencies are 
within several hundred kilohertz, the isolation of fFL 
by the bandpass filter may be as big a task as 
manufacturing the high-performance crystal filter in 
the first place. 

Finally, the filter must be very carefully matched to 
the up-mixer output and the down-mixer input. 
These matching networks are shown in fig. 1 as 21 
and 22. 
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Selecting a frequency conversion scheme should 
be done with care. Fig. 2 shows the first i-f signal, 
filter i-f, and local oscillator frequencies. It is well to 
consider the particular sideband, too, since sideband 
reversal may not be desirable. Fig. 2A shows the 
complete receiver conversion scheme, wi th the 
Drake R-4B used as an example. The sideband slope 
diagrams show the relative sideband with respect to 
the incoming rf signal. 

Fig. 28 shows how the upldown filter converter is 
integrated into the receiver's first i-f. Using the filter's 
center frequency, the required local oscillator fre- 
quency can be determined from fLo = fFL f fif. The 
Sherwood Engineering CF-12518" CW filter center 
frequency is 5695.0 kHz. Assuming an 800-Hz tone, 
t he  i n c o m i n g  f requency ,  f i f ,  w o u l d  be  
5645.0 +0.8 = 5645.8 kHz; the local oscillator fre- 
quency would be 5695.0 +5645.8 = 11340.8 kHz (or 
5695.0- 5645.8=49.2 kHz). The 11340.8 kHz fre- 
quency is, fortunately, not in any amateur band; but 
the 49.2-kHz local oscillator signal would fall within 
the passband of the receiver's second i-f! Therefore, 
11340.8 kHz will be used as the local-oscillator 
frequency. 

T L 4 4 2  F I L T E R  
E Q U I V A L E N T  M A T C H I N G  E Q U I V A L E N T  

O U T P U T  
- -- - - - - N E T W O R K  I N P U T  

I 
1 I- - - - -1 

cT  = 'CZ 
e n t L  

flo 
R ;  = -- O H M S  

I 

n f L  
L I  = - 

fig. 4. The capacitive tap-down network is used to match 
the up-mixer to the crystal filter. It can also be used to 
match a high-impedance first i-f stage to the W - o h m  input 
of the TL442 mixer IC. 

lem to solve. Convenience and easy-to-do were 
words which guided this design project for more than 
six months. Building the LC filter at the output of the 
up-mixer, shown in fig. 1, however, was anything 
but easy. Combining it with the impedance matching 
network, Z1, was complicated and certainly not 

solving the problems repeatable without diligent tuning. Doubly balanced 

The close proximity of the receiver's first i-f and mixers were considered, but many of them required 

the crystal filter frequencies was the toughest prob- large numbers of and even nu'1 
adjustments. 

"Shewood Engineer~ng, 1268 South Ogden Street, Denver, Finally, a doubly balanced mixer IC was found that 
Colorado 80210. provides internal preset nulls in excess of 30 dB, for 
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fig. 5. Schematic diagram of the upldown converter. All resistors are '/. watt, 10 per cent. The TL442 pin-out is shown for the 
dual in-line package. The active devices can be obtained from Texas Instruments Supply, 6000 Dentron Drive, Dallas. Texas 
75236. 



both the input and the local oscillator signal. Fig. 3 
shows a diagram of the Texas Instruments TL442 
(old designation SN76514). This circuit was designed 
specifically for radio receiver applications. Its 
features include 

1. Flat frequency response to 100 MHz; with tun- 
ing usable to 300 MHz, Ci = 3-5 pF; C, = 10 pF 

2. 50 and 600 ohms input  impedances and 
600/1200-output impedance 

3. Factory-tuned null adjustments for both signal 
and local oscillator 

4. Single- or double-ended voltage source 

5. Differential amplifier with large signal-handling 
capability 

6.  Low-level local oscillator requirement 

7. Noise figure of approximately 6 dB 

8. Typical conversion gain of 14 dB 

In the TL442 IC, uhf transistor chips are matched 
and the resistors are etch-trimmed in the manufac- 
turing process to achieve balance. The IC actually 
consists of two cross-coupled differential amplifiers 
whose emitters are driven by a third differential 
amplifier. A constant-current source is connected to 
the third differential amplifier emitter. This device 
works best with 250 mV local-oscillator injection, and 
performs without significant overloading, up  to  
about 300 mV of rf signal. Hence, the signal-handling 
characteristics of the TL442 are as good as or better 
than most vacuum-tube converters i n  current 
receiver designs. 

An excellent description of the TL442 is also 
available from Texas Instruments.1 Cost of the 
doubly balanced mixer is $2.40, an excellent trade-off 
when you consider that no external components are 
required. With more than 30 dB separation between 
the desired fFL signal and the nearby fif signal, the re- 
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fig. 6. The 1:1 line isolation amplifier is shown in A, while the amplifier 
ble of handling large signals with low cross-modulation. 

mainder of the high-performance crystal filter con- 
verter design is downhill. 

Impedance matching, or the lack of it, is a big 
benefit of using the TL442. The fixed 600/1200-ohm 
output required no LC network, and only the most 
simple matching circuit to match the 50-ohm crystal 
filter. Going from the filter to the down-mixer does 
not require matching when using the 50-ohm input of 
the mixer! With isolation between the local oscillator 
and the output port of more than 30 dB, the local 
oscillator signal will have only minimal impact upon 
the receiver, and will provide more than 60-dB pro- 
tection against signal leakage across the filter. 

The gainlloss in the conversion process is also 
worth planning. The Sherwood CF-12518 filter has a 
typical loss of 9 dB (maximum 11 dB). Another factor 
is the bandwidth reduction loss from 2.4 kHz to 125 
Hz, which was shown to be about 13 dB. I like 
background noise to remain constant rather than to 
keep the signal strength constant when switching 
between the two filters; the noise floor is always a 
ready reference and a 13 dB drop in the noise floor is 
a noticeable deadening of the receiver! If the TL442 is 
connected for a 1200-ohm output impedance, about 
three S-units of excess gain can be provided to 
slightly more than account for loss of background 
noise due to bandwidth reduction. 

Designing the matching network, f rom the 
TL442's 1200-ohm output  impedance t o  the 
CF-12518 crystal filter's 50-ohm input impedance, is 
based upon the capacitive tap-down network shown 
in fig. 4. The IC output impedance is 1200 ohms in 
parallel with 10 pF of source capacitance. L1 is used 
to resonate this 10 pF and the series connected tap- 
down capacitors, C1 and C2. Fig. 4 shows the rela- 
tionships between the network components and the 
termination parameters. As discussed before, one of 
the advantages of the TL442 is that the crystal filter 
will directly match the 50-ohm input of the second 
TL442 mixer. 

I N P U T  
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with the variable ratio is shown in 6. This design is 
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All that's needed to complete the converter are 
three semiconductor devices and one tuned circuit. 
Fig. 5 shows the schematic. Both mixer ICs are con- 
figured in the same manner. Rf ground potentials are 
carefully bypassed with monolithic capacitors using 
short leads. The TL442 outputs are single ended, and 
the impedance is raised to about 1200 ohms by ap- 
plying the supply voltage to pin 13. The constant- 
current source resistor network derives its voltage 
from the 3k resistor connected from pin 12 to pin 4; 
an additional 4.7k resistor is connected to pin 4 to in- 
crease gain. A t  the signal input, the 600-ohm input 

capacitance tap-down network will work well for 
ratios of 24:l or more. Further, there is sufficient gain 
in the TL442 IC mixers to recover a few dB of circuit 
loss. When excessive loss is encountered, a line 
amplifier (fig. 6) will help recover gain, or match ex- 
tremely high-impedance circuits to low-impedance 
circuits. This circuit features several S-units of gain 
while exhibiting very large signal-handling 
capabilities with low cross-modulation distortion. 
The output impedance is 1200 ohms, untuned, and 
should be easy to match to the second-mixer circuit 
in any receiver. 

-! 1 /---\ construction 
- 6  - 

- 1 0  - The whole system was built on a double-sided 
printed circuit board that fits over the pins on the 

- 
% - 2 0  - 

CF-I2518 crystal filter. The filter is securely grounded 
L to the back plane of the printed-circuit board to 
2 

? 
- 3 0  - 

reduce signal leakage around the filter. A piece of 
5 
z double-stick Scotch mounting tape was used to at- 
h tach the entire upldown crystal filter converter 
* - 4 0  - 
t assembly to an unused panel inside the receiver. One 
Lu 

2 
LL - 5 0  - 

word of caution: always place a metal shield between 
the input wafer and the output wafer of the crystal 
filter switch to minimize signal leakage. 

- 6 0  I ! 

- 1 5 0 H z  - 1 0 0 H z  - 5 0 H z  f ,  t 5 0 H z  t I O O H z  t 1 5 0 H 1  +ZOOHI 

C E N T E R  F R E o U E N c Y  5 6 9 5 k H z  results 
fig. 7. Frequency response of the Sherwood Engineering 
CF-12518 crystal filter. 

(pin 11 is used for the receiver first i-f signal because 
matching to 600 ohms is convenient. 

The local oscillator was carefully designed to pro- 
vide as much decoupling from the supply voltage as 
possible and also to provide a very low output im- 
pedance. A T-pad attenuator between the two mix- 
ers further decreases the possibility of signal leakage 
from the signal input through the input mixer, 
oscillator, and through the output mixer. 

The capacitive tap-down network from the up- 
mixer, U1, to the crystal filter, FL1, is composed of 
L1, C6, and C5. Depending upon the Q of L1, and 
any other filter impedance, C5 and C6 can be ad- 
justed to give the proper ratio for a good filter match. 
This occurs at or near maximum signal strength 
without objectionable ripple in the passband or out- 
of-band ripples. 

Retune L1 each time C5 or C6 are changed; the ad- 
justment is straightforward and noncritical. C15 pro- 
vides a fine-tuning adjustment for the crystal. 

True single-signal reception with the CF-12518 
crystal filter in tandem with an ssb filter is most grati- 
fying. Fig. 7 shows the frequency response of the 
CF-12518 crystal filter by itself. Other crystal filters 
give equally impressive results. My R4-B receiver is 
equipped with a 1: l  line amplifier which drives the 
Drake ssb filters from the 2-crystal filter in the first i-f 
stage. The output from the ssb filter drives the line 
driver (adjusted to make up the 6 dB filter loss) and 
then the second mixer. The upldown crystal filter 
converter is switched in between the ssb filter and 
the second line amplifier. The tandem combination 
of filters does not ring, and 40 word-per-minute CW 
copy is possible. The noise and static effects that 
were so bothersome when a 125-Hz audio filter 
(shape factor 3) was used are now annoyances of the 
past. 

If you are lucky enough to find crystal filters that 
are on the same frequency as your receiver's first i-f, 
all that is needed is a line isolation amplifier to buffer 
the filter, a matching network, and a line amplifier to 
make up the gain of the return signal. 

line amplifiers reference 
1. Balanced Mixer Application Note, Section 6.6 SN76514lTL4.42, 

When the output impedance of the receiver's first Linear Circuits Application Department, Mail Station 964, Dallas, 
i-f is greater than one or two thousand ohms, a Texas 75222. 

matching circuit  wi l l  be required. Again, the ham radio 
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how to select 
TTL sub-series ICs 

for different 
digital designs 

The popular l l L  family 
of digital ICs 

is widely used 

in amateur applications, 

but low-power, high-speed, 
and Schottky l l L  

have been largely neglected - 
here's how to select 

the best l T L  sub-series 
for your own designs 

Through the years, as the 7400 series of ICs has 
become the mainstay of TTL logic designers, more 
and more devices have been added to the family. 
In the last few years, both Fairchild Semiconductor 
and Texas lnstruments have increased their com- 
mitment to the market by introducing expanded 
lines of high speed, low power, and Schottky- 
clamped devices. A t  the same time, extensive use of 
foreign production facilities has allowed a 50 per 
cent drop in prices, which distributors are now begin- 
ning to pass along to the consumer. Where does that 
leave you when you decide to  build that new 
keyer or frequency counter? Consider the popular 
7400 quadruple 2-input NAND gate, for example. 
There are five versions: the 7400, 74H00, 74L00, 
74LS00, and 74S00. Which version is best suited for 
your purposes? What advantages does one version 
have over another? 

Actually, each 7400 sub-series (H, L, LS, and S) 
has clear cut strengths and weaknesses which make 
the choice a lot easier than i t  may appear. The two 
major differences between each sub-series are speed 
(maximum operating frequency) and power con- 
sumption. In general, to gain speed, power con- 
sumption must be increased. This speed-power 
trade-off would probably settle the matter because 
you would pick the lowest power version that meets 
the required speed and stop right there, but a third 
factor comes into play: cost. To either increase 
speed or decrease power, the cost at least doubles 
over that of the standard (and the least expensive) 
version. A good rule of thumb is to use these special 
devices only when the standard 7400-series chips 
can't do the job. 

performance comparison 
Let's go back to the 7400 quad 2-input NAND 

gate and look at the differences between each ver- 
sion and set down some general characteristics for 
each sub-series. 

The 7400 typically operates from dc to 35 MHz, as 
will the remainder of the 7400 series. This is a 
rypicalspecification and does not hold true in devices 
of higher complexity such as the Texas Instruments 
SN74144, which contains a BCD counter, a four-bit 
latch, and a BCD to seven-segment decoder-driver. 
The SN74144 is intended to be a one-chip replace- 
ment for the popular SN7490A counter, SN7475 
latch, and SN7447 decoder-driver combination. Be- 
cause of the high component density in the SN74144 
(an equivalent of 86 gates on one chip), however, the 
typical counting frequency only extends to 18 MHz. 
Some of the earlier devices were equally slow. There 
was a time, not too long ago, when it was sometimes 
necessary to go through a handful of 7490 counters 
before you could find one that would work to 30 
MHz. Therefore, it's wise to buy only devices with 
current date codes, unless the application isn't criti- 
cal. Problems shouldn't pop up with any major 
suppliers, like those who advertise in ham radio, 
because the turnover is too high for 1973 chips to be 
still floating around in the open market. 

Digressing a moment, the date code is a three- or 
four-digit number standardized by the EIA (Electronic 

By Ian MacFarlane, WAISNG, 102 Columbus 
Avenue, Greenfield, Massachusetts 01301 
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Industries Association). I t  is stamped on every inte- 
grated circuit, usually, but not always, after in- 
spection. Contrary to what you might think, you can 
get an untested IC with all the same markings as a 
first-rate unit. If the number has four digits, the first 
two represent the year of manufacture, such as 75, 
and the next two stand for the calendar week, such 
as 38, which would mean the thirty-eighth week of 
1975 (the third week in September). If the number 
has three digits, the first is the year of manufacture 
(in the example above, the year would be cropped to 
5), and the last two digits refer to the calendar week. 

The typical low power 74L00 version will operate 
to 3 MHz, making it somewhat slower than the 
CMOS family. Every other sub-series is faster than 
the original type. Below is a list in terms of typical 
speed: 

74L 3MHz 
74LS 45MHz 
74H 50MHz 
74s 125MHz 

These figures represent the highest typical clock 
rate for flip-flops. Once again, remember that each 
device must be considered on a one-by-one basis 
where speed is concerned, with the higher-density 
units having lower maximum frequencies than their 
less complicated brothers. 

Power consumption is often compared using the 
power dissipation per gate for each series. This in- 
formation is given in table 1, along with all other 
comparative figures, but in this case it is based on 
the average supply current, per gate, assuming a 50 

the SN7490A, SN74L90 combination, and 13.15 
for the SN7473, SN74L73 flip-flop pair. The average 
supply current values for the remainder of the de- 
vices are: 4.5 mA for the 74H00, 0.4 mA for the 
74LS00, and 3.75 mA for the 74S00. Thus, if the 
7400 is used to establish the standard unit of power 
consumption (2 mA = 1 unit), then the relative stand- 
ings are 0.1, 0.2, 1.9, and 2.3 for the L, LS, S, and H 
sub-series, respectively. 

selecting a su b-series 
There are three variables that must be considered 

when choosing the proper series: price, speed, and 
power. In general, the first and deciding requirement 
is that the chip will work up to the desired frequency. 
It is possible to approach the choice from a power 
consumption standpoint, but if power conservation 
is critical, it would be a good idea to see what can be 
done with a very low power series like the RCA 
CD4000 COSIMOS family. On a cost-effective basis 
the low-power 74L00 series is not as good as the 
COS/MOS family, which has a much lower power- 
cost product; COSIMOS will also work at higher 
frequencies (5 MHz for counters, 10 MHz for gates 
and flip-flops). 

This brings us to the method for selecting the 
best sub-series once the speed requirements have 
been fulfilled: the power-cost product. Since both 
cost and power are to be minimized, it is easier to 
multiply the two figures together and deal with one 
variable instead of two. The lower the power-cost 
product, the more performance you get for your 

table 1. Comparison of the various l T L  sub-series showing clock, rate, power dissipation, propagation delay, relative cost, and 
power-cost product average 

maximum power gate cost increase 
flip-flop dissipation propagation over standard power-cost 

series clock rate per gate delay time series product 
74LOO 3 MHz I mW 33 ns 3.1 0.62 
7400 35 MHz 10 mW 10 ns 1 .O 2.00 
74LSOO 45 MHz 2 mW 9.5 ns 1.4 0.57 
74H00 50 MHz 22 mW 6 ns 1.9 8.49 

74500 125 MHz 19 mW 3 ns 3.4 13.07 

per cent duty cycle. The average supply current data 
is readily available for individual devices, whereas 
power dissipation is generalized for all gates in the 
series. The difference in consumption will hold true, 
when comparing more complicated devices, so long 
as it is treated as an approximate ratio. In other 
words, if the average supply current for one gate of 
a 7400 is 2 mA, and the average supply current, per 
gate, of a 74L00 is 0.2 mA, then it is fair to say that 
any standard 7400 series device will require approxi- 
mately ten times the amount of power than an L- 
series unit does. In practice, the actual ratio may be 
more or less. 

To take several cases, the power ratio is 7.25 for 

money. In practice, the product is calculated by 
multiplying the average current per gate (in mA) for 
the series, by the average increase in price of the 
series over that of the standard 7400 series (given as 
a multiple, such as 3.1 times cost). Data is provided 
in table 1. This is a method for standardizing the se- 
lection process, or a mathematical replacement for 
common sense. 

As an example of how to use the chart, suppose 
you are planning to built a 10-MHz frequency stand- 
ard. The 10-MHz specification puts everything in the 
running except the L series. If cost effectiveness is 
the object, a look at the lowest power-cost product 
reveals that the LS series is your best bet. Sheer 
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low cost, providing that a husky power supply is build a higher current power supply than to purchase 
available, would be provided by a switch to the twenty-five special ICs at three times the cost of 
standard series. Not all device selections are that their standard TTL equivalents. 
simple. 

Let's assume you are designing a frequency coun- TTL sub-series compatibility 
ter. The goal is to build a model capable of counting One of the original design objectives for the dif- 
to the highest frequency and requiring the least 
possible power, and using only the TTL series (no 
CMOS or ECL integrated circuits); price is no object. 
In case the design goal will not be met by using only 
one 7400 sub-series, the lowest power version having 
the necessary speed will be selected. Excess 
speed margins, when not needed, will be sacrificed 
for power conservation. Starting with the 10 MHz os- 
cillator, choose a 7400. The 74LS00 and other sub- 
series chips have a reputation for not performing 
well in oscillator service. A key to this problem is the 
different biasing requirements for each sub-series. 
It is impossible to just simply remove a 7400 from an 
oscillator circuit and plug in a 74LS00 without 
changing external resistor values. There are many 
proven oscillator circuits based on the 7400, but 
little published information about biasing for oscilla- 
tor service, so sticking to the well trodden path will 
assure success. 

The first divider must be able to toggle up to 10 

ferent TTL sub-series was compatibility. All have the 
same maximum supply voltage rating of 7 volts, 
except for the L series, which is 8 volts. This gives 
plenty of leeway above the typical 5.0 V supply vol- 
tage, which is common to all sub-series. Operating 
temperature range extends from 0 to 70°C (32 to 
158OF). The maximum input voltage for the L series 
is 7 volts, with 5.5 volts as the limit for all others. 
Because of these similarities, mixing devices from 
different sub-series will produce no problems so 
long as fan-out limits are observed. 

Fan-out (the number of inputs a single output 
can drive) is figured only on the basis of outputs 
driving inputs from the same sub-series. The stand- 
ard fan-out is 10 loads, except for the L and LS 
series, where it is 20. Mixing of devices is permitted 
as long as the output can source (provide) or sink 
(absorb) the totalcurrent to or from all inputs. 

The high- and low-state input requirements are 
shown in table 2 along with output sink capabilities. 

table 2. Input and output data for the various ~ T L  sub-series. Note that the L series had two different standard inputs; assume 
highest input current when calculating output requirements. Negative signs represent current flow out of terminal 

input current input current maximum output maximum output 
series (high state) (low state) sink current source current 
74L00 10120 pA 4.181 4 . 8  mA 3.6 mA -200 pA 

7400 ad -1.6 mA 16 mA a@ 
74LSOO 20 pA 4 . 4  mA 8 mA a@ 
74H00 94 -2.0 mA 20 mA 
74S00 %/A -2.0 mA 20 mA lo00 pA 

MHz; a 74LS90 will require the lowest power. All re- 
maining dividers operate at 1 MHz or below, making 
the 74L90 the best bet. The counter control circuitry, 
which generates the count enable, strobe, and reset 
pulses functions at a very low rate, since most coun- 
ters can make no more than 10,000 counts per se- 
cond, so L-series devices can be used. The gate 
must pass the highest counted frequency, as must 
the first decade counter, and this application calls for 
Schottky ICs such as a 74S00 for the gate, and a 
748196 for the first counter. The second decade 
counter must be LS to count up to 12.5 MHz, but the 
remaining counters may be L versions. Latches and 
decoder drivers can also be chosen from the L series. 

It is important to note that no standard series 
TTL logic was used in this circuit. Only when perfor- 
mance can be sacrificed in favor of price is standard 
TTL a wise choice. Price is almost always important, 
which explains my rule of thumb which suggests 
that the standard series be used exclusively, except 
when it just won't do the job. It's less expensive to 

From these figures it's easy to check to see whether 
a particular output can handle its loads. Just add up 
the low-state currents for all loads (inputs), and then 
check that the totals fall within the maximum sink 
limit for the output. The negative values of input cur- 
rent represent a flow out of the terminal, back into 
the output. If the output can sink the required cur- 
rent, it will always be able to source enough current 
for the loads. 

conclusion 
While the use of standard and LS series TTL ICs 

has certainly caught on for amateur projects, the H, 
L, and S series have been largely neglected. As so 
often happens with new products, this is due more 
to insufficient information than it is to a lack of ap- 
plications. It is hoped that this article has provided 
enough information to generate more interest in 
using the various TTL sub-series ICs in future 
designs. 

ham radio 
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regulated power supply 

Introducing 
Dragon One - 
a power source 

with built-in safety features 
for your 

high-power equipment 

With solid-state devices making advances in the 
vhf and uhf spectrum, more powerful transmitters 
are made available to radio amateurs. Solid-state 
transmitters and linear amplifiers in the 150-200-watt 
range are not uncommon. Although most of the 
equipment is made to operate in automobiles using 
car batteries, many amateurs want to operate their 
higher-power solid-state devices in their homes. But 
here the power supplies become a problem, unless of 
course, you wish to purchase an auto battery and a 
battery charger as accessories for the modern equip- 
ment. Even then, the battery has a finite life, and the 
sulphuric acid in the battery is hazardous inside living 
quarters. 

the dragon one supply 
This article describes a power supply system that 

delivers a whopping 500 watts of clean, regulated 
power. The regulation is better than 1 per cent from 
no load to full load, with a ripple voltage of less than 
10 mV peak-to-peak. Safety features such as current 
limiting, overvoltage shutdown, and short-circuit 
protection are all built in. Optimum regulator efficien- 
cy is approximately 65 per cent at an output of 450 
watts. 

Fig. 1 shows the regulated-power supply sche- 
matic. Transformer T I  steps down the line voltage to 
22 volts, which is rectified by full-wave bridge rec- 
tifier CR1. Filtering is by C1, which is a computer- 
grade electrolytic capacitor having a capacitance of 
18,000 pF. R1 discharges C1 after the power supply is 
turned off. 

Regulation is provided by U1, the popular 723 
regulator IC. The 12-15-volt voltage adjustment is by 
R4. C5 ensures oscillation-free operation of regulator 

- 
By C. C. Lo, WAGPEC, 5414 Barrett Avenue, 
El Cerrito, California 94530 
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723. U1 output drives Q2, an MJE3055, which in 
turn, drives 03-Q6, 2N3055s. Current sensing is by 
R16, a special 15-milliohm resistor. The two output 
terminals are isolated from chassis ground. Ground- 
ing is achieved by connecting the positive or negative 
output terminal to the ground terminal with a jumper. 
A light-emitting diode indicates the presence of dc 
output voltage. R3, R4, and R5 make up the output 
voltage sensing divider; the voltage control signal is 
connected to U1 inverting input. 

To protect the power supply from burning itself up 
in case of excessive load current, the short-circuit 
shutoff is done in conjunction with the current 
limiting provided by the regulator through R16. As 
load current exceeds 35 amps, the output voltage 
starts to drop. When the voltage drops below 8 volts, 
Q1 turns off and SCR1 turns on, pulling the 
regulator noninverting input close to ground poten- 
tial, thus turning off the output power. This condi- 

. tion remains until the power supply is turned off and 
SCR1 unlatches. 

Overvoltage shutdown is designed into the system 
to protect your expensive transceivers and linear 
amplifiers. If anything should happen to the regulator 
or any of the series transistors, chances are one of 
these devices will short out, putting the full voltage 
across C1 at the output. This could be disastrous to 
transceivers and amplifiers. Relay K1, together with 
CR2 and SCR2 ensure that this will not happen, even 
if all the pass transistors and regulator are shorted. 
As the voltage exceeds 16 volts, CR2 starts to con- 
duct, supplying gate current to SCR2, which turns 
on and activates K1. In doing so, the main dc sup- 
ply is cut off and will remain off for as long as the 
power is on and the defect has not been corrected. 
This special feature is valuable and its additional cost 
is well justified, although the overvoltage shutdown 
feature may never be needed in the lifetime of the 
power supply. 

construction 
All components are packaged in a 7 x 8 x 10-inch 

(178~203~254mm) steel chassis box. Three heatsinks 
are used (photo). 

All components shown inside the dotted line in the 
schematic diagram are mounted on the printed cir- 
cuit board. Since this circuit is a high-current power 
source, no. 12 (2.lmm) wire should be used for all 
high-current paths. However, no. 16 (1.3mm) wire 
can be used for interconnections from the two relay 
contacts, which are wired in parallel to the individual 
transistor collector and from the individual emitter to 
point L or R16. R19 and C6 are mounted behind the 
output terminal block. Holes are punched on the top 
and bottom panels for ventilation purpose. 

Output voltage can be adjusted between 12-15 
volts dc. Load current is rated at 35 amps intermit- 
tent, and 22 amps continuous duty. For prolonged 
operation at high current and low output voltage 
(below 13 volts), a small external fan is recommend- 
ed for cooling the heat sinks. However, the power 
supply can deliver 22 amps continously without 
forced-air cooling if ambient temperature is below 
77OF (25OC). The temperature of the pass bank tran- 

Underchassis view of the power supply. Three heatsinks 
are used. The heatsink mounted on the rear of the chassis 
box is isolated from chassis ground. The four 2N3055s (Q3 
- 06) are mounted directly on the heatsink. The heatsink on 
the right-hand side is for bridge rectifier CR1; the other 
heatsink is for 02. Heatsink compound was used for 
mounting Q2 - 06.  

sistor under this condition stabilizes at around 221 OF 
(105°C). With a 25-30 cfm (7 x 105-8 x 105 
cm31minute) fan blowing at the rectifier and the tran- 
sistor heatsinks, the transistor heatsink temperature 
stabilizes at l Z ° F  (50°C) with 30 amps continuous 
load current operation for one hour. Regulation is 
below 1 per cent from no load to full load (35 
amps). The taps on transformer T I  are for optimum 
efficiency operation. It's obvious that if the line 
voltage is high, the unregulated dc voltage will also 
be high, making the voltage drop across the pass 
bank transistor high. That means higher power 
dissipation and lower system efficiency. Hence, if the 
input line voltage is connected to the proper tap, an 
optimum system efficiency is achieved. 
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HEATHKIT: The name in Amateur I 
radio.. .and now computers! 

SB-104A Amateur Transceiver 
The world-famous SB-104 with significant improve- 
ments. We've increased the sensitivity to 0.5 pV on 
all bands and included a fully assembled and tested 
receiver front end circuit board for reduced assem- 
bly time. The optional 400 Hz filter is independently 
selectable for CW operation. We've maintained the 
features that made i t  famous too - totally broad- 
banded, all solid-state, digital frequency readout and 
more. Make the SB-104A the "heart" of your station. 
Only $669.95 

HW-2036 2-Meter Mobile Transceiver 
Our value-standard Pmeter rig offers true digital fre- 
quency synthesis in 5 kHz steps and a built-in tone 
encoder to access most repeaters! Also features 
built-in simplex, + and - 600 kHz offsets, and an aux. 
position that lets you add your own crystal for any 
other offset crystal you may want. The HW-2036 has 
0.5 pV receiver sensitivity and a transmitter that can 
operate into an infinite VSWR without damage! Come 
on up to 2-meters with one of the best mobile rigs 
you can get. 
Only $269.95 

FREE! 
HEATHKIT CATALOG 
Nearly 400 k i ts  for  you t o  
build! Whatever your inter- 
est-hi-fi, television, auto- 
motive, marine, home ap- 
pliances, test gear-it's a l l  
in our b ig  new catalog. 

Send Today! b 
Prices are mail order net F.O.B. Benton Harbor, Michigan. 
Prices and specifications subject to change without not~ce. 

H l l  
E l - 1 1  

Computer 
Kit 

rn m e  personal 
computer products you've 
been waiting for. 
And the ones to which all 
others will be compared. 
Total computing systems 
for home, hobby, educa- 
tional and business appli- 
cations. Powerful. corn- 

, "' 

DEC 
Wrtter II 

Kevboard Printer , _ - . - . . . . , 
prehensive software to get Terminal at Healh'a 

SPECIAL LOW PRICE: you up and running fast. $1495 Assembled 
Unequalled documenta- 
tion and product support services coupled with low 
Heath prices make the difference. 

rn Self-Instruction Course .- in  Microprocessor Operation and 
Application 

Another addition to Heath's 
famous Continuina Educa- 
tion Series. Learn 6croproc- 
essor operation, interfacing 
and programming. Hardware 
and software experiments let 
you get hands-on experience 
using the ET-3400 Micro- 
processor Trainer. 

HEATH 
~I~~IIIIIIIIIIII~ 

Heath Company. h p t .  122-3130 
Benton Harbor. Michigan 49072 

I 5 Please  send m e  my FREE Heathk i t  Catalog.  

I I a m  n o t  on your mai l ing  list. 

I 
( City State ZIP 

I 1 L l l l l Y l l l l l l l l l l l l l l  
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the latest gear 
for the VHF enthusiast 

meem-~onnson 

Westcom 
VHF Amplifiers 
tviorle' Band Em~5s~on  P #n  Pout  Prlce 
2M 3x30 l44MHz FM 1 - 4 30 72.95 

Gamber-Johnson Gamber-Johnson 2M 3x30L 144MHz CW-FM-SSBIAM 1 - 4 30 82 95 

Deluxe slide mount Console floor mount 2M 10x40 l44MHz FM 2 - 10 40 7795 

$1 7.88 $31.50 2M 15x80 144MHz FM 5 - 15 80 129.95 
2M 15x80L 144MHz CW.FM-SSBIAM 5 - 15 80 139 95 

Solid snao in desian utilizes deluxe slide 
Attaches to  radio- mount 
mtg bkt (or directly built in speaker 
to  radio) mount attaches 
Four molex pins for securely to floor 

power and exter 
speaker 
BNC RF slide 
connector 
pigtail UHF 
(SO-239) 
connections to  

extra slide mount 
base $8.40 
stationary half of deluxe 
slidemount allows use of 
radio in  second car or 
location 

radio and antenna 
desianed for - 
commercial use 
thru 1000 MHJ 

Frequency Register Search Indicator Scan or Search 

Ruggedized DC 
Power Supplies 
Ideal for VHF Transceiv 
and Amplifiers 

105-125 VAC, 5060 HZ 
Fold back current limiting 
13.8 VDC?.OSV 
UL listed & computer grade components 
One year warranty 
5 mV peak-peak max ripple 

Astron RS-6A $49.95 Astron RS-2OA $89.95 
4.5 ADC Continuous 1 6  ADC Continuous 
6.0 ADC lnterm~ttant 2 0  ADC lntermittant 
Recommended for uo to Recommended for up to 
3n W amp's & xcvrs 120 W amp's 

Astron RS-1OA $74.95 Astron RS-35A $129.95 
8 ADC Continuous 25 ADC Continuous 

10  ADC Intermittant 35 ADC Interminant 
Recommended for up to ~ecommended for UP to 
70 W amp's 180 W amp's 

/ I 

Program Panel Channel Panel 16 Scanning L.E.D.'s 

Regency Digitally Programmable Scanner 
with Keyboard Entry special $299 
Model ACT-T-16K 

Frequency Range: 
Lo VHF . . 30- 50MHz 
Hi VHF . 146-174 MHz 

UHF . 440-512 M M  

Sensitivity: 
(20 DB quieting) 

LoVHF . . . . . . .  0 .5p  V 
Hi VHF . . . . . . . 0.6 p V 

UHF.. . . .  . . 0.7 p V 

Selectivity 
7 KHz imin.) @ 6 

2 15 KHz (max.) @ 60 DB 

Squelch: (threshold) 
Lo VHF . . . . . . . 0 . 4 ~  V 
Hi VHF . . . . . . . 0.5 p V 

UHF.. . . . . . 0.6 p V 

Search Scan Range:(max) 
Lo VHF 4000 channels 
Hi VHF 5600 channels 

UHF 5760 channels 

Lorsen 
Elec tron~cs 
Larsen mobile antennas 
5/0 wave, 3dB gain, 200 W rating 

LM-150-K 2M roof mount $30.20 
LM-150 wlmagnetic mount $38.45 
LM-150 wttrunk lid mount $37.90 
for Motorola NMO type mount add $5.25 
220 MPz and 450 MHz availableat same price 

Master Charge & B of A 10 day money back guarantee 
We ship prepaid in USA full satisfaction guaranteed 
Calif. residents add 6% tax ~~~t~~~ warranty on all items 
Check with order or COD 
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voice-operated gate 
to replace 

voice-operated relays 
for 

carbon microphones 

Presenting a circuit 
using four ICs 
plus a couple 

of transistors and diodes 
to replace the old 

voice-operated relays 
in ssb transceivers 

VOR is an acronym for what is often called the 
''voice-operated-relay" or "squawk-to-talk" circuit, 
as used in many modern ssb and fm transceivers. 
"Voice-operated-relay'' was an adequate description 
when tubes and relay circuitry were used, but it's 
rather unusual to find such relays in today's all-solid- 
state designs. And so now we have the Voice 
Operated Gate, or VOG. 

The VOG described here used four ICs plus a 
couple of transistors and diodes to accomplish pre- 
amplification, bandpass filtering, and audio gating. A 
logic output also comes out of the VOG (choice of 1 
or 0 for gate-on), to serve as a turn-on signal for 
other sections of the system being voice controlled. 

Incorporated in the VOG is a lowpass and highpass 
filter pair providing the equivalent of a 300-3000 Hz 
bandpass filter with 40 dB per decade rolloff at each 
edge. These filters are of the active type, built around 
operational amplifiers. Only the audio passing 
through the filters can actuate the gate (and thereby 
pass through the VOG); this helps to discriminate 
against ambient noise. 

VOG circuit 
A diagram of the VOG is shown in fig. 1. The first 

section is a microphone preamp with an fet constant- 
current source for a carbon microphone. The carbon 
microphone is a variable resistance, so the injection 
of a constant-current into it causes the voltage 
across it to be representative of the variations in 
resistance of the microphone. The op amp that forms 

- 
By Hank Olson, WGGXN, P.O. Box 339, Menlo 
Park, California 94025 
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fig. 1. Voice-operated-gate (VOG) circuit block diagram. The 
circuit is a replacement for the old voice-operated relay 
systems prevalent in many modern ssb and fm transceivers. 
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the microphone preamp has a voltage gain of 100, 
which provides a voltage output of about 3 volts rms 
for usual carbon microphones during average close- 
talking use. 

Following the microphone preamp is the highpass 
active filter followed by the lowpass active filter, 
each consisting of one section of the same quad op 
amp (U1) that's used as the preamp (see fig. 2). The 
last section of U1 is used as an active diode detector 
CRI, CR2, in which the op amp linearizes the detec- 
tor. The diode detector is arranged to furnish the 
negative polarity of rectified audio. 

The rectified audio from CR1, CR2 is then aver- 
aged by U2. Since the averager (U2) is also an in- 
verter, the negative rectified audio is inverted and 
averaged to become a smoothed, long, positive 
pulse of the duration of the audio burst originally 
delivered by the microphone. This positive pulse is 
processed by U3, a Schmitt trigger, which sharpens 
the pulse leading and trailing edges and makes it 

fig. 2. Schematic showing the carbon microphone preamp. bandpass filter, and voice-operated gate (VOG). Note that U1 is the 
equivalent of four 4 7 4 1  op amps and could be replaced by four such ICs. 
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CMOS-logic compatible. The Schmitt trigger also in- 
verts the pulse and adds an effect called hysteresis. 
That is, U3 output (pin 71 will go from 1 to 0 at an in- 
put level (set by the threshold-adjust pot) of say, 2 
volts. U3 output will not return from 0 to 1 until the 
input voltage has dropped substantially below 2 
volts. This hysteresis action prevents noise on the 
audio and minor voice level wavering from causing a 
chopping effect. 

After the Schmitt trigger comes 02, a simple tran- 
sistor inverter, which inverts the audio-derived pulse 
to provide the proper polarity to turn on analog gate 
U4 when an audio signal is present. The inverter out- 
put and the Schmitt trigger output provide both 0 to 
1 and 1 to 0 logic-level outputs, which can be used to 
actuate the turn-on function of the transmitter. Both 
polarities are handy, because this unit may be used 
with a number of transmitter designs. 

The analog gate, U4, is a member of the RCA 
CD4000 CMOS logic family, which makes it much 
less expensive than some of the hybrid analog gates 
on the market. U4 consists of four analog gates. 
Since we need only one, all four sections have been 
wired in parallel. The CD4016 doesn't tolerate very 
large ac voltages without distortion, so the (filtered) 
audio input is attenuated at a ratio of 3:1 by a voltage 
divider at the analog input. 

adjustment and testing 
Setup of the VOG is simple. Connect it to a carbon 

microphone and a f 15-volt supply. Connect a scope 
or ac VTVM to U1 pin 3 of U1. Talk into the 
microphone and adjust the LEVEL pot (fig. 2) until 
about 3 volts rms is seen, then adjust the 
THRESHOLD pot until about +2 volts is seen at its 
wiper arm. Connecting a scope or ac VTVM to the 
output should now show a pulse of audio when 
speaking into the microphone. A dc voltmeter at U3 
pin 7 should jump from +15V for "no talking" to near 
zero for "talking". The same dc voltmeter at the 02 
collector should react in the opposite way: near zero 
for "no talking" and +15 volts for "talking." 

closing remarks 
This VOG circuit was originally designed to replace 

one of the special-purpose ICs made by a large linear 
IC manufacturer. It surpasses the device it replaces in 
every way. 

Note that U1 is the equivalent of four pA741 op 
amps and could be replaced by four such ICs. Also, 
two pA747s (dual pA741 op amps) or two MC1458s 
could also be used. U2 is best left as an LM301A, 
since the requirement here is for low input bias cur- 
rents. When using other-than-called-for ICs, 
however, pin changes will have to be made. 
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accurate low power 
rf wattmeter 

for high frequency 
and 

vhf measurements 

How to build an 
accurate low-power wattmeter 

that measures 
upto 10mW 

from 1 to 500 MHz - 

addition, homebrew attenuators and directional 
couplers can themselves be calibrated using the 
power meter. 

The rf power detecting element in the wattmeter 
consists of a pair of incandescent lamps used as 

, barretters. Barretters have been used for many 
years in commercial wattmeters and have been dis- 
cussed in several previous arti~les.1~2 

A barretter is a wire element whose resistance 
increases with temperature. Suppose a barretter is 
heated to a specific resistance (say 50 ohms) by a 
variable power source whose level is known. As 
long as the total power dissipated and the ambient 
temperature remain constant, the barretter resis- 
tance will remain at 50 ohms. Now suppose the bar- 
retter is also heated with power from a separate 
source (an rf generator in this case) whose level is 
unknown. The resistance of the barretter will in- 
crease. If the power supplied from the known source 
is then reduced until the barretter resistance returns 
to 50 ohms, the amount of power reduction from the 
known source will equal the power supplied by the 
unknown source. The unknown power level is thus it uses small lamps 1 measured by metering the decrease in the known 

as barretters 

A pair of subminiature lamps used as an rf power 
detector make up the heart of a simple but accurate 
rf power meter, which can be calibrated directly from 
dc measurements. The instrument described in 
this article can be used to accurately measure rf 
power from 10 mW down to about 0.2 pW, over a 
frequency range from 1 MHz to 500 MHz. Its high 
sensitivity makes i t  useful for a host of purposes 
including antenna gain measurements, local oscilla- 
tor measurements, and vswr or filter response meas- 

power source. 
The known power source can be adjusted auto- 

matically to maintain constant barretter resistance by 

1 using a bridge circuit in a closed loop with an am- 
plifier. In many commercial microwave power meters 
the closed loop forms a self-balancing audio oscilla- 
tor so that the known power source is an ac signal (in 
combination with some dc which is also applied). 
The oscillator technique has the advantage of elimi- 
nating dc offset drift errors in the balancing and 
metering circuits. In the power meter described here, 

, however, the known power source is pure dc. The dc 
approach was chosen for ease of calibration and 
testing, for circuit simplicity, and to allow a wide rf 
frequency range. (The relatively large rf coupling 
capacitor required for low-frequency response would 
introduce excess phase shift and upset the balance 

urements in conjunction with low-power signal 
generators. Its maximum power capability can be BY James H. Bowen, WA4ZRP, 6500 Care- 
extended to any level through the use of external free Lane, Apartment B1-21, Roanoke, Virginia 
calibrated attenuators or directional couplers. In 24019 
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in an ac balanced bridge, depending on the low- 
frequency impedance of the rf source.) 

circuit description 
The circuit diagram of the rf wattmeter is shown in 

fig. 1. The design philosophy was to explore what 
useful sensitivity could be achieved in a simple cir- 
cuit without the use of special low-drift components 
or special schemes for drift compensation. The 
experimenter who wishes to build his own version of 
the wattmeter is encouraged to try his hand at 
improvements. 

The incandescent lamps, I1 and 12, used in the rf 
'sensor are subminiature T-314 types obtained at a 
hamfest flea market. The lamps have wire leads and 
the glass envelopes are 0.187 inch (5mm) long by 
0.094 inch (2.5mm) in diameter. Their dc character- 
istics indicate they are similar to Chicago Miniature 
types CM2, CM30, or CM3102. Fig. 2 shows the 
measured current-voltage (I-V) characteristic of one 
of the lamps. Note the non-linear nature of the 
plotted data which indicates changing lamp resis- 
tance. This general characteristic is typical of all in- 
candescent lamps with tungsten filaments. Fig. 3 
shows the same data plotted as dc resistance, VII, 
versus power dissipated, VI. At rf frequencies, the 
resistance of the lamp during any rf cycle remains 
constant and equal to the dc resistance because one 
rf cycle is much shorter than the minimum thermal 
response time of the lamp filament (skin effect does 
not appear to seriously alter the resistance of the 
small diameter, high resistivity filament over the 
frequency range of interest). 

The author's completed power meter. 

In order to simultaneously feed dc and rf to the 
lamps over a wide bandwidth, the lamps are 
connected in series for dc and in parallel for rf. Chip 
capacitors C1 and C2 perform the functions of rf 
coupling and bypassing, respectively, with low im- 
pedance over a wide frequency range. If chip 
capacitors are not available, small ceramic disks with 
zero lead length may be used. For good uhf measure- 
ment accuracy, construction of the rf sensor must be 
based on good uhf construction practices, with em- 
phasis on minimizing parasitic inductances by keep- 
ing all leads short. The rf paths through C1, either 
lamp, and C2 to ground must be as short as possible. 

The rf sensor is built on a small piece of double- 
clad glass-epoxy printed-circuit board 1 / 16 inch 
(1.5mm) thick as shown in the photograph. Both 
sides of the board were soldered directly to the 
rear of a BNC connector, with the connector center 
pin soldered to a pad approximately 0.105 inch 
(2.5mm) wide. This pad forms a 50-ohm microstrip 
transmission line leading to chip capacitor C1. One 
lead of both I1 and 12 is soldered to a small pad con- 
nected to the other end of C1. A small hole is drilled 
through the board at the ground lead of 12 so this 
lead can be soldered to the ground plane on both 
sides of the board. The opposite lead of 11 is soldered 
to the pad in the upper right hand corner in the 
photo. A dc feed wire is also soldered to this pad and 
chip capacitor C2 is soldered from the point of at- 
tachment of I1 across a gap to the ground plane. 

On the ground side of C2, another hole is drilled 
through the board and a wire is soldered through 
this hole to form a direct connection to the ground 
plane on the back of the board. The use of small fila- 
ment lamps with low parasitic inductance, and this 
method of construction ensure good performance 
into the uhf portion of the spectrum. (Warning: chip 
capacitor ends must be soldered quickly wi th 
minimum heat; otherwise tin-lead solder will rapidly 
leach away the metallization from the ends of the 
capacitors. 1 

The layout of the remaining dc portion of the watt- 
meter circuit is not particularly critical and was built 
on a Vector DIP padboard mounted on the meter 
terminals. The unit is housed in a 4 x 5 x 6 inch (10.2 
x 12.7 x 15.2cm) minibox. 

The lamps are operated at sufficient dc current to 
bring their series resistance to 200 ohms. If the lamps 
are reasonably well matched, the resistance of each 
lamp will be about 100 ohms, making the parallel rf 
resistance equal to 50 ohms. If two lamps identical 
to the one plotted in fig. 3 are used, each will dissi- 
pate about 7 m W  at a resistance of 100 ohms, for a 
total dissipated power of 14 mW. Thus, 14mW is the 
maximum rf power which can be measured in a 50- 
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ohm system with two such lamps. A highest scale of 
10 mW was therefore chosen for the wattmeter. 
Random drift establishes a practical limit of 10 pW 
for the most sensitive scale. 

To maintain their series resistance at 200 ohms, 
the lamps are operated in a bridge circuit consisting 
of R1, R2, R3, and the rf sensor. For best accuracy, 
R1, R2, and R3 should all be selected to be as close 
as possible to 200 ohms with R1 and R2 selected for 
best match, and R3 selected closest to 200 ohms. 

The voltage difference between the two legs of the 
bridge is sensed and amplified by U1, a yA741 or 
similar type op-amp IC. The capacitors in the feed- 
back loop of U1 form an integrator for very high dc 
gain and good stability. The output of U1 passes 
through diode CR1 to transistor Q1, the bridge cur- 
rent driver. Q1 is connected as an emitter follower, 
and supplies the necessary current to bring the 
bridge to a balanced condition. The 10k resistor 
across Q1 feeds a small residual positive bias to the 
bridge to ensure that the bridge will always come to 
balance with a positive potential, even though U1 
may initially turn on with a negative output. Diode 
CR1 prevents emitter-base breakdown of Q1 if U1 
turns on with a negative output. 

Following turn-on, the output of U1 will quickly 

become positive in response to the residual positive 
bias on the bridge. The voltage at the output of U1 
will continue to increase until enough current flows 
through the rf sensor to bring its resistance to 200 
ohms, at which point equilibrium is achieved. In 
practice, the bridge comes to  balance within a 
second or two of turn-on, with some overshoot due 
to the thermal lag of the lamps. 

The equilibrium voltage at the top of the bridge, 
VB, (3.50 volts in the unit shown) is fed to the 
metering circuit made up of U2A, U2B, and asso- 
ciated components. Range switch S2A selects one 
of the calibration resistors, R4 through R10. A meth- 
od for calculating the values of these resistors is 
covered in the calibration section. 

Op-amp U2A compares the voltage selected by 
S2A to a reference voltage established at pin 3 of its 
input. Since the full-scale voltage change in VB is 
only 1.1 mV for the 10 pW scale, the reference volt- 
age supply must be extremely stable and minutely 
variable. To establish a stable reference voltage, 
fet 02 is connected as a constant-current source 
feeding zener diode, CR2. Any fet having an loss of 
3 mA or more could be used for Q2. Alternatively, a 
5-volt, three-terminal regulator IC could probably be 
used instead of 02 and CR2. 

fig. 1. Schematic diagram of the 
rf wattmeter for 1 to 500 MHz.  
Fixed-value capacitors are disk 
ceramic except as noted; polar- 
ized capacitors are electrolytic or 
tantalum; resistors are % or % 
watt carbon composition types. Ih 

roo !A= 100 PF 

C1. C2 0.1 r F  chip capacitor or miniature leadless ceramic discap R18 5k trimmer 

11. 12 subminiature T-314 ~ncandescent lamp (Chicago Miniature type R19 2k trimmer 

CM2, CM30, or CM3102) R4-R10 (see table 1 of text) 

J1 BNC jack, flange mount S1 dpst toggle switch 

R15 min~ature 50k 10-turn pot 52 2-pole, 7-position rotary wafer switch 

,v. 

40 december 1977 

SZA 
25V 25V R I  n 

200 
R 2  

t 9 V  
zoo 

5 %  5 %  
IN914 

1 01 + 9 v  
2 N 2 2 2 2  

CRI 
7 -L&,,.+,, 

6 UI Ik 
lOh pA741 

IN914 

+ 9 v  r--------- 

I 
L ---------- J 

RF SENSOR 

6 8 PF 
;T- '5" 



Resistor network R11 through R16 divides the 
zener voltage down to the value required to match 
VB. TO get the required voltage resolution with a 
reasonable adjustment range, a miniature 10-turn pot 
was used at R15. If a 10-turn pot is not available, 
then both a coarse and a fine adjust pot must be 
used. Resistors R11 through R14 and R16 reduce the 
adjustment range of R15; this increases resolution. 
Resistors R11 through R13 are chosen to establish a 
reference voltage close to VB with the wiper of RT5 
disconnected. Resistors R11 through R13 also serve 
to maintain a fairly low impedance for the reference 
voltage. Resistors R14 and R16 are selected to re- 
'duce the adjustment range of R15, and to establish a 
residual voltage close to VB on the wiper of R15 
when the wiper is set at mid-range. 

Since the specified minimum open-loop gain of a 
single ~A741 op amp is marginally low for proper op- 
eration of the metering circuit, two op amps are con- 

Interior of the rf power wattmeter. All active circuits are 
installed on the perf board mounted on the meter termi- 
nals. The two incandescent lamps are mounted on the 
small section of printed-circuit board soldered to the BNC 
jack (lower left). 

nected in cascade. Op amp U2B supplies an addi- 
tional gain of 100 to the open-loop gain of U2A. A 
dual op amp, the MC1458CP, was used for U2A and 
U2B, though two pA741s could have been used or a 
quad 741 could have been used for the entire unit. 

The meter, MI, is connected in the feedback path 
of U2. Meter M I  is a 200 pA meter removed from an 
old vacuum-tube voltmeter. The action of U2 is to 
supply enough current through the feedback path 
to maintain the voltage at pin 2 of U2A equal to the 

VOLTAGE lMLTSl 

fig. 2. Current-voltage (I-VI characteristic of an incandes- 
cent lamp of the type used in the rf power meter. 

reference voltage at pin 3. Since the current flowing 
in pin 2 of U2A is negligible, the current in the feed- 
back circuit continues through the calibration resis- 
tor, RcAL, selected by S2A. This current has no ef- 
fect on VB because it is automatically compensated 
for by U1. By Ohm's law, the feedback current is 
equal to AV/RcAt where AV is the difference be- 
tween the reference voltage and VB. On all scales 
except the 10 mW scale, all feedback current nor- 
mally passes through meter MI .  Diode CR3 conducts 
when the feedback current is negative, preventing 
M1 from pinning hard in the negative direction when 
the circuit is negatively unbalanced. Resistor R17 
prevents M1 from being severely overloaded in the 
positive direction when the circuit is unbalanced 
positively. Resistor R17 is selected so that M I  
reaches full scale somewhat before the output of 
U2B saturates in the positive direction. Resistor R18 
and diode CR4 shunt some feedback current past M1 
on the high end of the 10 mW scale to linearize the 
reading. 

To allow portable operation, the unit is powered 
by two 9-volt batteries. Battery voltage sag following 
turn-on contributes some additional drift to the cir- 
cuit. The miniature transistor radio batteries shown 
in the photograph sagged excessively and have been 
replaced by larger 9-volt batteries (Eveready 246). 
For enhanced stability, somewhat higher battery 
voltage could be used followed by electronic regula- 
tors to 9 or 12 volts. If it is desired to power the unit 
from the ac line, regulated dc supplies are a must. 

The value of calibration resistance, RCAL, for any 
scale is determined by calculating A  V ,  the change in 
VB for a given applied rf power level. The total dc 
power dissipated in the bridge is given by VB2 divided 
by 200 ohms, the series-parallel combination bridge 
resistance. Since each leg of the bridge has 

decernber 1977 41 



equal resistance, the dc power dissipated in the rf 
sensor is 114 the total dc power dissipated in the 
bridge. The rf power applied to the sensor, Pfi, is 
equal to the difference in dc power dissipated in the 
sensor with no rf applied and the dc power dissipated 
in the sensor with rf applied, as expressed by 

where V R E  is the equilibrium voltage at the top of the 
bridge with no rf applied and AV is the change in 

Construction of the rf sensor showing the two incandes- 
cent lamps and chip capacitors C1, C2. Components are 
mounted on a small section of double-clad PC board which 
is soldered to the rear flange of the BNC connector. 

bridge voltage following application of rf. Solving the 
above equation algebraically for AV results in the 
following solution: 

A given desired full-scale rf power is used in eq. 2 
to determine a corresponding A V .  The required value 

tabla 1. Calculated values for calibration resistors for the rf 
power meter (V,, =3.5 volts. I,, =MO &I.  

p fl A V  RCAL 
10 WW 1.143mV R4 = 5.715 ohms 
30 r W  3.430 mV R 5 =  17.15ohms 

100 @W 11.450 mV R6 = 57.25 ohms 

200 PW 34.460 mV R7 = 172.30 ohms 
1 mW 116.200 mV R E =  581.10ohms 
3 mW 361.500 mV R9 = 1808.00 ohms 

10 mW 1.438 V 7192 ohms (see text1 

of RCAL for proper full-scale reading is determined by 
dividing A V  by IFS, the full-scale value of meter 
current. Table 1 shows the calculated values for the 
meter shown. Similar calculations should be made 
when duplicating the wattmeter, using the measured 
values of VBE and IFs. 

The equation for AV is the equation of a parabola. 
Thus, the meter current varies parabolically instead 
of linearly with rf power. On the low-power scales, 
however, the voltage varies over such a small sector 
of the parabola that for all practical purposes it is 
linear. On the highest scale, the deviation from 
linear becomes significant, and is such that when the 
meter is calibrated for an accurate full-scale reading, 
the indicated power will be less than the actual ap- 
plied power at levels below full scale. Table 1 shows 
that a resistance value of 7192 ohms is needed for 
proper full-scale calibration of the meter on the 10 
m W  scale. For accurate calibration near the bottom 
of the 10 m W  scale, a resistance 1000 times the value 
of the calibration resistor for the 10 pW scale, or 
5715 ohms, would be required. Therefore, without 
some form of compensation, readings made near the 
bottom of the 10 m W  scale will be only 79 per cent of 
the actual value, or 1 dB low. 

To avoid lettering a special nonlinear 10 m W  scale 
on the meter face, I used a compensation network. 
A compromise value of the calibration resistor R10 
was selected at about 6000 ohms to reduce the error 
at the low end of the 10 m W  scale. On the same 
scale, switch S2B connects the series combination 
of CR4 and R18 across M I  and R19. Toward the 
high end of the 10 m W  scale, CR4 begins to conduct, 
shunting the excess current past MI.  Variable resis- 
tor R18 determines the amount of current shunted 
away from MI, and variable resistor R19 determines 
the point at which diode CR4 begins conducting. 

Before adjusting R18 and R19, an accurate volt- 
meter is connected from the top of the bridge (at 
VB) to the reference voltage at pin 3 of U2A to read 
AV. A value of AV corresponding to a full-scale 
reading of 10 m W  (1.438 volt in the meter shown) is 
artificially established by adjusting the reference 
voltage level. Then R18 is adjusted for a full-scale 
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reading of the power meter. A A V  corresponding to 
a reading of 6 mW (0.7705 volt in the meter shown) 
is then set and R19 is adjusted for a reading of 6 mW. 

Since these two adjustments interact, they should 
be repeated several times until the meter reads both 
10 m W  and 6 mW. Linearization is now complete and 
the meter should be found to be quite accurate at all 
power levels. 

The adjustment of R19 has no effect on the cali- 
bration of the other scales, provided the output of 
U2B is not at saturation for full-scale deflection of 

POWER DISSIPATED fmWJ 

fig. 3. Plot of lamp resistance vs power dissipated in the 
lamp. 

M I .  Since the nonlinearity on the 3 mW scale is such 
that readings on the low end of this scale are only 5 
per cent low (-0.23 dB), no linearization was 
deemed necessary for this and lower scales. 

For most accurate results, the values of RCAL 
used for the lower scales should be as close to the 
calculated values as possible. Junk box resistors 
within a per cent or two of the desired values were 
selected using a digital ohmmeter. Where a proper 
value could not be found, a series or parallel combi- 
nation was used. 

The dB scale was added to the meter face so 
power could be read directly in dBm (dB with respect 
to a milliwatt) and so that losses and gains could be 
read out directly in dB. The scale position corre- 
sponding to each dB mark is given by 

where P is the relative scale position (with I =full 
scale) and X is the number of dB below full scale. 

procedure for use 
Following turn-on, the meter is allowed to stabilize 

and the desired scale is selected. In the meter shown, 

stabilization is almost immediate on the higher power 
scales; several minutes are required on the 10 pW 
scale before warm-up drift ceases. Once the meter 
has sufficiently stabilized, the zero adjust pot, R15, 
is adjusted for zero reading. The rf power is then 
applied and readings are made. Provided the lamps 
are not burned out, the meter will not be damaged by 
exceeding the maximum power for the scale select- 
ed. Since the lamps can safely dissipate 200 mW, a 
considerable margin of safety exists. Random drift is 
significant on the 10pW scale; thus the meter zero 
should be checked between readings for greatest 
accuracy when using that scale. 

measured performance 
Following calibration as described, the rf watt- 

meter was connected through one foot (30cm) of 
RG-58/U coaxial cable to the calibrated output of a 
Wavetek 3001 rf generator. Over the frequency range 
from 1 to 500 MHz, the generator power setting 
agreed to within 0.3 dB of the wattmeter reading at 
full scale on all wattmeter scales. The good agree- 
ment cannot be taken as a claim for wattmeter accu- 
racy, however, because the specified worst-case 
generator power error on the most accurate power 
range is only 1.25 dB. 

A t  432 MHz, the input swr of the wattmeter was 
measured at 1.6:l. When measuring power from a 
%-ohm source at 432 MHz, the resulting reading is 
calculated to be 0.24 dB low, due to reflected power. 
If the impedance of the source is adjusted to con- 
jugately match the load presented by the wattmeter 
and interconnecting low-loss cable, this source of 
error is eliminated. On lower frequencies, the swr 
and resulting mismatch loss are expected to be even 
less because the parasitic reactance of the lamps and 
fixtures will be lower. 

The wattmeter sees nearly constant use in testing 
rf circuits and devices of all types. Used directly, or 
with attenuators, it measures gains and losses. Used 
with directional couplers, hybrids, or rf bridges, i t  
measures reflected power, return loss, and standing 
wave ratio. Since the lamps are a high temperature 
50-ohm load, the wattmeter is also used as a noise 
generator for receiver rf amplifier tuneup and testing. 
In the few months since its construction, the watt- 
meter has become a virtually indispensable addi- 
tion to my test bench. 

references 
1.  Robert S.  Stein, W6NBI, "How to Use the Lab-Type Rf Power 
Meter," ham radio, April. 1977, page 44. 
2. Bruce Clark, KGJYO. "RF Power Detecting Devices," ham 
radio, June, 1970, page 28. 
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ALPHA... 
The Cool 
Kilowatt 

/ 
It's no trick to make a compact linear amplifier that'll The standard ALPHA 76 that ran key-down for 18 days 
put out a kilowatt or two . . . for a while. at 1000 watts d-c input was finally shut down for in- 

spection. It was in perfect shape, ready to go on in- 
What distinguishes ALPHA amplifiers from the rest is definitely. 
their ability to operate indefinitely at a full kilowatt av- 
erage-2 KW PEP-and stay cool. 

Every professional designer knows that heat is the arch- 
enemy of high power components. The keys to reliable 
amplifier performance are, therefore . . . 

26,000 minutes key-down at full ratings! That typical 
ALPHA performance illustrates why every model-in- 
cluding the value-packed ALPHA 76 and the No-Tune- 
Up ALPHA 374-can carry both a No-Time-Limit (NTL) 
full-power rating and an 18 month factory warranty! 

Robust, conservatively-rated parts 

Efficient operational design 

Carefully engineered cooling 

Short-cutting even one of these 
areas practically guarantees major 
failures! 

Every ALPHA is engineered around 
ETO's exclusive and highly efficient 
'ducted air' cooling system. Cool air 
is circulated around the power trans- 
former and throughout the cabinet, 
then ducted through the tube cool- 
ing fins and directly out of the cabi- 
net at the rear. 

SIMPLIFIED DIAGRAM, ALPHA 374 
DUCTED-AIR COOLING SYSTEM 

(TOP VIEW) 

WARY AIR 

(In shopping for a linear, it pays to 
investigateverycarefully. Most man- 
ufacturers do not provide positive 
cooling for critical power supply or 
plate circuit components. Some 
widely-distributed models have their 
transformers located in virtual 'heat 
chambers'-with even natural air 
convection cut off-and blow heated 
air (from the tubes) over other cir- 
cuitry before exhausting it forward!) 

Buying or home-brewing, either way 
you may pick up useful do's and 
don'ts from ETO's guide, "Every- 
thing You Always Wanted To Know 
About (Comparing) Linears . . ."- 
It's yours free for the asking. 

ALPHA: Sure you can buy a cheaper linear. . . but is that really what you want? 

.- 
d, a -... 1 

7 r - , C 

ALPHA 374 ALPHAIVOMAX ALPHA 76 --- ___, 
- - ' 

l No Tune Up. 80-1 0 meters! New split band speech processor l 2 . KW PEP, 160-1 0 meters 
0 2  KWPEP, 1 KWavg.. NTL can boost your "talk power" lOdb or l 1000 watts average, NTL 
l RF output typically 1200+ watts more when conditions get rough. l Full pi-L; harmonics -52db 

PEP into 1.5:l SWR Very low distortion, easy to install l Nominal efficiency over 60% 
l Harmonics -50db; IMD -30 db and use with any rig. Just 1 cu. ft.; 70 pounds. (Light- 
* 0.9 cu. ft.; 52 pounds 18 MONTH WARRANTY weight option, 50 Ib.) 
18 MONTH WARRANTY 18 MONTH WARRANTY 

CALL OR WRITE YOUR DEALER-OR ETO DIRECT-FOR DETAILED LITERATURE AND FAST SERVICE 
ON THESE AND ALL ALPHA PRODUCTS 

E l 0  Ehrhorn Technological Operations, Inc. 

P.O. Box 708 . Cafion City, Colorado 81212 . (303) 275-1613 



for free-running 
oscillators 

If you're bothered 
by warmup drift 

in your transceiver, 
here's a circuit 

that provides 
automatic compensation 

and uses 
readily available components 

The principle of drift correction of an oscillator can 
be used in receivers or transmitters to compensate 
for warmup drift. The principle can also be used in 
new designs using simple free-running oscillators in- 
stead of the more complex types that use heterodyne 
mixing or phase-locked loops. 

The idea is simple and straightforward. It can be 
best explained if you consider the operation of a fre- 
quency counter in which an oscillator frequency is 
measured. If the counter gate time is one second, 
and if sufficient displays are present, a 14-MHz signal 
could be displayed as 14.012.345 MHz. If, after the 
next measuring period, the least-significant digit 
changes from 5 to 7, for example, the oscillator fre- 
quency will have drifted 2 Hz high during that period. 
To counteract the drift, you could manually tune the 
oscillator back to its original frequency after each 
measurement. But there's a better way - read on. 

In the system described here, oscillator drift is 
compensated automatically. Only the last digit of the 
counter display is inspected after a measurement 
period. It is checked if the number is above or below 
a fixed value (5 in the example above). For values of 
6, 7, 8, or 9, a voltage on a varicap in the oscillator 
reduces the frequency; for values of 0, 1, 2, 3, and 4, 
the reverse action occurs. 

From this simple example it can be seen that: 

I 1. The oscillator frequency always varies at a slow 
rate around a fixed value. 

I 2. Stable points occur within 10 Hz from each other 
over the vfo tuning range. 

3. Drift and short-term stability of the oscillator must 
be within limits. In the example cited, the drift must 
not exceed a few Hertz per second, otherwise the cir- 
cuit can't compensate for the drift. 

4. The automatic correction should be very light. If, 
after one correction period, the frequency over- 
shoots too much, the remedy is worse than without 
the system. 

For proper operation the correction-circuit time 
constant must be rather long (but also short enough 
to counteract the "natural" drift). Because of the 
long time constant, tuning feels quite normal. After a 
manual frequency adjustment, the frequency will 
creep to its nearest "stable" point (actually an 
unstable point) and will remain there. Because these 
points are closely spaced you don't notice the opera- 
tion of the system by listening to a CW or ssb signal. 

i Note that, for correct operation of the system, the 
time base frequency doesn't have to be exactly 1 Hz, 
but the time base must be very stable. Thus the time 
base must be derived from a crystal oscillator. 
Counting can be in binary instead of binary-coded 
decimal format. 

circuit description 
The circuit is shown in fig. 1. Only one stage of a 

counter is required. A 74LS93 binary counter (U1) 
counts the oscillator frequency that is to be stabi- 
lized. This stage is preceded by a 2N709 transistor 

By Klaas Spaargaren, PABKSB, Ruischen- 
stein 29, Amstelveen, Holland 

decernber 1977 45 



( Q l )  to obtain sufficient sensitivity. About 100 mV of 
input signal is required. 

After each counting period, the value of the 23 out- 
put (Q,, pin 8, of U1) is stored in a D-type flip-flop, 
U2, (half of a CD4013) at the rising edge of the time 
base signal. The flip-flop output drives an integrator 
(U3) up or down, which in turn drives a varicap in the 
oscillator to correct the frequency. 

The time base frequency that actually deter- 
mines system stability is derived by dividing the 
frequency of a crystal oscillator. A 1-MHz 
crystal oscillates w i th  one input  gate of a 
CD4060, (U4), which also contains 14 binary 
dividers. In combination with a CD4020, (U5), these 
two circuits divide the 1-MHz frequency by 218 to 
about 3.81 Hz, so the stabilization points are spaced 
at 3.81 times 8 Hz, or 30.5 Hz. 

I found that FT241 crystals between 400 and 
500 kHz oscillate very well in this circuit. The 
total dividing factor should be 217 in that case, 
which can be obtained by using output pin 2 of 
U4 instead of pin 3, as shown in f ig. 1. 

The counter counts almost continuously. Just 
after the transfer of the state of the Q, output to the 
D-type flip-flop (U2), a short reset pulse is generated 
by the other half of the flip-flop (U6). To achieve this 
action, the clock input signal of U6 is delayed by 
R1C1. After the Q output is set, the flip-flop resets 
itself because the Q output is connected through 
R2C2 to its own reset input. The resulting positive- 
going pulse is about 0.5 microsecond duration (line 
3, f ig. 2). This pulse resets the 74LS93 counter to 
zero which starts counting again immediately 
thereafter. 

Worth mentioning is the long time constant of the 
integrator, which is formed by R3 and C3 (fig. 1). 
Capacitor C3 must be a low-leakage type, not an 

(: I O O m V  F R O M  
LOW I M P E D A N C E  
S O U R C E 1  

electrolytic. A polystyrene or polycarbonate type 
will do. 

The switches labeled UP and DOWN ( f i g .  
1) serve a dual purpose. First, after circuit switch-on, 
the integrator output can be brought into its range 
manually; but also, small frequency variations can be 
made by pushing the UP or DOWN button. So a 
push-button-controlled fine tuning is obtained, 
which is convenient if, for example, a CW signal 
slowly drifts out of a narrow CW-filter passband. 
(With this system installed you can be sure it's the 
other station that drifts.) 

The CA3140, a very convenient operational 
amplifier, is used because of its high fet input im- 
pedance. The integrator output signal can be 
monitored on a meter to verify that it's still within its 
operating range. The action of the varicap in the 
oscillator must be such that a 10-volt output variation 
of the integrator shifts the frequency about 3 kHz. 

construction 
The circuit was built onto a piece of Vero board 

and installed in my CW transceiver. A double- 
balanced diode mixer is used in my rig, so a high- 
level oscillator signal was available. 

The UP and DOWN pushbuttons were mounted on 
the transceiver front panel. The control signal was 
monitored in a particular position of the transceiver 
meter switch. 

Several prototype circuits were built using dif- 
ferent construction methods, such as mounting all 
components on a copper-clad board with the ICs in 
sockets, but mounted upside down so that the 
socket pins could be wired directly. All these proto- 
type circuits worked well, so the layout shown 
shouldn't be too critical. Just make sure that you 
avoid long wires between the ICs. 

DOWN 
I O I  

/ 
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/ 

/ 
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fig. 1. Circuit for vfo stabilization. 
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SPECSCA N-S Programmable Scanner 
.. . The ONLY Digital Scanner made for the IC-22s. It adds a whole new 
dimension to 2M FM. If any other accessory can make your IC-22s as ver- 
satile as the SPECSCAN-S does, Buy It! 

Scans the entire 146.147 MHz Band i n  15 kHz steps, 
automattcally, or manually 
Automat~cnlly reads out your other 21 channels when they are 
used 
Can be used as a remote programming unit with the radio hid- 
den under the seat, etc. 
Exclus~ve VARI.SCANTM control allows full control of scan 
rate rn either drrectronl 
Full compattb~ltty wtth the duplex mode. 
Uses state of the art CMOS log~c. 
Low current dram. Less than 500 mA. 
RF tmmune. Unaffected by nearby equipment and i n  high RF 
areas 
Large LED display lets you see every channel at a glance. 
Manual mode features lets you scan past any portion of the . band and manually select a desired channel. 
Easy ~nstallat~on Uses only one matrlx position leaving the 
other 21 useabie for manual programming. 
Plugs Into 9 ptn accessory socket. 
Adjustable scan delay feature 
90 day llmtted warranty 

ONLY I 4 9 ! 2 t e u r  Net 
S e n d  S.A.S.E. for  m o r e  S P E C S C A N  info. 

Our 1977 Convention Season is over, and we would like to thank the thousands who visited our 
booths. 
We have some new display units at reduced prices. Most of these were opened and shown at a 
convention and put back In their boxes All are new unlts and carry factory warranty 

Lbt Display 
List D ~ S P ~ W  ICOM 

ATUS IC 22s $ 299 $249 
Model 21 OX less blanker $679 f579 IC-202 $259 $220 
BRIMSTONE IC-502 $249 $21 0 
144 no warranty $650 $349 IC-215 $229 $189 
DENTRON 
160 10L/572B ampl~l~er $574 

KLM 
$499 Multt 2700 $756 $666 

DRAKE SWAN 
SSR I gen cov rcvr $350 $ 259 
MN 4 Anten~ia tuner $120 $105 700CX $649 $549 
TR 4CW w/RIT xcvr $799 TEN-TEC 

Tr~ton IV $699 $ 599 

Terms of Sale Cash no trade You may use your MASTERCHARGE or VISA Many Items are one-of-a-klnd 
We suggest your calltng ltrst loassure gettlng the unll you want 

See us at the SAROC Convention, Las Vegas, 
< @ $:;;; 

Nevada, January 5-8, 1978. 
If you have been hav~ng dlfftculty 

Thanks for your great response to our 1977 Buyers Guide. The ;g;;i?$rt;&Wattmeter element lust 
You may have been 

78 Buyers Guide will be available soon. Watch our ads to get ~;~:~$;o,'~o~","O~~~;e;e,"~;t;a;~: 
your NEW BUYERS GUIDE. you get what you want when you need 

~t Glve us a call first for your BIRD 

SPECTRONICS, INC. 
1 0 0 9  GARFIELD 

OAK PARK, IL. 60304 
3 1 2 - 8 4 8 - 6 7 7 7  

TELEX 7 2 2 3 3 1 0  

HOURS 
STORE HOURS: 

Mon-Thurs 9:306:00, Fri. 9:JO-8:M) 
Sat. 9:30-3:W. Closed Sun. & Hol~days. 

LYuY(awa e 



active bandpass filters - I 
some 

staggering thoughts 

Here's a rundown 
on stagger-tuned filters 

using op amps 
as active devices - 
great idea for many 

amateur applications 

Applications for active bandpass filters in the 
audio-frequency range can be found in every part of 
amateur radio. Audio selectivity for CW, speech pro- 
cessing for ssb, tone-detector filters for RTTY, and 
control-tone separation for fm repeaters are only a 
few of the uses. In this article you'll learn an easy 
way to design and build stagger-tuned operational- 
amplifier active filters to fit your requirements. All 
you need is one of the readily available hand-held 
scientific calculators (or some other method for 
calculating square roots and logarithms). 

Perhaps you've seen other types of active filters or 
filter designs using LC components. Why use 
stagger-tuned filters, and why use active filters? It's 
easy to build very narrowband audio filters by 
cascading, one after another, several identical simple 
filter sections. This may be adequate for some tasks 
but can often leave a lot to be desired in terms of 
transient response (ringing), peaked or narrow-nosed 
amplitude response, and poor skirt selectivity (shape 
factor). Conventional circuits using inductors can 

give excellent performance if well designed, which is 
often done with complex computer-aided design pro- 
grams. But inductors are often large and hard to 
tune. Many amateurs have been discouraged by the 
need to add or remove turns from the 88-mH toroidal 
inductors common in RTTY use. 

features 
The filters described here offer many advantages. 

They give amplitude response with flat or slightly rip- 
pled characteristics in-band. Out of band, they have 
excellent skirt selectivity and a shape factor that im- 
proves directly as more filter sections are added. As a 
bonus, the transient response is usually much better 
than narrow-nosed filters. Best of all, each stage can 
be tuned separately with no measurable interaction 
or detuning of the other stages - this is a real plus 
for experimenters. 

fig. 1. Typical stagger-tuned response. By choosing the cor- 
rect peak frequency, f,, and Q for each stage w e  get the 
response shown. 

f z  f o  11 fo = f o o o n ~  

I I I 8 W  I 3 d B )  . 622Hz 
0 - 

-10 - 

Now the bad news (which isn't really too hard to 
take). Stagger tuning requires that each stage pro- 
vide enough gain so that the sum of the stage gains 
is greater than that of the overall filter. This is 
because of staggering loss, of which you'll see more 
shortly. With op amp ICs and their large open-loop 
(no feedback applied) gain, this parameter turns out 
to be of little concern. Another problem is that if one 
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By Terry A. Conboy, WBGGRZ, 1231 Crest- 
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of the stages is out of tune, the filter response can be 
poorer than in designs that purposely introduce inter- 
action between filter sections, as in most LC designs 
or in leapfrog active filters, which are much more 
difficult to design. 

description 
The stagger-tuned filter is made of two or more 

stages, each having a different peak frequency, f,, 
with an associated Q (which may be the same as the 
Q of one of the other stages), and a certain amount 
of gain, G. The sum, in dB, of the gains versus fre- 
quency can be arranged to give a flat response over 
the band of interest. Fig. 1 shows how this happens. 
In the area between the two peaks one response rises 
as the other falls. By choosing the right f, and Q for 
each stage, we get the response shown. Note that, 
at the center frequency of the overall response fo 
(where the stages have equal loss), the net loss is 
twice as much (in dB). This is the stagger loss, S, 
which must be made up by the sum of the individual 
stage gains to give unity gain overall. Compare figs. 
1 and 2. Fig. 2 shows a two-stage nonstaggered or 
"synchronously tuned" filter response with the same 
3-dB bandwidth. Note the poorer skirts and the 
much rounder passband. 

I I I 
100 300 1000 3000 10000 

FREQUENCY (Hz1 

fig. 2. Response of a two-stage synchronously tuned filter 
(compare with the response in fig. 1). 

In the stagger-tuned filter, the shape of each stage 
response is of the classic single-resonator shape (the 
same as that generated by a single parallel LC circuit 
with a shunt resistance to define the Q). The 
amplitude response is defined mathematically (for 
those of you itching to use your HP-25) as follows: 

Eq. 1 is of interest only and is not necessary for 

I 
0 2 4 6 .8 10 12 1 4  I 6  

FRACTIONAL BANDWIDTH 

fig. 3. A two-stage Buttenworth filter showing a or d as 
functions of fractional bandwidth, 6. 

designing a filter. I t  can be used for analysis, 
however. You can find the response of each stage 
then add all responses together to find the overall 
filter response. One thing that's important to note is 
that the curve has geometric symmetry. All this 
means is that if the upper (x) dB-down point is two 
times the center frequency, then the lower (x) dB 
point will be at one-half f,. This relationship is ex- 
pressed by 

where fL is a frequency below fn with the same at- 
tenuation as fH, which is higher than f,. Note that f, 
is not the arithmetic average of f12 and fH. The resul- 
tant overall filter response will exhibit the same type 
of symmetry as the stages of which i t  is composed. 
So eq. 2 holds for the complete filter, where n 
is zero. 

Design procedure. In designing the filter, the first 
thing is to decide what type of filter is wanted. The 
Butterworth, or maximally flat filter, provides the 
flattest passband and a good skirt shape. The 
Chebychev or equal-ripple filter gives ripples in the 
passband (1 dB in the designs to follow), but in turn, 
it has very rapid cutoff of the band. Many other filter 
types are in use, but these two will serve you well. 

Next you must determine how many stages you 
want. This requirement is determined by  the required 
shape factor, with the other consideration being how 
much circuitry you want to build. High Qs and more 
precise tuning of the stages are also requirements of 
the higher-performance designs. 

Shape factor. To refresh your memory, shape 
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table 1. Shape factors for Butterworth and Chebychev filter 
designs. 

number o f  butterworth l-dB chebychev 
stages 3130dB 6160dB 313QdB 6160dB 

1 31.60 577.00 31.60 577.0 

2 5.62 24.00 4.70 20.8 
3 3.16 8.33 2.30 6.6 
4 2.37 4.90 1.75 3.5 
5 1.99 3.57 1.60 2.5 
6 1.78 2.89 1.30 2.0 

factor (also called selectivity ratio) is the ratio of 
bandwidth at a higher attenuation to the bandwidth 
at a lower attenuation. Most common is the 6 - 60-dB 

FRACTIONAL BANDWIDTH 

fig. 4. Three-stage Butterworth filter showing a or d versus 
fractional bandwidth, 6. 

shape factor. Table 1 shows this shape factor versus 
the number of stages for Butterworth and l-dB-rip- 
ple Chebychev filters. Also given is the 3 - 30-dB 
shape factor. 

After deciding the type and complexity of the 
filter, specify the lower 3-dB point,fL(? dB),  and the 

table 2. Approximations for fractional bandwidth, 6, equal 
to or less than 0.3 for Butterworth and Chebychev active 
filters. 

B u t t e w o r t h  
two-stage 

a1 = 1 +0.3656 
three-stage 

a1 = 1 +0.4506 
four-stage 

a1 = 1 +0.4856 
a3= 1 +0.1956 

Chebychev (1-dB ripple) 
two-stage 

a1 = 1 + 0.3656 dl =0.4336 

three-stage 
a1 = 1 +0.4506 dl = 0.2206 

upper 3-dB point, fH(? dB).  Then use eq. 2 to find fo. 
Next find 6, the fractional bandwidth. 

This parameter, 6, is the main design factor. It's used 
to find tuning data for each stage. Refer to figs. 3.4, 
or 5 for Butterworth filters of two, three, or four 
stages respectively. For a l-dB Chebychev filter of 

table 3. Design equations for two-, three-, and four-stage 
filters. Parameter a is the ratio of resonant to filter center 
frequency. 

for two-stage filters 

f1 = (fo)(al) f2=fo/a1 
Ql = l /d l  Q2= l / d l  

Gl = G2= (S + G0)/2 

for three-stage filters 

for four-stage filters 

two or three stages, see fig. 6 or 7 respectively. From 
the appropriate figure, obtain a* and d l  (and a3 and 
d3  for a four stage Butteworth). If your filter has a 
6 0.3, table 2 offers approximations for a and d, 
which usually give better accuracy than reading from 
the graph. Decide what overall gain, Go, in dB you 
want from the filter, then use table 3 to find the 
tuning frequency, the Q, and the gain for each stage. 

It's a good idea to organize the stages as given, 
with the highest-frequency stage first. (This mini- 

FRbCTIONAL BANDWIDTH 

fig. 5. Four-stage Butterworth, with a or d as functions of 
fractional bandwidth, 6. 
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fig. 6. A Chebychev two-stage filter (1-dB ripple) showing a 

or das functions of fractional bandwidth. 6. 

mizes harmonic distortion for the overall filter.) The 
higher-frequency stages have the lowest open-loop 
gain, which means that feedback will be less effec- 
tive in reducing the distortion in these circuits than in 
the lower-frequency stages. Putting the low-frequen- 
cy stages last gives maximum attenuation to any har- 
monics generated by the higher frequency stages. 

Multiple-feedback circuit. Now that you know 
what the stages must do, the only thing remaining is 
to design circuits with the requiredf,, Q, and G. For 
stages with low Q (less than 101, the multiple feed- 
back (MFB) circuit in fig. 9 performs well. Almost 
any op amp will work here, but depending on its 
bandwidth, limitations exist on maximum Q and 
maximumf,. 

The upper limit on Qfor the MFB circuit is given by 
the smaller of 

wherefT is ths frequency at which the op-amp gain 
equals zero dB (unity gain). The frequency, fn, 

should be limited to about 1 per cent offT (10 kHz for 
a 1 -MHz,fT amplifier, such as the type 741 1. 

These restrictions minimize the effects of amplifier 
gain on f, and Q, which ensures accurate calculation 
of these parameters and freedom from drift because 
of amplifier gain changes with temperature. 

The component values in the MFB circuit can be 
found easily. Choose convenient value of capacitor, 
C. The resistors are: 

FRACTIONAL BANDWIDTH 

fig. 7. Chebychev filter wi th  three stages (1-dB ripple) show- 
ing a or d versus fractional bandwidth, 6. 

Note that [ lO(G/20)  equals antilogIo(G/20)l, where G 
is the gain, as described previously. 

State-variable design. The limitations of the MFB 
circuit require that a higher-performance circuit be 
used in some cases. The state-variable circuit in fig. 
10 can do some amazing things. It can provide very 
high Qs (over 100) and is hard to beat for stability 
and lack of sensitivity to passive component drift. 
However, it does take two more op amps and four 
more resistors than the MFB design. 

There are several degrees of freedom in this 
design. Choose C, R2,  and R4 for convenience." The 
remaining resistors are found from 

'A "convenient" capacitor is one as small as possible that doesn't 
require overly large resistors. Choosing resistors too much above 
lOOk (for 741s or similar op amps) can lead to excessive dc offsets 
because of input-bias currents. Fet input op amps have extremely 
small bias currents and will tolerate resistors in the tens of 
rnegohms. 
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For the MFB circuit, capacitors wi th about 10 
kilohms of reactance are in the ballpark. For in- 
stance, at 1500 Hz, a 0.01 pF capacitor is suitable. In 
the state-variable circuit, capacitors of about 100k 
ohms of reactance can be used, such as 0.001 pF at 
1500 Hz. A reasonable value for R2 or R4 is between 
10k - 100k. 

Both circuits can be impedance-scaled if the 
calculations of component values reveal one or more 
values that are out of the desirable range. This means 
that all resistor values may be changed so long as all 
change by the same ratio, and the capacitors change 
by the reciprocal of that ratio. For example, if you 
find a 300k resistor where you'd like to have look, 
you can change it by making all the resistors one- 
third of their original value and by making the 
capacitors three times as large. In the state-variable 
circuit, R4 and R5 may be changed independently of 
the other resistors so long as the ratio R4:R5 is 
constant. 

design example 
The design procedure is used to create an input 

prelimiter filter for an RTTY demodulator (TU). We'll 

C H E B Y C H E V  [ I  dB1 

24 

C H E B Y C H E V  ( I  dB1  
2 S T A G E  

B U T T E R W O R T H  

I 
0  2 4 6  B 1 0  1 2  1 4  1 6  

FRACTIONAL BANDWIDTH 

fig. 8. Loss due to staggering, S, as functions of fractional 
bandwidth, 6, for various active filters. 

choose an overall gain of 30 dB to provide adequate 
drive to the limiter from normal speaker signal levels. 
To give flat response in-band and reasonable delay 
distortion (associated with the transient response), 
we'll choose a Butteworth design. For good selec- 
tivity a four-stage configuration will be used. For 170- 
Hz shift and 45.45 Baud (standard 60 wpm), the 

fig. 9. Schematic showing the MFB, or multiple-feedback 
circuit. 

CClR formula shows the bandwidth to be 246 Hz. To 
allow for tuning error and drift, a 300-Hz bandwidth 
at the 3-dB points will be used. The mark frequency 
is 2125 Hz; the space frequency is 2295 Hz. Thus the 
passband should be from , f L  = 2060 Hz to f H =  2360 
H z .  Eq. 2 gives 

f, = J (2060) (2360) = 2205 h5 

From eq. 3 we obtain the fractional bandwidth 

Since 6 is less than 0.3, use the approximations in 
table 2. 

From fig. 8 the loss due to staggering, S, = 18.2 dB 
and from table 3 we have 

f ;  = (2205)(1.066) = 2351 Hz QJ = 1/0 .0517= 19.3 

f2=(2205)(1.0265)=2263Hz &=1/0 .1252=  8 .0  

f 3  = 2200/1.0265 = 2148 Hz Q3 = 1 /O. 1252 = 8 . 0  

f4= 2205/1.066 = 2068 Hz Q4 = 1 /O. 051 7 =  19.3 

and G =  (18.2+ 30) /4= 12.05 dB (per stage). 

It's apparent that the state-variable circuit must be 
used for the first and fourth stages ( Q >  than 10 ) .  At  
2351 Hz a 741-type op amp is capable of 

Since the second and third stages have Qs less than 
this, the MFB circuit is usable. 

Let the capacitors in the state-variable stages be 
0.001 pF and the capacitors in the MFB stages be 
0.01 pF. Let R2 and R4 be 100k in stages 1 and 4. 
From eqs. 8, 9, and 10 we obtain the values for the 
first state-variable stage: 
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fig. 10. Schematic of the state-variable stage. 

105 R5 = 
(2)  (19.3 + 1012-05/20) = 2686 ohms 
- - - - - . - - - - -- 

(4)  (1 9.3 + 1 j  
106 

Similarly, for stage four, we find 

R 1 =  482k ohms 
R3 = 76.8k ohms 
R5 = 2626 ohms 

Now for stage two, using eqs. 5,6, and 7, 

The measured response of the filter before tuning 
is shown in figs. 11 and 12. The calculated response 
which is given for comparison, was generated using 
eq. 1 for each stage and then adding the four 
responses. 

Normally, filter sections will need trimming for fre- 
quency and/or Q. In many low Qfilters ( 6  0.31, 5- 
per cent tolerance resistors will give quite satisfac- 
tory results without trimming. The only penalty may 
be slight center frequency error and perhaps a small 
amount of skew in the passband frequency res- 
ponse. 

For the narrowband filters, and especially those 
with three or four stages, an audio generator, ac 
voltmeter, and frequency counter will help in trim- 
ming each stage independently to the required 
parameters. In the state-variable circuit, adjust both 
R3 values to set the center frequency, then use R5 to 
fix the Q. Remember Q is the 3-dB bandwidth 
divided by f,. For an MFB stage, adjust R3 to give 
the desired 3-dB bandwidth. Then adjust R2 to setf,. 
Varying R2 has virtually no effect on the bandwidth, 
which means the Q changes at the same rate asf,. 
After tuning the RTTY demodulator input filter, the 
overall response was essentially indistinguishable 
from the calculated response. 

components 
Generally, components should be the best you can 

get. Metal-film resistors and polystyrene or mylar 
capacitors are hard to beat, but may be overkill. Stay 
away from capacitors designed for bypass or 
coupling use; their tolerance is poor, as is their stabil- 
ity. Carbon resistors are usually adequate in all but 
the narrowest filters. For op amps, 741s are suitable 
(as are the 1458 dual versions and the quads like the 

R3 = 81 ~ ( 2 2 6 3 )  (0.01 x 10-6) = 112.5k ohms 

R2= --- I = 439.6 ohms 
[ZIT (2263) (0.01 x 10- (112.5k - -20 

And in the same fashion, for stage three, we have t 
R3 = 118.6k ohms 
R1 = 14.8k ohms 
R2 = 462.9k ohms 

construction 
The filter was constructed using two MC3303 quad -70 - \ ,  

1000 2000 3000 4000 

op amps. Combinations of one per cent resistors I .  Hr 

were used to give the calculated values within 0.5 per fig. Response as a function of frequency for en Rm in- 
cent or less, nominally. Polystyrene capacitors, 1 per put filter. Solid line: calculated; dots: measured data before 
cent tolerance, were used in all sections. tuning. 
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33031, when used within the limitations given above. 
The LM318 op amp gives much greater freedom from 
Qdrift (in the state-variable circuit) and,f, drift (in the 
MFB circuit). Some of the new wideband fet-input 
op amps, such as the LF356, should be excellent per- 
formers. When external frequency compensation is 
required, use the values specified for unity gain 
amplifiers. 

1 I 

PO00 2100 2200 2300 P40( 

fig. 12. Passband response of an R r r Y  input filter. 

When interfacing active filters, take care that the 
source impedance driving the filter is very low, i.e., 
less than 1 per cent of R1 in either circuit. Another op 
amp or a voltage follower provides an excellent 
driver. If the requirement for a low impedance can't 
be met, deduct the source resistance from the value 
of R1 in the first stage. 

You've seen an easy-to-use method for designing 
stagger-tuned active filters to your own needs, and 
have learned to avoid some of the possible pitfalls. 
Now you can replace that filter you borrowed from 
someone else's circuit that never did work exactly 
the way you wanted. 
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ham radio 

I W 2 e s  Seasons Greetings 

I to men of good w i N  eoergwherp 

NEW 2-Meter AMPLIFIER 

?Y* PREAMPLIFIER O e 
% the 2M10-80P *+$% sa 

Featum: 
Ten watts input - eighty watts output 

Harmonic reduction exceeds -60 dB to meet FCC 
R&O 20777 Specifications 

Variable T-R Delay for CW/SSB 

Functionally-Designed Extrusion Includes Mounting 
Lip 

Preamplifier Selectable Independently of Power 
Amplifier 

Automatic T-R Switching of Amp & Preamp 

Preamp gain: Nominally 11 dB 
Noise Figure: Nominally 2.5 dB 
(Including Relay Losses) 

Remote Control Head Available Separately) 

Introductory Price: . . . 
. . . Lunar Model 2M10-80P . . . $189.95 

Please a d d  $3.00 s h i p p i n g  a n d  handl ing.  

NEW Model DX-555P Counter-Generator 

I with prescaler 
Call us for immediate shipment and/a dcllrtry date. Uw your 

BankAmericard or Master Chaw. 

NEW 
Two, 
equ1r 

5 digit di5play 7 dlglt readout capa- 
bility. 10 Hz 'lo over 30 MHz (250 
MHz with orescaler). Input lewl 20m 
Vrms to 5 ~ r m s  (Prescaler 2OOm Vrms 
to 2 ~ r m s ) .  Baw oscillator beats di- 
rectly against WWV. 

Generator: 
440 kHz to 30 MHz in 3 r a w s  
Output displayed on counter and avail- 
able at jack on rear panel HZ 
modulation for AM receivers 

General: 
110 VAC fused supply 
Slze (in.) 2.3H x 6.3W x 8.50 

C o u n l  
v i t a l  

merit 

! e r a e n e r a t o r  
p ieces  of t e s t  
i n  one. 

T h e  DX 'J' ANTENNA: 
Gold.alod~ned aluminum 
radiators 
Requires n o  g r o u n d  
p l a n e  
VSWR typ. 1.31 (146- 
148 MHz) 
Handles 250 watts plus 

* Weight: 8 01. 
144, 220, or 440 MHz 
Models Your Choice 
Price 529.95 n 

Welght (Ibs.) 4.4 

MODEL DX-555P (to 250 MHz - incl. prrscaler) 5239.95 
Please add 43.00 shipping/handling. Model without p r c ~ a l e r  also 
available. 

C a l l f o r n ~ a  residents a d d  6%.  Order  today  a t  your  dea le r  o r  
d l rec t  f r o m  

Lou#-. N Anciaux WBBNMT 



on most 4,s and 6-element antennas, 
Only 3 elements at any one tlme on any 
one band are worklng. The rest are 
goofing off. 

so counting elements IS no way to 
judge an antenna. 

T ~ I S  3-bander uses every one of ~ t s  4 
elements all the tlme for maxlmum 
forward gain and maxlmum 
front-to-back ratio. 

And that adds up to an antenna mat 
works harder. With no Idle elements to  
Increase wlndage and bulk. 

A good reason why the TB- HA 
Is known both for performance 
and toughness. 

In fact, all of swan's beam antennas 
share a reputation for worklng harder 
for every dollar you Invest In them. 

Swan beams are precislon 
engineered for a full 2000-watt PEP 
rating and a VSWR of 1.5:l or better at 
resonance. And besldes optimum gain 
and front-to-back ratio, they're easy to 
Install and tune. 

Order a Swan beam today. Use your 
Swan credlt card. AppllCationS at your 
dealer or write to  us. Who needs 
antennas that goof off? 

Heavy-duty, four- Heavy-duty, three- ~ight-weight, two- Heavy-duty, two- 
working-element an- workingdement an- worklng-element an- working-element an- 
tenna for 10.15 and tenna for 10.15 and tenna for 10.15 and tenna for 40 
20 meters. S259.95 20 meters. 5199.95 20 meters. 5129.95 meters. $199.95 

DealerS tnroughout me wa(a 
a order dlreCt horn 

Swn AI. 
E L E C T R O N I C S  

A suar#harV ol c u m  c o r w a h m  
305 Alrgwf Road. Oceanslde. CA 92054 

(7141 757 7525 



Our new 4010V expandable 4-band 
antenna Is designed for the Operator 
who wants to straddle continents at 
a down-to-earth price. 

one reason the 4010V saves you 
money is because it's simpler. For 
example, i t  doesn't need a 
counterpoise. And it's easy to Install. 

The new 2000-watt PEP trap 
vertical comes in short lengths 
complete with mounting plate. So 
with easy set-up and no ground 
radials to contend wlth, you can't 
beat it for getting on the air fast 
when you're in the great OUtdOOrS. 

And it's also ideal for mobile hOmeS 

Then when you feel like exploring 
meters, expand your 4010V to flve 

\ youhinto a whole new world. 

1040V Vertlcal Antenna. 
But if you're interested In a more 
permanent Installation wlth one of 
the most effective verticals made, 
check out our 1040V. 

The rugged 4-band 104W trap 
vertical for 40 through 10 meters is 
well-known for completeness. 

When you open your 1040V box 
what you see is what you need. 

Like copper wire to make two 
counterpoise radial wires for each 
band, egg insulators and a base 
mounting plate. 

And when you're ready for75 
meters you can expand to flve bands 
with the Swan 75 MK kit. Which is 
noted for the same attention to 
completeness as the 1040V. 

Buy a Swan 4OlOV or 1040V 
expand-a-band-later vertical today. 

Use your Swan credit card and pay 
later, too. AppllCi3tiOnS at your dealer 
or write to us. 

4010V 4-band trap vertical 
antenna. $ 74.95 

75 AK 75-meter kit. $ 39.95 
1040V 4-band trap vertical 

antenna. $122.95 
75 MK 75-meter kit. $ 39.95 

(PrYces FOB Oceanslde, CAI 
Dealen throughout the world 

or order direct from 

SWAM, 
E L E C T R O N I C S  

\,\NEW 4010V VERTICAL ANTENNA. 
\\\ IT LOOKS AS GOOD TO 

b f i  YOUR POCKETBOOK AS 
/ A /  

k IT DOES TO YOUR 
'" \ , * \ 1). TRANSCEIVER. 



crystal-controlled 
p hase-loc ked 

receiving converter 

Circuit details and 
construction information 

for a converter 
that receives signals 

between 0-28 MHz 
when used with 

a receiver that tunes 
from 28 to 29 MHz 

Over the years many amateurs have traded their 
old, general-coverage receivers for shiny new "ham- 
band-only" models. We've gained in stability, sen- 
sitivity, selectivity, dial accuracy, and many other at- 
tributes; but we've lost on frequency coverage. Ex- 
cept for a few narrow windows to the outside world, 
we can listen only to each other. Those with interests 
outside the amateur bands have had to use a second 
receiver (frequently an old general-coverage job) and 
put up with drift, bulk, and lack of accurate calibra- 
tion. The XPL Converter, described here, is designed 
to work with a modern receiver to give the best of 
both worlds - extremely broad frequency coverage 
together with crystal stability and calibration ac- 
curacy. The converter receives all frequencies be- 
tween 0 and 28 MHz when used with a receiver tun- 
ing 28 to 29 MHz. Construction is simple, straight- 
forward, and inexpensive thanks to integrated 
circuits. 

description 
The XPL Converter consists of a wide-range tuned 

input circuit, 60 kHz to 28 MHz; a local oscillator 
with injection frequency switch-selectable in 1-MHz 
steps from 29 to 56 MHz; and a mixer circuit with 
output 28 to 29 MHz feeding the receiver as a tunable 

i-f amplifier. A block diagram is shown in fig. 1. 
Local oscillator output is taken from a vfo (vco), 
which is phase locked to a 100-kHz reference oscilla- 
tor through a counter chain preset by thumbwheel 
switches for band selection. The various sections are 
described in more detail later. 

An example may help clarify the frequency conver- 
sion technique employed in the XPL. If the vco is set 
at, say, 38 MHz, the tunable i-f range of 28 to  29 MHz 
will allow reception of signals from 38-29 = 9 MHz to 
38-28= 10 MHz. A 9330-kHz signal in this range 
would be received at 38-9.33=28.67 MHz. The re- 
ceiver tunes backwards, in that the low-frequency 
end of each range will be received at 29 MHz and the 
high end at 28 MHz. This turns out to be only a minor 
operating annoyance, however. Low-side injection 
could be used for forward tuning but only at the sac- 
rifice of tuning range at the upper end. 

The vco is phase locked to the reference crystal, so 
the local oscillator is of crystal quality as far as accu- 
racy and stability are concerned. Any input frequen- 
cy can be precisely located and will be stable within 
the accuracy and stability of the receiver on the 10- 
meter range. For most-modern receivers, this means 
1-2 kHz accuracy and a few hundred hertz drift on 
warmup. What a difference from the old general- 
coverage boat anchors! 

1 input circuitry 
Input-circuit details are shown in fig. 2. A single- 

tuned circuit provides input selectivity for the XPL. 
Six switch positions cover 60-150 kHz, 150-450 kHz, 

, 450-1400 kHz, 1.4-4.5 MHz, 4.5-10 MHz, and 10-30 
MHz. The four high-frequency ranges use a commer- 
cially available coil set having high-impedance bal- 
anced antenna windings. On the two low-frequency 
ranges pi-section single-ended input circuits are used 
with rf chokes for the inductors. Tuning is by a mini- 
ature broadcast superhet variable capacitor having a 
total capacitance of about 560 pF with the two sec- 
tions in parallel. 

Two input traps are used: a balanced lowpass filter 
to eliminate TV/fm pickup and a series-resonant 

'By Keith H. Sueker, WSVF, 110 Garlow Drive, 
Pittsburgh, Pennsylvania 15235 
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trap to eliminate overload from any one broadcast 
station. Additional suppression measures may be 
required in unusual situations. 

There's no need to conform to the input circuit 
shown. In fact, the antenna tuning section from a 
scrapped general-coverage receiver could be used to 

I N P U T  
M I X E R  

O U T P U T  I - F  
T U N I N G  2 9 - Z B m H z  

L O C A L  

2 9 - 5 6 m H z  
( 1  m H r  S T E P S  l 

fig. 1. Block diagram of theXPL converter. 

related frequencies is to divide the controlled- 
oscillator frequency by programmable digital dividers 
before phase comparison to the reference frequency. 
If the oscillator frequency is divided by, say, 24 be- 
fore the comparison is made, the effect is to lock the 
oscillator to the 24th harmonic of the reference 
frequency. In XPL, a fixed divide-by-ten and two 
programmable divide-by-n counters are used to 
enable lock from the 290th harmonic to the 560th 
harmonic of the 100-kHz reference frequency in 
steps of 1 MHz. 

oscillator and phase comparator 
Fig. 4 is the schematic for the reference oscillator 

and phase comparator. A 7400 quad NAND gate is 
used with a 100-kHz crystal to generate the reference 
frequency. There's no special merit to this scheme 
other than simplicity, and any convenient oscillator 
circuit could be used so long as it provides TTL out- 
put levels. In the circuit shown, the 0.0047 pF 

handle the high-frequency end of the range. The low 
capacitor at the input to the last gate was necessary 

end can be extended with larger inductors. but the to eliminate a double-pulsed output to the phase 
tuning range for each band will be quite limited be- 

comparator. 
cause of distributed capacitance in the coils. Two 

A Motorola MC4044P phase-lock chip was chosen 
additional coils, however, will allow tuning to about 

because it offers TTL logic, a nonharmonic-sensitive 
15 kHz. 

local-oscillator system 
The heart of XPL is the local oscillator. This circuit 

consists of a voltage-controlled oscillator (vco), pro- 
grammable divider chain, crystal-reference oscillator, 
and phase comparator. A block diagram is shown in 
fig. 3. 

Phase-locked-loop operation has been well des- 
cribed in the literature, but a quick review may be 
worthwhile. A phase-locked loop is a feedback con- 
trol system that measures the phase difference 
between two frequency sources and generates an 
error voltage that changes the frequency of one fre- 
quency source until the two sources are in phase 
synchronism. For continuing phase errors, the phase 
detector will function on frequency difference and 
steer the system into phase lock. 

Two basic systems can be used to generate a 
selectable series of integrally related frequencies. If 
the phase comparator is sensitive to reference- 
oscillator harmonics, the controlled oscillator can be 
directly locked to a selected harmonic by first tuning 
it manually to a nearby frequency, then allowing the 
phase detector to lock up. This is the system used in 
several commercial receivers. The only objection 
from a construction point of view is that i t  requires a 
manually variable oscillator with dial calibration suf- 
ficient to resolve adjacent harmonics. A lock indica- 
tion is also useful in identifying the proper harmonic. 

A more direct way of generating the integrally 

I N P U T  B A N D S ,  m H z  
A  . O S  - .15 
B  1 5 - 4 5  
C  4 5 - 1 . 4  
D  1 9 - 4 5  
E  4 5 - 1 0  
F 1 0  - 3 0  

, . , . 
C O I L S ,  J W M I L L E R  rb-b-bl c D ~ - 5 4 9 5 - ~  9 - 5 4 9 5  - A  

A1 G A 2  E  C - 5 4 9 5 - 1  
F D - 5 4 9 5 - 1  

fig. 2. Input-circuit schematic. 

comparator, and some internal auxiliary transistors. 
Also, its use in synthesizers has been described in 
recent articles. 

Output from the MC4044P is buffered by an exter- 
nal 2N5457 fet follower and the internal emitter 
followers. The comparator has unity gain from the 
phase detector to the output. An active filter is 
backed up by two poles of rolloff for loop stability 
and high 100-kHz ripple attenuation. The reference 
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oscillator and phase comparator are supplied from an 
on-board regulator that provides both isolation and 
filtering. 

voltage-controlled oscillator 
The voltage-controlled oscillator in the XPL (fig. 5) 

uses a Motorola MC1648L ECL chip designed for this 
service. Spectral purity requirements preclude a 
voltage-controlled multivibrator, so this chip was 
used with an external high-Q toroidal inductor and a 
Motorola MV1401 variable-capacitance diode or 
varicap. Since ECL has a very low logic swing, an 

I O O k H z  I R E F E R E N C E  I 
O S C I L L A T O R  

7- T O  M I X E R  

P H A S E  
D E T E C T O R  

V O L T U G E  

LOW E N D  O F  R E C E I V E D  
F R E Q U E N C Y  RANGE 
f = N l + I O x N 2 m H z  

U N I T S  M A T R I X  

M A T R I C E S  
+ 2  O R  +3 

T H U M B W H E E L  
S W I T C H E S  

fig. 3. Local-oscillator block diagram. 

output translator, 2N4403, is used to regenerate the 
TTL signal level. A t  this point you might ask whether 
the ECL chip is worth the effort. The answer is a 
qualified "Yes," since it functions from a two- 
terminal tank circuit and eliminates the need for 
fussing with feedback in a transistor oscillator. 

The MV1401 varicap is rather expensive (in the 
$9.00 range), but it has a guaranteed 3:1 tuning 
range and high 4. This application requires only a 2:l 
range, but allowances for temperature variation com- 
ponent tolerances, and other considerations make it 
necessary to have some overrange. Less-expensive 
limited-range diodes could be used, but they would 
require changing fixed capacitors to cover the tuning 
range for the vco. The inductor is a T-25 mix 6 toroid 
with four turns of no. 22-28 AWG (0.6-0.3mrn) 
enameled wire. 

An output to the mixer is taken directly from the 50 
ohm vco output at pin 3. For the TTL counters, 

however, the swing is wrong. The sum of one diode 
drop and a base-emitter drop from the 5-volt-supply 
rail places the 2N4403 base voltage in the ECL logic 
voltage range. The 2N4403 collector voltage swings 
from 0.5V to about 3.5V to drive the counter. A 22- 
ohm base-emitter resistor aids junction recovery and 
cleans up the output waveform. 

The entire vco section is quite susceptible to hum 
and modulation disturbances. For this reason, a 
separate voltage regulator is again used. The vco 
should be located well away from transformer fields 
or ac power wiring. 

programmable counters and translators 
This circuit is shown in fig. 6. Before getting into 

counter details, a related matter must be considered. 
The count set into the preset counters must always 
be 29 (MHz) higher than the bottom end of the input 
tuning range, so that the switches can read input 
range directly. This requirement leads to the neces- 
sity of translating switch settings to the counters. 
Table 1 summarizes the required relationships. If 
decimal switches are used, the offset of minus 1 in 
the units digit can be provided by simply rewiring into 
the decimal-to-BCD diode matrix, as shown in fig. 6. 
Note, for example, that a switch indication of 4 is 
translated to BCD 1 + 2 = 3, which is 4 minus the re- 
quired one unit. The 390-ohm resistors establish a 
TTL logic zero for open-switch positions. 

The tens digit is somewhat more messy. Switch in- 
dications must be translated up by 3 except when the 
units position is zero, which requires an up- 
translation of only 2. Thus, 00 goes to 29, 01 goes to 
30, 10 goes to 39, 1 1  goes to 40, and so on. Since a 
zero-units digit is translated to a 9 in the output, the 
presence of this 9 can be used to change the tens 
digit to an output lower by one integer. 

Two sections of a 7400 quad NAND are used to ac- 
complish this magic. A decimal-to-BCD diode matrix 
with an offset of + 3  is used in conjunction with a 
second matrix with offset of + 2. The proper matrix 

table 1. Relationship between switch settings and counters. 

input 
range 

0-1 
1-2 
2-3 

9-10 
10-11 
11-12 
12-13 

19-20 
20-21 
21-22 

27-28 

switch 
readings 

ten units 
0 0 
0 1 
0 2 

0 9 
1 0 
1 1 
1 2 

1 9 
2 0 

2 1 

2 7 

counter 
presets 

ten units 
2 9 
3 0 
3 1 

3 8 
3 9 
4 0 
4 1 

4 8 
4 9 

5 0 

5 6 
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Returning now to the counters, a high-speed 

! 7419618290 is used as a divide-by-10 prescaler to get 
the signal into TTL frequency range. This unit has a 
typical toggle frequency of 75 MHz and handles the 
56-MHz maximum input with little effort. The pro- 
grammable counters, 74192s, are preset by their 
respective diode matrices. Both are operated in the 
countdown mode and are cascaded and loaded 
through the borrow outputs. 

Counter operation is as follows: The C, output of 
the 7419618290, pin 2, goes high once every ten in- ~ put pulses from the vco. Each output pulse causes 
the units 74192 to count down by one count. When 

L the count reaches zero, the borrow output goes low 
between pulses and causes the tens 74192 to count 
down by one count. It, too, generates a borrow pulse 

Looking down on the XPL converter. Components and 
wiring are shown on top of the chassis. 

is chosen by clamping diodes from the two 7400 out- 
puts. If a units 9 is present, the 9 bus is high and the 9 
bus is low. Under this condition, the + 3  matrix 
diodes are clamped low, and the +2 matrix diodes 
are released. For units digits other than 9, the situa- 
tion is reversed. 

Those familiar with counter techniques may im- 
mediately conclude that this is the long way around 
the barn, and so it is. A simpler solution to the 
translation would be to use a precounter set to 29 to 
delay activation of the programmable counters until 
the first 29 counts have passed. However, this re- 
quires two more counter chips, involves a clock gate, 
and is more difficult to troubleshoot if problems 
develop. The approach shown was devised with the 
less-experienced builder in mind, since trouble- 
shooting of the diode matrices can be done with a 
vtvm. 

after reaching zero, and i t  is this pulse that's used to 
reset the system. The borrow pulse from the tens 
counter is used to load the preset number into each 
counter. 

As an example of operation, suppose the thumb- 
wheel switches are set to 08 (8-9 MHz range). The 
units counter will be preset to a count of 7 (8-1 1 and 
the tens counter to 3 (0 + 3). Following a reset pulse, 
the units counter will count down one count every 
ten vco cycles and first generate a borrow pulse after 
70 vco cycles. 

After this first 70 cycles from the reset pulse, the 
counter will again generate a borrow pulse every 100 
vco cycles. Each of these borrow pulses causes the 
tens counter to count down by one count from its 
preset of 3 and to generate its own borrow pulse 
after 70 + 100 + 100 + 100 vco cycles. The tens 
counter borrow and reset pulse thus occurs 370 vco 
cycles after the first reset and then immediately 
resets the counters again. 

The tens counter borrow output frequency is equal 

I. 
fig. 4. Reference oscillator and phase-comparator schematic. 

R E F E R E N C E  O S C I L L A T O R  P H A S E  COMPARATOR 
7 4 0 0  M C 4 0 4 4 P  
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fig. 5. Voltage-controlled oscillator schematic. 

to  the vco frequency divided by (10xU + 100xT), 
where U and T are the units and tens presets respec- 
tively (7 and 3 in our example). 

The tens-counter borrow output is also used to 
feed the phase comparator so that the vco frequency 
is locked to 10x7+ 100x3=370 times the reference 
frequency of 100 kHz. The vco is thus locked at 37 
MHz, which is the required local-oscillator injection 
frequency for receiving 8 MHz with a 29-MHz i-f. 

Resistor values shown for the diode matrices are 
fairly critical. Germanium diodes would provide more 
margin, but the circuit works well as shown. If the 
same nominal values are used, no problems should 
be experienced. Power for the counters and trans- 
lators is provided by still another 5-volt regulator. 
This system draws several hundred milliamperes and 
may need a regulator heat sink. 

mixer 
A dual-gate, diode-protected mosfet is used for 

the mixer (fig. 7). The 40673 has good intermodula- 
tion characteristics and is simple to use. Output from 
the drain is taken through an output transformer, 
broadly resonant at 28.5 MHz, which provides a low 
impedance output to the receiver. This stage is 
powered directly from the 9-volt power supply, since 
decoupling is not a problem. An output switch pole 
allows the receiver input to be connected to the con- 
verter or to a high-frequency antenna. A second pole 
is used to ground the high-frequency antenna to 
minimize pickup when the XPL Converter is in use. 

power supply 
All operating power for the XPL is derived from a 

12-volt transformer and bridge rectifier at about 10 
volts (fig. 8). A 2N3055 is used as an active filter to 
reduce ripple. This transistor is much larger than re- 
quired, but it's cheap, readily available, and needs no 

heatsink. If the 9-volt rail is not reasonably clean, the 
received signal may be hum modulated. Ac input is 
switched by a third pole of the IN-OUT switch, and a 
pair of 0.02 pF capacitors are used for line bypassing. 
Note that these capacitors should have 600-volt 
ratings. 

construction 
Each circuit section was built on a separate 

printed-circuit board for easy testing and debugging. 
There's no real need to do this, however, and a single 
PC board might be easier to handle mechanically. 
The layout shown is also more compact than 
necessary. The entire unit could be built on perf 
board if generous ground conductors are used. 

Coax cable should not be used for interconnecting 
circuits except for the vco output to the mixer, mixer 
output to the receiver, and input from the hf anten- 
na. Other leads should be run in twisted pairs of no. 
22-26 (0.6-0.4mm) hookup wire to minimize shunt 
capacitive loading on the TTL gates and to reduce in- 
ductive pickup in the phase-comparator circuitry. 
Coax cable should not be used in the input circuit, 
since the high capacitance of this cable could ap- 
preciably decrease the tuning range. 

The 28.5-MHz output coil was a junk-box relic of 
unknown parentage. Any coil with a turns ratio of 
about 5.1 with a slug capable of resonating at 28.5 
MHz will do. An inductance of about 3pH is required. 

Most of the parts for the XPL are available from 
surplus houses or other ham radio and QST adver- 
tisers. The MC4044P, MC1648L, and MV1401, how- 
ever, will probably have to be ordered from a fran- 
chised Motorola distributor. Total cost is about $20 
for these items. 

The individual regulators were Motorola types, but 
various National LM-series are equally satisfactory 
and widely available. The 2N4403 transistor can be 
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replaced with almost any high-frequency pnp tran- 
sistor. Similarly, the 2N5457 can be replaced by other 
N-channel jfet devices, such as the MPF102 series. 

All signal diodes should be 1N414811 N914 or 
similar silicon computer diodes. As mentioned 
earlier, germanium diodes can be used in the diode 
matrices if desired. Power diodes are low voltage, 
plastic-lead-mounted types. 

Capacitors can be ceramic units except for the 
antenna input capacitor (560 pF) and the vco 1500-pF 
capacitors which should be of low-loss polystyrene 
or mica construction. 

The entire counter and phase-lock system could be 
designed around CMOS circuitry except for the vco 
and the prescaler. CMOS chips are not widely 
available in surplus outlets but are rather inexpensive 
when purchased new. Power supply current could be 
considerably reduced by shifting to CMOS, and the 
diode translators could be run at a much higher im- 
pedance level. 

adjustments and troubleshooting 
The power supply forms a logical first item if the 

XPL is built in steps. Output voltage must be at least 

T R A N S L A  TORS D I V I D E R S  

fig. 6. Schematic of the XPL programmable counters and translators. 
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fig. 7. Mixer  schematic. 
d 

7 volts to allow the individual regulators their re- 
quired 2-volt input margin over 5-volt regulated out- 
put voltage. Frequency calibration of the reference 
oscillator can be done by zero beating with WWV or 
with WCFL, Chicago, on 1000 kHz. The vco should 
be checked for range by coupling a grid-dip oscillator 
to the toroidal coil. An input of 0.5 to 3.5-volts 
positive, derived from a separate source, should 
drive the vco from 25 to 60 MHz or so. If the frequen- 
cy range is off, toroid turns may be trimmed or the 
1500-pF capacitor value changed to suit. Input-coil 
slugs should be adjusted to allow coverage of all in- 
put frequencies with a bit of overlap. 

Operation of the translators can be checked with a 
vtvm. Logic zero must be 0.8 volt or less, and logic 1 
must be 2.4 volts or more - standard TTL levels. 
Preset counter operation can be checked with a trig- 
gered oscilloscope and a low capacitance (lox) 
probe. The 74196 output pulses will be visible on 
most inexpensive scopes. 

operation 
For best results, a good antenna system should be 

used with the XPL. One of the best is an 80-meter in- 
verted V or dipole with open-wire feeders. Except for 
those few frequencies at which the antenna happens 
to be an odd number of quarter wavelengths long, its 
impedance wil l  be quite high. Thus, the high 
capacitance of a grounded coax antenna feeder 
would result in serious signal attenuation. A simple 
long-wire antenna can be used if the end is brought 
directly to the XPL input terminals. If a separate 

P O W E R  S U P P L Y  

Z N 3 0 5 5  

u 
fig. 8. Power-supply schematic. 

C O N V E R T E R  
O U T P U T  
5 0  O H M  

H F  A N T E N N D  

0 S I B  

antenna system isn't available, any ungrounded 
antenna feeder system can be used by connecting 
either lead to the A1 antenna terminal. Terminal A2 
should be grounded for single ended inputs. 

The input circuit should be calibrated at least 
roughly so you can be sure the desired signal is being 
peaked. The input circuit provides the only rejection 
for 10-meter signals present on the antenna. Above 
about 15 MHz, this rejection may be inadequate to 
prevent strong 10-meter signals from coming directly 
through the mixer to the i-f. A resonant trap or a 
loosely coupled input circuit can be added if this 
problem proves troublesome. A balanced mixer 
would reduce the feedthrough, but the added com- 
plication seemed unnecessary. I suggest this as an 
alternative approach for those interested in ex- 
perimentation. 

final remarks 
The XPL Converter has been fun to use. Broadcast 

stations pop up exactly where they are supposed to 
be. The Selected Cities Weather Summary, broad- 
cast from Miami on RTTY has been interesting to 
print and peruse. WWV is available on all frequencies 
for calibration or a check on propagation conditions. 

Aviation weather and general information is broad- 
cast on the local low-frequency range station. Every 
international shortwave band can be received. Inter- 
national air-route traffic control from Miami and New 
York can also be monitored. And, near the top end, 
you can even listen to CB operations. 
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RTTY Can Be Easy! 
Have You Wondered . . . 

What Owning a RTTY Station Would be Like? 
Have You Thought.. . 

About Finding Out but Didn't Know Who to Ask? 

ASK THE GUYS AT HAL! 
Our 5<1lc\ and servlce staff will be happy to asstst you Answers to common R T l Y  questions are featured 
In your cholcc of RTTY equ~pmcnt . answcr qucstlons In t hc center fold of our ncw amateur radlo catalog 
,~t)out RTTY. < ~ n d  prov~de assistance 11 problems d o  Such questions a s  "What d o  I need": "How d o  I hook 
orlse In ,lddltlon, all HALamateur RTTY equipment 11 up'>", and "What frequencies d o  I use?" are dls 
manuals ran he purchased for $10 00 each for an cussed Technical polnts concerning R r r Y  pulses. 
c~dvclnct, look (<~ppl~cahle to future purchase of thnt FSK and AFSK, and h~gh  tones vs low tones are  
unit ) covered 

Wr~l(% ~od,iv for HA1 "5 new rnt,tloqclrid RTTY guldv and dlsc.ovrr how much fun RTlYcan he 

HAL COMMUNICATIONS CORP. 
Box 365 
Urbana, Illinois 61801 
2 17-367-7373 

For our European customers 
see HAL equtpment at: 

K r  hrw & C<> H.>~nnt,vrr 
I C C ln t r r rh  C D .  Iit\umr 
Prmwlrk Sfitvrn\. Hnndvn. Swrdcw 
R.~ds, Sh.,c k 1 - 1  I ,~nd,rrl 

\ 

66 december 1977 More Details? CHECK-OFF Page 150 



A Component System 
for RTTY 

Active amateur, short wave listener, beginner, or old-timer-you'll enjoy RTlY with the HAL 
component system. Shown above are our ST-5000 Demodulator, RVD-1005 Visual Display Unit, and 
DKB-2010 Dual-mode Keyboard. The RVD-1005 is a time-proven display generator that converts 
BAUDOT coded RTTY pulses into a video display. It receives the 4 standard RTTY speeds (60,66,75, 
and 100 words per minute) and generates a 25 line, 40 characters per line display. The low-bandwidth 
video output can drive either a TV monitor or a modified TV Set (power transformer and video 
connection required). The DKB-2010 will transmit these same four RTTY speeds a s  well a s  MORSE 
code at 8 to 60 wpm. The DKB also features N-key rollover,adjustable CW weight, HEREISmessage, 
and internal CW side-tone oscillator. The 3-key standard buffer can be extended to 128 keys with the 
EMO-128 buffer option. The ST-5000 is the newest of HAL'S line of RlTY equipment, offering 2-shift 
operation with high-performance active filter circuitry. It also has built-in AFSK oscillator and loop 
supply and can be factory tuned for either the "High" or "Low" frequency tone pairs. Autostart and 
printer control circuitry make the ST-5000 ideal for both electronic and mechanical RTTY terminals. 
For a high-performance and cost-effective RTTY station, the RVD-1005lDKB-2010/ST-5000 com- 
bination is hard to beat! 

ST-5000 RVD-1005 DKB-2010 
170 and 850 Hz Shift 4 R r r Y  Speeds Baudot RTTY & Morse Codes 

Low or High Tones ( a , & ,  75,100 wpm) 4 RTTY Speeds (60.&,75,100 wpm) 

Integral Tone Keyer Crystal Controlled Crystal Controlled 

Active Filters Baudot RTPI' Code 8 to 60 wpm Morse Code 

Autostart Unshift.on.Space Programmable HERE IS message 
(Switch Selectable) 

Meter Tuning Indicator N-Key Rollover 
Loop or RS-232 Input 

Internal Loop Supply 3-Key Buffer Standard 
40 Character Lines 

Attractive, Small Cabinet (128 Key with 128 EM0 option) 
25 Line Display 

High-gain. Wide-bandwidth Limiter Table or Rack Cabinet 
Quick Brown Fox test message 

For either HF or VHF operation Automatic FIGSILTRS for RTPI' 
Use with modified TV Set 

120/240V, 50160 Hz Power Internal CW Sidetone Oscillator 
1201240V. 50160 Hz Power 120I240V. 50160 Hz Power 

RVD.1005.. . . . . . . . . . . . . . .  $395.00 
. . . . . . . . . . . . . .  (Specify Table or Rack Cabinet) DKB-2010.. $395.00 

ST-5000 $275.00 RVD-2110 Quasar TV . . . . . .  $150.00 (Specify HERE IS message) ................. 
. . . .  (Specify High or Low Tones) (Shown above) EMO-128 Buffer Option $ 85.00 

Write for our new catalog and RTTY guide 

HAL COMMUNICATIONS CORP. 
Box 365 
Urbana, Illinois 61801 
217-367-7373 

For our European customers 
see HAL equipment at: 

Ruhrer & Co.. Hannower 
I E C Interelco. B~swne 
Prlrnelek Systems. Handen. Sweden 
Radlo Shack 01 London 

More Details? CHECK-OFF P a g e  150 decernber 1977 67 



short circuit 
R l T Y  time/date printout 

An important point was missed in 
table 1 of the RTTY printout article 
which appeared in June, 1976, ham 
radio. Pin 4 of U15 should not be 
grounded but should have the ap- 
propriate BCD information for the 
tens of minutes digit. 

As shown, the ten, minutes digit 
will only display up to 39 minutes in- 
stead of 59 minutes. In fig. 4A, pins 6 
and 7 of the 7490s must be grounded; 
otherwise the circuit will only print 
the 19th as the date. 

Advancing the date by moving the 
clock is a very tedious process. Over- 
shooting will mean doing the entire 
thirty days over again. The diagram 
below shows a circuit that will permit 

TO U14 TO PIN 14 
PIN 6 OF 7490 

IN FIG 4 A  
MARKED TI1 

you to advance the date by one day 
with the flip of the switch. When the 
date resets at the end of the month, 
flipping the switch will advance the 
clock to 01, much easier than advanc- 
ing the digital clock a complete 24- 
hour period. Note that this advance 
circuit is designed to work with a low 
input so the date advance must be 
done before 2000 hours. 

pi network design 

direct output synthesizer 
for two meters 

In fig. 4 of the direct output syn- 
thesizer in August, 1977, ham radio, 
the lines connected to pins 10 and 8 
of U3C have been transposed. For 
correct operation, pin 10 is connected 
to the pin 9s of the 74161s, and pin 8 
of U3C is connected to pin 1 of U2B. 
On U1, pin 2 is the input from U3D 
and pin 1 should be connected to the 
junction of the 100 and 360 ohm 
resistors. U1 may exhibit some 
temperature and voltage sensitivity at 
times causing the divide-by-21 func- 
tion to  become a divide-by-22. This 
problem can be cured by either of 
two methods: putting a 330 pF 
capacitor from pin 2 of U1 to ground 
or replacing U3 with a 74L00 instead 
of the 7400. U8 is a 7483, not a 7473. 
In fig. 6, the 0.1 pF capacitor con- 
nected to pin 2 of U18 should be a 
0.01 pF disc capacitor. Also, the 40k- 
ohm resistor on the output of U18B 
should be 10k. 

and analysis 
Eq. 8 in the pi network design arti- serial converter for 8-level 

cle, Se~tember, 1977, ham radio, 
shduld not hav; the radical sign on The serial converter in August, 
the right hand side of the expression; 1977, ham radio, uses a 74121 for 
it should read U16, not a 7474. 

2 X L 2  RI (at minimum point of Xc l  curve) = R I B  = -- (8) 
R2 

Also, eq. 12 should readas follows: 

audio frequency 
speech processing 

The circuit board layout for the 
audio speech processor in August, 
1977, ham radio was missing several 
connections. The diagram above 
shows the correct circuit board lay- 
out. The output is taken from the 
center of R13 and not as shown in 
fig. 5 in the article. The numbering 
for the pins of the ICs in the schema- 
tic diagram should be changed to cor- 
respond with the 8-pin mini DIPS 
used on the finished board. 

fig. 3 change to 

5 3 
4 2 
6 4 

10 6 
11 7 

phasing-type single-signal 
detector 

In fig. 2, page 72 of October, 1976, 
ham radio, the two 180-ohm resistors 
should be connected between gate 2 
and the source of the dual-gate 
mosfet as shown below. Also, gate 
number 1 is not connected to the 
source. 

68 december 1977 



spectrum analyzer 
There are several errors in the spec- 

trum analyzer construction article 
which appeared in the June, 1977, 
issue. The 75.1 ohm resistor in the rf 
attenuator should be 71.5 ohms; the 
six 69.1 ohm resistors should be 61.9 
ohms (fig. 10). The i-f attenuator 
should have three, not two, 20 dB 
sections (like the rf attenuator). 

The mixer diodes used by the 
author are Hewlett-Packard part 
number 5082-2900; most any hot- 
carrier diodes should work if they are 
all the same type. 

The crystal in the second local 
oscillator is 150 MHz f 2 MHz; the 
crystal in the third local oscillator is 
39.3 + 1 MHz. The 10k resistor 
associated with CR401 should go to 
switch S601A, the 250 kHz position; 
the same for the 10k resistor 
associated with the second crystal 
filter, Y401 (fig. 11). The 2.4k resistor 
in series with 0 2  should go to 
switch S601A, the 10 kHz position. 
The coil located near CR403, and the 
switch contacts near R402, are parts 
of the same relay. 

Large size Xerox copies of the top 
and bottom chassis photographs are 
available from ham radio, and will be 
sent to  interested readers upon 
receipt of a self-addressed, stamped 
envelope. 

reducing IMD in high- 
frequency receivers 

The 3-dB pad between the local 
oscillator input and the balanced mix- 
er, in fig. 6 on page 30 of the March, 
1977, issue of ham radio, should have 
the values transposed (the series 
resistor should be 18 ohms, the shunt 
resistor 300 ohms. 1 

bandspreading techniques 
for resonant circuits 

In  eq. 19 on page 49 of the 
February, 1977, issue of ham radio, 
the term C, should not be included 
under the radical sign. The equation 
should read: 

I INTRODUCES THE 

@ More Channels ... at the flip of a switch 
Unlock the unique mode switch and 12 channels 
become 144 

@ More Sensitivity, Less Interference. 
.25 pV Sensitivity plus 75 db adjacent channel 
selectivity and 70 db image rejection 

@ More Power Out 
35 watts nominal with a minimum of 30 watts 
across the band 

. . . for a lot less 

Amateur Net 

INC. 7707 Records Street 
Indianapolis, Indiana 46226 

THE FM LEADER 
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NOU? 
Top-of-the-Line 
Tri-Ex Towers 

for HAM operators 
at basic prices! 

Now you can afford the best! 
Free-standing or guyed, 
Tri-Ex Towers stress quality. 
All towers are hot dipped 
galvanized after fabrication 
for longer life. Each 
series is specifically engi- 
neered to HAM operator 
requirements. 

W Series 
An aerodynamic tower 
designed to  hold 9 square 
feet in a 50 mph wind. Six 
models at different heights. 

M W Series 
Self-supporting when 
attached at first section - 
will hold normal Tri-Band 
beam. Six models. 

LM Series 
A 'W' brace motorized tower. 
Holds large antenna loads 
up to  70 feet high. 
Super buy. 

T M  Series 
Features tubular construc- 
tion for really big antenna 
loads. Up to 100 feet. 
Free-standing, with motors 
to raise and lower. 

THD Series 
Very popular. Low Cost. 
Holds Tri-Band antennas. 
Eight models - all support 7 
square feet of antenna 
at full height in 70 mph 
winds. Guyed. 

Start with Top-of-the-Line 
Tri-Ex Towers. At basic 
prices. Write today, for your 
best buy. 

TOWER 
CORPORATION 
7182 Rasmussen Ave. 
Visalia, Calif. 93277 
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Y"I 
teb ook 

then be refined with the HP-25 pro- 
gram. My first step was to rewrite 
Sobol's equation as 

By inspection, to a first approxima- 

sim~le  formula for tion with a non-programmable calcu- tion Zo is equal t o  the first term on the 

microstrip impedance lator is impractical. right-hand side of the equal sign; the 
S o m e  t i m e  a g o  NGTX ( e x  term inside the parenthesis is a 

In many ~~mateu rvh f  and uhf a ~ ~ l i -  WAGUAM) sent me an iterative modification term which is a function 
cations transmission lines etch- HP-25 program for Sobol's microstrip of both c, and w / h .  Designating the 
ed on printed-circuit board are used 
for impedance matching and as com- 
ponents in tuned resonant circuits. 200  

Although several methods are avail- 
able for calculating the characteristic - ACCURATE 

impedance of microstrip transmission 
line, the formula derived by Soboll is 

150 
the most popular. I t  has been widely 
publicized in  Motorola Semicon- 
ductor's application notes and ap- - V) 

peared recently in QST2. Sobol's f - 
equation: 

W 100 

2 q 

12hh w 2, = - Q 

6 41 + 1.735~~~0.0724 w/h-0.836) 
' 

50 

where w is strip width, h is the dielec- 
tric thickness, and 6 ,  is the relative 
dielectric constant of the substrate. 

Sobol's equation gives Z ,  as a 
function of microstrip geometry, but o 

in practical applications you usually 0 1  015 0 2  0 3  0 4  0 5  0 7  1 0  1 5  2 0  3.0 4 0  5 0  7.0 10 

need to know what size microstrip is MICROSTRIP WIDTH TO SUBSTRATE H E I G H T ,  w / h  

required for a given impedance. fig. 1. Microstrip impedance calculated with simple formulas developed by WlHR 
since the equation be (dashed lines), as compared to actual impedance (solid line). For c,>4, accuracy is 

very good for w / h  >0.2. 
directly for w / h ,  an interactive trial- 
and-error solution is necessary. This 
can be done rather quickly with a equation which provided acceptable quantity ( I .  7356,- 0.724w/h - 0.836) as 
high-speed computer, but an iterative accuracy for most design work. This K, eq. 1 was rewritten as 
solution with a programmable calcu- program begins a t  w / h  = I and 
lator such as the HP-25 may require a iterates out to the required value. l o  

= " ( ~ + @ = E + K .  - w 
minute or more - an iterative solu- Therefore, for low and high values of 2, h h h 

2, a solution requires considerable 
calculation time. To reduce calcula- All that remained was to find a value 

l.H.Sobol. "ExtendlngICTechnologytoMicrowave tion time I decided to see if I could for K * w / h  which satisfied varying 
Equipment," Electronics, March 20, 1967. page 112. 
2, R,  Olsen, N6NR, ,,Designing R F  Power develop a simple equation for an ap- values of E, and w / h .  After calculating 
Circuits," QST, September, 1977, page 15. proximate value of w / h  which could several tables of values, it was ap- 
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parent that K - w / h  = I would give the 
desired results. Substituting and re- 
arranging terms yielded the ex- 
pression 

When this equation was plotted on 
graph paper and compared to a graph 
of Sobol's equation, the similarity 
was much closer than I expected - 
the curve had essentially the correct 
shape, but all values were slightly 
larger than those given by Sobol's 
formula. This was the desired result; 
rewriting the HP-25 program around 
eq. 3 considerably reduced calcula- 
tion time. 

Later it occurred to me that it might 
be possible to further factor eq. 3 to 
obtain a more accurate formula for 
microstrip impedance. After cal- 
culating numerous tables of Zo vs 
w / h  and c,, and inspecting the values, 
I found that the impedance of 
microstrip etched on a substrate with 
e, > 4.0 could be approximated with- 
in a few per cent by the following 
equations: 

!? % 12on - 1 
h 2,- (4) 

zo = 120n 

( X + I ) J W  (5) 

For microstrip etched on glass-epoxy 
circuit board (c,=4.8), these equa- 
tions can be reduced to 

For Teflon-fiberglass circuit board 
( E , =  2.55)  the simplified expressions 
are 

The dielectric constant of Teflon- 
fiberglass is below the value recom- 
mended for these equations, but ac- 
curacy is still acceptable for many ap- 
plications. 

These formulas can be solved 
quickly by hand (or with a simple 
four-function calculator), and should 
be a big help to  amateurs who want 
to design their own microstrip cir- 
cuits. They can also be used to deter- 
mine the approximate impedance of 
circuit traces for digital logic boards 
(for best results the V,, and ground 
lines for TTL should have low im- 
pedance). 

The accuracy of these simplified 
equations is surprisingly good. As 
she-nn in fig. 1, for w / h  > 0.2,  the 
simplified formulas are within a few 
per cent of the impedance calculated 
with more accurate equations; this 
covers the microstrip impedance 
range most commonly used in radio 
communications work. With fiber- 
glass-epoxy board the formulas are 
within about 1 ohm of the exact ex- 
pression for all values of Zo below 60 
ohms. The values for Teflon- 
fiberglass board are somewhat less 
accurate, but are still acceptable for 
most amateur work. 

James R. Fisk, W1HR 

improved (vfo) stability 
for the Atlas 180 

Early versions of the Atlas 180 
transceiver have exhibited poor vfo 
stability with a varying dc supply 
voltage. In some cases, the vfo will 
actually be frequency modulated at 

dc input voltages below 13 volts. 
Atlas owners can check for this con- 
dition by listening to a signal or the 
calibrator beat note and adjusting the 
dc supply from about 11.5 volts to 
14.5 volts. A 500-milliampere supply 
is more than ample to operate the 
receiver. The test can also be made in 
the car by first setting up the beat 
note with the engine off and then 
starting the engine. After a few 
moments the battery system will 
come up to  full-charge voltage of 
14.5 volts. Any change in pitch dur- 
ing this time indicates poor vfo power 
supply regulation. The units in which 
this is most likely to occur are those 
which use a 10-volt regulator circuit 
consisting of a transistor with a 
10-volt Zener on the base. 

The solution to the problem is to 
remove the 27-ohm decoupling 
resistor (R401 in my Atlas 180) on the 
vfo board (PC-4001, and replace it 
with a 78L08ACP low-power &volt 
regulator. The wire that previously 
connected to the 10-volt bus is then 
reconnected to the 13-volt bus. After 
making this change, retuning is un- 
necessary for dc inputs of 11.5 volts 
to 14.5 volts, and there are no reports 
of frequency modulation when 
operating mobile without the engine 
running. There is no other noticeable 
change in the operation of the vfo 
due to the 8-volt rather than 10-volt 
supply. 

Dave Sargent, KGKLO 

BV REG 
7 8 L O S A C P  

B O T T O M  V I E W  

R E M O V E  

T O  F O I L  
0 4 0 1  

O F  R 4 0 1  

+ I 3 V  
O R I G I N A L L Y  
CONNECTED 

T O  I O V  
B U S  

R 4 0 4  

fig. 1. Modification to the Atlas 180 vfo power supply to pre- 
vent any frequency modulation due to voltage changes. The 
78L08ACP voltage regulator is used to prevent voltage 
changes. It is fed from the normal 12.6-volt dc supply. 
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F ~ L L  cuvtt 
The TS-520! 
age on all amateur banc 
.8 to 29.7 MHz. Ken* 
JU 160 meter capabili 
7 15.000 MHz., and a 
ry band position for rn -......,... 
3xibility And with the addition 
the TV-506 transverter, your 

5-520s can cover 160 meters 
6 meters on SSB and CW. 

lAGE TRAh 

5 provides 

gets 

C l l l A l  RNlER TUNING FOR I 
ATE CONTROL rood gives 

v. 
n auxil- 
~awirnnlrn 

I ne I a-szus incorporates a 
3SK35 dual gate MOSFET f o ~  
outstanding cross modulation 
spurious response characteris! 
The 3SK35 has a low noise 
figure (3.5 dB typ.) and high gain 
(18 dB typ.) for excellent 
sensitivity. 

fernier tuning mechan 
3ws easy and accurate 

..dnt of the plate control 
tUI 

ism 
! adjust- 
A,..;"- 

ie-up. 

IAL AMPLl Flh 

The TS-520s Is LU~II,,IG~G~~ ~UIIU 

state except for the driver (1 2B- 
Y7A) and the final tubes. Rather 
than subsitute TV sweep tubes as 
final amplifier tubes in a ct-ta nf 

DIGITAL DISPLAY DG-5 (opt~on) 

The Kenwood DG-5 provides 
easy, accurate readout of your 
onerating frequency while tranc. 

NEW IN 
PROCES 

An nudir . .. . > compression amplltter 
gives yo 

-. ..... 
~ i le  the ~tting and rl eceiving u extra pur ~ c h  in the p , arc amatet l r  transceiv 



Kenwood hrs employed two 
I husky S2001A (equinlsnt to 

61468) tubes. These rugged, 
timaproven tubas are known for 
Iheir,bng life and suparb linearity. 

I 

1.. - &I dfectih noise blanking wicuit 
. - develoy#d:by Kenwood that vir- 

tually elim-hatw ignitbn noiae m 
, built into the TS520S. 

Tha TS-520s has a bu~n-in 20 
dB mntue to r  that can be acti- 
veted by a push button swich 
conveniently located on the 
fmnt panel. 

A special jack on the rear panel 
of the TS-520s provides receiver 
signals to an external receiver for 
increased station versitility. A 
switch on the rear panel deter- 
mines the signal path.. . the 
receiver in the TS-820 or any 
external receiver. 

The VFO-520 remote VFO 
matches the styling of the TS- 
520s and provides maximum 
operating flexibility on the band 
selected on your TS-520s. 

The TS-520s is completely self- 
contained with a rugged AC 
power supply built-in. The addi- 
tion of the DS-1A DC-DC 
converter (optional) allows for 
mobile operation of the TS-520s. 

The TS-520s has 2 convenient 
RCA phono jacks on the rear 
panel for PHONE PATCH IN and 
PHONE PATCH OUT. 

TS-520 
pecifications ' 9" I I 

mteur Bands l6U-M m&n - I ?  

. - 
- 

- phuYYYW(wivc.wly) . ;,': . . 
, - .c il.\!..s;l~ A .. . -. - 

8 ,  *USB,LSB,MY' - ' a- " * -'. - " '- , "G* 7':";" 

:- -.I . . - -_, 
1 I 

Meonr,lmpabiaK YJ-75 Ohm - .+ ' , 
8 .  

t - - ! i- -- 
Frequency Lbil i@ Witbin 2 1 -. 

kHz during om hour after on@ I 

minute of warm-up, and within 
b '  

- - _ '  - , _ .  I. 
100 Hz during any 30 minute 
period thereafter 

lubes & Semiconducton 
3 Tubes 

(SMOM x 2.12BYIA) 
Trans~slors 52 
FlTs 19 
D~odes 101 

Power Rqutremenls 120/220 V 
AC. 50160 H z  13 8 V DC 
(w~th opt~onal DS IA) 

Power Consumpt~on Transmit 
280 Watts Rece~ve 26 Watts 
(w~th healer off) 

D~rnensron 333(13%) W K 153 (6 0) 
H x 335(13 (13 3/16) D mm(lnch) 

Wetght 16 0 kg(35 2 Ibs) - - - - j  
- , . -J  

TRANSMlTTER 
RF Inpul Power SSB 200 Watts 

PEP CW 160 Watts DC 
Carr~er Su~oresston Better than -C . I  . . 

-40 dB < -, . .. .L'.~. ..,., - 1  . : :.. i: 
S~deband Suppress~on: Better - .  

. - .. 2. ;; ;: 
than -50 dB 

Spur~ous Rad~ation: Better than 
-40 dB 

Mtcrophone Impedance: 50k Ohms 
AF Resoonse 400 lo  2.600 Hz 

RECEIVER 
Sens~t~v~ty: 0.25 uV lor 10 dB 

(S+N)/N 
Selectiv~ty SSB:24 kHz/-6 dB. 

4.4 kHz/-60 dB 
Setectlv~ty: CW: 0.5 kHz1.6 dB. 

1.5 kHz/-60 dB (w~th opt~onal 
CW-520 I ~ l t e r ~  

fZOv/22ovsmrch Image Ratlo: Better than 50 dB . .I 
IF Releclcon: Better than 50 dB sw~tch 
AF Output Power: 1.0 Watt (8 . , 

times whether operating CW 
or SSB. 

The TS-520s retains all of the 
features of the original TS-520 
that made it tops in its class: RIT 
control 8-pole crystal filter 
Built-in 25 KHz calibrator Front 
panel carrier level control Semi- 
break-in CW with sidetone - 
VOX/PTT/MOX TUNE position 
for low power tune up Built-in 
speaker = Built-in Cooling Fan 
Provisions for 4 fixed frequency 
channels Heater switch. 

Input Senslt~v~ty I00 Hz to 40 
MHz 200 mV rms or over. I0 
kHz lo  10 MHz 50 mV or over 

Measuring Accuracy Internal time 
b a n  accuracy f 0 1 count 

Time Base 10 MHz 
Operating Temperature -10" lo  

50' C/14" 122" F 
Power Requ~remenl Suppl~ed 
from I S  520s or 12 to 16 VDC 
(nomlnal 13 8 VDC) 

D~mens~ons 167(6 9/16) W r 
43(1-11/16) H r 268(10 9/16) D 
mm(lnch) 

We~ght 13 hg(2 9 Ibs) 
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Check c vood Blue 
digital rea lower pow 

VOX, semi-bre~n , , t ,  611d CW S~CIDI.UIIC: 
VOX Sellll-YIDmR 111 bvv  CW side 

operates all modes: SSB (upper & lower), FM, AM and ( 
o f  cou Completely solid state circuitry provides stable, long la! 

ing, trouble-free operation AC and DC capability (opera 
from vnur car, boat, or as a base station through its built 

;upply) 4 MHz band coverage (1 44 to 148 MHI 
  tic ally switches transmit frequency 600 KHz for 
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Features Kenwood's unique Continuous Tone Coded 
Squelch system, 4 MHz band coverage, 25 watt 

ltput and fully synthesized 800 channel operation. 
iis compact package gives you the kind of perform- 
rce specifications you've always wanted in a 

1 
r-meter amateur rig. 
Outstanding sensitivity, large-sized helical resonators 
with High Q to minimize undesirable out-of-band 
interferance, and give a 2-pole 10.7 MHz monolithic 
crystal filter combine to give your TR-7400A outstand- 
ing receiver performance. Intermodulation character- 
istics (Better than 66dB), spurious (Better than --60dB), 
image rejection (Better than -7068). and a versatile 
squelch system make the TR-7400A tops in its class. 
Shown with the PS-8 power supply - - 

aive filters and Tone Burst Modu 

ome use 

'v 
---I 

w wbdh 
:hannel I resized 146-1 48 

transceiver comes with 88 pre-programmed channels 
for use on all standard repeater frequencies (as per 
ARRL Band Plan) and most simplex channels. For 
added flexibility, there are 6 diode-programmable 
switch positions. The 15 KHz shift function makes 
these 6 positions into 12 channels. 10 watt output, 
~ 6 0 0  KHz offset and LED digital frequency display 
are just a few of the many fine features of the TR-7500. 
The PS-6 is the handsomely styled, matching power 
supply for the TR-7500. Its 3.5 amp current capacity 
and built-in speaker make it the perfect companion for 

3-7500. 
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Kenwood developed the T-599D transmitter and R-599D 
receiver for the most discriminating amateur. 
The R-599D is the most complete receiver ever offered. It is 
entirely solid-state, superbly reliable and compact. It covers the 
full amateur band, 10 through 160 meters, CW, LSB, USB, 
AM and FM. 
The T-599D is solid-state with the exception of only three 
tubes, has built-in power supply and full metering. It operates 
CW, LSB. USB and AM and, of course, is a perfect match to 
the R-599D receiver. 
If you have never considered the advantages of operating a 

naybe you should. 
. " trols and'dual VFOs the 

,le to duplicate with a . . . . ;$ . . . I ,  
,,'zmma.,Gm"Ga. 

;.%- - 
: r - .  e the specs of the R-599D and the T-599D with any 
-- .. . and. Remember, the R-599D is all solid state (and in- - - 

I ._ our filters). Your choice will obviously be the Kenwood. = 

-m 

, 5 - -  

features make the R-300 an unexcelled value for the 
shortwave listener. It offers full band coverage with a 

frequency range of 170 KHz to 30.0 MHz Receives AM, 
SSB and CW Features large, easy to read drum dials 

with fast smooth dial action Band spread is calibrated for 
the 10 foreign broadcast bands, easily tuned with the use 
of a built-in 500 KHz calibrator Automatic noise limiter 

3-way power supply system (AC/Batteries/External DC) 
. . .take it anyplace Automatically switches to battery 

rent of AC power fai r in the e\ lure. 
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. Digital Frequency Display 
for TS-820 

. .Deluxe Remote VFO for 
for TS-820/820S 

. 500 Hz CW Filter for 
TS-820/820S 
. DGDC Converter for 
520/820 Series 

Converter for 

r ror n - ~ Y Q D  

2 M FM Transceiver 
TR-8300. . .70 CM FM Transceiver 

(450 MHz) 
TV-506. : . . 6  M Transverter for 

R-300 General Coverage SWL Receiver 

TS-600. . . . 6  M All Mode Transceiver 
TS-700s. . .2  M All Mode Digital 

Transceiver 
.,rn vnnc 

" - - - A -  VFO for TS-700s - for 
P v r u -  ~uua .  .nurrluiu 

$3'520~. . .16@10 M Transceiver SP-70. . . . . Matching speauer 
TC cnn ST-n c--: . Digital Frequency Display 

for TS-520 Series 
. .Remote VFO for TS-520 

I a-OUUI IUU aurles 
TR-2200A. 2 M Portable FM 

Transceiver 

520/820 '~er ies 
. 500 Hz CW Filter for 

- ' ,  * 1 ! c . < ;  

HS-4.. . . . . Headphone Set 
MB-1 A. .  . . .Mounting Bracket for 

TR-2200A 
MC-50. . . . Desk Microphone 
PS-5. . . . . . Power Supply for TR-8300 
PS-6. . . . . . Power Supply for TR-7500 
PS-8. . . . . . Power Supply for TR-7400A 
VOX-3. . . . VOX for TS-600/ 700A 

Trio-Kenwood stocks a complete line of 
replacement pans. accessories, and manuals 
for all Kenwood models. 

k.-y> ., - - -  
H TS-520/520S Dsscn~ l~on  Model x For use with 

DK-520.. . .Digital Adaptor Kit for 
TS-520 

Rubber Helical Antenna RA-1 
Tolnccnninn Whin Antenna T90-0082-05 

LK \set, PB-15 
:tor ~07:0403-05 
3nts See Service Manual 
es See.Se~ice Manual 

Specify Model 
Specify Model 

TR-2200A 
TR-2200A 
TR-2200A 
All Models 
TR-7400A 
TS-700A; TR-7400A 
All Models 
All Models 

The Kenwood HS-4 headphone set adds 
versatility to any Kenwood station. For 
extended periods of wear, the HS-4 is comfon- 
ably padded and is completely adjustable. The 
frequency response of the HS-4 is tailored 
specifically for amateur communication use. 71 300 to 3000 Hz. 8 ohms). 

- -2-7 .3-  

The MC-50 dynamic micmphone has been 
designed expressly for amateur radio operation 
as a splendid addition to any Kenwood shack. 
Complete with PTT and LOCK switches, and a 
microphone plug for instant hook-up to any 
Kenwood rig. Easily convened to high or low 
impedance. (600 or 50k ohm). 

TRIO-KENWOOD COMMUNICATIONS INC. 
11 11 WEST WALNUT/COMPTON, CA 90220 ~KENVVOOD 



QSA 599 
Amateur Radio Center 

11 S.Morris, Mesa. AZ 85202 

1.1 GHZ Portable Counter 
PROFESSIONAL QUALITY BUT AFFORDABLE!  

Spec i f ica t ions 
No Pre-Scaler Needed 
Cal i brated t o  .0002% 
Rechargeable Ni-Cd Pack B u i l t  I n  
Weight: 2 l b .  1 oz. Size: 4"x4.15"~7" 
Front Panel FAA Approved Le t te r i ng  
Guaranteed One Year Parts and Labor 

Pr ice: $599.95 postpaid 

ElMAC Tubes 
New w i th  Guarantee 

3-4002 $67.00 4CX25OB $43.00 
3-5002 $67.00 4-400A $74.00 
3-10002 $165.00 4-1000A $221 .OO 
7289 $56.50 8874 $116.00 
8873 $116.00 8877 $260.00 

HY-GAIN 
TH6OXX $249.95 5 element, 2m $16.95 
TH3MK3 $199.95 14 element, 2m $27.95 
Hy Tower $279.95 14RMQ $28.95 
18AVT/WB $97.00 14AVQ/WB $67.00 

1402SM 
WILSON 

2.5W Handheld, 2m $212.00 
1405SM 1W/5W Handheld, 2m $279.00 
4502SM 1W/1.8W Handheld, 70cm $349.00 
WR-500 Rotor $149.95 
SY-1 Deluxe Triband Beam $259.95 

USED EQUIPMENT 
AM-479/GR s e r i a l  number 1, 5KW Ampl i f ie r ;  

w i t h  MD-135/GR 8 4 new 4-1000A's $3400.00* 
Ba l l an t i ne  300HS/2 VTVM ca l i b ra ted  $75.00* 
Ba l l an t i ne  300HS/2 VTVM uncal ibrated $35.00* 
Kay Mega-Sweep Model l l l A  $175.00* 
Antenna Tuner TN-339/GR $85.00* 
Transmitter T-368A/URT $1 85.00* 
WU Desk-Fax $20. 00* 
Model 15 P r i n t e r  (Teletype) $45.00* 

MORE! Wri te f o r  f ree  l i s t .  
Allow for shlpplng charges. 

PARTS PARTS PARTS 
A i r  Var iable Capacitors I Vacuum Variable 
Capacitors I Ro l le r  Inductors I New Tubes 
Used Tubes I Transformers I Miniductors 
Chokes I Ceramic Standoffs I RF Switches 

MORE! Wri te for  free l i s t  o r  quotes 

MAKE CW MORE ENJOYABLE 

-- ? * * ; I  
MVD-1000 MORSE VIDEO DISPLAY 

Enjoy Morse Code copy o n  your TV screen 
D~splays letters, numbers, and punctuation 
16 llnes of  32 characters per page 
2 page d~sp lay  wlth Recall feature 
Autornatlc scrolling 
Autornatlc o r  Manual speed control 
Copy Morse Code f rom 6-60 WPM 
Easlly connects between recetver and TV set 

ONLY $350 

MK-1 REPROGRAMMABLE 
MEMORY KEYER 

Stores u p  t o  100  characters 
larnblc keylng, dot, dash rnernorles 
Dual keyed outputs 

ONLY $169.95 . operates o n  120 VAC o r  12 VDC 

CMOS KEYER, ASSEMBLED PCB 
ONLY $24.95 

MORSE KEYBOARD COMING SOON 
W~scons~n res~dents add 4% sales tax  

/DC;MJEL EC r ~ o ~ c r s  
787 BRIAR LANE, BELOIT, WISCONSIN 53511 

MODEL 4X6C 
50 HZ-250 MHZ ............... '270.00 

300 and 500 MHz PRESCALERS 
FREQUENCY STANDARDS 

MARKER and PEAKING GENERATORS 
POWER SUPPLIES AMPLIFIERS 

.... .... ..... ........ .:_:.:.:. .... .... .... WRITE FOR FREE CATALOG .... ........ .... .:.:.:.:. ...... :.:.:.> ........ 

.... ..... ..... .... ..... .... .... ........ ......... K-ENTERPRISES ..... ......... ........ :.:.:.:. ..:..... .... .... ......... :.:.:.:. .....:. :.:.:.:.: .... 
2% Box 410 (N.W. of town) .:.:.:.:. FAIRLAND, OK 74343 2 .... 
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1978 ARRL RADIO 
AMATEUR'S HAND- 
BOOK 

Worlcl5 Oc\t selling technical 
reference: '1 standard for every 
Radio Amateur's bookshelf. Revised 
and updated with state of the art Two VO~ume 5th 
technology. Guaranteed to please RADIO c 0 ~ ~ -  
every ham. Softbound. TIONS l-lAM>BOOK 

(AR-HB) $8.50 Coml>letc.I~ revibed cdit~orl from the 
RSGR. Otle of the most thorough 
and handsome books in Amateur AMATEUR SINGLE Radio. The perfect gift. 

SIDEBAND (RS-RCHl2) Only $29.95 ' I'lt,,l\c. enclosc~ t~<jrnes a ~ l d  addresses on all gift \uli\cription\. 

Ori iri,\llv I,ublished by Collins 
~ a j i o  Cunlpany. reissued by lHE FRENCH 
tremendous ,x)pular demand. The 3rd Edition 

0 80 M E E R  Dxing 
ATLANTIC AFFAIR A must for every DX'er. A oremost 

bible of SSB: a complete intro to ELECTRONIC COM- lntematjon<jl suhpense and romance authority has compiled many of his 
SSB and its equipment. Softbound. M U N ~ C A ~ O N  in a dylamic novel where Amateur secrets into this book. Meet this 

(HR-SSB) $4.95 The nio\t f,\tita,tic Amateur and Radio is the hero. A real spellbinder! exciting challenge and get the most 
commercial license study guide we (A-FAA) $10.95 from your station. 
know of! Comprehensive. includes (MU& sex and violence. for mature (HR-80M) $4.50 ' HAM>Bo0K questions and answers. 20th Edition readers only) 

Famoub cotnniunications handbook 
(MH-57138) Only $18.95 

for engineers and Amateurs alike. Yes! Please enter my order as checked on  the boxes by each book 
How to design and build radio TUNE IN lHE WORU) on this page. 
communications equipment and WITH HAM RADIO i Number of books checked Total amount $- I 
accessories. 
Holiday S cia1 Save $2.00 

(go321 Only $17.50 

1978 US RADIO 
AMATEUR CAUBOOK 

Brand rlcwformat!Call\ in newbold- 
face, large. easy t o  read type. Over 
:350.O(X) entries vs. :30:3.~)00 last 
year. Thousands of new hams and 
new 1 X 2 calls. Same price as before. 

(CB-US) Only $14.95 
(Please include 61.50 shipp~rlg and 
handltrigl 

Tells vou what Atnatcwr ftadio is. 
how to pass the Novice e x m  and 
set-up your first station. Includes 
booklet, code cassette and map. 

(AR-HR) $7.00 

OSCAR-AMATEUR 
RADIO SATULITES 

The comprchensivc~ hook on 
Amateur satellites Leam the 
principles, then examine OSCAR 
from concept to actual use. 
Softbound. 

(RS-0) $8.50 

Check or money order enclosed 
I 

Charge my Masterchawe Charge my VISA (BACI 1 
I Acct.No. E x p .  1nterbankNo.- 1 

I Name 1 
j 
1 Address I 

city State ZIP 
Send to HAM RADIO'S B O O M O R E  

GREENVILLE, NH 03048 
l 

or call TOLL FREE 800-258-5353 
I - 



products 

For l iterature o n  any o f  the  n e w  
p roduc ts ,  use o u r  Check-Off 
service o n  page 150. 

crystal filters 
Sherwood Engineering has an- 

nounced two new additions to their 
crystal filter line. As complements to 
the CF-60016, the new CF-2.6Kl8 or 
CF-2.3Kl8 crystal filter sets will re- 
place the normal &kHz wide first i-f 
filter in the Drake R-4C. Each set 
has two filters, USB and LSB, that 
must be switched for the correct 
sideband. The individual filters are 
8-pole crystal-ladder filters. 

The CF-2.6Kl8 is a set of ssb- 
bandwidth filters that are approxi- 
mately 200 Hz wider than the normal 
second i-f phone filter. This allows a 
limited amount of passband tuning, 
while still reducing the second i-f 
bandwidth from 32 kHz, at -60 dB, 
to approximately 4 kHz. The other 
phone filter pair is the CF-2.3K18, 
which is slightly narrower (100 Hz 
nominally) than the second i-f filter. 
Having the new filter sharper than 
the normal filter produces the equiv- 
alent of a 2 to 2.1 kHz filter, with 16 
poles distributed over two frequen- 
cies. The passband tuning is then 
used to align the center frequencies, 
of the two filters, for proper cas- 
cading. This narrow combination 
offers the ultimate in phone selec- 
t iv i ty. The bandwidth using the 
CF-2.6Kl8, with the normal phone fil- 
ter, is 2.3 kHz, at - 6  dB, and 3.1 
kHz at - 60 dB; the bandwidth for 
the CF-2.3Kl8 is 2.1 kHz and 2.9 
kHz, at the 6 and 60 dB points. The 
additional advantages gained by dis- 

tributing selectivity over two i-f fre- 
quencies are: virtual elimination of 
the chance of overloading the second 
mixer, and elimination of off-fre- 
quency signals that leak around the 
normal second i-f filter. 

In addition to  offering the basic 
filters, Sherwood Engineering also 
sells switching kits for the first i-f 
filters. The simplest arrangement is 
for the operator who wants to switch 
only between the two ssb bandwidth 
filters (CF-2.3Kl8 or CF-2.6Kl8). 
Custom-designed kits are also avail- 
able to permit switching of all first i-f 
filters, 8 kHz, 2.612.3 kHz, or 600 Hz. 
Prices for the new filters are $120. 
The basic switching ki t  is $29.00 
wi th the cost increasing approxi- 
mately $25.00 per additional filter 
switched. Exact price quotes are 
given based on an individual's needs. 
For more information, contact Sher- 
wood Engineering, Incorporated, 
1268 South Ogden Street, Denver, 
Colorado 80210. 

two-meter preamplifier 

A new two-meter preamp has 
been introduced by Janel Labs. 
This preamp is specially designed to 
improve the sensitivity of transceivers 
and includes bypass circuitry for 
carrying transmit power through 
the unit .  The preamp has a low 
noise figure, which gives excellent 
sensitivity for weak signals. An ad- 
justable delay circuit (similar to that 
used in VOX circuits) allows for its 
use on all modes - f-m, ssb, am 
and CW. 

The gain of the QSA 5 has been 
optimized for transceivers. It has a 
15-dB gain level, which is sufficient 
to improve the sensitivity as much as 
practical but low enough to avoid 
creating overload problems. 

A front-panel switch on the QSA 5 

disables the preamp from the antenna 
line. This switch allows you to reduce 
gain on local signals and also allows 
experimentation on weak signals. A 
LED pilot light indicates when the 
preamp is in the line. This same 
LED also indicates when transmit 
power is being sensed. 

The QSA 5 preamp is available 
from Janel Laboratories, 3312 S.E. 
Van Buren Blvd., Corvallis, Oregon 
97330. The QSA 5 is available from 
stock at $39.95 plus postage. A 
full one-year warranty is provided. 
Specifications are available upon 
request. 

multiband antenna coils 
(40 through 10 meters) 

Microwave Filter Company an- 
nounces a set of antenna coils that 
wi l l  convert an amateur antenna 
from a single-frequency band of 
limited operation to operation on all 
amateur hf bands (40-10 meters). 

Known as Reyco antenna coils, 
they are designed to  shorten the 
overall physical length of an original 
single-frequency-band antenna. 
Model numbers are KW-40, 20, 15, 
and 10. Used in pairs, the model 
KW-40 coils will give flexibility of 
operation on all f ive hf amateur 
bands. Ideal performance is obtained 
by using all four coil pairs (KW-40 
through KW-10). 

In today's crowded apartment and 
suburban communities, the short- 
ened antenna using Reyco multiband 
coils provides flexibility in minimum 
space. For additional information, 
write Microwave Filter Company, 
6743 Kinne Street, East Syracuse, 
New York 13057. 
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All in the family. 
The Standard 

Feather Touch 
Ke yer 

$69.95 

No moulng parts! The Kantronks Feather 
Twch Keyer mpads to the Ilghtest touch. No 
moro slapping a sloshing' N o  W n g  parfs also 
w n s  the end of @usnng and reabustmg before 
each QSO. 

The Feather Touch sends sdf can&hg 
Qcs and dashes, adjustable han 7% WPM, and 
glues you a geat Hst on the ah. AKractlve desm 
and canpact size make the Fsathsr Touch a 
pmfessbnal addl(bn to the sharpest ham station. 

Desll leatures k e g  the keyer han creeping away 
as you send. 

Thls battery powered unlt Is geat for 
patable use a home o p m M  with the aid d any 
DCpoum supply han 5 I 5 v d t s .  Pick u p a  I 

Notcher 
CW Filter $34.95 

Make your CW receiver selectivity 
razor sharp with the Kantronics 
Notcher Audio CW Filter. This 
filter makes sense out of the biggest 
pileups! The Notcher funnels down to 
150 Hz Q -3dB to separate signals that 
appeared to be on top of each other 
before. 

Your Notcher will opemte portable 
with a 9 volt internal battery, or from 
your 5-15 volt DC power supply. 

Designed to  look sharp too. the 
Notcher is one in a p w i n g  family of 
Kantronlcs quality products. Our 
quality is more than skin deep. One 
look inside will tell you the Notcher is 
built to perform! 

'requency 
Calibrator 

$39.95 

Kanbonks frequency callbrata Is The 
Standard. Advanced CMOS clrculby checks your 
l r~qwncy with oystal conbdled accuracy. Zerobeat 
your hanrcolwr to The Standard at 50 KHz 
tnlmals 
No d m  connectkms are needed, h e  unft bansmlts 

16 your recpiw Internal jumpen adjust The 
Standard fa a choke of 25 KHz. 50 KHz a 100 
KHz mtmals. 

Powered by b.tt.ry for portable operatbn. 
a 5 15 volt DC p.w supply. The Standard Is a 
handsane station accersoy that looks sharp. ~nside 
and out 

Re conHdart of your hoqwncy. 

The Kanbwks Code Speed- ....::: :::: 
Bmlldlng KH offers perled computer ........... ..::::::::: 
pcmrated code. Code IS sent to exact ::.......-' .........-. . -  . 

Morse smHcat&ns as u d  by the FCC. 
C h a w  5.7%. 10.13.16 a 20 wads 

J 
per mmuk tapes. Osci lb la  and brass 
k q  tmludod \ 

KZ KANTRONICS 
The Lightweight Champs. 

1202 East 23rd Street Lawrence, Kansas 66044 
I 

The Kantronics Mobile 2 
Antenna offers a reasonable alternative 
to the high priced VHF antenna! The 

1 
Mobile 2 is a hiih-quality, quarter- 
wavelength antenna that is quickly city State 
installed. 

I 
Choose between magnetic or trunk I Card No. Expires 

mountlnn bases. Both include 18 feet 
Zip I 

of ~ ~ . 5 8 / f l  coax cable and standard 
PL-259 connector. Specify 147 MHz or I - Code Kit with - WPM tape - $19.95 
220 MHz whip and coil assembly. , Notcher - $34.95 - Feather Touch - $69.95 

All these features. . . for a low. - Mobii 2 Trunk - $6.95 , The Standard - $39.95 
low price! I - Mobile 2 Magnetic - $11.95 

- Whip and Coil - $4.95 - 147 - 220 
I 

I KS & MO add 38 sales tax 
Trunk Mount 

b 
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e New Sigma XR3000D 

An-re In  U.S. 
Asrpon to A l r p M  835 
Alaska and Hawatt Slightly H i g h  

Custom computer grade commercial components. capacitors, and tube sockets Full band coverage 160-10 meters Including mars. 
manufactured especially for high power use-heavy duty,lOKw silver plated ceramic 2000 walls P.E P. SSB Input. 1000 watts Input continuous 
band sw~tches S~lver  plated copper t u b ~ n g  tank c o ~ l  Huge 4" easy to read duty, CW. RTTY & SSTV. 
meters-measure plate current, h ~ g h  voltage, grid current, and relatlve RF out- Two Eirnac 3-5002 conservatively rated finals. 
put. Continuous duty power supply built in State of the artzener diode standby.and All major HV and other circuit components ,mounted on 
operating b~as  prov~des reduced ~dl lng current and greater output efflc~ency Bullt In slngle G-10 glass plug In board. Have a servlce problem? 
hum free DC heavy duty antenna change-over relays AC Input 1 lOV or 220V AC, (Very unlikely) Just unplug board and send to us. 
50-60Hz Tuned Input circu~ts ALC-rear panel connections for ALC output to ex- Heavy duty cornrnerc~al grade quallty and construction sec- 
clter and for relay control Double ~nternal sh~eldlng of all RF enclosures Heavy ond to no o t h e ~  unlt at any prlcel 
duty chass~s and cab~net construct~on and much, much more. We~ght: 90 Ibs. Slze: 9lh" (h) x 16" (w) x 153"  (d). 

HOLIDAY INTRODUCTORY SPECIAL! 
New! Sigma Model AF250L 
DeviationlModulation Meter 
Fullv Certifiable for Commercial U n  
Features : $169 
Enremely nabh k t . 1  odlw f a  -mm d HF. WF. and UHF bmndr 
m p l o y l n g  negative f..db.cL t o  i n a u n  e m m e l y  hqh ~bi l i ty .  E a q t o  r d .  r c u r a t a  
I1W.I Scale • D h C l  OH (h. DiI JpnJ -- wb(K'lV. 

Specifications: \I. 
Frequency: 1 .8MHZ-520MHZi3 range select (A. 0. C. EXT), A range: 26.5 MHz-40MHZ. B range 48MHZ-60MHZ. C range 140MHZ-156MHZ. 
EXT, range: 1.8MHZ-520MHZ (Need S~gnal Generator)-Generous overranges*lnput level:(l) Through type Input level. IW-200W (RF Input Ter- 
mlnal) (2)  D~rec t  input level. More than 80dbl50ohm impedance Ampl~tude modu la t~on  degree 0-100% Frequency dev~a t~on :  
0-2OKHZ Accuracy: + I-3% of full scale Intermediate frequency. 10.7MHZ. Local input frequency (EXT Range) Measuring frequency 
+I-10.7MHZ RF Attenuator: 0-60db var~able Aud~o s~gnal osc~llator: (1) Aud~o Fre uency-1,000HZ (1 KHZ), (2) Output level-More than 1V 
RMS Power Source. AC11N Dlrnens~ons: H-5"zat (140rnm). W-lOth" (260rnm). 8-7lW (184rnrn) We~ght  7 Ibs. 

SIGMA RF-2000  SWR & POWER METER 
FMSC-1 k a n m  (a 

SPECIAL SCANNER SALE ; ~ ~ ~ l ~ ; ~ ; y  
c.1 Pwn s a l r  100YV- A K-ad T R - 7 W A .  
10Q)W F r q  Raw* 3.6. Full s u n  146 and 147 
1 W MHz. P*.u do nol MHz conucuttvely or 1 

r confusa t h  RFZOOO wlh MHz. or any MHz rang. - 8tmll.r oppunng I w r  Scan rats 1 MHz/2 
p r r d  un lu  RF2000 m sn wconds cadjustable) 

$29 
o n d ~ r d ~ l l v  callbratd Contro ls  Scan,'Hold. 
p r a f s s s # o n a l  q u a l ~ l v  L.tch/D.lw. 600 KHz 
annrument Un.qwhd st onset I&, up. down). 
nunV~lmesthaprr. Stra 14 CmnW1 FMSC-1 reg $169 - 099 p,wram 1 MHI slmpla 
7" lv) x 2 1/3" [dl rw 010s - 066 7UX)  S u n n r  II Rep 0189-Oil@ ~nslallalmn I 

SALE FMOF 2 1 MHz O t t . s r  Optoon Kol IN0 
Clvtsls to Buvl 0 10 

Standard N e w  2 Meter  N E W 1  6 M E T E R  . . . . . . . .  ~ K D K ]  FM 144 ~ccessorles FWE-1 sub ~ ~ l ~ b k  TW. ( too HI- F M  Transceivers 
*dtusuble 67 203 Hz) 016 M o d e l  SRC 146A Special Sale 

F M 5 0 - 1 0 S X R l l  
....... 

-8 Msnual IEnral ................ .06 ............. FMTP-1 TaKh T m  P d  069 FM 1016R sulr,sn FMTP-2 Touch T m  P d  Whh 10  NU* 
.... ........ Rogramnubk Meinow.. 099 FMPS4R R ~ u I s l d  AC PS.. U S  

FWD-I P,nate -11 D u d  for ur m h  FMMC-I Mr rophon  wnh Bulk-m PI3644 Lealher Case 512 
and Programmed bv h v  Touch Tone P d  ............. U B  AT 19 Rubb~r Ant and Whlp 510 
Touch T o n  Pad.. ........... 076 MARS.UPm O p t m  K11 N1.cads 530 

SC-IU ~ u d o b k  Tor*  ~ncodr Drod.rO86 Any Spht .................... Reg 5413 FMSC.1 Scannr.Randcm h y  hn0.. 699 F W T - 1  ,.A Wmrs P m . b ( e ~ ~ M  (or 
MARS-CAP Optton KII - h v  F n q u m .  Hotel. Motel or Apsnrmnl . .07S6 NEW!!! Touch Tone pad ................... Any Splat a12 Ear. DC Cord 6 Plug .............. .03 60 
~ ~ 0 f . 1  O t l r t  Oplnon Kn - 2 Extra 0 2 w  cacnplete ly  w ~ r e d  and  

m s ~ t ~ m s .  C m I a  Rwutrd. .  010 M o u n t o ~ ~  Bradel (Enra) ........... .06 w ready to plug in-$69.00 

AMATEUR-WHOLESALE ELECTRONICS 
8817 S.W. 129th Terrace, Miami, Florida 33176 
COURTEOUS PERSONAL SERVICE-SAME DAY SHIPMENT Prices subject to change without notice. Atlas 210X-215X and 350-XL 
Telephone: (305) 233-3631 Telex 51-5628. Store Hours: 10-5 Man.-Fri. 
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'NEW! @ 
THE FUTURE NOW! 

FM2015R Doer Your Unit Cover The New 
Sub-band 144.6 - 146.6 MHz? 
The FM2016R Does, PLUS MARS-CAPI* 

All Solid State-CMOS PLL digital synthesized - No Crystals to Buyl 5KHz steps - 
144 - 149 MHz-LED digital readout PLUS MARS-CAP.* 

5 MHz Band Coverage - 1000 Channels (instead of the usual 2MHz to 4M Hz-400 
to 800 Channels) 4 CHANNEL RAM IC MEMORY WITH SCANNING 
MULTIPLE FREQUENCY OFFSETS ELECTRONIC AUTO TUNING -TRANSMIT 
AND RECEIVE INTERNAL MULTIPURPOSE TONE OSCILLATOR RIT 
DISCRIMINATOR METER - 15 Watts Output - Unequaled Receiver Sensitivity and 
Selectivity - 15 POLE FILTER, MONOLITHIC CRYSTAL FILTER AND 
AUTOMATIC TUNED RECEIVER FRONT END, COMPARE1 Superb Engineering 
and Superior Commercial Avionics Grade Quality and Construction Second to 
None at ANY PRICE. 

INTRODUCTORY 
PRICE 

$39900 phan CYW-1 d m  Burlt-m MlCro- 
T a r h  Tom P.d 

R - ~ k t d  AC/PS 
Model FMPS-4R.. .049.06 l LED tndmtw 

l MI levat and lm 
balance 
l onb 3 3 / 4  r 2" 

@< kid: 
FREOUENCY RANGE: Recalve and Transm~t 144.00 to 148 995 

$490° 
features whlch are found In only the most soph~stl~sted and 

MHz. 5Khz steps (1000 channels ) INCLUDING NEW BAND 144 5- expenst- atrcraft and commerc~al transce~vers 
145 SMHz + MARS-CAP ' TRUE FM Not phase modulat~on - for superbemphas~~d hl-fl aud~o 
LED DIGITAL READOUT. qualtty second to none 
4 CHANNEL RAM SCANNER WlfW ICMEMORY. Progmmany4 RIT CONTROL Used to Improve clanty when contactlng MtlOnS 
frequencies and reprogram at any ttme uslng the front panel wlth on frequency carrler 
controls-scan all or pan of the memory-march foroccupled (closed) MONITOR LAMPS 2 LED'S on front panel ~ndlcate (1) t m i n g  
channel or vacant (open)channels Internal NI-Cad ~ncluded toretaln s~gnal-channel busy, and (2) Transmtt 
memory (no diode matrlx to wlre or change) FULLY REGULATED INTEGRAL POWER SUPPLY: Operating 
MULTIPLE FREOUENCY OFFSETS Three poatt~ons A.B.C. voltage tor all 9v clrcults tndependently re~ulated M a S 8 l ~  
provtded for ~nstallat~on of opt~onal crystals EXAMPLE - 1 MHz Commerc~al Hash F~lter 
offset Duplex Frequency Otfmt Bu~lt tn - 600 Khz PLUS or MINUS 5 MODULAR COMMERCIAL GRADE CONSTRUCTION 6 
KHz steps, plus s~mplex, any frequency. Un~t~zed modules el~m~nate stray coupllng and facllltate ease of 
INTERNAL MULTIPURPOSE TONE OSCILLATOR BUILT IN  ma~ntenance 
1750Hz tone burst for whistle on operat~on" end sub-aud~ble tone ACCESSORY SOCKET Fully wred for touch tom. phone patch. 
operalaon poss~ble by slmply addln~ a capacttor across the termtnals and other accessor~es Internal swltch connects recelver output to 
prov~ded Internal 2 pos~tlon swltch for automatic and manual tnternal speaker when connector IS not tn use 
operatlon, tone burst or sub aud~ble tone PL - adjustable 60-203Hz MULTI-PURPOSE METER Tr~ple Function Meter ProvldOS 
(1 00 Hz prov~dedl D~scr~m~nator Meter. S Readtng on recetm and Powsr Out on 
AIRCRAFT TYPE FREOUENCY SELECTOR b r g e  and m a l l  Transm~t 
coax~ally mounted knobs select IOOKHz and 1DKHz steps RECEIVE Better than .25uv senslttvlty, 16 POLE FILTER 88 well 8s 
respect~mly Swltchm cl~ck-stopped wlth a home poattlon fac~l~tate rnonol~th~c crystal f~lter and AUTOMATIC TUNED LC c~rcutts prmde 
frequency changlng wtthout need to vlew LED'S whtle drlvlng and superlor skin selectlv~ty - COMPARE1 
prov~des the s~ghtless amateur with full Bratlle dlal as standard HIGH/LOW POWER OUTPUT 15 watts and 1 w t t ,  w t c h  
equ~pment selected Low power may be adjusted anywhere between 1 and 15 
FULL AUTOMATIC TUNING OF RECEIVER FRONT END AND watts Fully protected-short or open SWR 
TRANSMITTER CIRCUITS DC output of PLLfed tovaractord~odes a OTHER FEATURES Dynamlc M~crophone, Bull1 In Swker .  mob~le 
tn all front end RF tuned c~rcu~ts prov~des full sens~t~vlty and mount, external 5 p ~ n  accessory jack. speaker jack, and much, much 
optlmum ~ntermodulat~on rejectton over the entlre band APC(AUT0 more Sue 2% x 7 x 7'/a All cords, plugs, fuses, merophone hanger. 
POWER CONTROL) - Keeps RF output constant from band edge to etc lncluded We~ght 5 Ibs 
band edge NO OTHER AMATEUR UNIT AT ANY PRICE has these 

Manufactured by one of the worlds most distinguished Avionics manufedurers, Kyokuto Denshi Kaisha. Ltd. 
First in the world w~th an all solid state 2 meter FM trsnscerver. 

I).clu)Wr&HaCm. 
nmhn a- ..* Elm- AMATEUR-WHOLESALE ELECTRONICS L G * % ~ ~  E m  s.dord Comn*Il0.1*rr h a  

881 7 S.W. 129th Temce, Miami, Florida 33176 DEALER lNOUlRlES INVITED. Colonu N J  
1200 674 3003 - Telephone (306) 233-3631 Telex: 61-6628 PLEASE ORDER FROM YOUR LOCAL :,""hnU;F- 

U.S. DISTRIBUTOR DEALER OR DIRECT IF UNAVAILABLE. 1a141221 2336 
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m m m m w m m m m m  
m m  Available directly 

Plug i t  in  like a key 
and send perfectly 

KEYBOARD from the factory for 

TO rn only $225 plus post- 
timed Morse code as MORSECODE = age&handling.Mas- 
easily as typing a let- 
I 

tercharge or Hanka- 
Sidetone and mericard acceoted. 

I buffer register make cal l  or write to  brcier I 
i t  simple to  send at or request complete 
the speed you select. ATRON[(S specifications 

options. 
BOX 2946, LAGUNA HILLS, CA 92653 

(714) 8306428 

QUALITY KENWOOD TRANSCEIVERS 
from KLAUS RADIO m m m  

The TS820 is  the rig that i s  the 
talk of the Ham Bands. Too many 
built-in features to list here. What 
a r ig  and only $830.00 ppd. in  
U.S.A. Many accessories are also 
available to increase your oper. 
ating pleasure and station ver- 
satility. 

160-1OM TRANSCEIVER 

Super 2.meter operating capability 
is yours with this ultimate design. 
Operates all modes: SSB (upper 
& lower). FM, AM and CW. 4 MHz 
coverage (144 to 148 MHz). The 
combination of this unit's many 
exciting features with the quality 
& reliability that is inherent in  
Kenwood equipment is yours for 

2M TRANSCEIVER only $599.00 ppd. i n  U.S.A 

Guess which transcelver has made 
the Kenwood name near and dear 
to Amateur operators, probably 
more than any other piece of 
equipment? That's right. the TS- 
520. Reliability is the name of 
this r ig  in  capital letters. 80 thru 
10 meters with many, many built- 
in  faatures for only $629.00 ppd. 
in  U.S.A. 

This brand new mobile transceiver 
(TR-7400A) with the astonishing 
price tag is causing quite a com- 
motion. Two meters with 25W or 
10W output (selectable), digital 
read-out. 144 through 148 MHz 
and 800 channels are some of the 
features' that make this such a 

TR-7400A great buy at $399.00 ppd. i n  U.S.A. 
2M MOBILE TRANSCEIVER 

Send SASE NOW for detailed info on these systems as well as on many other fine 
lines. Or, batter still. visit our store Monday thru Friday from 8:00 a.m. thru 5:00 p.m. 
The Amateurs at Klaus Radio are here to assist you in the selection of the optimum 
unlt to  fullfill your needs. 

BLAUS RADBO in=. 
8400 N. Pioneer Parkway, Peoria, IL 61 61 4 
Jim Plack W9NWE - Phone 309-691-4840 

tone encoder 
Compatible w i t h  

Input 8-18 VDC 
unregulated 5 n . a  

R u m 4  ~lastk  
Price $19.95 encased with 

leads 
Adjustable frequency Freq set at 

factory 
(98-250 Hz). $51~) extra 
available 

Excellent stability 

Have you had rotator damage, Removed the 
rotator? Been off the air? Walted for parts? No 
morel AUTOBRAK IS a complete conversion klt, 
tncludtng punched and frntshed cabrnet for all 
HAM M serles 1 through 5 rotator controi units. 

AUTOBRAK reduces the inherent problem of 
damaged rotator components due to instant brake 
engagement. AUTOBRAK allows the antenna 
array to come to a coastlng stop before brake 
engagement, thereby reducing stress on rotator 
components. 

Other features include Zener regulated meter 
circuitry, adjustable brake delay, and handsome 
up.todate styllng compat~ble to most Ham gear. 
Cablnet measures 6"X7%"X7'/." 

I Price $39.95. Shipping and handling $1.75 in 
U.S. Illinois residents add 5% sales tax. I 



Al l  band operation ( 1 W 1 0  meters) 
wi th any random length o f  wire. 
200 watt output power capa- 
bil ity-wil l work with virtually any 
transceiver. Ideal for portable or 
home operation. Great for apart- 
tnents and hotel rooms-simply 
run a wire inside, out  a window, or 
anyplace available. Toroid induct- 
or for small size: 4 -1 /4  X 2-3 /8  
X 3." Built-in neon tune-up indi- 
cator. 50-239 connector. Attract- 
ive bronze finished enclosure. 

wires. Works great on all bands (160-10 meters) with any 
transceiver running up to 200 watts power output. 

Increases usable bandwidth of any antenna. Tunes out SWR 
on mobile whips from inside your car. 

Uses toroid inductor and specially made capacitors for 
small size: 5%" x 2%" x 2%." Rugged, yet compact. 
Attractive bronze finished enclosure. SO-239 coax con- 
nectors are used for transmitter input and coax fed 
antennas. Convenient binding posts are provided for ran- 
dom wire and ground connections. 

IMPEDANCE TRANSFORMER 
Vatches 52 ohm coax to the lower impedance of a mobile 
whip or vertical. 12 position switch with taps spread 
between 3 and 52 ohms. Broadband from 1-30 MHz. Will 
work with virtually any transceiver-300 wattoutput power 

GUARANTEE you are not satisfied for any reason. Please add 12 for shipping 
~ 1 1  SST products are guaranteed for 1 year. In add~t~on, they may and handling. Calif. residents, please add sales tax. COD orders 
be returned within 10 days for a full refund (less shipping) if you OK by phone. 
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PARTS PANIC!! 
Having parts problems such as Minimum Orders, Unanswered Letters. 

Uninterested Suppliers, Too Much Time at Flea Markets? 
Let G. R. Whitehouse & Co., the New Parts Specialists solve your 

problems. 
NOW IN STOCK 

Transmitting Variables - Roller Inductors - Counter Dials 
Air Wound Co~ls - Couplings - Knobs - Rece~ving Var~ables 

Toro~ds - R.F. Chokes - Co~l Forms and more 
From 

Millen - E. F. Johnson - Barker & Williamson - JW Miller - Hammarlund 

Send First Class Stamp for Flyer 

G. R. WHITEHOUSE & CO. -s 10 NEWBURY DRIVE, AMHERST, N. H. 03031 
"The Parts Finders" <@@ 

Clegg won't sell you a radio 
in a factory sealed carton! 
When vou purchase your YAESU, WILSON. KLM, DENTRON, HY-GAIN, 
ATLAS or other selected product from Clegg, please don't expect to 
receive it in a factory sealed carton. When we deliver any of these fine 
pieces of equipment to you, we want to be certain it meets or exceeds all 
the manufacturers specs. First of all, we want to warrant that it does; 
secondly-you're entitled'to that extra assurance! We thoroughly test 
each unit before we ship it. And we furnish you with test date 

If getting a super discount on your new radio is important to you-or if 
you insist on a factory sealed carton, we suggest you shop elsewhere. 
But-if you want the positive assurance that you are receiving the value 
and performance you're entitled 
to-then we are the guys to talk to. 

For complete details and 
prices on any Clegg-approved 
product, telephone Toll Free 
1-(800)-233-0250 (In Pennsylvania 
C ~ I I  Collect (717)-299-7221). Or 
drop a card to Clegg Communica- 
tions Corp., 1911 Old Homestead 
Lane. Greenfield Industrial Park 

For fsster wrvlael 

Ea4EBmE 

PARABOLIC 
ANTENNA 

FRAMEWORKS 

FOR.. . 
EME TV DXlng 
Radio Astronomy 
Experimenting 
Student projects 

Apertures available - 
12', 16', 20' TEA: 24' 

With PARAFRAME you can build 
a complete 20 '  parabol ic 
a n t e n n a  f o r  $1300. W i t h  
interchangeable feeds you can 
have several antennas for the 
price of one. 

JAMES K. VINES 
61 1 Farmview Rd. 

Park Forest South, IL 
60466 

(312) 534-0889 
after 7 PM CDT 

TEST EQUIPMENT 
AII equ~pment l~s t rd  is operat~onal and un 

cOnd~t10ndlly quarantred Money back 11 not 
sdtvstt~d equ#pmrnt belnq rcturnrd must br 
sh~pprd prepdad Include check or monry ordrr 
w,thorder Prncrs I~str.darr FOB Monrw 

. . .  BOONTON l9OA Q m t r  30 2OOmHz .$A25 
F L U K E  8038 D i l l  ac dc v t v m . .  . . . . . . .  ,795 
GR916A RF I m p  bridge 420kHz 60MHz .375 

. . . . .  GR1001A L F  siqgen 5kHz 50mHz .385 
HPIZOB 450kHz qen pur scope . . . . . . . .  ,715 
HP160B(USMIOS) 15mHzscopewith 

. . . . .  res  horiz, dual trace vert plugs ,375 
. . .  HP166B(Mil)Delay sweepfor above 130 

HP17OA(USMl40) 30mHz scope w i th  
. . . . .  reg  ho r~z ,  dual t racever t  pluqs .475 

HPl75A 50mtiz scope w ~ t h  req 
. . . . . .  ho r~z ,  dual trace vcrt p lugs. .  565 

HPIRSA Samplinq scope to 1 gHz 
. . . . . . . . . . . .  1868 xstr r ise t ~ m e  pluq 585 

. . . .  HP7078 L F  Osc .5Hz 50kHz 10vout..  75 
. . . .  HPlOSAG Labaudlogen .02 2OkHz 195 

. . . . . . .  H P l I 7 A  Pulscgen .06 SkHzPRR .65 
H P524D Freq  counter basic range 

. . .  lOHz 1OmHz extends w plug ~ n s .  195 
HP54OB Transosc to 12.4gHz for 

. . . . . . . . . .  use w HP524 type counters 145 
. . . . .  HP616 Sig gen 1.8 4gHz F M  C W . .  ,365 

~ ~ 6 8 6  Sweep gen 8.2 12.dgt-I~-sweep 
. . . . . . . . . . . .  ranqe 4.4mHz 4.4QHz.. ,495 

. .  HP803A VHF Ant br1dge50 500mHz.. 135 
HP7801A Prec d ig thermometer 

80 to 250 deg Cels wi th  1 
. . . . . . . . . . . . . . . . . . .  osc. less sensors 1295 

TeklRl T ime markscopecal ib . .  . . . . . . .  .55 
. . . .  Tekl9O Sig qet't(c0nSt amp l )  50rnHz 125 

Tek 545(mtl vers by HickokLavo~e)  
. . . .  33MHz qen pur  scope less plugin 495 

Tek565 Dual beam 1OmHz scope 
. . . . . . . . . . . .  less pluq ins (3 sertes). ,625 

Tek585 80MHz gen pur  scope less 
p l u q ~ n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,645 

For complete list 01 all teslequ~pment 
srnd stamprd, sclt addressed envrlopr 

GRAY Electronics 
P.O.Box 941, Monroe, Mich. 48161 

Sprclal~zlnq In used test equipment 
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$29.95 each 
Wired and tested, complet~ 
K-1 element 

e with 

nmunic 
P . 
:at ion8 
. 0. BOX 1 

BHtA, CALIFOR~IA YLOL I 

'14) 998-3 

K-1 FIELD REPLACEABLE, 
PLUG-IN, FREQUENCY 
DETERMINING ELEMENTS 

10 each 
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11 OLD TESTAMENT 

herefore the Eorh )timeelf 
ehall giuc gou a sign; Br- 
lynlh, n oirgin shall ron- 
rriitc, nnb brar n eon, anh 

ella11 call llie nnntr 4mmanurl 
(iullicfy rnrane @oh with ne)," 

u t  tho11 Oetl~le~crn,  thmtgh 
tllott hr littlc among tllr 
tlynumnhe of 3uhaly, front 

1 go11 eI?nll comc forth ottr 
lttllo ie to br rulrr in Hemrl, whoee 
origin is front olh, front anticnt 
hags, 

dRirah 5:2 740 i8QI 

NEW TESTAMENT 

", , , the angel Ghbriel wne sent from 
bjuh to a ritg of @nlilre, to  n uirgin 
hrtmthch to Boerply, of the house 
of Dnuih; nnh tlyr uirgin'e namc was 
,!llarg,, , alyp nngrl snih to her "Do 
t ~ n t  he nfmih B n q ,  for gou haue 
foltnh fauor tuitly @oh, Anb beholh, 
golt ruill cotrcriuc in Hour wotnb anh 
brar n eott, nnb gou ehall call hie 
ttnnfe BPBUB,'' 

t u k p  1:27-31 70-90 AB 

ing eeroh was troubleh anh 
inqltirrh whero the Christ 
lune to be horn, Zlleg tolh 
hittt in Bethlehct~t of 3u- 

bra; for eo i t  ie turittcn bg tlyc 
prnphrt .(Birah), 

Wlattpeut 2:4-5 60-70 AB 

146 MHz FM 10W 
TRANSCEIVER 

IC-211 
144 to 148 MHz 

SSBlFMlCW 
10 W TRANSCEIVER 

IMMEDIATE DELIVERY 
SHIPPING PREPAID IN USA 

MASTERS ';'9:"~ 
COMMUNICATIONS 

7025 N. 57th DR. 
GLENDALE, AZ 85301 

PHONE 
602-939-8356 

. 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter Is stan- 
dard. Use with our C H A N -  
N E L l Z E R  or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

Historical evidence clearly points to Jesus as the 
man God, who fulfills the literal prophecies of 2100 Enterprise Parkway 
Isaiah and Micah within 800 years. The same Twinsburg. Ohio 44087 
God who chose the Virgin Mary to bear Jesus Rad~o Co.. Inc. (216)425-3173 
and who chose Bethlehem for the birthplace 
reveals himself in holy scripture today. We thank 
him for the birth of Christ this Christmas. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now avallable In KIT FORM - 
GLB Model 200 MINI-SEER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 
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The 
It's the best value 
available in scanners. 

Searching Receiver 
Touch SP, then enter the startlng 

frequency of your cholce. The 
Touch will search up through 

the actlon radlo channels In 
the search band u n t ~ l  ~t 

hears an actlve call You'll 
probably dlscover "llve" 

frequencies you never 
before knew exlsted. 

Priority Receiver 
ouch 2 , then s ~ t  back Any call comlng In over 

for channel one will 
automatically override calls on other channels. You'll never 

miss a call on your favorite frequency. 

Search or Scan Scanning Receiver 
Touch SS to Search the unknown. Touch SC to Touch PR, then enter the frequency you want as 
scan the known. You can either search through you watch it appear on the L.E.D. display. Next, 
all bands for unknown frequencies, or listen to touch the channel number you wish to use. 
the stored frequencies you've selected for the Then touch SC, the scanning lights will begin 
sixteen scanning channels. There's so much the search for action. 
versatility, and it's all at the tip of your finger. 

Model ACT-T-1 6K Selectlv~ty 

REGENCY DIGITALLY 
PROGRAMMABLE SCANNER 

+ 7 KHz (m~n.) @ 6 DB 
Frequency Range: - 15 KHz (max.) @ 60 DB WITH KEYBOARD 

Lo VHF . . 30-50 MHz Squelch: (threshold) 
Hi VHF . . 146-174MHz Lo VHF . . . . . . . 0 4 p V 

SPECIAL $299 
UHF . . 440-512MHz HI VHF . . . . . . . 0.5 p V 

UHF . . . . . . . 0.6 p V Master Charge B B of A 10 day money badc guarantee 

Sensitivity We shlp prepa~d ~n USA full satlsfacllon guaranteed 
(20 DB quieting) Search Scan Range: (rnax) Calif res~dents add 6O. tax Factory warranty on all rtems 

Check w~th order or COD 
Lo VHF . . . . . . . 0.5 p V Lo VHF 4000 channels 
Hi VHF . . . . . . . 0.6 p V Hi VHF 5600 channels 

UHF . .  . . . . . 0.7 p v UHF 5760 channels IN STOCK FOR IMMEDIATE DELIVERY 
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6 db INCREASE I N  AVERAGE 
POWER 

8 MAINTAINS VOICE QU#IlY 

IMPROVES INTELLIGIBILITY 
NO CABLES OR BENCH 
SPACE REQUIRED 
EXCELLENT FOR 
PHONE PATCH 
NO ADDITIONAL ADJUST- 
MENTS - MIKE GAIN ADJUSTS 
CLIPPING LEVEL 
l UNIQUE PLUG-IN UNIT - NO 

MODIFICATIONS REQUIRED 

This  Is RF Envelope C l i p p i n e  
t h e  feature b e ~ n g  used i n  new 
t ransmi t te r  designs fo r  amateur 
and mi l i ta ry  use. 

Models Now Available 
Collins 32S, KWM-2 ...... $ 98.50 er. 
Drake TR-3, TR-4. TR-6, TR-4C. 
T-4, T-4X. T4XB. T4XC $12850 ea 

Postpaid - Calif. Res~dents  
add  6% Tax 

I watch for other models I- I 

I 10's OF THOUSANDS I 
1 OFCRYSTALS I 

IN STOCK! I 
H15C CASE 

Immdmh d&ay On m a t  -! 
OTHERS ARE SPECIALORDER 

CRYSTAL BANKING SERVICE 
P.O. BOX 683 

LYNNFIELD, MASSACHUSETTS 
01940 I 

Radio 
Amateurs 
Reference 

WORLD PREFIX MAP - Full color. 40" x 28". 
shows preflxes on each country . . . OX zones. 
tame zones, ctties, cross referenced tables 

$1.25 

RADIO AMATEURS GREAT CIRCLE CHART OF 
THE WORLD - from the center of the United 
States! Full color. 30" x 25". Insting Great Clr. 
cle bearlngs in degrees for six malor U.S. citles: 
Boston. Washington. D.C.. mi am^, Seattle. Sari 
Francisco & Los Angeles. $ 1.25 

RADIO AMATEURS MAP OF NORTH AMERICA! 
Full color. 30" x 25" - ~ncludes Central Amer- 
Ica an0 the Car~bbean to the equator. show~ng 
call areas, zone boundarles. preftxes and ttme 
zones. FCC frequency chart. plus useful ~nforrna- 
toon on each of the 50 Unlted States and other 
Countries $1.25 

WORLD ATUS - Only atlas compiled for r ad~o  
amateurs Packed w ~ t h  world-w~de ~nformatlon 
- ~ncludes 11 maps. ~n 4 colors wlth zone 
boundarles and country preftxes on each map 
Also oncludes a polar prolect~on map of the 
world plus a map of the Antarctica - a cam- 
plete set of maps of the world. 20 pages Slze 
Ll3h' x 12" $2.50 

I Complete reference library of maps - set of 4 
as listed above ~ 3 . 7 5  1 

See your favorlte daaler or order direct. 

Ma i l  orders please include $1.25 pe r  order 
f o r  sh ipp ing and handlinn. I -. 

RADIO sail AMATEUR b 0 0 k 1 N r .  

Dept. E 925 Shewood hiw 
Lake Bluff, Ill. 60044 
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The new standard of performance for Tr~bander\ 13 the W~lson System One!!! r\ I)X'er$ 
del~ght opcr'itln): 20 rnctcrs on n tull 20 '  boom wllh 4 elCment~, 4 opcr'it~onal elements 
on 20-15-10, plus Fepdrate reflector element on 10 meters for correct monoband 
spacing. Featured are the large diameter High-Q Traps, Beta matching system, heavy duty 
Taper Swaged Elements, rugged Boom to Element mounting . . . and value priced at  
$259.95. Additional features: l 10 dB Gain 020-25 dB Front-to-Back Ratio 0SWR less 
than 1.5 to 1 on all bands. 

ADVANCED DLSIGN L A K G t  I ) IAME lLK  
HIGH-() TRAPS FOR MINIMUM LOSS AND 

MAXIMUM POWER CAPACITY - 

MODEL SY-1 SPECIFICATIONS: 
Mast Diameter 2" O.D. " 
Boom Diameter 2" O.D. 
Surface Area 7.3 sq. ft. '' 

Matching Method: Beta 
Band MHz: 14-2 1-28 
Maximum Power Input: Legal Limit 
Gain 10 dB 
VSWR (at Resonance) 1.5 to 1 
l mpedance 50 ohms 

Windload Area 146 Ibs. .I - 1  
Shipping Weight 50 Ibs. ,.. . ., .. .., 

- rras."l. 20- n h  

FIB Ratio 20-25 dB 
Boom Length 26' 

(2"  0.D.) 
No. of Elements S 
Longest Element 26' 7"  
Turning Radius 18' 6" 

IN\LJI-A ILL0 I IK IVLN LLLhlLN I WITH 
PKLCISION HL 1 A MATCH AND HLAVY 

I I U l Y  ELEMENT MOUNTS 

,------------------------------------ 

I I 
I AMATEUR PRODUCTS DEALERSHIPS I 
I FOR MANY AREAS ARE AVAILABLE!!! I 
I I 
! If you are interested in the profits you can ] 
I ! 
I 
I make as a Wilson Dealer, contact us. I 

For complete specifications on the above products or a copy of our new Amateur Products Buyers Guide, write: 
Consrrmer Products Division 

Wilson Electronics Gorp. 
P.O. BOX 19000. LAS VEGAS NEVADA 89l19 (702) 739-1931 TELEX 684522 
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CRYSTAL FILTERS and DISCRIMINATORS 
9.0 MHz  FILTERS 

XF900 9000.0 kHz Carrier 
XFqO1 89'18.5 kHz USB 
XF902 9001.5 kHz LSB 
XF903 8999.0 kHz BFO 

LINEAR AMPLIFIERS 
COMPATIBLE WITH OUR LOW 

POWER TRANSVERTERS. 

10W DRIVE, 509 IN/OUT 

EDL432. 50W (ILLUS.) $129.95 

UPS Shipplng at Cost 

432 MHz SSB TRANSVERTERS 

Oriw, 10 meters % W max 
Rece~wr N.F. 3.0 dB typ 
Receiver galn 30 dB lyp 
Pr~me Power 12 V D.C. 
Sh~pping:  $3.50 

M M t 4 3 2 - A N  
MMt432-144 

VARACTOR TRIPLERS 

MMv432 3 0  W 165.95 
MMv432M 50 W 79.95 

MMv432H 7 0  W 125.50 

MMv1296 2 0  W 77.50 

SSB Transverters 

Post 0 
ord, Mas 

WITH A COPY OF 
GREGORY ELECTRONICS 

PREAMPS from LUNAR 
Originally developed by Chlp Angle NbCA, the "Anglelinear" 
receiving preampltflers meet the most demanding needs 
where low nolse f ~ g u r e  1s important.  

Model Noise Gain Bandwidth List 
Figure 3 dB 10 dB Price 

28N 1.25 15 1.3 4 34.95 
28W 1.25 10 2.6 7 34.95 
50 1.5 12 2.5 5 34.95 
144N 1.5 12 2.5 8 34.95 
144W 1.5 11 5 34.95 
222 2.0 11 6 l5 34.95 
432-2 1.6 15 150 400 l8 39.95 
E432-3 1.0f .l 11 180 325 125.00 
450-2 1.7 15 150 400 39.95 
490-2 1.7 15 150 400 44.95 

BNC Connectors standard. except €432-3 SMA only. Others. 
specify RCA Phono. TNC, etc. 
New "Anglelinear" l ine products coming soon: Preamps th ru  
2.5 GHz. converters & t ransver ten systems fi lters 28 MHz 
thru  2.5 GHz. 

Write for kscriplive brochure on all Lunar Products. 
Please add $3.00 shipping/handling 

Cal t fo rn~a res~dents  add G",. Order today at your dealer or  
d ~ r e c t  from: 

SUITE 10 ctro nits g;i5pmllO 
LO\~ I ' ,  N Anclaux WBBNMT 

i L 
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OK, so you want to save money - can't blame you for that! 
After you have called the 800 numbers, got your "best price," sent your money - what do 
you get? A box. Suppose it doesn't work? (Murphys' law). Ship it back (at your own ex- 
pense) and wait. Or - two weeks after the warranty expires - so goes the rig.. . what to do? 
And since you got that great discount how much attention will you get? Rotsaruck fella! 
Today's amateur equipment is far more sophisticated than that of even a few years ago, 
and it's getting more so every day. Service becomes an important issue. At CFP we have 
decided to offer you an alternative: If you are willing to pay the regular list price on any 
Drake or Yaesu product, CFP will provide an additional 90 days of warranty protection. 
This warranty will be identical with the normal warranty with the exception that we will 
pay all charges including shipping both ways! 
There may be occasions when we won't have the item you desire. Should you place an 
order and we don't, we will refund your money and advise you when it will be available. 
We won't siton your money! I f  you wish a high demand item and want to make a deposit to 
ensure getting what you want - fine. 
Because we are amateurs and concerned about the issues, we limit our transmitter and 
amplifier sales to licensed amateurs (a license photocopy will do). 
Amateur radio is a great service and a greater hobby - lets keep it that way! 
Mail Orders accepted. N. Y. residents add sales tax. SASE will get our list of used Amateur Equipment. 

Slom Hours C F P  COMMUNICATIONS, INC. ~ues.to~d.10.sp.m. CLEAN TRADES! 
211 NORTH MAIN STREET Sat. 10.4 p.m. 

WAPKTJ 1 HORSEHEADS. N.Y. 14845 Frr R 91 sublecl to WBZLVW Hamlpsl weekends 
PHONE: 607-739-0187 C l o s ~ d  Sun (C Mon 

our 1977 WRAP-UP issue 
A real nostalgia trip for the old timer 
A super eye opener for the newcomer 

Chocked full of real goodies for everybody. Those old 
Radio magazines of the 30's - war surplus gear of the 
40's - excitlng OSCAR in the 70's - OSO's of the 
future. HORIZONS 1977 WRAP-UP a completely unique 
issue - one you must have. 
At your local stom - NOW 
Better yet, why no1 subscribe now and get your WRAP- 
UP issue absolutely FREE? 

I------------ 

! Subscribe Today! I 
) Enclosed is check or money order for $10.00 

send my FREE Wrap-Up lssue and One Full Year (12 issues) 1 of HORIZONS 
fl Here's $1.00 for the Wrap-Up lssue only. No subscription 1 please. 

Charge a 1 year (12 issue) subscription and send the FREE ( Wrap-Up Issue. 
Masterchar 

1 Mail to: Ham Radio HORIZONS, Greenville, NH 03048 
L--------------- 

I ALUMA ; ~ ~ ~ ~ )  
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d the angel said unto her, Fear not, Mary: for thou hast found favor 
d. And, behold, thou shalt conceive in thy womb, and bring forth a 

Luke 1: 30,31 KJV 

Luke 1: 34,35 KJV 
And she brought forth her firstborn son, and wrapped him in swaddling 

clothes, and laid him in a manger; because there was no room for them in the 
Luke 2:7 KJV 

For God so loved the world, that he gave his only begotten Son, that 
whosoever believeth in him should not perish, but have everlasting life. 

John 3:16 KJV 

Nearly 2000 years ago, God reached out and touched the world with 
his love. He is still reaching out today seeking the lost. 

Let his love reach into your heart this Christmas season. Become a 
member of God's family by turning front your way, and trusting in God's way 

May you and your family reach out and accept the joy he has for you 
this Christmas. 

Joy to theWorld . . . 
Lee, Andy, Denny, Don, Bill, Denny, Linda, Lydia, Billie, 

Kim, Lee, Rick, Jane, Deb, Barb, Les, Merrill, and Paul. @!@F 
RD 1 BOX 185A FRANKLIN, PA16323 

DICK EXPERIENCE the Ultimate BOB 
K4RYR in Scanners W4YYS 

The Touch;" 
byeTq&% 

$329 LIST 
Over 15.000 frequencies at your fingertips our price 
Scans the Channels in 1.3 Seconds 
Special Weather Alert' and Priority Scan features $2790° 

LAFAYETTE RADIO ELECTRONICS %2 
m 1811 HWY 17-92, MAITLAND, FL. 32751 

MI,,W, 

305-831-2271 e 

Two Elements $139.00 
Extra Elements $99.00 
Price is F.O.B. Transcona 
lNCLUDES U.S. Customs 
Duty 

KIT COMPLETE WITH 

*BOOM WHERE 

WINNER OF MANITOBA 
DESIGN INSTITUTE 

AWARD OF EXCELLENCE 
Buy two elements now - a third and 
fourth may be added hter with little 
effort. 
Enjoy up to 8 d b  forward gain on DX, 
with a 25 d b  back to front ratio atad 
excellent side discn'niination. 
Get maximum sfr~~ctrrral strength with 
lotu weight,  using our "Tridetic" 
a m .  

GEM QUAD PRODUCTS 
Box 53 

Transcona. Manitoba 
Canada R2C 225 

Tel: (204) 8663338 



RECEIVE ABSOLUTELY FREE - A SIX-DIGIT 12- OR 24-HOUR 
ELECTRONIC CLOCK KIT. COMPLETE WlTH POWER SUPPLY 
AND CASE. WlTH THE PURCHASE OF ANY ONE OF THE FOL- 
LOWING FREQUENCY COUNTER KITS. HALaOOA. HAL-3004 
HAL-50A OR THE ANALOG DIGILAB. JUST MENTION THlS AD 
WAS FOUND I N  HAM RADIO MAGAZINE. 
OR RECEIVE A GIFT CERTIFICATE WORTH $15.00 ON YOUR 
NEXT PURCHASE OF $50.00 OR MORE. 6 GoOD REASONS FOR BUYING A HAL-TRONIX 

FREQUENCY COUNTER 
(1)  loo0,, COMPLETE KIT. (2) EASY ASSEMBLY. (3) COM- 
PLETELY ENCLOSED IN  METAL CABINET. (4) IC SOCKETS 
USED THROUGHOUT FOR EASY TTL REPLACEMENT (5) EASY 
ON YOUR POCKET BOOK. AND (6) NO EXPENSIVE CHIPS TO 
REPLACE (EXAMPLE - IF YOU LOSE A DECODER. LATCH OR 
DRIVER IN  A HAL-TRONIX COUNTER. THE AVERAGE COST 
OF REPLACEMENT OF THE LOW-COST TTLS IS LESS THAN 
$1.00 EXCLUDING THE PRE-SCALE CHIP. IN  SOME OF THE 
NEWER COUNTERS NOW BEING MARKETED BY MY COMPE. 
TITION. THEY ARE USING THE EXOTIC SINGLE CHIP AND 
WOULD COST YOU CLOSE TO $30.00 TO REPLACE). THlS IS 
SOMETHING YOU SHOULD CONSIDER. 

ANALOG-DIGILAB 
KIT  $139.50 

DESIGNED BY HAL-TRONIX 
A N D  M I K E  G O L D E N  O F  
R. E .T .  S. E L E C T R O N I C S  
SCHOOL OF DETROIT. FOR 
RUGGED CLASSROOM USE. 

FOR THE RADIO AMATEUR. THE STUDENT. 
THE EXPERIMENTER OR DESIGNER 
SPECIFICATIONS: OUTPUT VOLTAGES: +5V. h12V.: -,12V; 
USABLE CURRENT: 750mA: % Regulation a t  5 OmA 0 2 % ;  
Shor t -c l rcu~t  I l r n~ ted  a t  1.0 amp; Thermal overload protected. 
Power requlrernents: 117VAC. 60HZ. 40 Watts. 
Function Generator: Frequency range: 1HZ to 100 HZ i n  5 
bands. Amp l~ tude  adjustable f rom 0 t o  10 VPP. DC offset 
adjustable f rom 0 t o  + 10V. Waveforms: Sine. square, t r i -  
angular and TTL Clock. TTL Clock 0 t o  -4 5V level. 200 ns  rise 
and fal l  t ime. Frequency determined by Func t~on  Generator. 
Output impedance 1.2K ohm. 
Most of all. 11's easv t o  construct and service. PC boards are 
predrilled. 'plated t h ru  and solder flowed. Over 1000 un i ts  
sold t o  schools. 

6-DIGIT CLOCK I 4-DIGIT ALARM CLOCK 

Regular Prtce . . . $6.50 Bu t  Only $4.50 when bought w i t h  clock 

60-HZ TlME BASE I 10-MHz CRYSTALS 

12/24 HOUR 
COMPLETE KIT CONSISTING OF 2 
PC G10 PRE-DRILLED PC BOARDS, 
1 CLOCK CHIP, 6 FND 359 READ. 
OUTS 13 TRANSISTORS 3 CAPS 

R E ~ ~ S T O R ~ ,  DIODES: PUSH: 
BUTTON SWITCHES, MOLDED 
POWER TRANSFORMER CORD AN0 
INSTRUCTIONS 
DON'T BE FOOLED BY PARTIAL 
KlTS WHERE YOU HAVE TO BUY 
EVERYTHING EXTRA. 
PRICED AT $12.95 

12 HOUR ONLY 
COMPLETE KIT CONSlSTlNG OF 2 
PC GI0 PRE-DRILLED PC BOARDS, 

FND 503 READ. 
OUTS. ALL NECESSARY TRANSIS- 
TORS, CAPS AND RESISTORS 

~ W c l \ ~ ~ ~ N S ~  ~ O L P ~ ~ ~ - B p " ~ ~ ~ ~  
P L U S  

~ : ~ K l ~ ~ i R & ? / { ~ s 5  'OMPLETE 
PRICED AT $ 16.95 

KIT INCLUDES: 
4 PCS PHOTO-SENSITIZED GLASS EPOXY BOARD. DEVELOPER & RESIST 
STRIPPER. DRY ETCHANT CRYSTALS. 1 - 8 x '12 x 3 PLASTIC TRAY 
AND C O V ~  2 - 8112 x 11 SHEETS 0k ,100 GRID PAPER. 2 - 8I/2 x 11 
SHEETS OF .002 MYLAR; 1 PAIR OF PLASTIC GLOVES, MISC. ART- 

CLOCK CASE Ava~lab le  and WIII f ~ t  any one of the above clocks 

CRYSTAL TlME BASE KIT. WlLL 
ENABLE MOST ALL DIGITAL 
CLOCKS TO OPERATE FROM 12 
VDC. LOW PROFILE UNIT, EASY 
3.WIRE HOOKUP. ACC ZPPM, 
ADJUSTABLE. 
COST ONLY $5.95 EACH OR 2 
FOR $10.00 - OR ONLY $4.50 
WITH CLOCK PURCHASE. 

WORK SUPPLIES. 

DISTRIBUTOR FOR A P PRODUCTS, INCORPORATED 

HI-QUALITY CRYSTALS, DESIGNED 
FOR FREQUENCY CONTROL AND 
ELECTRONIC TlME PIECES: AGING 
FACTOR 5PPM. MEETS OR EX- 
CEEDS MIL-C.3098 SPECS. MADE 
ESPECIALLY FOR HAL-TRONIX 
BY SENTRY. 
PRlCE 55.95 OR 2 FOR $10.00 

SUPER STRIP 
ss -2  #923252 i 
P R l f F  I17 1M 

PRINTED CIRCUIT KIT 
ONLY 
$19.95 

PLUS $1.00 SHIPPING 

COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL 
PART NEEDED TO MAKE YOUR COUNTER COMPLETE. 
HAL-600A 7-DIGIT COUNTER WITH FREQUENCY 
RANGE OF ZERO TO 600 MHz. FEATURES TWO IN- 
PUTS: ONE FOR LOW FREQUENCY AND ONE FOR 
HIGH FREQUENCY; AUTOMATIC ZERO SUPPRESSION. 
TlME BASE IS 1.0 SEC OR .1 SEC GATE WITH OP- 
TIONAL 10 SEC GATE AVAILABLE. ACCURACY * 
.001%, UTILIZES 10-MHz CRYSTAL 5 PPM. 
COMPLETE KIT $149.00 
HAL300A 7-DIGIT COUNTER WlTH FREQUENCY 
RANGE OF ZERO TO 300 MHz. FEATURES TWO IN- 
PUTS: ONE FOR LOW FREQUENCY AND ONE FOR 
HIGH FREQUENCY; AUTOMATIC ZERO SUPPRESSION. 
TIME BASE IS 1.0 SEC OR .1 SEC GATE WlTH OP- 
TIONAL 10  SEC GATE AVAILABLE. ACCURACY * 
.001%. UTILIZES 10-MHz CRYSTAL 5 PPM. 
COMPLETE KIT $124.00 
HAL-50A 8-DIGIT COUNTER WlTH FREQUENCY RANGE 
OF ZERO TO 50  MHz OR BETTER. AUTOMATIC DECI- 
MAL POINT, ZERO SUPPRESSION UPON DEMAND. 
FEATURES TWO INPUTS: ONE FOR LOW FREQUENCY 
INPUT, AND ONE ON PANEL FOR USE WlTH ANY 
INTERNALLY MOUNTED HAL-TRONIX PRE-SCALER 
FOR WHICH PROVISIONS HAVE ALREADY BEEN 
MADE. 1.0 SEC AND .1 SEC TIME GATES. ACCURACY 
r .001%. UTILIZES 10-MHz CRYSTAL 5 PPM. 
COMPLETE KIT $124.00 

HAL-TRONIX BASIC COUNTER KITS 
STILL AVAILABLE 
THE FOLLOWING MATERIAL DOES NOT COME WITH 
THE BASIC KIT: THE CABINET. TRANSFORMER, 
SWITCHES, COAX FITTINGS, FILTER LENS, FUSE 
HOLDER. T-03 SOCKET, POWER CORD AND MOUNT- 
ING HARDWARE. 
HAL-6OOX (Same Spec~f~cat ions as  HAL-600A) $124.00 
HAL-300X (Same Speclf lcat~ons as  HAL.3OOA) $99.00 
HAL-50X (Same Specrf lcat~ons as  HAL-50A) $99.00 

PRE-SCALER KlTS 
HAL-0-300PRE (Pre-drilled G10 board and all corn- 
ponents) $19.95 
HAL-OJOOP/A (Same as above but with preamp) 

$29.95 
HAL-0600PRE (Pre-dr~lled G I 0  board and all corn- 
ponents) $39.95 
HAL-1GHZ (New Item - Available in December) 

$124.95 

PRE-BUILT COUNTERS AVAILABLE 
(HALdOOA - $229.00) (HAL300A - $199.00) HAL- 
50A - $199.00). ALLOW 4- TO 6-WEEK DELIVERY 
ON PRE-BUILT UNITS. 

:<'pa HAL-TRONIX kid* P. 0. BOX 1101 -. .. X- 
"HAL- W D  c NOWUND SOUTHGATE, MICH. 48195 

WBZXH PHONE (313) 285-1782 
ORDERS OVER $15.00 WlLL BE SHIPPED POSTPAID 

SHIPPING EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES 
ARE REQUESTED. ON ORDERS LESS THAN 515.00 

INFORMATION: PLEASE INCLUDE ADDITIONAL $1.00 FOR HANDLING 
AND MAILING CHARGES. 

SEND SASE FOR FREE FLYER 
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The Touch. b y ' - %  

Linear Switch (FM/SSB) 
Broad Band 

Model Input Output Typical Frequency Price 
702 10W-20W SOW-90W 10W lnl7OW out 143-149MHr $149.00 
7028 IW- 5W 60W-80W 1W in170w out 1 4 3 - 1 4 9 ~ ~ ~  $179.00 

Now get TPL COMMUNICATIONS quality and 
rellabllily at an economy prlce. The solid state construc- 
tlon, featuring magnet~cally coupled transistors and a 
floating ground, glves you an electronically protected 
amplif~er that should last and last. 

The Linear Bias Switch allows you to operate on either 
FM or SSB. The 702 and 7028 are exceptionally well 
sulted for 2-meter SSB. Typical power output levels as 
hlgh as lOOW PEP can be achieved with the proper drive. 

The broad band frequency range means that your 
ampllfler is immediately ready lo use. No tuning is 
requlred for the entlre 2-meter band and adjacent MARS 
channels on TPL's new Econo-&ne . 

See these great new additions to the TPL COM- 
MUNICATIONS product line at your favorite radio dealer. 

Call or wnte for pr~ces and mfor- 
mallon on TPLS complete hne of 
amateur and commercral ampbhers. 

4 

BIND 'EM 
'+Q *l i/ ,,amW~~ 

- 
;$;: 

I *, - 
AND 

." FIND 'EM 
Don't let your valuable Issues of HAM Magaz~ne 
get dog-eared or lost1 Collect the whole years worth 
and protect them In one of our washable, durable, at- 
tractlvely des~gned buckram b~nders 

Order HR-BDL $6.95 each 
3 for $17.95 

the really deluxe way to build your 
HAM RADIO Magazine library 

BOUND VOLUMES O F  H A M  RADIO 
Each volume IS a years collect~on of HAM RADIO 
Magaz~ne bound as a handsome hardcover book. 
Available for the years 1973, 1974, 1975. and 1976. 

1973 Order BV.73 $24.95 each 
1974 Order BV-74 
1975 
1976 

Order BV-75 Set of all 
1977 

Order BV-76 SAVE over 10 % Order BV-77' 
$109.95 

'Bcund volumes lor 1977 w ~ l l  be ava~lable rlounrl 1 rbruaiy 15 1978 

Ham Radio's Communications Bookstore 
Greenville, NH 03048 

- - 
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HIGH GAIN LOW NOISE 
30 dB power gain, 2.5-3.0dB 
N.F. at 150 MHz, 2 stage, 
R .F. protected, dual-gate 
MOSFETS Manual gain F-i 
control and provision for 
AGC. 4-3/8" x 1.7/8" x 
1.318'' aluminum case with power switch and 
your choice of BNC or RCA receptacles. 
Available factory tuned to the frequency of 
your choice from 5 MHz to 35OMHz with 
approximately 3% bandwidth. u p  to 10% 
B.W. available on special order. Requires 12 
VDC GfilOmA. 

.......... Model 201 price (5 200MHz) 529.95 
201-350 MHz ......................... $34.95 

EXTRA LOW NOISE 
Excellent for weather satel- 
lite reception and recom- 
mended by Dr. Ralph E. 
Taggart in his Weather 
Satellite Handbook. Less 
than 2 dB noise figure and 
approximately 17 d~ gain. uses a low noise 
J.FET in  a common source neutralized cir. 
cuit. Availablefactory tuned to your choice of 
frequency from 135 M H ~  to 250 MHZ. 
Bandwidthapproximately 4MHz. supplied in  
a 2.1/4" x 1.1/8" 1.3/8" die cast aluminum 
weather.proof case with a filter for powering 
i t  through the antenna. ~~~i~~ 12 VDC 5 
mA. Choice of VHF, type ,*N-, or BNC 
receptacles, 

Model 102 PRICE ................... $36.95 

UHF 
3 TO 5 dB MAX. N.F. 

20dB MIN. POWER GAIN 
Uses 2 of Tl's low noise 
J-FETS in our special cir. 
cuit board design which 
gives a minimum of 20 dB 
power gain at  450 MHz. 
Stability is such that you 
Can have mismatched loads without it oscil- 

' lating and YOU can retune (using the capped 
openings in the case) over a 15-20 MHz range 
Simply by peaking the m a x i ~ u m  signal. 
Available tuned to the frequency of your 
choice between 300-550 MHz. 4-3/8" x 1.7/8" x 
1.318'' aluminum case with power switch and 
your choice of BNC or RCA receptacles. 
Requires 12 VDC 1OmA. 
Model 202 price ..................... W.95 

2 METERS 
This converter has a min- 
imum of 20 dB gain and a 
noise figure of 2.5-3.0 dB 
which assures y w  of a sen- 
sitivity of .1 microvolt or 
better. The circuit uses a 
dual-gate MOSFET R.F. stage and a dual- 
gate MOSFET mixer (thereby giving you a 
minimum of cross-modulation products), 6 
tuned circuits, a bipolar oscillator and .M)5% 
crystal. Covers 144-146 MHz at 28-30 MHz 
output with one crystal included and 146.148 
MHz at  28-30 MHz with an extra crystal 
(available for $6.00 more). The glass epoxy 
circuit board is enclosed in a 16 gauge 
aluminum case measuring 3-1/2" x 2.1/4" x 
1-1/4" with yourchoice of either BNC or RCA 
receptacles. Also included is a power and 
antenna switch. Requires 12 VDC 6 d  15 mA. 
The converter is also available at  other input 
and output frequencies. Call us for prices. 
PRICE: Model C.144-A available from Stock 
at  539.95 with one crystal. Additional crystal 
%.00extra. 

HF  6 VHF 
40dB GAIN 2.5-3.0 
N.F. IMMHz 

2 RF stages with tran- 
sient protected dual-gate 
MOSFETS give this con- 
verter the high gain and low 
noise you need for receiving 
very weak signals. The 
mixer stage is also a dual- 
gate MOSFET as i t  greatly reduces SWr iws 
mixing products -some by as much as 100 
dB over that obtained with bipolar mixers. A 

bipolar osc~llator using 3rd or 5th overtone 
plug-in crystals is followed by a harmonic 
bandpass filter. and where necessary an 
additional amplifier is used to assure the 
correct m o u n t  of drive to the mixer, 
Available in your choice of input frequencies 
f rom 5-350 MHz and with any output YOU 
choose within this range. The Usable band- 
width is approximately 3% Of the input fre- 
quency with a maximum of 4 MHz. Wider 
bandwidths are available on special order. 
Although any frequency combination is 
possible (including converting up) , best 
results are obtained if you choose an output 
frequency not more than 1/3 nor less than 
1/20 of the input f req~ency. Enclosed in a 
4-3/8" x 3" x 1-1/4" aluminum case with 
power and antenna transfer switch and your 
choice of BNC or RCA receptacles. Requires 
12 VDC CJ 25 mA. 
Model 407A price: 
5.200 MHz ........................... $54.95 
201-350 MHz ......................... $59.95 
Prices include .w5% crystal. Additional 
crystals S8.95ea. 

UHF 
2OdBMIN.GAlN 

3 TO 5dB MAX. N.F. 
This model is similar in  
appearance to our 
Model 407A but uses 2 

crystals to reduce spurious responses and. 
make possible fewer multipliers in the oscil- 
l ~ t o r  chain which uses 1200 MHz bipolars for 
maximum efficiency, ~ v a i l a b l e  with your 
choice of input frequencies from 300.550 MHZ 
and output frequencies from 14-220 MHZ. 
Usable bandwidth is about 1% of the input 
frequency butcan beeasily returned tocover 
more. Requires 1 i . v ~ ~  s a  3 0 m ~ .  
Model 408 pr ice . ,  . . . . . . . . . . . . . . . . . . . .  $59.95 
. ~ 5 * ~ c r y ~ t a l  included. 

controlled 
channels, Available in 
your choice of frequen. 
,iesfrom 135.250 MHz in 
any one segment from 
1.4 M H ~  wide. I ,F, band. 
width (channel selectiv. 
i t y (  available in your choice of 27.5 kHz or  
+ 15 knz ,  8.pole quartz filter and a 
ceramic f i l ter gives more than 80 d~ 
rejection at  2~ channel bandwidth. phase 
locked Imp  detector. Frequency trimmers 
for each crystal. .2 to .3 microvolt for 20 d~ 
quieting. Dual-gate MOSFETS and integrat- 
ed circuits. Self contained speaker and 
external speaker iack. Mobile mount and ti l t  

HOW TO ORDER: All items on this page are 
available only f rom Vanguard Labs. For re- 
ceivers and converters state model, ~npu t  
and output frequencies, and bandwidth 
where applicable. For the fastest service call 
(212) 468-2720 between 9 AM and 4 P M  
Monday through Friday, except holidays. 
Your order can beshipped COD by Air Parcel 
Post. 
BY MAIL:  Send your order to Vanguard 
Labs. 196-23 Jamaica Avenue, Hollis, NY 
11423 and include remittance by postal 
money order, cashiers check or certified 
check. Personal checks are also accepted, 
but banks now require 3 weeks for checks to 
clear, therefore this wi l l  delay your order. 
Include sales tax if you reside in New York 
State. 
PURCHASE ORDERS: We accept purchase 
orders from US and Canadian government 
agencies, universities, and AAA rated cor- 
porations. Our termsare Net30days. 
FOREIGN ORDERS: Must remit payment in  
ful l  in US funds plus postage and insurance 
fees. If complicated customs forms are re- 
quired, please forward your order to an 
import-exportagent. 
SHIPPING: We ship a l l  our merchandise by 
insured parcel post or ai r  mail. Special de- 
livery is also available. prices include ship. 
ping by regular parcel post if you remit with 
your order. For air  mai l  shipping add $1.00. 
Postage wi l l  be added on a l l  CODs, purchase 
orders, and foreign orders. 

FOR ALL TRANSCEIVERS 
The STR serles syn- 
thesizers are available #-. 
for any transceiver w:04 
operating from 20 MHz 1- , - -1 
to 475 MHz that uses 
crystals in the 5 to 85 
MHz range. I t  has a 
thumbwheel dial calibrated for your operat- 
ing frequency plus a selectable transmit 
offset of plus or minus 600 k ~ z ,  plus or 
minus 1 MHz,and 2spareoffsets that you can 
add later. Frequency accuracy is .0005% and 
spurious outputs are 60 to 70 dB down. To 
process your order we must have the crystal 
formula of your transmit and receive crys- 
tals. l f  your transceiver uses 1 crystal for 
both transmitting and receiving (like the 
Motorola Metrum ]I), you can use our 
receive synthesizer described to the right. 
Maximum tuning range per synthesizer is 10 
MHz above 100 MHz and proportionally less 
at  lower frequencies. Dial increments are in 1 
 HZ steps from 5 to 30 MHz and 5 kHz steps 
above. 
Model STR synthesizer price: 

.......................... 5.150 MHZ 5259.95 
151-475 MHZ ........................ $279.95 

. 

Aluminum case, 6"x 7"x l.3/8" 

FOR VHF RECEIVERS 
This synthesizer has 
8000 channels and can 
tune a continuous 40 
MHz segment of your 
choice from 110.180 MHz 
in 5 kHz steps. This wi l l  
satisfy most of your 
requirements in the VHF range and can save 
you hundreds of dollars in crystals plus a lot 
of time. Stock units are programmed for 
receivers with the crystal formula Fc = Fs 
-10.7 divided by 3 but we can program i t  to 
almost any other I F  at  no additional cost a t  
the time of your order. I t  is supplied with an 
interface for plugging in to your existing 
crystal socket. Requires 12 VDC '/2 amp 
which is easily obtainable from a low cost 
power supply. The synthesizer has 4 voltage 
regulators therefore the power supply need 
not be regulated. Phase noise is not 
detectable as the VCO is coarse tuned by a 
DAC thereby easing the requirements of the 
phase locked loop. Not affected by vibrations 
encountered in mobile use. Enclosed in an 8" 
x 3-7/8" x 1 1/2"aluminum case and supplied 
with a combination t i l t  stand/mobile mount- 
ing bracket. 

............ Price: Model SR l4OD-05 $179.95 

NOTE: We can make any synthesizer from 
audio to475MHz. Call us for prices. 

low noise J-FETS in our 
specially designed RF 
stage which is tuned 
with high-Q miniature 
trimmers. The mixer is a Special dual-gate 
MOSFET made by RCA to meet our require- 
ments. The oscillator uses 5th overtone 

135-180 MHz . . . . . . . . . . . . . . . . . . . . . . . .  $149.95 
181-250 MHz ........................ $159.95 
Price includes one .001% crystal. Additional 
crystals $8.95 ea. This receiver is recom. 
mended in Dr. Taggart's Weather Satellite' 
Handbook. 
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~ A l < l : 1 " r l ~  l~~l!!'rl:H NYWN CAUI rrrs 

C C K ' S  DPDT 14 PIN .I ohm IN914 & P PUS" """ON 
SWITCH. CHIP CLIP RL~-,ISIOI~ 50-239 i b i c  

WATT 

PL-259 h 5 C  
NEW HOUSE MARKED 4 INCH 

$ 1 . 5 0  $3.00 5,s 1 . 0 0  10/$6.00 MIX/MATCII 79c 6 I N C H  1 ,  r ) , s 1 . 7 5  loo for 52.95 
15 INCH I ~ o / s ~ . z ~  

I N 4 Q @a toggle twitch WEATJ&rvK ! 
MOLEX -- - 30 AWG 

MJE3055 
wire wrap 

1 P I .  ! i ~ i  u l l t i b i ~  U I N ~  ASSORTED S I Z E S  . ' .  (.. . !  '. 
.i- ~ Y I  T C H  ?,PDT 1 0  F O O T  BUNDLE . * : . :  h r  ic! I l u ,  C.1.- t ? ,  

)F+ 
$ 1 . 0 0  lO,S8. I , ,  ;.VP . p,pN 200 i ' ~ ! i  51.95 , . , ,  , , ,  RE l i  

95c 2 . 1 1 . 5 0  1000 !.h<'I! $7.95 

WIRE WRAP TOOL 
,1011 so ewb*mr  P ~ N - ~ V J ~  $585- 

R G  1 7 4  1 1  

5 0  F T .  s: .75 

SOLDER T A I L  I C  

T H l S  ASSORTMENT OF  
POTS ARE NEW. WE 
JUST HAVE NOT HAD 

I M E  TO SORT THEM 

SOLDERED 011 CRIMPED.  KANY LlSES 
LZ CONDUCTOR ZZAWG 

5 FOOT $1.75 EXHAUST OR BLOW 
1 1 5  VOLT A . C .  

100 for $1.00 U ~ ~ o  BUT GUARANTEED 

'NEW. MUFFIN FANS 
SAME S P E C . A S  ABOVE 
EXCEPT  NEW I N  FACTORY 

NO COMPROMISE! 

1-1 ELECTRONICS 
500 MHz ANTENNA BALUN 

and 1 GHz FUII ~ K W ,  3 to 30 MHZ, 1:1 or 1:4 

COUNTERS ratios. 

The CTR 2 Ser~es Counters are designed and bu i l t  t o  the highest standards t o  fu l f i l l  the 
needs of commercial communications. eng~neering labs and serious experimentors. With an 
accuracy o f  + .00005% (oven opt ion)  the CTR 2 can handle the most critical measurements 
and is about half the cost o f  other commercial counters. 

I f  you  need a reliable counter at an affordable price, the CTR 2 is the answer. 

8 D i g i t  .3" LED D i s p l a y  Input Diode Protected 
H i g h  S t a b i l i t y  T C X O  Time Base 12V-DC O p e r a t i o n  ( O p t i o n a l )  
Bu~lt- in VHF-UHF Prescaler O v e n  Controlled Crystal ( O p t i o n a l )  
Automatic Dp P lacement  f .5 ppm 
T C X O  Std .  2 2 ppm Se lec t ib le  G a t e  Times 

CTR-2-500 CTR-2-1000 
RANGE 10 H z  to 512 MHz 10 Hz  to  > 1000 M H z  

500  MHz K i t  CTR-2-5OOK . . . . . . . . . . . . . . . .  $249.95 
. . . . . . . . . . . .  500 MHz Assembled CTR-2  500A 349.95 

. . . . . . . . . . . . . . . . .  1 GHz K i t  C T R - 2  1000K 399.95 
. . . . . . . . . . . . .  1 G Hz Assembled CTR 2 1 OOOA 549.95 

(OPTIONS1 (OPTIONS) I, 
(021 Oven Crystal $49.95 (041 12V DC $10.00 
(031 .43" L E D  10.00 (051 1 0  sec. Time Base 10.00 '&h 

ORDER NOW - Call Tol l  Free 
1-800-828 7422 

D A V I S  ELECTRONICS 636 Sheridan Dr., Tona., N.Y.  14150 7161874.5848 
/ 

Specia l  TEFLON insu la ted  w i re  
windings. 

May be used with tuned matching 
lines or antenna tuners. Withstands 
accidental high VSWR, great for 
antenna experimentation. 

Built-in hang-up and dipole center 
insulator. 

Totally weatherproofed by encapsu- 
lation, silver plated SO-239 coax 
connector input, and brass terminal 
output. 

Balance your antenna, end radiation 
from coax, improve beam patterns. 
and lower receiving noise plck-up. 

Free literature upon request. 

Available at your dealer 
or order direct: 

ONLY $11.45 ppd. (specify ratio) 

K. E. ELECTRONICS 
130A North Sherman Avenue 
Corona. CA 91720 
Tel. No. (714) 734-3820 

L 
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EXCITING NEW PRODUCTS 
RAP-200 RAP-400 

--- --- 
0 ..' .-' w - -- 

ma*.- AUTO -.a* 
..".I.. ."I0 *I.=* * 

A complete Autopatch faclllty, slmllar to the RAP200, that 
A Complete Autopatch faclllty that requlres only a repeater add~t~onal ly  prov~des for half or fullduplex operatoon and 
and a telephone Ilne. Features Include s ~ n g l e d ~ g ~ t  acce%c/ features bullt In compression a m p l ~ f ~ e r s  plus a long dlstance 
d~sconnect, dlrect dlallng from mob~ le  or hand held rad~os. l n h ~ b ~ t  functlon on d tg~ ts  1 and 0 
adjustable a m p l ~ f ~ e r s  for transm~tter and telephone aud~o, and RAP400 $749.00 
tone burst transponder for acknowledgement of patch dls- 
connect . RAP-200 P. C. Card $199.50 
RAP-200R Rack Mount $249.50 

SME 

DATA TONE 
TO DIAL PULSE SUB-MINIATURE 
CONVERTER 
The Data Tone to  D ~ a l  Pulse converter Model DPC 221 pro 

TOUCH TONE ENCODERS 
MODEL SME - Smallest available Touch Tone Encoder Thtn. 

v~des  full c o m p a t ~ b ~ l ~ t y  between Touch-Tone* encoders and only 05" thlck, keyboard mounts d~rectly to front of hand- 
rotary dral-pulse telephone exchanges Two separate outputs held portable. wh~ le  sub mlntature tone module flts tns~de 
for the ' and rr dlglts prov~de remote control operation, and T h ~ s  keyboard allows use of battery chargers Pr~ce $34 50. 
a cancel funct~on permlts the caller to automattcally stop wlth your chotce of keyboards 
and reset the converter's dlallng c ~ r c u ~ t s  
DPC-221 P. C. Board $219.00 
DPC-221R Rack Mount $299.00 

MIGHTY MOS 

I." 

Complete C.MOS keyer, versat~le controls allow w ~ d e  charac- DTM - Completely contatned mtntature encoder 
ter-we~ght varlatlons, speeds from 5- to 50 wpm plus volume for portables Only 5'16 thick. Three wire 'On. 

and tone control Solid state output swttchlng transistors are nectlOn PTT keying With Our choice Of 

compat~ble w ~ t h  both g r ~ d  block and solrd state transmitters keyboards Price: DTM - $49.50. DTM-PTT - ~ 5 9 . L .  

U n ~ t  also ava~lable In k ~ t  and w ~ r e d  p c board only verslons 
MIGHTY MOS $39.50 
P. C. Card - Wired $24.95 

$19.95 

DATA SIGNAL 
P. C. Card - Kit AND 

TTP-1 - TTP-2 --- DIGITRAN KEYBOARDS 
Style A Style B Style C 

.... m.. 
7 8 9  

* O P  

UNIVERSAL TOUCH-TONE * O #  

ENCODERS 
2% x 3 1%" x 2%"  2 % " ~  1%" 

The Data S~gnal  TTP Serres of keyboard encoders IS used to 
Style D Style F Style G 

generate the standard 12 or 16 DTMF dlglts The encoders 
prov~de fully automatic transm~tter keylng and feature a 
delayed Transm~t Ready Ilght, an ~ n t e r d l g ~ t  tlmer, and a bullt 
In a u d ~ o  monltor Features also Include all solid state, crystal- 
controlled d ~ g ~ t a l l y  synthesized tones and an optlonal Internal 
mount ~ d t o m a t l c  Number ldentl f~er (ANI) 
TTP-1 (1241g1t) $59.00 
~TP-2  (16dlglt) $69.00 
*Touch Tone IS a registered trade name of ATBT. 2lh" x 2%" 2" x 2 11/16" 2%'' x 2 11/16" 

Ask About Our Deluxe Receiver Preamplifier For HF & VHF 
and 

Send For Free New Catalog 

DATA SIGNAL, INC. 
2403 COMMERCE LANE 

ALBANY, GA. 31707, 912-883-4703 

More Details? CHECK-OFF Page 150 december 1977 105 



We have DenTron's New MLA-1200 
The ML-A- 1200 is a cornpact KW designed t o  fil l the gap 
between your barefoot transceiver or transmitter and a 
full power 2 KW amplifier. A sirigle 8875 external-anode 
ceramic:'rnetal triode, (the sitme revolutionary tubes that 
power the MLA  2500) yields 1200 Watts PEP SSB and 
1000 Watts DC CW with as little as 70 matts drive. (An  
autolnatic swarnpiny circuit prevents dalriage to the final 
if more than 100 Watts drive IS  applied to the MLA 1200.) 
There are scores of features cornrnon to both the MLA-  
1200 and MLA 2500, like forced-air cooling, all-steel 
chassis construction with tight fitting black wrinkle fin- MLA-1200 - $399.50 
ish cabinetry, a plug-in PC board for metering, ALC, 

AC-1200 -s159.50 DC-1200 -$199.50 and mandatory warm-up tim~ng. The MLA-1200 is the 
same size as our Sul~er Tuner (lust 10" W x 6%" H x 10" D), and weighs only 10 pounds! Twin 

- outboard powersupplies are available for AC or DC operation, with the MLA-1200's low filament 
current drain characterist~cs allowing for standard 6 foot cabling between units. Both supplies 
are constructed of high quality, high current components, and are designed for a lifetime of 
trouble-free operation. 

80 thru 10 mete13 AC or DC Outboard Power Supplies (AC-1200, 
1200 Watts PEP input on SSB DC- 1200) 
1000 Watts DC input on CW, RTTY, or SSTV ElMAC 8875 external-anode ceramic/rnetal triode 
Forced Air Cooling System operating in grounded grid 
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N * ~  Frequency - 
Counter 

$ 79 95 kit 
You've requested it, and n o w  it's here! The CT-50 frequency 

counter k i t  has more  features than counters selling fo r  twice the 
price. Measuring frequency is n o w  as easy as pushing a but ton,  the 
CT-50 w i l l  automatical ly place the decimal po in t  i n  all bodes. giving 
y o u  quick, reliable readings. Want t o  use the CT-50 mobile? N o  
problem, it runs equally as well  o n  1 2  V dc as it does o n  110 V ac. 
Want super accuracy? The CT-50  uses the  popular T V  color b u r n  
freq. o f  3.579545 M H z  for  t ime  base. Tap o f f  a color T V  w i t h  ou r  
adapter and get ultra accuracy - ,001 p p m l  T h e  CT-50 offers 
professional qual i ty  a t  the unheard of price of  $79.95. Order yours 
today! 
CT-50, 6 0  M H z  counter k i t  . . . . . . . . . . . . . . . . . . . . . . . . . .  $79.95 
CT-50 WT, 6 0  MHz counter. wired and tested . . . . . . . . . . .  159.95 
CT-600. 6 0 0  M H z  prescaler op t ion  for  CT.50, add . . . . . . . . .  29.95 

UTILIZES NEW MOS-LSI CIRCUITRY 

SPECIFICATIONS 
Sensitivity: less than 2 5  mv. 
Frequency range: 5 Hz  t o  6 0  MHz, typical ly 6 5  M H z  
Gatetime: 1 second, 1 /10  second, w i t h  automatic decimal 
p o i n t  posit ioning o n  b o t h  direct and prescale 
Display: 8 d ig i t  red  LED .4" height 
Accuracy: 1 0  pprn, ,001 p p m  w i t h  T V  t ime  base! 
Input: BNC, 1 megohm direct, 50 O h m  w i t h  prescale op t ion  
Power: 1 1 0  V ac 5 Watts or 1 2  V d c  @ 1 A m p  
Size: Approx.  6" x 4" x 2". high qual i ty  a luminum case 
Color burst adapter for  ,001 p p m  accuracy available in  6 
weeks. 

CB-1, k i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $14.95 

CLOCK KIT  VIDEO TERMINAL 
6 digit 12/24 hour 

warning type panel lights. Runs on 

. 7 5  566 

. 79  567 

nd downward wail char- 
ren. 5 watts audio output, 
s 845 ohm speaker. 
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Superior Quality and 
Construction at a price 
you can afford. 

I Name- 
I 

I I 
( Address I 

state Zip I 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 - 1 1 1  

r 5 

Finally! Superior 8-Pole CW Selectivity for 
Drake T R 4 ,  TR4C, T R 4  Cw 
350 H z  .I - (Lm. BSO HI  .I 60db Cul. ORM YDr. rlnmr than 6- Wtilln ln nr 

3ttentimz: 
T R ~ C I  h0.h 0, 500 MI .I - 6m. nd ma HI -8 - mh cr4mra srmm h l c h  
.m rnunvlno slnm 

9 h s e  ctrfsta.2 fillers 
At Last! Superior 8-Pole CW Selectivity for a# fo~~gotr! 
Kenwood TS-820 
350 ~r 11 115 HII st Q-U HUI ~r 13 4% n.1 n (adb cum OAW MW. rlnln ~hn All filters contam 
~ . m * d V ( ' I 8 8 C  L ~ . C W ~ # I I . I * ~ ~ ~ ~ ~ ~ H I I ~ ~ M M Z I . ~  - ( L ~ . * ~ ( I ~ W H I I ~ ~ ~ ~ H I I  
ax-mm ~r3wrn s!mm specially-treated hgh-0 crystals. 
600 Hz 6-Pole First-IF Filter for Drake R 4 C  ShErwood Engirw~ring lnc. 
~ - P ~ ~ w  t h  r r n v  .!SO. UI*T,WS. r~,m,wt. I- nmnurlrne b..t wm < r u n  .w.l. *not *.. . r o u n d  t h  ..n,rhdl. ur'"., 4. lll,., ,",",mi" I n .  r h m  ol .,.a. ,,W.l. "l.lo.d.np 
m e  u c o m  ma.*, I.,",cq ,n,.rmmu*,,m an,, duml,.r.t,on Bnl" IN ..,.,,"g ill," .*d out 

Dept. A 
c 6 m m  a k. ma"",d 8" Ih .-,m "d .el." . - t r w  8 0  .a(.," *on. -bl.lm 

1268 South Ogden St. 
c r n m m  s ~ m  ra.t., .wtmhl, sxm Denver. Colo. 80210 
125 Hz 8-Pole Second-I F Filter for Drake R 4 C  (303) 722-2257 
Snll8 ~ r ~ . r p l x  m6ns.t >m MI 01 ~ d b !  C ~ ~ S O I W  **.I IW D X . M C ~ ~ ~ ~ - L  ~ m e w - ~ w  - .,- o.ta .an,.,,om - -, .uro on rlncr ,hn .dlo Money back if not satisfied 
(If,.,, Pul l  ,.I.c,l",," 8" I G C  loop ""I,.. *l," .&lo I111.f.. ,rnl..l 0.1" "0, ,n,uC." b" 
onu o u w u  w r t r m  v.1 -o.ks -4, -2 .. .dl0 ........ I-O- , - I ~ I  p l t . ~ - ~ c .  

m 
Auedl.rllv lnlnn -.WV t,l,., .ar.t ol IN11 .C cF ?I)IR S115W Dealer Inquiries Wdcome 

I An extraordinary world of DX from 
your mobile station with the 

All Solid State Metron 1000 

I No tuning or adjustment whatever over 
80,40,20,15 and 10 meters I 

For direct use with standard automobile battery/alternator 
Base station with optional 13.6V power supply 
Fully remote controlled 
Suitable for use with any transceiver in the lOOW class 
Heatsink convector-cooled and thermostatically controlled 
8 power transistors of latest stripline RF linear devices; 
rated for operation at infinite VSWR 
Meets all applicable specifications 

Power input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.6V DC lOOOW 
Power output . . . . . . . . . . . . . . . . . . . .  13.6V DC 600W PEP typical 
Harmon~cs . . . . . . . . . . . . . . . . . . . . . . . .  - 50dB all amateur bands 
Dr~ve level.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .60W PEP 50 ohms 

For further details, send for free informative brochure. 
Dealer inquiries invited. 

I ELECTRONICS CORPORATION I 
I 5715 L ~ n c o l n  Avenue, C h ~ c a q o .  l l l ~ n o ~ s  60659 I 

Phone (312) 334-1502 Telex 255503 MAGNUS CGO 
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RLANDO HAMCATION 78 ORLANDO HAMCATION 78 ORLANDO HAMCATION 78 

.Have you been thinking about a wonderful Florida vacation, to places 2 
h as Disney World, Cypress Gardens, Sea World, the famous East and r 
t coast beaches, and many of our other near by attractions??? ...... D z 

mbining that vacation with one of the South's oo 
I 
D 

2 
D 
r! 
0 
Z a - 

I .J 

0 
0 
Z 
a HAMCATION t78' i 

and the 

CONVENTION 
0 AT THE SHERATON'S TWIN TOWERS HOTEL & CONVENTION CENTER, ON S-435 0 n a 
z 

NEAR THE CROSSROADS OF THE FLORIDA TURNPIKE AND 1-4 INTERCHANGE. t- 

4 Z - - 
LL 0 
0 0 
w 
r\ FEBRUARY 17:18-19, 1978 : 
z 

DOORS OPEN .......* 6PM FRI. the 17th (Swapfest area only), 
2 

!2 0 
I- D 
4 7AM SAT.the 18th, 8AM SUN. the 19th. 

+ 
>cc - 

I +\ 0 

ADMISSION, $3 Advance, $4 At the door. 
z s P+ \)@ 4 0) 

S Z ?oe Ladies FREE, Children 14 and under FREE!!! 040,S4~ TxI r 
- 
a THOSE ADMITTED FREE MUST BE I N  T H E  COMPANY O F  A REGISTERED T ICKET HOLDER A T  T H E  DOOR. 4 
a 
o MANY DOOR AWARDS 

C J  " !- 25.000 SQ.FT. O F  AIR CONDIT IONED INDOOR COMFORT. 

SWAPFEST TABLES $5 PER TABLE PER DAY a ? 
0 
z 

a 4 

I SATURDAY NIGHT BANQUET co 
0 0 

g ti+ $8 per person -Great speaker lineup. w 

4 RESERVE BANQUET TICKETS IN  ADVANCE, LIMITED QUANITY AVAILABLE. 6 z 
FOR A D V A N C E  REGISTRATION, SWAPFEST A N D  B A N Q U E T  TICKETS 

w 
SEND CHECK PAYABLE TO : THE ORLANDO AMATEUR RADIO CLUB,INC. 

z 
0 - HAMCATION CHAIRMAN, WB4HAK 
!- 6 CAMELLIA DRIVE 
4 De BARY, FLORIDA 32713 
5 
Y 
I All advance ticket sales will be confirmed by return mail. Last postmark for advance sales will be Feb. 12th 1978. 2 
0 - 0 0 -- 

FOR SHERATON TWIN TOWERS HOTEL RESERVATIONS, WRITE DIRECTLY TO: 
w 

z 
4 
a 

The Sheraton Towers, 5780 Major Blvd. Orlando, Fla. 32805. Sing. $28, Doub. $36 per day. k 
Call toll free 1-800-325-3535. Mention that you are attending Hamfest Convention. 

0 
0 0 
UJ 
r\ -- I 

z Sorry!!! City ordnance prohibits overnight camping (Rec. vehicles,etc. ) on parking lots. 
D 

0 5 
l V3WVH OaNVl t10  8L NOIlV3WVH OaNQlUO 8L NOILV3WVH OaNVlk iO 8L NOIlV3VVVH OaNV lk i 0  8L NO 2 
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and HF too. .  ./I 
SATELLITE / I 
HEADQUARTERS 1 I 
See Erickson 
for all your 
Amateur 
needs! I I 

WBSEBP, WBSJKT, 
WBSVIK serving you 

with..  . 
Ameco ASP Atlas 
Belden Bird CDE 
CES* Collins Cushcraft 
Dentron Drake HAL 
Hy-Gain Icom KLM 
Kenwood Larsen MFJ 
Midland Mosley NPC 
Newtronics Nye 
Regency Shure Swan 
Standard TPL Tempo 
Ten-Tec* Wilson *Yaesu 

Hours: 9:30-9 Mon. & Thun, 
9:30-530 Tues, Wed. & Fri. 

9-3 Sat. 

1 10 december 1977 

loooool ELECTRONICS 

60 MHz 1 -I,: A ' 600 MHz ' * *,# ,,"",<, - I ". 
lwuth opt~onal prescalerl I - 
Gencr~l Purpo\c Lou Cost Counter W~thout the S r ~ r ~ l ~ c c  of H,I\IL P~ r fo r rn~~ t l i ~  

I' 
"Check the features we have that some other low cost counters don't have " 

.All Metal Cabinet .Crystal Time Base .Completely Auto Decimal Point 
08 Digit ,4" LED Display .115V Or  12V Operation mSelectible Gate Times ( 1  sec & .1 secl 
.Input Csbls Included .Push Button Controls .State of the Ar t  LSI Circuitry ORDEri 
O l Z V  Input Jack *Gate Light OSensitivitv < 10 MV Call Toll bree 

1-800-828-7422 
7208 6 0  MHz Ki t  ....... $1 19.95 Assembled .... 169 95 
7208A 600 MHz K i t  .. $109.95 Assembled .... 199195 

DIPOLE (ANTENNA CONNECTOR 
HIE-QUE IHQ-I )  ~ l n o l r  connector 

ran keeps cor. fottmg\ d r y  ,nstrbr. 
l l o r l l  lncludccl Gurranteed At 
dealerr or 11.95 portpaid. z::?! 
pan,on ,n,,,l.t"r. 7 n 9 9  

BUDWIG MFG. CO. PO Box 97H. Ramona. ~1 92065 

I ALGMODE VHF I 
amplifiers 

I FOR BASE STATION & REPEATER USE I 

a 143-149 MHz No Tuning a 115or230VAC 
* A M - F M - C W - S S B  * 60dB Spurious 
a Low Harmonics a Fully Protected Output 

.a Heavy Duty a Internal TIR Switch 

No Power Supply Needed. fz U.S. Manufactured 
Q Illuminated Panel Meter * 19" Rack Panel Option 
$I + 13.5V13 Amp Socket a Size 8-1 12 x 13 x 7" H 

Only two things are needed to put this power house on the air with your 
handy-talky or mobile transceiver: a two foot piece of coaxial cable and a 
115 or 230 volt AC outlet. That's all. You do not need anything else. The 
mobile transceiver can be powered directly from the accessory socket 
located in the rear panel of the RFPL amplifier. It puts out + 13.5 volts at 3 
amperes. This is sufficient for powering most 15 watt transceivers. 

DEALER lNOUlRlES INVITED 

I -fl- RF POWER LABS, INC. 
M I ?  11013118th Place N E.. Klrkland:WashlnQlon 88033 - Telephone-(2061822.1251 TELEX No 32.1042 

I I " 
1 I 
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ISA ~00pI .d.  . 
t 

. I .  P. 0. BOX 19442 DALLAS, TEXAS 75219 PHONE ORDERS (2141823.32401 ON MASTERCHARGE & VISA 

l~ 

:! Did Somebody Mention Parts? Well, Here Are Just A Few 

HOUSE NO. 2N6283 TO-3 Power Transistors 

House no. %W 5.4V 
forms MJ3001. House no. .4W 12.6V 

Ribbon Cable No. 28 wlre 

lndivmdually Packogad. No1 Sutplur S12.501ssl 

1: .,,,., ,,,,,. . ' l l l l l 'V 1 .,,,I 1. 1 , . ,  ..l,ll.s . I ,  

,,,,,.I ' , . I , . . ,  1)1.>1...1..11 

Nolhanq else to buy1 
Can be pnn~l mount&. 
Grrat lor Vans & RV'sI 

We designed this to be a SUPER CLOCK 
w ~ t h  ALL the feature3 you want. Quality 
double sided PC boards make asembly 
easy. Mobile I lZVDC) or home I lZVAC) 

9 14 Vl>C S t  40  lu 50 @ h i 4  Larpa X" LED Reulm~t . 1ntsrg.l Tnrnobs~ is . AMIPM Indleat*on dlusl.bla ' ~ p r n l o ~ t s  can tsp nrp(>t~ssrd 
E A S Y ,  ClUlCK ASSF M R L Y  
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STOP! Don't order t h a t  counter 
kit until you see what EEB has come 
up with. 

The NEW B & K 1827, 30 MHz 
counter (assembled and tested), a 
famous pre-scaler kit, hardware and 
complete instructions to result in 
250 MHz Counter. ALL FOR $129.95 

Model 1827 
?O MHz rrading guarao~teed. 50 MHz typical. 
Full 6-d1g11 display woth range switch allows 
8-dogit accllracy. - 1Hz resoll~toon - even at 30 MHz and beyond. 
Completely portable for use anywhere. 
Exclusive battery saver features auto-shutoff of 
dosplay lo  reduce battery drain. 
Operates on AA size batteries AC with optional 
charger/adapter or I2VOC with optional power 
cord/adapter. 
SPECS: 
FREQUENCY CHARACTERISTICS 
Ranqe. 100Hz lo  30 MHz (guaranteed); 50 MHz 
typocal. Accuracy: + 1 count. Resolution: 1 
PPM of a 6 digit scale. 
INPUT CHARACTERISTICS 
Impedance: 10 K!! minimum. Connector: RCA 
Pliono. Sonewave Sensitivity: lOOmV RMS; 200 
kHz --30MHz. 200mV RMS; 100Hz-200kHz. 
INTERNAL TIME BASE CHARACTERISTICS 
(25-  Cl. 
6;queicy and Type: 4.OMHz crystal oscillator. 
Setabillty: -t 0.25 PPM (+ 1Hz). Temperature 
Stability: Better than f 0.0019b (i.e. f 10 
PPM) from 0-50-C ambient. 

Mode l  1827 on ly  $119.95 
Prescaler K i t  22.50 
Mosc. & Instruct ions 12.50 -. - 

$154.95 

YOU PAY ONLY $129.95 
AC Charger a n d  NICADS $31.00 
Test Antenna (BNC) $4.00 

A Serviceman's Small Oscilloscope 
with Big, Big P e r f o r m a n c e  and a 
Low, Low Price. The Model MS-15 
by Non-Linear Systems, Inc. 

FEATURES 
15 megahertz Dandwldlh. 
External and internal trlgger. 
Tlme Base - 0.1 microseconds lo  0.5 Sec/div 
- 21 settings. 
Battery or line operation. 
Sue: 2.7"H x 6.4"W x 7.5"D 
Aatoniatic and line sync modes. 
Power co~~sumption less than 15W. . Vertical Gain - 0.01 to 50 volts/div 12 settings. 
Weight is o~ily 3 pounds. 

EEL3 DOES 2nd here's why . . 
We pay the AIR FREIGHT on all 
prepaod or credo1 card orders. . Cali our order desk collect: 
703-938-3511. 
We stock in depth: Bird 43 
Thrullne, All Table 1 elements, 

( CC-1 6 EC-1 cases. 

- ./ $120.00 - - 
AUTHORIZED BIRD DISTRIBUTOR 

All Prepaid & Charge Orders PI Shipped NO CHARGE To You. [&% 
Saics tax 4% to Vorg~noa rer~dents only. 

flea market 
SELLING 120 Hz sharpesl CW folter lor TS-820 New. 
$95 Yamada. Box 272. FPO. Seattle 98761 

FREE Catalog Solar Cells. Nicads. Kits. Calculators. 
Dlgital Watch Modules. Ultrasonics. Strobes. LEDS, 
Transistors, IC's. Unique Components. Chaney's. Box 
27038. Denver. Colo. 80227. 

TELETYPE EQUIPMENT for beginners and experienced 
operators. RTTY machines, parts, supplies. Beginner's 
special: Model 15 Printer and demodulator $139.00. 
Dozen black ribbons $6.50: case 40 rolls 11116 Derf. tape 
517.50 FOB. Atlantic Surplus Sales. 3730 ~ a u t i l u s  ~ v e . .  
Brooklyn. N. Y. 11224. Tel: (212) 372-0349. 

KEYER Micro.TO MKII PC boards. parts. K3CU(W). 5414 
Old Branch. Wash~nglon. DC 20031. 

MOBILE BONDING STRAPS under 50C each. Literature. 
Esles Engineerlng. 930 Marine Drlve. Port Angeles. 
Wash. 98362. 

COLLINS CW Filter. 300Hz bandwidth X455KF300. For 
use in  7553, 75S3B and 75A4 receivers. See Sept. 1975 
H.R. for article. SM).OO postpaid. WlEBC. Gary Firlick. 40 
Pilgrim Trail, Woodbury. CT. 06798. 

FERRITE BEADS' w lspec~ l~ca l~on and applicat~on sheet. 
10151 00 Assorled PC 001s. YS1.OO Monialure mica tram. 
mers, 3-40 pl. . ~tl.OO.'~oslpaod. Includes latest catalog. 
Stamp for catalog alone. CPO Surplus. Box 189. Brain- 
tree. MA02184. - 
THE "CADILLAC" of QSL's! New! Samples: 51.00 
(Relundable) - MAC'S SHACK; Box 11171-D; Garland. 
Texas 75040. 

CASH for any Collins unit, 61BT. 490T, modules, parts, 
accessories. Air Ground Electronics. P.O. Box 416. Kear- 
ny. NJ 07032. 

TELETYPEWRITER PARTS, gears, manuals, supplies. 
tools, toroods. SASE Iosl. Typetronics. Box 8873. Ft. 
Lauderdale. FL. 33310. N4lT Buy parts. late machines. 

EXCLUSIVELY HAM TELETYPE 23rd year. RTTY Journal. 
articles. news. DX. VHF, classified ads. Sample 35a. 
53.50 per year. 1155 Arden Drive. Encin~tas. Calif. 92024. 

FIGHT TVI with the RSO Low Pass Filter. For brochure 
wrlte: Taylor Communtcations Manufacturing Company. 
Box 126. Agincourt. Ontario, Canada MIS 384. 

RUBBER STAMP. namelcall lOTH $2.50 ppd. (CA 
resodents add tax). LWM Press, Box 22161. San Diego. 
CA 92122. 

COMPUTER HOBBYISTS - Classified advertising 
newsletter. Ads. New Products, etc. Every 3 wks. - 
Sonce Jan 76. $3.7Yyear. Free Sample. ON-LINE. 24695 
Sanla Cruz Hwy.. Los Gatos. CA 95030. 

FOR SALE: Cleaning our garage and store room. Many 
choice Items. SASE for large Ilst. W9ZPP 2824 Forest 
Ave.. Evansville. Ind. 47712. 
. 

FOR SALE: GE TPL rear mount 80 watt RE73 130-150 
MHz. 2-lreq. transceivers. No accessories. $40 each. 
W9ZPP 2824 Forest Ave.. Evansville. Ind. 47712. 

TRANSFORMER Brand new with application note. 115V 
Prlrnary. Dual Secondaries each l8VCT at 4 amperes. 
$24.00 NY Resodents add 8% Tax. Inquiries Invited. 
Classical Electrodynamic Labs. PO Box 190, Jackson 
HelghlS. NY 11372. 

-- 

WANTED: HRO dial wldrive. 455 kHz SSB. CW fillers. 
Thurtell. Rte. #I .  Paw Paw. MI 49079. 

-. 

TOROID CORES! 20 for S6W. Various sizes. SASE 
Catalog. OK Electronocs. Box 291. Onalaska. WI. 54650. 

-- 

WANTED: 40 Channel SSBIAM CB Transceiver with 
Antenna. ATLAS 18012101215X. TRADE or SELL: New 
Televisoon Camera wolh Zoom lens. SLR viewf~nder. 2:l 
interlace; OR HW-2021 Handytalky 2M transceiver. 
WGDOM. 6017 Malorca Cl.. San Jose. Calil. 95120 (408) 
997.0132. 

OLD TELEPHONE WANTED, Handheld upright with or 
without doal. Also Old spring suspended moke 6 Old Key. 
Del Popwell. K4NBN. Box 23413. Jacksonville. Fla. 
32217. - 
QSL FORWARDING SERVICE - 30 cards per dollar. 
Write: OSL Express. 30 Lockwood Lane. West Chester. 
PA. 19380. 

ELECTRONIC PARTS - Service supplies. Talk to me! 
Free 1st - Tommy. WD4EKJ. Comm-Tech, 104 North 
Th~rd  Street. Richmond. Kentucky. 

with 
JAN QUARTZ CRYSTALS 

for 
CB Synthesized CB Standard 

General Commun~catlons 
Industry Two-Meter 
Mon~tor Scanners 

Marine VHF Amateur Bands 

Dependable USA Mfg. for 
Frequency Control 
Frequency Stablllty 
High Performance 

Wrae or phone lor more delarb Send 10. tor our Iatesl celalog 

2400 Crystal Drive 
Ft. Myers, Florlda 33901 - all Phones (813) 936-2397 

I I 

IF WE WERE YOU 

C 
i' wfi- .- 

the indispensable BIRD 43 
THRULINEB* WAlTMETER 

I'D BUY FROM US 
YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT AllENTION 

AUTHORIZED DISTRIBUTOR 

WEBSTER COMMUNICATIONS 
115 BELLARMINE 

ROCHESTER, MI 48063 
CALL TOLL FREE 

800-521-2333 
MICHIGAN 313-375-0420 
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TV GAME CHIP SET - $9.95 
Includes AY-3-8500.1 Chip and 2.010 mhz crystal 

(2.010 C ~ ~ U I  - $1 9 5  aa /AY-3 -8500 -1  C h i p  - SE 9 5  *.I 
ZENERS - DIODES - RECTIFIERS - rn w,n . mu m vmn w 

t u 7 4  3 r- r . in INUM *m PW I w r  t o  m 
1ur511 5 1 r i m  4 1 rn IM WIN PW I IYS l o  T m 
IYT~? 5 L ~tm a m ~wmt 1m8 DW I M V  ID - m 
IN753 6 1 4 m INW YJ mbrl 6 I m 
IN:- 6 11 d m  4,- m 11141a8 75 mn 15 I m 
q ~ g ~ g  a ?  urn a,? m INUU 15 I U ~  WI m 
I V J S ~  Is 1 m 5 5 7- M m 
INI?I?  5 6 vim 78 lNr ' l r  5 6 1. 78 
INC,?Y 6 7 Yrm 8 5 6 2  I. ?a 

{::% :: :: ::!: :: :: 8 
78 

IN,, B am 6r1 m 1~4:47 12 8 .  
1 N h 4  I Y I  rn Ul 1N4:44 I 5  1. 
!N4n5A I@ ,, 6.1 . lNljm .. 35w .S 

50m 17i'm '*ItY ImPN 351YP ' 
!N<<El 100 PN 1 AMP 17'1 M !HI115 150 W 1 5 I Y P  I 50 
IN4IXII MQ W I M P  I 7 l l m  l N l l l  MQPN 3 5 I Y P  1 
INIOOI Y~O PN t AMP I>'! m INI~M 4 m  PN I 5  UP I m  

I < &  Bawtv 
SCA AND FW BRIDGE RECTIFIERS 

5, ,, 11 0 
CXn 156 19. mV 5C" 1 5 5  
2 ~ 1 m  1 6, MJV YR W 
~ ~ 4 9 0  I 12hfa I"- I U I U ~ ~  195  

wenmntc I S  

n- r 185 6,. I W -  
c?? pn 5 ~ 1  uvs 5 S l  lC5% RQ 5,3l W Re4 6a1  

:: ::,' :-, :- :. 2: % 
7 o 4 I ,  c 44 ,  X C ~ Y  YCIU teal O , ~ W  111 

, ~ -  

DISPLAY LEDS 
m raurr m r r r r n n  rarm n mm 
W*I c o n n q n ~ . w  770 2 9 5  ~ 1 m ~ a n n ~ -  xo IB 
Y U Z  5 . l m ~ m . n d  xa 4 5 5  u u w  c m n a n ~ n n o a - . o o  xo t n  
u w l  ~annu~+n ln A U W ~ ~ Y I ~ D ~ ~ - : I  W I X  

O Z r n  g : 
urn rn tmnm * o m  2 m  I or u r ~  s;lo common r m a  m t r o  ~0 IX  
MAN n m m m r m a  *a zm 1 M ~ M  6 r w  bmm rmn ma n o wo I 75 
MU( 52 CMlm lrodl qnm 300 111) MUl5740 h m a  01mO nd 0 0 H0 1 7 5  
MAY 11 ~ ~ m m m * n a *  ~d m 1 25 MAW 6 r s  can- otwm ,a . t  wa I n 
MAR R Common* m4 Xa 1 7 5  Y4N 61M Common kx4t n( H0 1 2 5  

:::;: =k"Pb", . 
MAN m m m m w  raa wa I m OIIO? cammomna m IQI I 75 
MAII H cammm ~ t ~ m  nb m I w ULIIY &mlm urnl* red xw I YI 
Y L N ~  ~ a n m n * n u ~ l o -  YW ~m n ~ r o ~  c ~ l m m w n a  IQI r n  
w , n s m  urn-* ,.,, ,1 m 1 3 5  n,,4, Corn- - m m 1 9 5  
M ~ M  wo m m m o t m d  m t 75 D L I ~  c m m m  *nod. qw *I l l ~  I 95 
M ~ N  4110 m m n  s o n  o r a m  l m  1 m uL747 torn- M t.d ua 7 75 
MAN r u n  corn- 01- a.nw MO I w o 1 7 a  tom- ~ l j m  nd = I  M I 95 
MAN 4110 c ~ m m m  rma ,M - I d m  I m DIIYI r n m ~ ~ a m  m tdm 2  49 
ur* 47x7 m m m  m ~ s d  +m I w n l l n  to-m ~ t h a b  m 11u HI 
Y ~ N  ~ I ( O  mm c.$- ,.d a m  ! m ru1170 ~ommmo~hm II*O~SII 750 15 
w*r u q o  hmm L- - rm I w FNOYII cm.m o ~ r n n ~ r m r n l  m ln  
MAN t 6 l O  m m m  &mix olnpOO H0 I ?5 lN!)107 C m m m  lnm l lNll5lOl YO 1 F) 

RCA LINEAR 
~ I I  ? 35 C k W  
a ? ?  2 % C4Wl :! 
c 5  7 c t f i  . 
U W 1 9  1 35 CAlOHP 5 

a 30 Urn! ] 9 
rn I N ?  795  

Fi ;;: 715 
$39 

CAY,q L15 C U ~ ~ O  I 75 

,.lrD, 7 m  Em I 49 75 

, 

X R - 2 2 W K B  Ill Sl9 .YS  X R 2 Z L W L 4  U i l  $14.95 
WlVttQm 

~~ , ol*lrur~ns . . Ma EXAR ::% I 15 ' 
R I 185  l,lSCILUMIWl :::% :: 

In ?)'lip sh lo azi;T'&mL&m 
m ~ m ~ ~ o a r u  r u r t ~ i  ? m  

XRIIIIKP l l M  li4146R (85  I U . t l l  5.0 
xn IIICHP ~m xu r d s x  1m la  6~ 

19, 2 99 m n n n  5 m xu a . c r  : 1; r r n ~ n ' v  I m  rat*** 4 m  cl+u,cP 

; Y  m 
18 wn n n :' 

M 59 Y 
0 om h l  61  6 ,  

77 mn 11 5 J, SOLOERT~IL STANOARO (nu) 
: ; ; ; 11111 :r , ; 
t a ~ m  11 1) 10 Mpm ( 5 "  145  I W  

7'P" I9 " SOLOERTLIL STANDARD (mu) 
, ' :: :: ' , c z 
16 m '0 35 I? YIP" , i~ I 40 I m 
Ilm3 5 1. (I ro wo I .r I 19 ! 41 

WIRE W R A P  S O C K E l S  (GOLD)  L a  a3 
am rr m n m  s n n 

Inpfl r r  4 ,  T: >rnn or  .n a r  
taw I9 UI 18 ~ , n  1.0 I 2% ( I 0  
16 rn J 47 6 1  X I  5 I 15 1 o 
I n p n  15 66 62 opn 1:) 1 5 5  ta 

50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. 
> O t l b t U  i 1t1M 35 l l y  I N I I W  II,<U 

A ~ ~ .  1 I ?: iw<u .$? 8,tlv lo l>lu ,,o ilHu 7,. WAW 5% =US 
P IIMU o IHU IW otiu IN MA IW r i m  

ASST. 2 5 .a IW n ) < u  ? m   obi^ ::o obtw 1x0 31q1 o(tu 114 w a n  5% mus 
410 011U W 011M M4 IXtM 873 O W  I* 

ASST. 3 5 -  t I I a* )I* 7 11 116 WAH 5% nus 
3 %  1% 4 1 K  5 W  6 8 1  

ASST. 4 5.1 1 7 1  IN IX 1% ?a 114 w m  K n rn 
I)" 2:. 3% xx rn 

ASST. 5 5 -  xx M. al* *m In I l 4 W m  n Srn 
IYI 1m ?m XIX 3m 

AS ST.^ 111 rn a m  rn ~a ~lr*  l , 4 m *  YUS 

r u  I ZM t w 8 IU 7 7 ~  
ASST. 7 5.1 2 IU I ~ U  I w 4 ;u 56. la w a n  

ASST. IIR Includes Resistor Assortments 1 -7(350 PCS.) 59.95 ea. 
@.I NISI- ~ r * r  - u.:. k.* w ~ r r  UM . ~SI - sw 3 ~ 5  mnv kr tm c l n l q  
C.II~I. n111wtb - U( m~ L.*I TII DIIIW 1-1- A~II.H, 

I C  SOLDERTAIL  - L O W  PROFILE  (TIN) SOCKETS 
I ?  ?'.,.i . ., , ,,,I , ,m ,,, , ,: ,* 

--P TRANSISTORS $2 ;::., :::: .*m rnl  m - a,, m 
N.ni ,*I 6 ."I.o, ,., rn )u- ,m 
m2.n. ,I* m 111-01 Ll> m t- ,*lm 

Ezz:  p p  ;;; m r . r , m  
ar tm 

mar  ,rt m 
X I  31, m nul 

x w u  53, m m,.x s r$ -5," % , I n  

1r.3  MI^ lm-n . m m  n, m 

Ey: 1:: 
m1v-z Y .n ,.-I r*, m 
.-m w m  m v x  l l s m  

UIU ,.a a svm m . 1 0  ,,l m 
~ r l a  a l l  m ) lY F m  2,: ..- d t 1 m  m* M ' m  

).I= MvD m,,, I.) - 
:"'a L l t  m 

-1 M ' m  :$:;: c . ~ I m  ,,$m -- 4 3 , m  
I U . . ~  .rim "." m 

W" ,<* 
u m n  , I , ,  

CAPACITOR nvmt- CORNER 
ULC WACRW 

1 9  1049 !m 1 9  10 19 Y) lm 

;; g E 1; mwct g ; ;;; 
41p1 m  M OI o>,r m M 01, 

I m p 1  m M 03 m.6 os m M 
m p f  m  M r n w ~ . r  I E M  
4 7 0 ~ 1  m  M DIJ i r r  I? a, on 

UIOU8VlMRI- = :: :: E:: i: :: 
w 4 7 d  12 10 07 21 n 17 
01ml I? 10 07 7 h 1  %I 27 27 

. m a r m i m u r I a w -  
lmv 76 n ! I  1 5 a v  o m 21 
I5.UV 28 73 I 7  ?:?1V 11 I 7  72 
n l 5 V  78 7J 11  I l 7 W  II ?7 I) 
331SV 78 ? I  I1 4 i 7 5 V  32 ?a ?3 
41 YJV 211 21 17 6 175V +i 11 n 
M I ~ V  ?a n 11 l o m u  r a .a 

1 0 3 % "  n 3 17 1 5 5  63 Y I  40 
l l lUlUU*~mummml 

AII.l L o u  WU( 1- 

, :z :: :: :: :;% ::: :: 1: 
1 3 1 W  I1 I 3  10 10116V 15 I1 10 
4 7?5V I 6  I 4  11 1 o m v  I 6  14 11 

lOQ5v I 5  !I 10 1 0 W  I 6  I 4  11 
l 0 W  16 34 0 4 116V 15 I1 10 



flea market 
The World's Greatest 

Sending Device 1 

Adjustable to Any 
Desired Speed 

Now available from Palomar  
Engineers - t h e  n e w  Elec t ron ic  
I C  K E Y E R .  H igh l y  p r i zed  by 
professional Operators because it 
is EASIER,  O U I C K E R ,  and  
M O R E  A C C U R A T E .  

It t ransmi ts  with amazing ease 
C L E A R ,  C L E A N - C U T  signals a t  
any desired speed. Saves t h e  
arm. Prevents cramp, and  
enables anyone to send with t h e  
sk i l l  o f  a n  expert .  

S P E C I A L  I b R A D I O M O D E L  

Equ ipped  with large specially 
const ruc ted con tac t  points.  
Keys any  amateur  t ransmi t ter  
w i t h  ease. Sends Manual,  
S e m i - A u t o m a t i c .  F u l l  
Automat ic ,  Dot Memory ,  
Squeeze, and  Iambic  - M O R E  
F E A T U R E S  than  any  o the r  
keyer. Has bu i l t - i n  sidetone, 
speaker, speed and  vo lume  
c o n t r o l s ,  B A T T E R Y  
OPERATED,  heavy shielded 
d iecast  me ta l  case. F U L L Y  
A D J U S T A B L E  con tac t  spacing 
and  padd le  tension. T h e  per fec t  
paddle t o u c h  will A M A Z E  you.  

Eve ry  amateur  a n d  licensed 
operator  shou ld  know how to 
send with t h e  I C  K E Y E R .  
E A S Y  T O  L E A R N .  Sen t  
anywhere on receipt of price. 
Free brochure sent on request. 

Send check or m o n e y  order.  
IC K E Y E R  $97.50 postpa id  in 
U.S. a n d  Canada. I C  K E Y E R  
LESS P A D D L E  a n d  n o n s k i d  
base $67.50. Add 6% sales tax  
in Cal i fornia. 

I t a l y  w r i t e  iZVTT ,  P.O. B o x  
37, 22063 Cantu. 

I F u l l y  guaranteed b y  t h e  
world 's oldest manufacturer  of 
e lec t ron i c  keys. O R D E R  

I Y O U R S  N O W !  

1 16 decern ber 1977 

ELECTRONIC Voltage Regulators lor Automobile Alter- 
nators. Available for mosl cars. Free literature. Send 
514.95 (ppd) to SOLID STATE DEVELOPMENT CO. P.O. 
Box 108. Clarkson, Mississauga. Ontario. Canada 
L5J3X9 

ELIMINATE ORM and ORN problems with our superior 
CW and SSB Filters. Also CW keyers. speech com- 
pressors. power suppiles, leletype converters. and multi. 
band antennas assembled or In kits. Dealer discounts. 
Dynamlc Electronics. Box 896, Hartselle. AL 35640. (205) 
7732758. 

EZ does i t  best. Deals. that Is. on Yaesu. ICOM. Drake, 
Swan. Cushcraft. Larsen, KLM, Dentron. VHF Engineer. 
Ing and Wilson. For new or used gear call, see or write 
WOU. Bob Smith Electronics. 12 So. 2191 St.. Fort 
Dodge, Iowa 50501. (515) 576-3886. 

-- 

WANTED General Electrlc Mastr Pro Mobile Radio. High 
band for 2 meters. Must be late model, clean and In good 
operatong condition. SID PURVIS. 1306 Sioux Dr.. 
Jacksonville. N.C. 28540. (919) 4552080. 

- 

LOOKINQ lor  a used fax.equlpment sultabie lo r  
amateurs. H.Gh. Als. Stegerwaldweg 7, 6800 Mannhelm 
31, W.Gerrnany. 

STOP LOOKINQ For a good deal on amateur radlo equlp 
men1 - you've found It here - at your amateur radlo 
headquarters in the heart of the Midwest. We are factory 
authorized dealers for Kenwood. Drake, Collins. ICOM. 
Ten.Tec. Atlas, Hallicrafters. KLM. Wllson. Regency, 
Tempo. Swan. Midland. Alpha. Standard. Dentron. Hy- 
Galn, Mosley. Cushcraft, and CDE, plus accessories. 
Thousands of thrifty hams from coast to coast already 
know us and we Invlte you to join !hem by writlng or call- 
ing us today for our low quote and trying our personal 
and frlendly Hoosier service. HOOSIER ELECTRONICS, 
P. 0. Box 2001. Terre Haute. Ind iana 47802. 
(812) 238-1456. 

TECH MANUALS for Govt. surplus gear - $8.50 each: 
SP600JX. URM.25D. OSBAIU. TS17YUR. Thousands 
more available. Send 50C (coln) for 22.page lisl. W3IHD. 
7218 Roanne Drlve. Washington. OC 20021. - 
WANTED: Military freq. counter USM-207. Will consider 
non.worklng unit In reparable condition. R. Allen, 
WA3GOL. 606 Patterson Ave.. Willow Grove. PA. 19090. 

WANTED: Riders TV, Sams Photofacts M50-#1000. 
RADEXs. 1940's and 1950's SWL club bulletins. ARRL 
Handbooks. 1930's Callbooks. and anything else for 
radlo I~brary. Swap or buy. State priceand condition. Don 
Erlckson. W5SN Essex Street. Riverside. California 
92504. (714) 687-5910. - 
PC BOARDS HAM RADIO ARTICLES Tone encoder 8177 
$3.50. Freq. Standard 8/77 S3.50. Capacitor checker 4/15 
53.50, Prescaler 12/75 $3.00. Glass, plated, drllled. In. 
structions. RTC Electronics. Box 2514, Lincoln. Nebr. 
68502. 

OLD OSTs WANTED. also HT.100. WlBL Al Blank, 727 
Pine St.. Bristol. CT. 08010. 

QALAXY V, with AC power supply, calibrator. VOX, 
S2W.00. James Honey. WA9ZCK. (618)687.1937. 

HEATH HW-16, with MFJ audio filter and Accu-Keyer. 
S 125.00. James Honey, WA9ZCK. (818)687-1937. 

Coming Events 
SOUTH BEND. INDIANA Hamfest Swap 6 Shop January 
8. 1978. first Sunday after New Years Day at NEW CEN- 
TURY CENTER downtown by rlver on U.S. 31 ONEWAY 
Northacross from St. Joseph Bank Building. Half acre in 
one large room at same ground level as entrances and 
loadlng dock. Tables $2 each. Food catering service. 
automobile museum and Art Center In the same bulld- 
Ing. Four lane highways todoor from all directions. Talk- 
in freq: 146.52-52. 04-64 East. 1373. 2585 SE. 34-94; 
147.9439. 9333. 84-24.6409. Wayne Werts K9IXU. 1889 
Riverside Drive 46616. - 
THE ANNUAL FORT WAYNE WINTER HAMFEST is at 
Shiloh Hall. North of Fort Wayne, on January 22 from 8 
AM until 4 PM local time. Early parking is available and 
28/66 and 52/52 will be monitored. Thls yearly event Is 
sponsored by the Allen County Amateur Radlo Technical 
Society (ACIARTS). Admission Is 52.00 at the door. Table 
space is available at $1.50 per half table (about 4 feet). 
For Informalion or table reservations(held until 9:30 AM) 
wrlle: Hamfest Chairman; AUARTS, P.O. Box 342. Fort 
Wayne. IN. 46801. 

4CX150 4CX1000 4-65 4 -250  
4CX250 4CX1500 4-125A 4 4 0 0  
4CX300A 4CX3000 4-1000 
4CX350A 4CX5000 304TL 

4CX10,000 
5CX1500 

Other tubes and Klystrons also wanted. 
See last month for other items available. 

The Ted Dames Company 
308 Hickory St. Arlington, N.J. 07032 
(201) 9984246 Eveninns (201) 998-6475 

I 
- -  - 

Spinner Handle Available 1 
Case: 2x4"; shaft  X"x3" I j M o d e l  TC2: S k i r t  2-118"; 

Knob 1-518" 
I t C 2 -  1 - 58.01 M o d e l  TC3: S k i r t  3": 1 

(,rv.$I!, rc~ul~l,,b,, ,,,,,I JU,I,,, ,CIC~LI~WI! ( ~ r  
r v r n  l l l e  1,crl Itaal rerrl>rr. I .A\~ 11, c,prralc and qulck. 
ly c<.c,nnerh hr lurrn arty ham rccrner. Ir'nw'c.lvrr 
SWL recener and rpraher (or hmlphonr). Pn~vldcs 
variable \rlcctivily handpas, vf 40 l lerv 11s 3000 
I t c r l ~  W I I ~  selertiv~ly \k~rts a nllnlnlum of X(kllr! 
Super sharp 7tklh variahlr notch rcjr~.lr nearhy ( 'W 
stations as clow as ItWl I l r r l ~ !  In~u~rpt,nles the ialrrl 
rl~clronic rudlo f i t l r r ~ n ~  circuilry. I.rvr (I )  intel(raIcr1 
c~rcuilr with self.cr,n~atncd 110 volt AC' pr~wcr rupply 
a d  onc ualr audlo amphficr. Allraclivr low profile 
eypshell wh~le cahlnel WIIL walnul-like sdcr I .............................. 

I PRIME ELECTRONICS, INC. Dept. HR j 22 1 West Marke t  St. Derby, KS.67037 
I 0 Please send m e  m o r e  i n f o r m a t i o n  : R u s h  m e  PR-1000 Var iab le  
I Audio F i l t e r s  (d $59.95 each p lus  
I $1.50 postage & handling. Check or 
1 M.O. enclosed. 

N a m e  

I Address 

i city S t a t e  Zip- 

! D is t r i bu to r  and  dealer inqu i r ies  invited. 
:,---,-----,,,-,----------------- 

)re Details? CHECK -OFF Page 150 



DIODES/ZENERS 
IN914 lOOv lOmA .05 
1 N4005 60Ov 1 A .08 
IN4007 l00Ov 1 A .15 

' IN4148 75v lOmA .05 
1 N753A 6 .2~  z .25 
1 N758A 1 Ov z .25 
1N759A 12v z .25 
1 N4733 5.lv z .25 
1 N 5243 1 3v z .25 
1 N5244B 14v z .25 
1 N 52458 1 5v z .25 

SOCKETSIBRIDG ES 
8-pin pcb .25 ww .45 

14-pin pcb .25 ww .40 
16-pin pcb .25 ww .40 
18-pin pcb .25 ww .75 
22-pin pcb .45 ww 1.25 
24-pin pcb .35 ww 1.10 
28-pin pcb .35 ww 1.45 
40-pin pcb .50 ww 1.25 
Molex pins .O1 To-3 Sockets .45 
2 Amp Bridge 100-prv 1.20 

25 Amp Bridge 200-prv 1.95 

TRANSISTORS, LEDS, etc. 
2N2222 NPN (Plastic .lo) .I5 
2N2907 PNP .15 
2N3906 PNP .10 
2N3054 NPN .35 
2N3055 NPN 15A 60v .50 
T I  PI25 PNP Darlington .35 
LED Green, Red, Clear .15 
D.L.747 7 seg 518" high com-anode 1.95 
XAN72 7 seg corn-anode 1.50 
FND 359 Red 7 seg corn-cathode 1.25 

C MOS 
4000 .15 
4001 .20 
4002 .20 
4004 3.95 
4006 1.20 
4007 .35 
4008 .95 
4009 .30 
401 0 .45 
401 1 .20 
401 2 .20 
401 3 .40 
401 4 1.10 
401 5 .95 
401 6 .35 
401 7 1.10 
401 8 1.10 
401 9 .60 
4020 .85 
402 1 1.35 
4022 .95 
4023 .25 
4024 .75 
4025 .35 
4026 1.95 
4027 .50 
4028 .95 
4030 .35 
4033 1.50 
4034 2.45 
4035 1.25 
4040 1.35 
4041 .69 
4042 .95 
4043 .95 
4044 .95 
4046 1.75 
4049 .70 
4050 .50 
4066 .95 
4069 .40 
4071 .35 
4081 .70 
4082 .45 

9000 SERIES 

7400 .15 
7401 .15 
7402 .20 
7403 .20 
7404 .15 
7405 .25 
7406 .35 
7407 .55 
7408 .25 
7409 .15 
741 0 .10 
741 1 .25 
741 2 .30 
741 3 .45 
7414 1.10 
7416 .25 
741 7 .40 
7420 .15 
7426 .30 
7427 .45 
7430 .15 
7432 .30 
7437 .35 
7438 .35 
7440 .25 
744 1 1.1 5 
7442 .45 
7443 .85 
7444 .45 
7445 .65 
7446 .95 
7447 .95 
7448 .70 
7450 .25 
7451 .25 
7453 .20 
7454 .25 
7460 .40 
7470 .45 
7472 .40 

7473 .25 
7474 .35 
7475 .35 
7476 .30 
7480 .55 
748 1 .75 
7483 .95 
7485 .95 
7486 .30 
7489 1.35 
7490 .55 
7491 .95 
7492 .95 
7493 .40 
7494 1.25 
7495 .60 
7496 .80 
74100 1.85 
74107 .35 
741 21 .35 
741 22 .55 
741 23 .55 
741 25 .45 
741 26 .35 
74132 1.35 
74141 1.00 
741 50 .85 
741 51 .75 
74 1 53 .95 
74154 1.05 
741 56 .95 
74 1 57 .65 
74161 .85 
741 63 .95 
74164 .60 
74165 1.50 
74166 1.35 
741 75 .80 

LM747 1.10 
LM1307 1.25 
LM1458 .95 
LM3900 .50 
LM75451 .65 
NE555 .50 

LM340K24 .95 
LM373 2.95 
LM380 .95 
LM709 (8.14 PIN) .25 
LM711 .45 

- T T L -  
74176 1.25 
74180 .85 
74181 2.25 
741 82 .95 
74190 1.75 
74191 1.35 
74192 1.65 
74193 .85 
74194 1.25 
74195 .95 
74196 1.25 
74197 1.25 
74198 2.35 
74221 1.00 
74367 .85 

75108A .35 
751 10 .35 
75491 .50 
75492 .50 

74H00 .25 
74H01 .25 
74H04 .25 
74H05 .25 
74H08 .35 
74H10 .35 
74Hl l  .25 
74H15 .30 
74H20 .30 
74H21 .25 
74H22 .40 
74H30 .25 
74H40 .25 
74H50 .25 
74H51 .25 
74H52 .15 
74H53J .25 
74H55 .25 

LINEARS, REGULATORS, 
LM723 .50 
LM725 1.75 
LM739 1.50 
LM741 (8.14) .25 

LM320T 1 5 1.65 
LM339 .95 
7805 (340~51 .95 
LM340T12 1 .OO 
LM340T15 1 .OO 
LM340T18 1 .OO 

930 1 .85 
9309 .35 
9322 .85 
95H03 .55 
9601 .75 
9602 .50 

NE556 .95 

LM340T24 .95 
LM340K 12 2.1 5 
LM340K15 1.25 
LM340K18 1.25 

8266 .35 
MCT2 .95 
8038 3.95 
LM201 .75 
LM301 .25 
LM308 (Mini) .75 
LM309H .65 
LM309K W O K - 5 )  .85 
LM310 1.15 
LM311 D (Mini) .75 - 

74H72 .55 
74H101 .75 
74H103 .75 
74H106 .95 

74 LOO .35 
74L02 .35 
74 LO3 .30 
74 LO4 .35 
74L10 .35 
741120 .35 
74L30 .45 
74L47 1.95 
74L51 .45 
74L55 .65 
74L72 .45 
741-73 -40 
74L74 .45 
74L75 .55 
74 L93 .55 
741-123 .55 

74SOO .55 
74S02 .55 
74S03 .30 
74SW .35 
74S05 .35 
74808 .35 
74s 10 .35 
74Sll .35 
74S20 .35 
7490  .25 
74S50 .25 
74S51 .45 
74864 .25 
74S74 .40 
74S112 .90 
748114 1.30 

etc. 
LM320K5 (7905) 1.65 
LM320K12 1.65 
LM320T5 1.65 
LM320T12 1.65 

LM318 (Mini) .65 

7481 33 .45 
74S140 .75 
7481 51 .35 
748 1 53 .35 
7481 57 .80 
74s 158 .35 
7451 94 1.05 
748257 (8123) .25 

74 LSOO .35 
74 LSO 1 .35 
74LS02 .35 
74 LS04 .35 
74 LS05 .45 
74LS08 .35 
74LS09 .35 
74LS10 .35 
74LS11 .35 
74LS20 .35 
74 LS2 1 .25 
74 LS22 .25 
74LS32 .40 
74LS37 .35 
74 LS40 .45 
74 LS42 1.10 
74LS51 .50 
74 LS74 .65 
74LS86 .65 
74LS90 .95 
74 LS93 .95 
74LS107 .85 
74LS123 1.00 
74LS151 .95 
74LS153 1.20 
74 LS157 .85 
74LS164 1.90 
74 LS367 .85 
74 LS368 .85 

MEMORY CLOCKS 
748188 (8223) 3.00 
1702A 6.95 
MM5314 3.00 
MM5316 3.50 
2102-1 1-75 
2102L-1 1.95 
TR 160281 

TMS 601 1 6.95 
8080AD 15.00 
8T13 1.50 
8 ~ 2 3  1.50 
8T24 2.00 
21078-4 4.95 

INTEGRATED CIRCUITS UNLIMITED 
NE565 .95 
NE566 1.75 
NE567 1.35 

7889 Clairemont Mesa Boulevard, San Diego, California 921 11 
(71 4) 278-4394 (Calif. Res.) SPECIAL 

DISCOUNTS 
All orders shipped prepaid No minimum Total Order Deduct 

Open accounts invited COD orders accepted $35 - $99 5% 
$100-$300 10% 

Discounts available at OEM Quantities California Residents add 6% Sales Tax $301 -$I000 15% 
All IC's Prime/Guaranteed. All orders shipped same day received. $1000 - Up 20% 

24 Hour Toll Free Phone 1-800-854-2211 Mastercharge I BankAmericard I AE 



New! Broadband antenna 
matching. 
For all verticals and mo- 
bile whip antennas. 
Smaller size and higher 
efficiency. Only 3l/2" 
diameter for full 5-Kw 
PEP capability. 

Here Is the answer to the match- 
ing problem for vertical antennas 
and mobile whips. A broadband 
transformer that matches your 
50 ohm transmitter to 32, 28, 22, 
18, 12, 8, or 5 ohms. Plenty of 
taps to match any vertical or whip. 
And with no tunlng or other ad- 
justment. The RF Transformer is 
completely broadband 1-30 MHz 
(1-10 MHz on three lowest taps). 
So when you change frequency 
within a band you need only re- 
tune the antenna to resonance; 
not fiddle with a matching net- 
work. 

Also, more power goes to your 
' antenna. The RF Transformer is 

more efficient than a matching 
network or tuner-less than 0.1 
db loss. 
As always, when you buy Palomar 
Engineers you get the best: large 1 ferrite toroid core, teflon insu- 
lated wire, sealed epoxy-encap- 
sulated weatherproof construc- 
tion, stainless steel mounting 
hardware, full 2000 watt CW 
(5-Kw PEP) capability. 

Send for free brochure. 

Improve your station. Simplify 

, your tuneup. Get better results 
with the new Palomar Engineers 
RF Transformer. 

Order direct. $42.50 postpaid U.S. 
and Canada. California residents 
add sales tax. 

1 18 E3 decernber 1977 

flea market 
LAPORTE ARC'S WINTER HAMFEST Sunday February 
26 1978 at the LaPortr CIVIC Audltorlurn 50 mtles 
southeast of Chlcago Plenty of room, tree tables, good 
lood Donatlon $2 at gate Talk In on 01161 and 52 
slmplex LPARC. Box 30 LaPorte. IN 46350 

- 

RICHMOND. VIRGINIA WINTERFEST - 78 January 15. 
1978. Bon Air Commun~ty Center, sponsored by The 
Rlchmond Amateur Telecommun~cat~ons Soclety Talk 
In 2&88 and 52 slmplex ARRL coordinated Techntcal 
SymDostum, drawing home brewers contest - 2 dlvl- 
slons over 18 and under - wlth lramed cerilllcate to 
wlnners wlth Most Orlgtnal Idea Best Mechanical and 
Best Electrical Constructton FCC exams will be admln 
Islered. startlng at 10 00 AM, to take exam. mall Form 
610 at least live days prior to Fest to address below 
Send sell addressed stamped envelope 11 you need 
Form 610 Commercial Exh~b~ts  Indoor Flea Market 
$2 00 (table ~ncluded). Outdoor Frost B ~ t e  Tall Gate Flea 
Market $1 00 Admlsslon $2 00, chlldren under I 2  tree 
R AT S members excluded from contest and drawlng 
Brlng the lam~ly and spend the weekend In beaut~lul. 
hlstorlc Richmond Rtchmond Amateur Telecommunlca 
tlons Soc~ety Post Olttce Box I070 Rlchmond V~rglnla 
23208 

ALOELCO SEMIXONOUCTOR SUPERMARKET 
RF OEVICES 
2N3375 3W 400 MHz 5 60 1N8080 4W 175 MHz 5 40 
213866 1W4mMHz 1 15 2N6D31 15W 175MHt 845 
IN5589 3W 175 MH, 4 75 2NW2 25W 175 MHz 10 95 
2N5590 10W 175 MHz 7 80 2NWR3 3 0 W  I 7 5  MHz 12 30 
IN5591 25W 175 MHz 10 95 2NC43.94 4 W  175 MHz 16 P 
2SC517 395 2SC1307 5 25 
2SC1226 1 2 5  2N4477 135 
2SC1306 430 IN5109 2 05 

NDW NEW IMPROVED DIGITAL ALARM CLOCK KIT H o u s .  
M8nutn . Sccmdr dw4.vd m ~ $ 8  BIG 0 5 Fasch8ld 7 Sqmnl 
De+l.v LEDS IZhout form1 Lhovr alum rrlm ylmn fralwe. 
plus damad tom tndlolor md tr-ze le.turr Em1 ppn of 
o,cror#alr md lnlrvo#onl NEW on bwd l X n n r  tmrfmnur md 
C I ~ C Y I I . ~  fw ml#onal ton* bnr rrlm ssmulatd rrmO gain cabant 

173 95 
lUZ4 Mow Ka hs bow 5 LEDS (,en femur. nth somul,td 
rmd oblnt $23 95 

MINATION DlOlTAL CLOCK AND FREWENCV COUNTER 
KIT  6 dedt 40 MHz caun1.r AND 12 24 hour dock Lo1 Ballrrr 
oparatd wllh I IOV draw, , nr  ,,am b,,..#" m, Imclu- 
2- x 4 114' x 6' c.bonc ONLV $99 15 
Asembled mat compIele la Slll05 
VARIABLE PCWER SWPLV KITS - 6mMa.5 15VDC m(15 
12 28 VOC -.% 7, - 8 .  C ""ll y1100'". 

Dual Digital 
12-24 hour clock kit Stolen Equipment !E:.E$a" L., . . .,lr..1,, ., ,. ,net,.. 

DRAKE ML.2. SN 11546. wlth 34/94, 94194. 16176. 07167. 10 GMT me o*r l o  1-1 tnn* Or h m  a 24 hour t a n v l  m one 

22182. and 25185 crystals Installed Stolen from Tom : b ~ ~ m d ~ d h ~ ~ m ~ ~  ~ ~ " , , ~ ~ ~ ~ ~ ~ ~ ~ ~ \ ~ ~ ~  
Fraser. WAOOQT. Colorado Sprlngs. Colorado Call (303) ZZ' x 4%. ~ 9 % "  comu~ne UOI W 95 
6358911. Ext 3874 Anyone destrlng to llst stolen 
Amateur radlo equipment please send lnlormatlon to 

m h m  7400 urb.r ICS md nmp for mdq 

A d d m  forshp#mp Add $ I  m o l d a  under 510 Out of USA Colorado Council ol  Amateur Radio Clubs CIO Charles 
qMdCMMC kkO,M-Om Indudems 

E Mvers WQRNT 1120 Yosemlte Drlve. Colorado SDrlnas. 
co 80910 Please Include as much ~dent~f~cat lon lnlbr. 
matton as poss~ble Free dlstr~bul~on will be made to all 
Amateur radlo magazines and Colo Amateur radlo 
clubs Funds lor postage and prlntlng wlll be greatly ap 
prectated 

ATLAS 350 XL with Dm-XL Digital d ~ a l  Ser. m877025. 2281H Babylon Tnpk.. Merr~ck. NY  11566 
AC POWER SUPPLY for the Atlas. Ser X877104PS. Jay 15161 378-4555 
Leonard. Rt. 1. Box 32A. Pottsvllte. Ark. 72858. 

MAXI TUNER 
SOLVES ANTENNA PROBLEMS! 

*. 

THE FINEST 
ANTENNA TUNER AVAILABLE 

- Prcsents 50-75 Ohm Reslstlve Load to Your 
Transm~tter Using Virtually Any Antenna 
System 

- Improved Ultimate Transmatch Circuit Matches 
Coax, Random Wire and Balanced Antennas 

- Contlnuour 1.7.30 MHz Cowrage 
- 229-203 Rotary Inductor (28 flH) 
- Rugged Cast Alum~num Turns Counter 
- Handles 3 KW PEP 
- Monimatch SWR Circuit 
- Heavy Duty Balun 
- Velvet-Smwth 6 to 1 Vernlcr Tunlriq 
- 0-100 Laggcnq Scale on Capaclton 
- Ava~labk In Kit Form or Assembled 
- One Year Factw Warranty 
- Available w~thwt  SWR lor use with yaur 

present SWR meter or wattmeter. 
- Custom Vacuum Capac~tor Dcsigm and Indi- 

v~dual Components Available 

Call or Wrrte lor Prlclng. Spec Sheet, and FREE 
Amateur Market Antenna Tuner Companson Chart 
That Tells I t  L ~ k e  I t  1s' Dealer Inqurrres Invrted 

P. 0. Box 11 

RF POWER Ladysmith, WI 54848 
COMPONENTS (715) 532-3971 

2 

NEW ELECTRONIC PARTS 
IC'S -TRANSISTORS-PROTOBOARDS - RESISTORS 
CAPACITORS - DIODES - SWITCHES - CONNECTORS 
VOLTAGE RECULATORS- CABINETS - UEAT SINKS 
FUSES I ~ ~ ~ ~ M O R E - - S T A M P  BRINGS CATALOG 

SPEC1 A lS 
KEYBOARD ENCLOSURES 

w D n PRICE 
14 8.3 3 $13.50' 
14 11.3 3 $14.50. 

BLUE BASE SPECIFY 
WNlTE OR BLACI TOP 

BREADBOAR 

*SNlPPlNC INCLUDED 

More Details? CHECK-OFF Page 150 
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Advance Registration $14.00 per person; with 
Hotel Sahara Late Show and two drinks $28.00 

per person or with Hotel Sahara Congo Dinner 

Show (entree Cornish Hen), no drinks $35.00 
per person. Tax and Gratuity included. 

Entertainment in Hotel Sahara's Congo Room has 

not been selected at press time. 

Advance R e g i s t r a t i o n  m u s t  be rece ived by  
on or before December 22, 1977. 

The NATION'S ANNUAL LAS VEGAS PRESTIGE CONVENTION 

HOTEL SAHARA'S CONVENTION SPACE* CENTER 

January 5-8, 1978 

Registration Includes: registration 

tickets, admission to technical sessions, Friday 
cocktail party hosted by TRI-EX Tower Corp.; 
Saturday cocktail party hosted by Ham Radio 
Magazine; Hotel Sahara Buffet Brunch on Sun- 
day, Tax and Gratuity. 

Hotel Sahara room rate for registered 
delegates $22.00 per night plus room tax, single 
or double occupancy. 

Hotel Sahara room reservation request card will 

be sent only to registered delegates 
and exhibitors only until December 22, 1977. 

Send your check or money order to , P. 0. Box 945, Boulder City, NV 89005 



Fast Service. Same day shipment 
via first class mail or air. 
No minimum order. 

ix for toroids. Packing and 
g 50 cents per order USA and 
. Californians add 6% sales 

120 a decernber 1977 

Handymen! Hobbyists! I@$ 
DO-IT-VOURSELFERS! 
Let Kester Solder aid you in your home repairs or hobbies. For that household 
item that needs repairing - a radio, TV, model train, jewelry, appliances, minor 
electrical repairs, plumbing, etc. - Save money - repair it yourself. Soldering 
with Kester is a simple, inexpensive way to permanently join two metals. 

When you Solder go "First Class" -use Kester Solder. 

For valuable soldering information send self-addressed stamped envelope to 
Kester for a FREE Copy of "Soldering Simplified". 

KEST'ER SOLDER 
L Litton 4 2 0 1  WRIGHTWOOD AVENUEICHICAGO.  I L L I N O I S  6 0 6 3 9  

UNWlTED TOROIDS - Center tapped. 
88 MHY - 5 oz. 5/$2.95; 9 oz. - 5/$3.49 
44 MHY - 5/$3.95 

(m. weinrchenker 
tlectronic spcciallics-00): 353, IRWIN, PA 15642 

L 
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Everybody likes power and 
nowhere can you get more 
of it for $349.95 than with 
our Cygnet 1200X linear 
amplifier. 

Wi th  100 watts of driving 
power you're on the air 
with a solid 1200 watts PEP 
input and most people 

blowers for both m e  RF deck and m e  
power supply, all bands from 10 to  80 
meters and all you need to enjoy it is 
100 watts drlving power. 

Get a Swan 1200X or Mark II linear 
amplifier today and stop letting 
People shout you down. Use your 
Swan credit card. Applications at your 
dealer or write t o  us. 
Cygnet 1200X 1200-watt linear 
amplifier complete with bullt In 
110/220v Dower SUPPIV . . . . . . . $349.95 

won't be able to tell YOU mrk 11 2000- watt linear amplifier 
MarkIIforpowerand Qlow*too- But If complete with separate 117/230 VAC from somebody Operating you'vegot your heart set on power supply and two 3-5002 

full bore. we've got me tubes.. . . . . . . . . . . . . . . . . . . . . . . . $849.95 
Linearity on the 1200X is right linear amp for you. 

it's the Mark 11, the proven unit (Prices FOB Oceanside, CAI 

excellent, efficiency is everybody thinks of When you talk Dealers throughout the world or order 
outstanding, 117/230 A.C. about workhorse linear amplifiers. direct from 

The Mark II dominates the bands power supply is built in, and with all the power that's 
features like provision for allowed-2000 watts PEP-and a 

clean, linear signal that's music t o  external ALC give you the yourears. S W ~  At, 
flexibility you need to get The Mark II features a separate, ELECTRONICS 

A SuDsIolarv of CuDlc Corwrarlon the most out of your rig. matching power suppiy, big, quiet 30s ~~rpot-t Road. Oceanslde. CA 92054 

SWAN 12OOX LINEAR AMPLIFIER. 
TALK LOUD FOR A SONG. 

$349.95 



One reference does all this: 
~ a k e i  the mystery out of un- 
derstanding and using quartz 
crystals 
Specifies what you need for 
commercial two-way, marine, 
aircraft, public service, ham 
and monitor radio 
Gives the most complete mili- 
tary specifications ever pub- 
lished 
Shows how to convert your 
23-channel CB to 40 channels 
Explains how to understand 
and use digital quartz clocks 

Never before has so much informa- 
tion been compiled under one cover 
. . . for the low price of $2.95. If 
your profession or hobby involves a 
working knowledge of crystals, 
everything you need is here.  . . in 
an easy-to-find, easy-to-assimilate 
form. the first printing is just 20,000 
codes. To assure a first edition 
C&V, send vour check or rnonev . - 

order today, or call-toll 
free 1-800-654-8850. 

I ~hickasha.0klahorna 73018- 
Please rush my cop of Sentry's compre- 
hensive 150-pa &a* Technology 

nclosed is my check or 1 Manual today ? 
I 

money order for $2 95, which includes 1 1 posts+ and handling. I 
1 Name I 
I Address 

State 
I 

\ 

eters are ~nsertion 

THRULINEm Wattmeter - the 
professional standard of the ~ndus t ry  
-and will accurately measure R F  
power flow under any load cond~t ion .  

4 i h(l HENRY RADIO 

Frequency Range 
4362 

IS THE EXCLUSIVE DlSTRlBUTER FOR 1.8 30 MHz-140 180 MHz 
Forward Power Range 0 200/2000W-0 25/250W 
Reflected Power Range 0 200/2000W-0 25/250W 
Impedance Z, 50 ohmse 

lnsertlon VSWR 1 l to 1 0 max 
Accuracy 

i3iigjl 
ffkm -m7k 

5 8% of Ful l  Scale Ava~lable at select dealers throughout the U S 
Dlrectlvlty 20 dB mln 

Dlmenslons 31%c" x 6" x 3%'' 
(100 x 150 x 85 mm) 

Welght 1 Ib (0 43 kg) 

Prlce 

Henyiafo 
Connectors-Input 8 Output Female UHF (SO 239) 11240W O l ~ p ~ B l v d  10s Antelm 90061 2131477 6701 

f94 00 931 N Eucl~d Anahelm Call1 92801 7141772 9200 

\ 'Mdy oe rn nth 54 Vohm cable M1wurl 64730 

- PCB - PCB - PCB - PCB - PCB - PCB - 
m 0 

2 I 
,rnr_lmGt , --::-..%. - ETCH-IT-YOURSELF \ "':2. - - I Printed Circuit 

. . E NOW YOU CAN design and produce your 
G own pr~nted c~rcu i t  boards. C - p IT'S EASY. Photo positive method. No  , - darkroom required. e 

LESS THAN 2 HOURS to.pmduee a p.c. a 
I board d~rec t  from magazlne artlcle. 

KIT INCLUDES materials to  make 4 p.c. 
I 

m boards direct from magazine article. 3 2 Add $1 for COD. S.A.S.E. for  details. w 

EXCEL CIRCUITS ca. 
4412 Fernlee 313-549-0440 P Royal Oak. M I  48073 $ - .  - PCB - PCB - PCB - PCB - PCB - PCB - 

MILITARY 
SURPLUS WANTED 
Space buys more and pays more H~qh-  
est prtces ever on U S M~ l~ ta ry  sur- 
plus, especially on Collins equipment 
or parts We pay lre~ght Call collect 
now lor our h ~ g h  offer 201 440-8787 

SPACE ELECTRONICS CO. 
dlv of  M ~ l ~ t a r y  Electron~cs Corp. 

35 Ruta Court. S Hackensack N J 07806 

w (R 3 1 1-1 I I Bearcat I- 1 IJ Scanner 
The Bearcat 210 super synthes~zed receiver I 
scans and searches over 16.000 different 
frequencies without expensive crystals. 
The Bearcat 210 covers 32-50. 146-174 8 

I 
41651 2 Mhz.. and has AClDC operation. I 
Save over 560.00 now by orderlng on our 24 ( 
hour toll-free credit card order line 
800-521-4414. In Michigan and outside the ( 
U.S. call 313-994-4441, Add $5.00 for 
shipping in the U.S. or $9.00 for air UPS to I 
the west coast. Charge cards or money 
orders only. Foreion orders invited. I 

COMMUNICATIONS ELECTRONICS 51 I 
I cTM P.O. BOX 1002 DEPT. 912 I&& e!z? I 

ANN ARBOR, MICHIGAN 48106 L I I I I I I I I I I I I I I I I I I I I I  J 



An exciting new era in amateur radio 
is about to begin.. . the era of AMSAT PHASE 
111 OSCAR satellites. 

Many of you are familiar with the bene- 
fits of the AMSAT OSCAR satellites, notably 
OSCAR 6 and Z These satellites, with a com- 
bined total of over 8 years in orbit, have 
provided communications between amateurs 
throughout the world. They have also pro- 
vided a capability for an educational program 
in space sciences and many interesting 
experiments. 

A MSA7; with members and contrib- 
uting groups worldwide, and headquarters in 
Washington, D. C., has been responsible for 
our current satellite program. Many people 
feel that perhaps the greatest value of the 
amateur satellite program is the dramatic 
demonstration of amateur resourcefulness 
and technical capability to radio spectrum 
policy makers around the world. 

The value of this aspect of amateur radio 
as we prepare for the 1979 WrldAdminis- 
trative Radio Conference (WARC) is enormous. 

The AMSAT PHASE 111 satellite pro- 
gram promises a continuing demonstration 
that amateur radio is at the forefront of 
modern technology. PHASE 111 satellites will 
routinely provide reliable communications 
over paths of up to 11,000 miles (12600 km) 
for 17 hours each day. You can think of them 
as a resource equivalent to a new band. 

The cost of these PHASE 111 satellites 
is a projected $250,000. Commercial satel- 
lites of similar performance would cost nearly 
$70,000,000. 

Your help is needed to put these 
PHASE 111 OSCAR satellites in orbit. 

Your valued, tax-deductible contribu- - 
tion can be as small as one of the 5000+ 
solar cells needed. A handsome certificate 
will acknowledge the numbered cells you 
sponsor for $70 each. Larger components of 
the satellites may also be sponsored with con- 
tribution acknowledgements ranging to a 
plaque carrying your name aboard the satel- 
lites. Call or write us for the opportunities 
available. 

Your membership in A MSAT is impor- 
tant to the satellite program, and will give 
AMSATa stronger voice in regulatory matters 
concerned with satellites. At $10 per year or 
$100 for life, you will be making a most signifi- 
cant contribution to the satellite program and 
the future of amateur radio. You will also 
receive the quarterly A MSAT newsletter. 

Clip the AMSAT PHASE 111 coupon 
below and send your support today, or call 
202-488-8649 and charge your contribution 
to your BankAmericard (VISA) or Master 
Charge card. 

r - - - -  - - - - - - - - -  
AMSAT PHASE 111 H R 

1 
Radio Amateur Satellite Corporation I 

I 
Box 2 1  Washington, D. C. 20044 
202488-8649 I 

I YES. I want to support AMSAT PHASE 111 OSCAR I satell~tes. Enclosed is: 
1 S__ in s p o n s o r s h i p o f  solar cells (@ $10 each) I 

$10 Annual membershrp $100 Lrte membership I Send informatron on sponsorrng larger satellrte corn ( 
ponents. 

I I 
I Name Call AMSAT Member? 1 
I Street 1 
( City State Zip 

The ublisher has donated this space lo AMSAT in support 01 
I 

L ~ ~ t P * T a n d  the PHASE 11, program ,-,,,--------J 



Ham Radio's guide to help you find your local / 
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lllinois 

ERICKSON COMMUNICATIONS, INC. 
5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL  60646 
312-631-5181 
Hours: 9:30-9 Mon. & Thurs. 9:30-5 
Tues., Wed., Fri. 9-3 Sat. 

KLAUS RADIO, INC. 
8400 NORTH PIONEER PARKWAY 
PEORIA, IL  61614 
309-691-4840 
Let us quote your Amateur needs. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL  60304 
3 12-848-6777 
Chicagoland's Amateur Radio 
leader. 

Indiana 

HOOSIER ELECTRONICS 
P. 0. BOX 2001 
TERRE HAUTE, IN 47802 
812-238-1456 
Ham Headquarters of the Midwest. 
Store in Meadow Shopping Center. 

KRYDER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, I N  46815 
2 19-484-4846 
We service what we sell. 10-9 T, 
TH, F; 10-5 W, SAT. 

10 wa 

BOB SMITH ELECTRONICS 
12 SOUTH 21ST STREET 
FT. DODGE, IA 50501 
5 15-576-3886 
For an EZ deal. 

Kansas 

ASSOCIATED RADIO 
8012 CONSER P.O.B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade. 

. 

Alabama 
LONG'S ELECTRONICS 
2808 7TH AVENUE SOUTH 
BIRMINGHAM, AL 35202 
800-633-3410 
Call us Toll Free to  place your order 

Arizona 
HAM SHACK 
4506 A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279.HAMS 
Sewing all amateurs from 
beginner to  expert. 

MASTERS COMMUNICATIONS 
7025 N. 57th DRIVE 
GLENDALE, AZ 85301 
602-939-8356 
Rohn tower distributor, Atlas, 
Icom, Tempo, HyGain & service. 

POWER COMMUNICATIONS 
6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-8990 
Arizona's # 1  Ham Store. 

California 
C & A ELECTRONICS 
2529 EAST CARSON ST. 
P. 0. BOX 5232 
CARSON, CA 90745 
2 13-834-5868 
Not the biggest, but the best - 
since 1962. 

CARSON ELECTRONICS 
12010 EAST CARSON ST. 
HAWAIIAN GARDENS, CA 90716 
213-421-3786 
Dealing exclusively in ICOM 
communications equipment. 

COMMUNICATIONS CENTER 
705 AMADOR STREET 
VALLEJO, CA 94590 
707-642-7223 
Who else has a Spectrum 
Analyzer? 

HAM RADIO OUTLET 
999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 
Visit our stores in  Van Nuys 
and Anaheim. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

TOWER ELECTRONICS CORP. 
24001 ALICIA PARKWAY 
MISSION VIEJO, CA 92675 
714-768-8900 
Authorized Yaesu Sales & Servtce. 
Mail orders welcome. 

Colorado 
C W ELECTRONIC SALES CO. 
1401 BLAKE ST. 
DENVER, CO 80202 
303-573-1386 
Rocky Mountain area's complete 
ham radio distributor. 

MILE-HI COMMUNICATIONS, INC. 
1970 SOUTH NAVAJO 
DENVER, CO 80223 
303-936-7108 
Rocky Mountain's newest 
ham store. Lee Tingle K6LT. 

Connecticut 
ARCOMM ELECTRONICS 
2865 MAIN STREET 
BRIDGEPORT, CT 06606 
Come on in, Tues. thru Sat. 
1O:OO - 6:OO 

AUDIOTRONICS INC. 
18 ISAAC STREET 
NORWALK. CT 06850 
203-838-4877 
The Northeast's fastest growing 
Ham Dept. dedicated to  service. 

Florida 

AGL ELECTRONICS, INC. 
1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

CENTRAL EQUIPMENT CO. 
18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL. 33160 
305-932-1818 
Specializing i n  Amateur, CB 
& Marine Equipment. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icorn, Cushcraft, Hustler. 



Amateur Radio Dealer 

Kentucky 
COHOON AMATEUR SUPPLY 
HIGHWAY 475 
TRENTON, KY 42286 
502-886-4535 
Yaesu, Ten-Tec, Tempo, Dentron. 
Our service 1s the BEST. 

Maryland 
COMM CENTER, INC. 

- 

9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
301 -792-0600 
New & Used Amateur Equipment. 
W~lson, Ten-Tec, R. L. Drake, Tempo 

PROFESSIONAL 
ELECTRONICS CO., INC. 

1710 JOAN AVENUE 
BALTIMORE, MD 21234 
301-661-2123 
A professional place for amateurs. 
Service-sales-design. 

- --- 

Massachuse f ts 
TUFTS RADlO ELECTRONICS 
209 MYSTIC AVENUE 
MEDFORD, MA 02155 
6 1  7-395-8280 
New England's friendliest 
ham store. 

-- -- -- -p 

Michigan 
RADlO SUPPLY & ENGINEERING 
1207 WEST 14  MILE ROAD 
CLAWSON, MI  48017 
3 13-435-5660 
10001 Chalmers, Detroit, MI 
48213, 313-371-9050. 

- - 

Minn eso ta 
DACO M 
3926 BEAU D'RUE DRIVE 
EAGAN, MN 55122 
6 1  2-454-7420 
Full Sales & Service 
HF thru UHF 

ELECTRONIC CENTER, INC. 
127 THIRD AVENUE NORTH 
MINNEAPOLIS, MN 55401 
612-371-5240 
ECI is still your best buy. 

Missouri 
HAM RADlO CENTER, INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS, MO 63132 
800-325-3636 
See Our Ads 
In  This Issue. 

MIDCOM ELECTRONICS, INC. 
2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961 -9990 
At Midcom you can try before you 
buy! 

Nebraska 

COMMUNICATIONS CENTER, INC. 
2226 NORTH 4 8  ST. 
LINCOLN, NE 68504 
800-228-4097 
Yaesu, Drake, Tempo, Swan. 
HyGain - call Toll Free 

New Hampshire 

EVANS RADIO, INC. 
BOX 893, RT. 3 A  BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, Dentron & Yaesu dealer. 
We service what we sell. 

New Jersey 

ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 

New Mexico 
ELECTRONIC MODULE 
601 N. TURNER 
HOBBS, NM 88240 
505-397-301 2 
Yaesu, Kenwood, Swan, Dentron, 
Tempo, Atlas, Wilson, Cushcraft 

New York 

ADIRONDACK RADlO SUPPLY, INC. 
185 W. MAIN STREET 
AMSTERDAM, NY 12010 
518-842-8350 
Yaesu dealer for the Northeast. 

- 

CFP COMMUNICATIONS 
211 NORTH MAlN STREET 
HORSEHEADS, NY 12010 
607-739-0187 
J im Beckett, WA2KTJ, Manager 
Bryant Hozempa, WBPLVW, Sales 

- 

GRAND CENTRAL RADlO 
124 EAST 4 4  STREET 
NEW YORK, NY 10017 
212-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in  stock 

HARRISON 
"HAM HEADQUARTERS, USA" 
ROUTE 110 & SMITH STREET 
FARMINGDALE, L. I., N. Y. 11735 
516-293-7990 
Since 1925 . . . Service, Satisfaction, 
Savings. Try Us! 

RADlO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
315-337-2622 
New & used ham equipment. 
See Warren K21XN or Joe WB2GJR 

Ohio 
UNIVERSAL SERVICE 
114 N. THIRD STREET 
COLUMBUS, OH 43215 
614-221-2335 
Give U.S. a try when ready to  buy. 

Oklahoma 
-- - 

RADlO STORE, INC. 
2102 SOUTHWEST 59th ST. 
(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 
New and used equipment - 
parts and supply. 
-- - -- - 

Oregon 
PORTLAND RADlO SUPPLY CO. 
1234 S.W. STARK STREET 
PORTLAND, OREGON 97205 
503-228-8647 
Second location, 1133 S. Riverside 
Avenue, Medford, OR 97501. 

Pennsylvania 
ELECTRONIC EXCHANGE 
136 N. MAlN STREET 
SOUDERTON, PA 18964 
2 15-723- 1200 
New & Used Amateur Radio 
sales and service. 

"HAM" BUERGER. INC. 
6 8  N. YORK ROAD 
WILLOW GROVE, PA 19090 
2 15-659-5900 
Communications specialists. 
Sales and service. 

HAMTRONICS, DIV. OF 
TREVOSE ELECT. 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same location for 25 years. 

- 
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South Carolina 
AMATEUR RADIO ELECTRONICS 
100 STATE ST. 
WEST COLUMBIA, SC 29169 
803-796-7957 
Featuring Swan Equipment 

Tennessee 
GERMANTOWN AMATEUR SUPPLY 
3203 SUMMER AVE. 
MEMPHIS, TN 38112 
800-238-6168 
No monkey business. Call 
Toll Free. 

J-TRON ELECTRONICS 
505 MEMORIAL BLVD. 
SPRINGFIELD, TN 37172 
61  5-384.3501 
Ten-Tec dealer - call or 
write for best trade. 

Texas 
AGL ELECTRONICS 
3068 FOREST LANE, SUITE 309 
DALLAS, TX 75234 
214-241-6414 (within Texas) 
Out-of-State, Call our toll-free 
number 800-527-7418. 

HARDIN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH, TX 76112 
817-461-9761 
Your Full Line Authorized 
Yaesu Dealer. 

Wisconsin 
AMATEUR 

ELECTRONIC SUPPLY, INC. 
4828 WEST FOND du  LAC AVENUE 
MILWAUKEE, WI 53216 
414-442-4200 
Open Mon & Fri 9-9, Tues, Wed, 
Thurs, 9-5:30, Sat, 9-3. 

Washington 
AMATEUR RADIO SUPPLY CO. 
6213 13TH AVENUE SOUTH 
SEATTLE, WA 98108 
206-767-3222 
First in  Ham Radio in  Washington 
Northwest Bird Distributor 

Wyoming 
DENCO COMMUNICATIONS CENTER 
1728 EAST 2nd STREET 
CASPER, WY 82601 
307-234-9197 
Sales, Service t o  Wyoming 
and the Northern Rockies. 

"from DRAKE 
The R.L. Drake Company is 
pleased to report that the 

Drake UV-3 
Mu lti-Band FM Transceiver 

covers the new FM Repeater 
Su b-Band expansions 

. . . w h i c h  were  just 
announced  by t h e  

FCC f o r  2 meter  
and 220 MHz 

Amateur  Bands. 

See the Drake UV-3 Brochure N O  RETUNING 
for complete specifications. NECESSARY 

R. L. DRAKE COMPANY mm 
Q 

5 4 0  R l c h a r d  S t r e e l .  M l a m ~ s b u r g .  Ohlo 4 5 3 4 2  Phone ( 5 1 3 )  866-2421 T r I r x  288-01 7 

Western Sales and Sewlce Cenler. 2020 Western Strset. Las Veaas. Nevada 89102 . 702/302-9470 

I S B A N D  OPERATION - FOR A L L  AMATEUR H F  
ONLY ONE N E A T  S M A L L  TRANSMITTERS GUARAN- 
ANTENNA. FOR CONG- TEED FOR 1.000 W A T T S  1 ESTEO HOUSING AND POWER. LIGHT. NEAT 
APARTMENT DWELLERS! WEATHERPROOF. I 
I Compl.1. shewn total  length 102 f t .  wnh 9 0 f t .  of  5 2  ahm 

RGS8U coax and P L 2 5 9  sonnestor. HI-lmp.ct molded reso- 
nant traps. (wt. 3 oz. 1". 5" long) You ju.1 tuna to demlred I 

[band for .n~elIenl ~OPOIISI E.cstlent for ALL world - wide 1 
rasalrars and mm-leur Ir.n.mlltarr. For NOVICE AND ALL IFLASS AMATEURS! N O  EXTRA TUNERS OR G A O G E I S  
NEEDED1 Ellmln.tes 5 separate antennas wHh o.cellent I 
80-40-20-15-10 mete, bands. Complete . . . . . . . 5 3 9 . 9 5  
40-20-15-10 m ~ t e r  bands. 54-11, ant. .  . . . . . . . . 5 3 8 . 9 5  
20-15-10 meter bmnd.. 24-11, ant. . . . . . . . . . . . 1 3 7 . 9 5  
SEND ONLY SS.OO (cash, sk.. m o j  and pay postman balance 
COD plus post.go on arrlr.1 or send fun prlsa for pp del. 
8.nkAmerlc.rd- - - Masts, Charge - - - P h  3 0 8 - 2 3 6 - 5 3 3 3  
Froo Info. available only from. WESTERN ELECTRONICS 
Dam. AH- 12 Nearnor. Nsbrask.. 6 8 8 4 7  

PLANEX XP-7 CALLING EARTH 
Tmkea y o u  " to  tbccxeit ing t m n t k n o f  n t m w m y .  
w i t h  s c n r  o f  grmt *dvcmturca t o  mow" 
Din& M o c h i  THE P H Y S I C S  T E A C H E R  

"Lively, bum-, tbougbt.provoking" 
Ron B r r e w e l l  IEEE SPECTRUM 

" A n  i l u p i n t i a  t o m y  young &nth" 
& m u d  Burke P H Y S I C S T O D A Y  

A FASCINATING. POPULAR. PERSONAL IN61GHT INPO Rn 
EXPLORATION OF THE CaEMOS BY RADIO AND THE 
DIGCOVERY OF THE OLD- S I C N A U  I N  THE UNIVERSE 
I12 BILLION YEARS1 COMING FROM THE GREATtST 
DlmANCE. LEADING 'W THE SFARCH FOR SIQNALS FROM 
EXTRATERRESTRIAL C lV lL lWTlONS 

J o h n  

228 pages Illustrated 

rysnus ()u:t..lr Hornks. Hrnx hr,. I't~wc~Il. O h t o  4:XHi:I 
$:I.:!!> r > : t ~ ~ , r ,  $Ii:?Ct hard, pu>stpn~d 

SEE UP-COMING A 0  FOR NEW 

RFI Suppression AUTOMATIC UNIT:  ATO-70 

Velcro and Case Included 
Size 2.80 - 2.00 - 0.60 Inches SATISFACTION GUARANTEED 



ARRL Southeastern 
Divislon 

CONVENTION 
FLAGLER 

DOG TRACK 
(37th Ave. at N.W. 7th St.) 

mlAml, FLA. 

Jon. 21-22, 
1978 

FREE PARKING INCLUDING 
OVERNIGHT SPACE FOR 

COMPLETELY 
SELF-CONTAINED RV'S 

Registration 

FOR SPECIAL HOTEL RATES 
AND FURTHER INFORMATION 

WRITE: 

P.O. &Ox 350045 
RIVERSIDE STA. 

ENGINEERING 
1320 Grand Avenue San Marcos. 
California 92069 17141 744-0700 I 



APOLLO PRODUCTS by 

21 WX-2 

SWR Bridge 

Large Meler - 
Slop~ng Panel Camel -Rubber Feet - 

1500X-2 Keep ~n Anlrnnd ~ l n e  up lo 1 Kllowall 

Rotny Antenna Swltch $37.50 
Slngk pole. 3 pos~l~on Anlenna Swdch 9M)x-2 

Wanrnster 

ranges 2t1 and 250 

535.50 

1700X-2 Verliwl1Horizontrl 

1114 .111 .1*4  
Antenna Swilch 

4 5 0 x 4  Anlenna Switch ; * . > ,  7.. 3,. ,,, Allows operalor lo selecl any one 013 
L.? !,>.I .. 2 o 9 ,  M, antennas or dummy l a d  Two Anlennas 

3-Poslt~on Sltde S W I I ~  h LOW LOSS. t I , I (L, tvU. l  ,,,a ,.. 
7 ,,2.. 111.10 

'n '"" can be swtlched In s~rnullaneously New 
Walnul-graln Ftnlsh Chassls . ; ".. 3 m 31 %I lo, tb.J.,l..s ".. ,m s a % 3  Slop~ng Front Console Cab 

Gold Cover -. ,Vb5 I,2.. ,10 9" 

$7.95 I.,' I . ,* .  *, I *  901 
.,..-m.'I r.. . 7 1" ,1 

" I " . C ' * . l l l .  

" I  ".nl l . t6Y. 
7.. 8 " 2.. n 
m PU) . U Y  ."" ,Y..">.,l. m-b .3  6 m 

"A $2 >..,>r,.a v. - m ., .** ..,>?e.>\,,6.>#" - - !.". 
"I C--"t..+LIC..,la "ea. %a 

," 'I  Yrn- Il.lu)..IVi,l) ,na l ,F '  , C I . r S . l # r n r  

.,Y .I.ntn.lrlC,,"*I r.r.m,n V l d r C * .  u r u w o w  
J 01 

.,m.s7,\m, r"mC"m6 "TM" "T'an=-=Vstem'- .-,1,,5,.., rrncYm,",nrRU,. 
* n package enclosure Shadow 8ox" 

Tuner" or Hornsbrew ::.r2,;:::;::;::-q,'*,M'-' mach~ned W I I ~  ? SO 239. I - P~lol 
Enclosure only l i r 1 1 1 ~ O  1 Machined Ltghl. 3.Raker Swllches and 2-Knobs 

$38.50 
[Meler nor lncl I 

APOLLO PRODUCTS pkg. ~ 3 6 . 0 3  

BOX 245 - VAUGHNSVILLE. OHIO 45893 - Phone (419) 646-3495 - E v e n i n g  Phone (419) 646-3495 

I PAY CASH 
tor your military surplus. 

I f  you have or know of availability: 11-90 

11-76 Taletypawritsr, AM-913 p/o TRC-24. PAM-31 
phone me collect 

Dave - (21 3) 760-1 000 

Apollo Products-Little Giant Trans Systems Tuner Kit - $122.50 
Designed and  engineered af ter  "Apollo" - "Litt le Giant" 25WX-2, for a n  "engineered 
performance'' Trans Systems Tuner and  M a p t a t i o n s  o f  the Lew McCoy Transrnatch. w i th  
power handling a t  the KW plus level! 

diam. whlte indenled 
1 pvc ~nsulated shaft coupltngs ;"N"ia NRb:~~f&rt~nP';?"6b0 
% 10 ,A OHM "Open wnre spaced ladder 
3 S0.239 coax chassis connectors Itne" atr d#alecltlc. 
Tunes 52 ohm or 52-300.600. or ' 5 %  r wlrc dmm. ' -84  x wire d ~ a m .  
random wires tnfo only - not suopl~ed. 

Apollo Products, Box 245, Vaughnsville, Ohio 45893 419-646-3495 
S u b s i d ~ a r y  "L l t t le  G ~ a n t  An tenna  Labs" 

a  N E W  a n t e n n a  p r i n c i p l e  
CROVEN IN EXACTING TESTS AN0 MANY YEARS ON THE AIR AT W#1(8H - )(CAST - K8VRM 

B E A M  
A N T E N N A  

only 27 inches high 
by 22 inches wide 

A COMPLETEL Y NEW ANTENNA 
Here is  an ultra corn act beam antenna whtch can be tuned to an frequency between 7.0 and 14.5 
MHz Weighing on1 fB Ibs. this antenna may not outperform a fu l r  s8zcd beam but  i t  sure wll l  give 
you ;our share of &X and stateside contacts. Will handle 1 KW over a 100 kHz bandwidth. 

Fully weather proof 1 1 1  Q, attenuates harrnonocs 
Mounts easlly on TV masting Comes asser~nbled & tested KITS 1040 $94.50 
F I P U ~ P  8 pattern 

L I ~ L E  GIANT MODEL ~ O O X ~ O ~ O  $149.50 
Other models ava~lable for 10. 15 6, 20 m e t e n  Add $3 trans. 

L i t t l e  Giant Antenna Labs, Box 245, Vaughnsvil le, Ohio 45893 
Subs id ia ry  "Apol lo Products"  V i l l age-Twig  Co. 

419-646-3495 
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COLLINS & MORE 
Colllns 75938. Ham rcvr $ 725.00 
Collins 31284, Excell.. round. $250.00 
Collins KWM-2 transcvr. V.G. $650.00 
Collins 32S3. Ham Xmtr $695.00 
Collins 30S1, like new $1750.00 
Coll~ns 7583. very good $475.00 
Collins 32S3. round. late $1195.00 
Collins 75S3C. round. .late $1295.00 
Collins R388/51J3, vy. gd. $425.00 
Drake R4C, new, boxed, w/250-500 HZ 
f~lters. 1535.00 
Nat~onal HR0500 receiver, exc. $795.00 
We stock good, used equipment from Collins, 
Drake Heath and other manufacturers. Hundreds 
of te;t itentr also available. Call for specific re- 
quirements, or write for free catalog. 

DAMES COMMUNICATION SYSTEMS 
201.9984256 

10 SCHUYLER AVENUE 
NORTH ARLINGTON, N. J. 07032 

-- - - 

hlerry Christntos uiid I fappy  New Year 
1 

6 - POLE 'Q--.- a,,," --,.., --- . .,.. ,-. - . 
,,.....-. . , . .. 

- R-4C SSB! ,b:'8 ;:...-' 

Irnprove the early stage II~IPCIIVII~ 01 Your Drake R 4C whole 
adding 8 adott~onal poles \total 16) wtth an enlernelly mounl 
ed. motchablc u c  01 flrrt IF cryrtal frlten Redue ORM. 
leakage. overload, Ideal lor OX and conte¶l work Overall 
s h s p  factor better lhan 1.4 Maxtmum rklrt selsclov~ty wl th 
nlaxlrnuni ~ n l a l l t g ~ b ~ l ~ l y .  Two models avatlable CF 2.6K18 
rclvon madmr parsband lunlnq rnnrr thpy arc rltphllv wbder 
than second IF lMter Total banrlwsdlh 23W Hz s l  &1B. 
31W H r  at MMB CF 2.3K18 (,rovtde greater relect~v8Iv 
Torah bdndwdth 2 l W  HI at W 8 .  2900 Hz at 6&IB E~lher 
set 01 l>lters can be mounled on r e e l v e r  and relsy s l r l t c h ~ l  
~ 8 t h  our k ~ l r  whah  start a l  529 W USBarld LSB CF 2 6108 
and CF 2 3K18 patn are S120 W po set Money back 11 nm 
sat#sf~ed 

Skrwood Engin~~ring Inc. 
Dept. A 

1268 South Ogden St. 
Denver, Colo. 80210 yM 

(303) 722-2257 ss 

Argonaut 509 
Tired of push-button 
-QSOs? Then the excitement 
of Argonauting is for you! A challenge? 
Of course, The test of an operator? Perhaps. But above all it is the thrill of 
working the world with fivewatts. 
The club is exclusive but if you enjoy the spirit of conquering distance with 
lower power, you are "in". There are no dues - just $359.00, the price of an 
Argonaut. Join more than two thousand fellow members with Argo fun. Your 
membership awaits you at most ham dealers. 

Argonaut 509 5359.00 

SSB a n  
state. PC 
Instant I 
change. 
.3 ..-ae- a-Wwlwr. 

Direct fr 
Recelve~ 

wens in 
--.--A,-. 

DNS: 

,rmeabillly t 
break-in. In! 

Bullt-in S' 
..,..m, Be.. 

MHz. 
.. ,- .......- 
uning. 

stant band 
WR bridge. ---. ---- L 

ACCESSORIES: 
Model 206 - 100 kHz Crystal 

Calibrator.. . . . . . . . . . . . . . . . . $29.00 
Model 208 - CW Filter. . . . . . . . . $29.00 
Modei 210 - One Ampere 

Power Supply. . . . . . . . . . . . . . . $30.00 
Model 215P - Ceramic 

Microphone . . . . . . . . . . . . . . . . $29.50 
Modei KR5A - Keyer . . . . . . . . . $39.50 

wwv. gnrsrnal spaaer. 

'equeny re For further ~nformation, write: sdoul. 
ring. Five 

 tic eldeban 
, >. L 

r offset tur 

put. Automa d 
ss~ac~~vn.  Plupin c~rl;ull  ward^. 
ch uV receiver sent 
12-14 VDC or AC r 
Weight 6 pounds. S 

titivily. 

mck power. 
ize HWD: TEN-TEC 

4%" x 13"%7". SEVIERVILLE. TENNESSEE 37062 
E X P ( > R T  7'15 LINCOLN AVF 

CHICAGO ILLINOIS 60646 
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ham radio 
Index 

antennas and 
transmission lines 
general 
Antenna control, automatic azimuth/elevation 

for Satellite communications 
WA3HLT p. 26. Jan 75 
Correction p. 58. Dec 75 

Antenna dimenston (HN) 
WA9JMY p. 66. Jun 70 

Antennas and capture area 
K6MIO p. 42. Nov 69 

Antenna and control-link calculations for 
repeater licensing 
W7PUG p. 58. Nov 73 
Short circuit p. 59. Dec 73 

Antenna and feedline facts and fallacies 
W5JJ p. 24, May 73 

Antenna design, programmable 
calculator simplifies (HN) 
W3DVO p. 70. May 74 

Antenna gain (letter) 
W3AFM p. 62. May 76 

Antenna gain, measuring 
K6JYO p. 26. Jul 69 

Antenna switching, solid-state 
W2EEY p. 30. Nov 68 

Antenna wire, low-cost copper (HN) 
W2EUQ p. 73, Feb 77 

AntiQRM methods 
W3FQJ p. 50, May 71 

Bridge for antenna measurements, slmple 
WLCTK p. 34. Sep 70 

Cubical quad measurements 
W4Y M p. 42. Jan 69 

Dipole center insulator (HN) 
WAlABP p. 69. May 69 

Diversity receiving system 
WZEEY p. 12, Dec 71 

Dummy load and r f  wattmeter, low-power 
W2OLU p. 56. Apr 70 

Dummy loads, experimental 
W8YFB p. 36, Sep 68 

Dummy load, low.power vhf 
WB9DNI p. 40. Sep 73 

Effective radiated power (HN) 
VE7CB p. 72. May 73 

Feedpoint impedance characteristics 
of practical antennas 
W5JJ p. 50. Dec 73 

Filters, low.pass, for 10 and 15 
WZEEY p. 42. Jan 72 

Gain vs antenna height, calculating 
WBBlFM p. 54, Nov 73 

GDO, new uses for 
K2ZSQ p. 48. Dec 68 

Gin pole, simple lever for raising masts 
WAZANU p. 72, May 77 

Ground screen, alternative to radials 
WB0JGP p. 22, May 77 

Grounding, safer (letter) 
WA5KTC p. 59. May 72 

Ground rods (letter) 
W7FS p. 66, May 71 

Ground systems, vertical antenna 
W7LR p. 30. May 74 

Headings, beam antenna 
W6FFC p. 64, Apr 71 

Hook, line 'n sinker (HN) 
WA4NED p. 76, Sep 68 

Horizontal or vertical (HN) 
W71V p. 62. Jun 72 

Impedance measurements, nonresonant antenna 
W7CSD p. 46. Apr 74 

Insulators, homemade antenna (HN) 
W7ZC p. 70, May 73 

Isotropic source and practical antennas 
K6FD p. 32. May 70 

Lightning protection (C&T) 
WlDTY p. 50. Jun 76 

Line-of-sight distance, calculating 
WB5CBC p. 56. Nov 76 

Measurement techniques for antennas 
and transmission lines 
W40Q p. 36, May  74 

Measuring antenna gain 
K6JYO p. 26. Jul 69 

Mobile mount, rigid (HN) 
VE7ABK p. 69. Jan 73 

Power in reflected waves 
Woods p. 49. Oct 71 

Reflected power, some reflections on 
VE3AAZ p. 44. May 70 

Reflectometers 
KlYZW p. 65. Dec 69 

Rf current probe (HN) 
W6HPH p. 76. Oct 68 

Rf power meter, low-level 
W5WGF p. 58, Oct 72 

Sampling network, r f  - the milli-trap 
W6QJW p. 34, Jan 73 

Smith chart, how to use 
WlDTY p. 16, Nov 70 
Correction D. 76. Dec 71 

Stand~ng-wave ratios, importance df 
W2HB p. 26. Jul 73 
Correction (letter) o. 67. Mav 74 

Time.dornain reflectometry, practical 
experimenter's approach 
WA0PlA p. 22. May 71 

T-R switch 
K3KMO o. 61.  AD^ 69 

Voltage-probe antenna 
WlDTY p 20. Oct 70 

high-frequency antennas 
All band antenna portable (HN) 

WZlNS p. 68. Jun 70 
All-band phased.vertical 

WA7GXO p. 32. May 72 
Antenna. 3.5 MHz. for a small lot 

W6AGX p. 28. May 73 
Antenna potpourri 

W3FQJ p. 54. May 72 
Antenna systems for 80 and 40 meters 

K6KA p. 55. Feb 70 
Army loop antenna - revsited 

W3FQJ p. 59. Sep 71 
Added notes p. 64. Jan 72 

Beam antenna, improved triangular shaped 
W6DL D. 20. Mav 70 . . -  

Beam for ten meters, economical 
WlFPF D. 54. Mar 70 

Beverage antenna 
W3FQJ p. 67, Dec 71 

Big beam for 10 meters 
VElTG p. 32, Mar 68 

Bobtail curtain array 
W8YFB p. 81. May 77 

Bobtail curtain array. forty-meter 
VElTG p. 58. Jul 69 

Coaxial dipole antenna, analysis of 
WZDU p. 46. hug  76 

Coaxial dipole, multiband (HN) 
W4BDK p. 71, May 73 

Collinear. six-element, for 
W0YBF p. 22, May 76 

Compact antennas for 20 meters 
W4ROS p. 38. May 71 

Converted.vee. 80 and 40 meter 
W6JKR p. 18. Dec 69 

Corner-fed loop, low frequency 
Z t l B N  p. 30, Apr 76 
Installation modified p. 41. Feb 77 

Cubical quad antenna design parameters 
K60PZ p. 55, Aug 70 

Cubical-quad antennas, mechanical design of 
VE311 p. 44, Oct 74 

CubicaCquad antennas, unusual 
W 1 DTY p. 6. May 70 

Cubical quad, improved low-profile, three band 
WlHXU p. 25. May 76 

Cubical quad, three-band 
WlHXU p. 22. Jul 75 

Curtain antenna (HN) 
W4ATE p. 66. May 72 

DiDole, albband tuned 
ZS6BT p. 22. Oct 72 

Dipole antennas on non-harmonic 
frequencies (HN) 
WZCTK D. 72. Mar 69 

Dipole beam 
W3FQJ p. 56. Jun 74 

Dipole pairs, low SWR 
W6FPO p. 42. Oct 72 

Dipole sloping inverted-vee 
W6NlF p. 48. Feb 69 

Double bi-square array 
W6FFF p. 32. May 71 

Duabband antennas, compact 
W6SAI p. 18, Mar 70 

DX antenna, single-element 
W6FHM p. 52. Dec 72 
Performance (letter) p. 65. Oct 73 

Folded mini.monopole antenna 
W6SAl p. 32. May 68 

Four-band wire antenna 
W3FQJ p. 53. Aug 75 

Ground-plane antenna: history and development 
K2FF p. 26. Jan 77 

Ground.plane, multiband (HN) 
JAlQlY p. 62. May 71 

Groundplane, three-band 
LAlEl P. 6. May 72 
Correction p. 91. Dec 72 
Footnote (letter) P 65. Oct 72 

High-frequency amateur antennas 
WPWLR p. 28. Apr 69 

High-frequency diversity antennas 
WLWLR P. 28. Oct 69 

Horizontal.antenna gain at selected 
vertical radiation angles 
W7LR p. 54. Feb 76 

Horizontal antennas, optimum height for 
W7LR P. 40. Jun 74 

Horizontal antennas, vertical radiation patterns 
WA9RQY p. 58, May 74 

Inverted-vee antenna (letter) 
WB6AQF p. 66. May 71 

Inverted.vee antenna, modified 
WZKTW p. 40. Oct 71 

Inverted-vee installation, improved low-band (HN) 
W9KNl p. 68, May 76 

Inverted V or delta loop. how to add to tower 
K4DJC p. 32. Jul  76 

Large vertical. 160 and 80 meters 
W71V D. 8. Mav 75 

Log-periodic antenna. 14, 21 and 28 MHz 
- 

W4AEO p. 18. Aug 73 
Log-periodic antennas. 7-MHz 

W ~ A E O  P. 16, May 73 
Log-periodic antennas, feed system for 

W4AEO P. 30. Oct 74 
Log periodic antennas, graphical design 

method for 
W4AEO P. 14. May 75 

Log-periodic antennas, vertical 
monopole. 3.5 and 7.0 MHz 
W4AEO P. 44. Sep 73 

Log-periodic. beams, improved (letter) 
W4AEO P. 74. May 75 

Log-periodic beam. 15 and 20 meters 
W4AEO P. 6, May 74 

Log permdic feeds (letter) 
W4AEO p. 66. May 74 

Logperiodic, three-band 
W4AEO p. 28. Sep 72 

Longwire antenna, new design 
K4EF p. 10. May 77 

Long-wire multiband antenna 
W3FQJ P. 28. Nov 69 

Loop antennas 
W40Q P. 18. Dec 76 

Loop receiving antenna 
W2lMB P. 66. May 75 
Correction p. 58, Dec 75 

L O O D - ~ a ~ i  antennas 
VKZZTB p. 30, May 76 

Low-mounted antennas 
W3FQJ p. 66. May 73 

Mobile antenna, helically wound 
ZE6JP P. 40. Dec 72 

Mono-loop antenna (HN) 
W8BW p. 70. Sep 69 

Multiband dipoles for portable use 
W6SAl p. 12. May 70 

Phased array, design your own 
KlAON P. 78. May 77 

Phased array, electrically-controlled 
W5TRS P. 52. May 75 

Phased vertical array, fine tuning 
W4 FX E P. 46. May 77 

Phased vertical array, four.element 
WBHXR p. 24, May 75 

Quad antenna, multiband 
DJ4VM p. 41. Aug 69 

Receiving antennas 
K6ZGQ p. 56. May 70 

Satellite antenna, simple (HN) 
WA6PXY P. 59, Feb 75 

Selective antenna system minimizes 
unwanted silyrals 
W5TRS P. 28, May 76 

Shunt-feed systems for grounded vertical 
radiators, how to  design 
W40Q P. 34. May 75 



Simple antennas for 40 and 80 
W5RUB p. 16, Dec 72 

Simple 1.. 2. and 3.band antennas 
W9EGQ p. 54, Jul 68 

Sloping dipoles 
W5RUB p. 19, Dec 72 
Performance (letter) p. 76, May 73 

Small.loop antennas 
W4YOT p. 36, May 72 

Stub bandswitched antennas 
WZEEY p. 50. Ju! 69 

Suitcase antenna, high-frequency 
VK5Bl p. 61. May 73 

Tailoring your antenna, how to 
KH6HDM p. 34. May 73 

Telephone-wire antenna (HN) 
K9TBD D. 70. May 76 

Three-band ground plane 
W6HPH p. 32, Oct 68 

Triangle antennas 
W3FQJ p. 56. Aug 71 

Triangle antennas 
W6KlW p. 58. May 72 

Triangle antennas (letter) 
K4ZZV p. 72. Nov 71 

Triangle beams 
W3FQJ p. 70, Dec 71 

Tuning atd for the sightless (HN) 
W6VX p. 83. Sep 76 

Unidirectional antenna for the low.frequency 
bands 
GW3NJY p. 61, Jan 70 

Vertical antenna radiation patterns 
W7LR p. 50. Apr 74 

Vertical antenna, low-band 
W41YB p. 70. Jul 72 

Vertical antenna, three-band 
W9BOE D. 44. May 74 

Vertical antennas, improving performance of 
K6FD p. 54, Dec 74 

Vertical antennas, performance characteristics 
W7 LR p. 34. Mar 74 

Vertical beam antenna. 80 meter 
VElTG p. 26, May 70 

Vertical dipole, gamma-loopfed 
W6SAI D. 19. May 72 

Vertical for 80 meters, toploaded 
W2MB p. 20. Sep 71 

Vertical radiators 
W40Q 

Vertical, top-loaded 80 meter 
VElTG 

Vertical-tower antenna system 
W40Q 

Whips and loops as apartment 
W2EEY 

Windom antenna, four-band 
W4VUO 
Correction (letter) 

Zepp antenna, extended 
W6QVI 

p. 16, Apr 73 

p. 48. Jun 69 

p. 56. May 73 
antennas 

p. 80. Mar 68 

p. 62. Jan 74 
p. 74, Sep 74 

p. 48, Dec 73 
ZL special antenna, understanding the 

WA6TKT p. 38, May 76 
3.5-MHz phased horizontal array 

K4JC P. 56. May 77 
7-MHz short vert~cal antenna 

W8TYX p. 60. Jun 77 
160-meter loop, receiving 

K6HTM p. 46. May 74 
160-meter vertical, shortened (HN) 

W6VX p. 72. May 76 
160 meters with 40-meter vertical 

W2lMB p. 34. Oct 72 

vhf antennas 
Antennas for satellite commun~cations, simple 

K4GSX p. 24. May 74 
Circularlypolarized ground-plane 

antenna for satellite communications 
K4GSX p. 28. Dec 74 

Collinear antenna for two meters, nine-element 
W6RJO p. 12. May 72 

Collinear antenna (letter) 
W6SAI p. 70, Oct 71 

Collinear array for two meters. 4-element 
WB6KGF p. 6. May 71 

Collinear antenna, four element 440.MHz 
WA6HTP p. 38. May 73 

Collinear, six meter 
K4ERO p. 59. Nov 69 

Converting low-band mobile antenna to 
144-MHz (HN) 
K7ARR p. 90. May 77 

Corner reflector antenna. 432 MHz 
WA2FSQ p. 24, Nov 71 

Cubical quad, economy sixmeter 
W6DOR p. 50, Apr 69 

Feed horn, cylindrical, for parabolic reflectors 
WA9HUV p. 16. May 76 

Ground plane. 2-meter. 0.7 wavelength 
W3WZA p. 40. Mar 69 

Ground plane, portable vhf (HN) 
K9DHD p. 71. May 73 

J.pole antenna for &meters 
K4SDY p. 48. Aug 68 

Logperiodic, yagi beam 
K6RIL, W6SAI p. 8. Jul 69 
Correction p. 68, Feb 70 

Magnet-mount antenna, portable (HN) 
WB2YYU p. 67, May 76 

Matching techniques for vhf/uhf antennas 
WlJAA p. 50. Jul 76 

Microwave antenna. Low-cost 
K6HlJ p. 52, Nov 69 

Mobile antenna, magnetmount 
WlHCl p. 54, Sep 75 

Mobile antenna, six-meter (HN) 
W4PSJ p. 77. Oct 70 

Mobile antennas. vhf, comparison of 
W4MNW p. 52. May 77 

Moonbounce antenna, practical 144.MHz 
K6HCP p. 52, May 70 

Oscar antenna, mobile (HN) 
W60AL p. 67, May 76 

Parabolic reflector antennas 
VK3ATN p. 12. May 74 

Parabolic reflector element spacing 
WA9HUV D. 28. May 75 

Parabolic reflector gain 
W2TQK p. 50, Jul 75 

Parabolic reflectors, finding the focal length (HN) 
WA4WDL p. 57. Mar 74 

Parabolic reflector. 16-foot homebrew 
WB610M p. 8. Aug 69 

Quad-yagi arrays, 432  and 1296.MHz 
W3AED p. 20. May 73 
Short circuit p. 58, Dec 73 

Simple antennas. 144.MHz 
WA3NFW D. 30. May 73 

Swutch, antenna for 2 meters, solid-state 
- 

KZZSQ p. 48, May 69 
Two.meter antenna, simple (HN) 

W6BLZ D. 78. Aug 68 
Two-meter fm  antenna (HN) 

WB6KYE p. 64. May 71 
Two-meter mobile antennas 

W6BLZ o. 76. Mav 68 
Vertical antennas, truth about %.wavelengths 

KDDOK p. 48, May 74 
Added note (letter) o. 54. Jan 75 

Yagi antennas, how to design 
WlJR p. 22. Aug 77 

Yagi. 1296-MHz 
W2CQH p. 24. May 72 

7-MHz attic antenna (HN) 
W2lSL D. 68. May 76 

10-GHz dielectric antenna (HN) 
WA4WDL p. 80. May 75 

144-MHz vertical. %.wavelength 
K6KLO p. 40. Jul 74 

144-MHz antenna. %-wavelength 
built from CB mobile whip (HN) 
WB4WSU p. 67. Jun 74 

144-MHz colinear uses PVC pipe mast (HN) 
K8LLZ p. 66, May 76 

144.MHz mobile antenna (HN) 
W2EUQ p. 80, Mar 77 

144-MHz vertical mobile antennas. I/. and 
% wavelength, test data on 
WZLTJ. W2CQH p. 46. May 76 

144-MHz, %-wavelength vertical 
WlRHN p. 50. Mar 76 

144-MHz. %.wavelength, vertical antenna 
far mobile 
K4LPQ p. 42, May 76 

432.MHz high-gain Yagi 
K6HCP p. 46. Jan 76 
Comments. W0PW p. 63. May 76 

432-MHz OSCAR antenna (HN) 
WlJAA p. 58. Jul 75 

1296-MHz Yagi array 
W3AED p. 40. May 75 

matching and tuning 
Antenna coupler for three-band beams 

ZS6BT p. 42, May 72 
Antenna coupler, sixmeter 

KlRAK p. 44. Jul 71 
Antenna impedance transformer for 

receivers (HN) 
W6NlF p. 70. Jan 70 

Antenna instrumentation, simple. (repair bench) 
K41W p. 71. Jul 77 

Antenna matcher, one.man 
W4SD p. 24. Jun 71 

Antenna tuner adjustment (HN) 
WA4MTH p. 53. Dec 75 

Antenna tuner, automatic 
WA0AQC p. 36. Nov 72 

Antenna tuner, medium.power toroidal 
WBZZSH p. 58. Jan 74 

Antenna tuner for optimum power transfer 
WZWLR p. 28. May 70 

Antenna tuners 
W3FQJ p. 58, Dec 72 

Antenna tuning units 
W3FQJ p. 58. Jan 73 

Balun, adjustable for yagi antennas 
W6SAl p. 14. May 71 

Balun, Simplified (HN) 
WA0KKC p. 73. Oct 69 

Baluns, wideband bridge 
W6SAI. WA6BAN p. 28, Dec 68 

Broadband Antenna Baluns 
W6SAl p. 6, Jun 68 

Couplers, random4ength antenna 
W2EEY p. 32. Jan 70 

Dummy loads 
W4MB p. 40, Mar 76 

Feeding and matching techniques for 
vhf/uhf antennas 
WlJAA p. 54. May 76 

Gammamatch capacitor, remotely controlled 
K2BT p. 74. May 75 

Gamma-matching networks, how to design 
W71TB o. 46. Mav 73 

Impedance bridge, low-cost RX 
W8Y FB p. 6. May 73 

Impedancematching baluns, open-wire 
W6MUR p. 46. Nov 73 

1mpedance.matching systems. designing 
W7CSD p. 58, Jul 73 

Loads. affect of mismatched transmitter 
W5JJ p. 60, Sep 69 

Matching, antenna, two-band with stubs 
W6MUR p. 18, Oct 73 

Matching system, two.capacitor 
W6MUR p. 58, Ssp 73 

Measuring complex impedance with swr bridge 
WB4KSS p. 46, May 75 

Mobile transmitter, loading 
W4YB p. 46, May 72 

Noise bridge, antenna 
WBZEGZ p. 18. Dec 70 

Noise bridge, antenna (HN) 
K8EEG p. 71, May 74 

Noise brldge for Impedance measurements 
YAlGJM p. 62. Jan 73 
Added notes p. 66. May 74; p. 60. Mar 75 

Phase meter, rf 
VE2AYU. Korth o. 28. Aor 73 . - .  

~uadr i f i la r '  toroid (HN) 
W9LL p. 52. Dec 75 

Stub.switched. stub-matched antennas 
WZEEY ' 

Swr alarm circuits 
WZEEY 

Swr bridge 
WB2ZSH 

p. 34, Jan 69 

p. 73. Apr 70 

D. 55. Oct 71 
Swr bridge and power meter, integrated 

W6DOB p. 40. May 70 
Swr bridge readings (HN) 

W6FPO p. 63. Aug 73 
Swr indicator, aural, for the visually handicapped 

K6HTM p. 52. May 76 
Swr meter 

W6VSV p. 6. Oct 70 
Swr meter, improving (HN) 

W5NPD p. 68, May 76 
Transmatch, five-to-one 

W71V p. 54. May 74 
Transmission lines. grid dipplng (HN) 

W2DLU p. 72. Feb 71 
Transmission lines, uhf 

WA2VTR p. 36. May 71 
Uhf coax connectors (HN) 

W0LCP p. 70. Sep 72 

towers and rotators 
Antenna and rotator preventive maintenance 

WAlABP p. 66, Jan 69 
Antenna and tower restrictions 

W71V D. 24, Jan 76 
Antenna mast. build your own tilt-over 

W6KRT p. 42. Feb 70 
Correction D. 76, S ~ D  70 

~ z - e l  antenna mount for satellite 
' 

communications 
W2LX p. 34. Mar 75 

Cornell-Dubilier rotators (HN) 
K6KA D. 82. May 75 

Ham-M modifications (HN) 
W2TQK p. 72, May 76 

Ham44 rotator automatic posltion control 
WB6GNM p. 42, May 77 

Keeping your beam, tips for 
W6BLZ p. 50. Aug 68 

Pipe antenna masts, design data for 
W3MR p. 52. Sep 74 
Added design notes (letter) p. 75. May 75 

Rotator. AR-22, fixing a sticky 
WAIABP p. 34. Jun 71 

Rotator for mediumsized beams 
K2BT p. 48. May 76 

Rotator. T.45. Improvement (HN) 
WAO)VAM D. 64. S ~ D  71 - - 

Stress analysis of antenna system+ 
WZFZJ D. 23. Oct 71 

Telescoping tv masts (HN) 
WAOKKC p. 57. Feb 73 

Tiltover tower base, low-cost 
WAlABP p. 86, Apr 68 

Tilt.over tower uses extension ladder 
WSTRS p. 71, May 75 
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Tower guying (HN) 
K9MM p. 98. Nov 

Tower. homemade tilt-over 
WA3EWH p. 28. May 

Tower, wind-protected crank.up 
(HN) p. 74. Oct 

Towers and rotators 
K6KA p. 34, May 

W ~ n d  loading on towers and antenna 
structures, how to calculate 
K4KJ p. 16. Aug 
Added note p. 56. Jul 

Distortion and splatter 
77 K5LLI 

Dynamic microphones (C&T) 
7 1 WlDTY 

Filter for CW, tunable audio 
69 WAlJSM 

Filter-frequency translator for cw 
76 integrated audio 

W2EEY 
Filter, lowpass audio, simple 

74 OD5CG 
75 Filter, simple audio 

W4NVK 
Filter. tunable oeak-notch audio 

CDR AR-22 rotator, fixing a sticky 
p. 44. Dec 70 WAlABP p. 34. Jun 71 

Clegg 278. S-meter for (HN) 
p. 46. Jun 76 WA2YUD p. 61. Nov 74 

Collins KWM-2/KWM-2A modifications (HN) 
p. 34, Aug 70 W6SAI p. 80. Aug 76 

reception. Collins KWM2 transceivers, ~mproved 
reliability (HN) 

p. 24, Jun 70 W6SAl p. 81, Jun 77 
Collins R390 rf transformers, repairing (HN) 

p. 54. Jan 74 WA2SUT p. 81, Aug 76 
Collins receivers. 300-Hz crystal filter for 

p. 44. Oct 70 WlDTY p. 58. Sep 75 
Collins S-line. imoroved freauencv readout for the . . . . 

W ~ E E Y  p. 22. Mar 70 WlGFC p. 53. Jun 76 

transmission l ines Filter, variable bandpass audio Col l~ns Wine power supply mod (HN) 
W3AEX p. 36. Apr 70 W61L p. 61. Jul 74 

Antenna.transmission line analog, part p, 52, 1 Apr 77 G a ~ n  control IC for aud~o  signal processing Collins S-line receivers, improved selectivity 
W6UYH Jung p. 47, Jul 77 

Antenna-transmission line analog, part 2 
W6FR p. 36. Jun 76 

W6UYH p, 29, May 77 
Hang agc circuit for ssb and CW Collins S-line, reducing warm.up dr i f t  

WlERJ D. 50. S ~ D  72 W6VFR o. 46. Jun 75 
Balun, coax~al 

WAmRDX p. 26. May 77 
Coax cable dehumidifier 

K4RJ p. 26, Sep 73 
Coax connectors, repairing broken (HN) 

WmHKF p. 66. Jun 70 
Coaxtal cable (C&T) 

WlDTY p. 50. Jun 76 
Coaxoal cable, checking (letter) 

W2OLU p. 68, May 71 
Coaxlal cable connectors (HN) 

WAIABP p. 71. Mar 69 
Coax~al-cable f~ttings, type-F 

K2MDO p. 44. May 71 
Coaxlal cable supports (HN) 

W2GA p. 56. Jun 68 
Coax~al cable, what you know about 

W91SB p. 30. Sep 68 
Coax~al connectors can generate r f i  

WlDTY p. 48. Jun 76 
Coax~al feedthrough panel (HN) 

W3URE p. 70. Apr 69 
Coau~al-line loss, measuring with reflectometer 

W2VCI p. 50, May 72 
Coax. Low.cost (HN) 

K681J p. 74. Oct 69 
Coaxial transmission Ilnes, underground 

WGlFCH p. 38. May 70 
Impedance transformer, non.synchronous (HN) 

W5TRS p. 66. Sep 75 
Comments. W3DVO p. 63. May 76 

Open-wire feedthrough insulator (HN) 
W4RNL p. 79. May 75 

Remote switching multiband antennas 
G3LTZ p. 68, May 77 

Single feedl~ne for multiple antennas 
K21SP p. 58, May 71 

Solenoid rotary sw~tches 
W2EEY p. 36, Apr 68 

Transmission line calculations. 
using your pocket calculator for 
W5TRS p. 40, Nov 76 

Tuner, receiver (HN) 
WA7KRE p. 72. Mar 69 

Tuner, wall-to-wall antenna (HN) 
WZOUX p. 56, Dec 70 

Uhf microstrlp swr bridge 
W4CGC p. 22, Dec 72 

VSWR ~ndicator, computing 
WB9CYY p. 58. Jan 77 
short circuit p. 94. May 77 

Audio agc principles and practice 
WA5SNZ p. 28, Jun 71 

Audio amplifier and squelch circuit 
W6AJF p. 36. Aug 68 

Audio CW fllter 
W7D1 p. 54, Nov 71 

Audio filter, tunable, for weak-signal 
communications 
K6HCP p. 28. Nov 75 

Audio filters, aligning (HN) 
W4ATE P. 72, Aug 72 

Audio filters, inexpensive 
W8Y FB p. 24. Aug 72 

Audio filter mod (HN) 
K6HlL p. 60. Jan 72 

Audio mixer (HN) 
W6KNE p. 66. Nov 76 

Audio module, a complete 
K4DHC p. 18, Jun 73 

Audio-oscillator module. Cordover 
WBZGQY p. 44. Mar 71 
Correction D. 80. Dec 71 

Audio-power integrated circuits 
W3FQJ p. 64. Jan 76 

Audio transducer (HN) 
WAlOPN p. 59, Jul 75 

Binaural CW reception, synthesizer for 
W6NRW p. 46. Nov 75 
Comment p. 77. Feb 77 

Compressor, dual channel 
WZEEY p. 40. Jul 68 

Headphone cords (HN) 
WPOLU p. 62. Nov 75 

Headphones, lightweight 
K6KA p. 34, Sep 68 

Impedance match, microphone (HN) 
W5JJ p. 67. Sep 73 

Increased flexibility for the MFJ 
Enterprises CW filters 
K3NEZ p. 58. Dec 76 

Intercom, simple (HN) 
W4AYV p. 66. Jul 72 

Microphone preamplifier with agc 
Bryant p. 28. Nov 71 

Microphone, using Shure 401A with 
the Drake TR.4 (HN) 
G3XOM p. 68, Sep 73 

Microphones, muting (HN) 
W61L p. 63. Nov 75 

Notch f~ l te r ,  tunable RC 
WA5SNZ 0. 16. Seo 75 
Comment b. 78, ~ p r  

Oscillator, audio. IC 
W6GXN p. 50. Feb 

Oscillator-monitor, solid-state aud~o  
WAlJSM p. 48, Sep 

Phone patch 
W8GRG p. 20. Jul 

Pre-emphasis for ssb transmitters 
OHZCD p. 38, Feb 

RC actlve filters using op amps 
W41YB D. 54. Oct 

Receivers, better audio for 
K7GCO p. 74, Apr 

Rf c l i o ~ e r  for the Collins S-line 
K ~ J Y O  p. 18, Aug 

Rf speech processor, ssb 
WZMB p. 18. Sep 

Speaker-driver module. IC 
WA2GCF p. 24, Sep 

Speech amplifiers, curing distortion 
Allen 0. 42. Aua . . -  

Speech clipper, IC 
K6HTM p. 18. Feb 73 
Added notes (letter) p. 64. Oct 73 

Speech clippers, rf 
G6XN D. 26. Nov: o 12. Dec 72 
Added notes p. 58. Aug 73; b. 72. Sep 74 

Speech c l ipp~ng in single-sideband equipment 
KlYZW p. 22. Feb 71 

Speech clipping (letter) 
W3EJD p. 72, Jul 72 

Speech compressor (HN) 
Novotny p. 70. Feb 76 

Speech processing 
WlDTY p. 60. Jun 68 

Soeech orocessinrr. ~ r i n c i ~ l e s  of - .  . 
' 2 ~ 1 8 ~  p. 28, Feb 75 
Added notes p. 75. May 75; p. 64, Nov 75 

Speech processing technique, split audio band 
WlDTY p. 30, Jun 76 

Speech processor, audio-frequency 
K3PDW p. 48. Aug 77 
Short circuit p. 68. Dec 77 

Speech processor for ssb, simple 
K6PHT p. 22. Apr 70 

Speech processor. IC 
VK9GN p. 31, Dec 71 

Speech processor, logarithmic 
WA3FIY p. 38, Jan 70 

Squelch. audio-actuated 
K4MOG p. 52. Apr 72 

Synthesizer-filter, binaural 
W6NRW p. 52. Nov 76 

Tape head cleaners (letter) 
K4MSG p. 62. May 72 

Tape head cleaning (letter) 
Buchanan p. 67. Oct 72 

Voice-operated gate for carbon microphones 
W6GXN p. 35, Dec 77 

commercial equipment 
Alliance rotator improvement (HN) 

KCJVE p. 68. May 72 
Alliance T-45 rotator Improvement (HN) 

WA0VAM p. 64, Sep 71 

. . 
Collins S-line, r f  clipper for 

K6JYO p. 18. Aug 
Correction p. 80. Dec 

Collins S-line spinner knob (HN) 
W6VFR p. 69. Apr 

Collins S-line, syllabic vox system for 
W ~ I P  D. 29. Oct 

Collins S-line transceiver mod (HN). 
W6VFR p. 71. Nov 

Collins 32s-series ALC meter improvement (HN 
W6FR p. 100. Nov 

Collins 32s-3 audio (HN) 
K6KA p. 64. Oct 

Collins 32s-1 CW modificat~on (HN) 
WlDTY p. 82. Dec 
Correction p. 76. Sep 

Collins 51J PTO restoration 
W6SAI p. 36. Dec 

Collins 70E12 PTO repair (HN) 
W6BIH p. 72, Feb 

Collins ~ O K - 2  PTO, correctsng mechanlca~ 
backlash (HN) 
K9WEH D. 58. Feb 75 

Collins 75A4 avc mod (letter) 
W9KNI p. 63. Sep 75 

Col l~ns 75A4 hints (HN) 
W6VFR p. 68. Apr 72 

Collins 75A4, increased selectivity for (HN) 
WlDTY p. 62, Nov 75 

Collins 75A-4 modif~cations (HN) 
W4SD p. 67, Jan 71 

Collins 75A4 noise limiter 
W 1 DTY p. 43, Apr 

Collins 75A4 PTO, making at perform like new 
W3AFM p. 24. Dec 

Collins 75A-4 receiver, improving overload 
response in 
W6ZO p. 42, Apr 
Short circuit p. 76. Sep 

Collins 755 frequency synthesizer 
W6NBI p. 8, Dec 
Short circuit p. 85, Oct 

Collins 75s-series crystal adapter (HN) 
KlKXA p. 72. Feb 

Collin; R-388(51J), inter-band 
calibration stability (HN) 
W5OZF p. 95. Sep 

Collins R390A, improving the product detector 
W7DI p. 12. Jul 

Collins R390A modificat~ons 
WA2SUT D. 58. Nov 

Collins R392, improved ssb reception with (HN) 
VE3LF D. 88. Jul 77 

Comdel speech processor, increasing the 
versatility of (HN) 
W6SAI p. 67. Mar 

Cornell-Dubilier rotators (HN) 
K6KA p. 82. May 

Drake gear, simple tune-up (HN) 
W7DIM p. 79. Jan 

Drake R-4 receiver frequency 
synthesizer for 
W6NBl p. 6. Aug 
Modification (letter) p. 74. Sep 

Drake R-4C, electronic bandpass tuning in 
Horner p. 58. Oct 

Drake TR-4, using the Shure 401A 
microphone with (HN) 
G3XOM p. 68, Sep 

Drake W-4 directional wattmeter 
WlDTY p. 86. Mar 

Elmac chirp and dr i f t  (HN) 
W50ZF p. 68. Jun 

EX crystal and osc~llator 
WBPEGZ p. 60. Apr 

Galaxy feedback (HN) 
WA5TFK p. 71. Jan 

Genave transceivers. S-meter for (HN) 
K90XX p. 80. Mar 

Hallicrafters HT-37, increased sideband 
suppression 
W3CM p. 48. Nov 

Ham.M modification (HN) 
W2TQK p. 72, May 

Ham-M rotator automatic position control 
WB6GNM P. 42. May 
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Hammarlund HQ215, adding 160-meter 
coverage 
W2GHK p. 32. Jan 72 

Heath CAI. tenminute timer from (HN) 
K8HZ p. 74. Jul 68 

Heath HG-IOB vfo, independent keying of (HN) 
K4BRR p. 67. Sep 70 

Heath HM-2102 wattmeter, better 
balancing (HN) 
VE6RF p. 56. Jan 75 

Heath HM 2102 vhf wattmeter, high power 
calibration for (HN) 
W9TKR p. 70. Feb 76 

Heath HM-2102 wattmeter mods (letter) 
K3VNR p. 64. Sep 75 

Heath HO-10 as R n Y  monitor scope (HN) 
K9HVW p. 70. Sep 74 

Heath HW-7 mods, keying and receiver 
blanking (HN) 
WASKPG p. 60. Dec 74 

Heath HW.12 on MARS (HN) 
K8AUH p. 63. Sep 71 

Heath HW-16 keying (HN) 
W7DI p. 57. Dec 73 

Heath HW.16, low-impedance headphones 
for (HN) 
WNBWJR p. 88. Jul 77 

Heath HW16. vfo operations for 
WB6MZN p. 54, Mar 73 
Short circuit p. 58. Dec 73 

Heath HW-17A. perking up (HN) p. 70. Aug 70 
Heath HW-17 modifications (HN) 

WA5PWX p. 66. Mar 71 
Heath HW-100. HW-101, grid-current 

monitor for 
K4MFR p. 46. Feb 73 

Heath HW.100 incremental tuning (HN) 
KlGUU p. 67. Jun 69 

Heath HW.100, the new 
WlNLB p. 64. Sep 68 

Heath HW-100 tuning knob, loose (HN) 
VE3EPY p. 68. Jun 

Heath HW-101, using with a separate 
receiver (HN) 
WAlMKP p. 63. Oct 

Heath HW-202, adding private-line 
WABAWJ p. 53. Jun 

Heath HW-202. another look at the fm  
channel scanner for 
K7PYS p. 68. Mar 

Heath HW-202 lamp replacement (HN) 
W5UNF p. 83. Sep 

Heath IM-11 vtvm, convert to IC voltmeter 
K6VCI p. 42. Dec 

Heath intrusion alarm (HN) 
Rossman p. 81. Jun 

Heath SB-100, using an outboard receiver 
with (HN) 
K4GMR p. 68. Feb 

Heath SB-102 headphone operation (HN) 
KlKXA p. 87. Oct 

Heath 58102 modifications (HN) 
W2CNQ p. 58. Jun 

Heath 58.102 modifications (HN) 
WZCNQ p. 79. Mar 

Heath SB.102, rf speech processor for 
W61VI p. 38. Jun 

Heath SB.102, receiver incremental 
tuning for (HN) 
KlKXA p. 81. Aug 76 

Heath SB-102. WWV on (HN) 
KlKXA p. 78. Jan 77 

Heath SB-200 amplifier. modifying for the 
8873 zero-bias triode 
W6UOV p. 32, Jan 71 

Heath SB-200 amplifier, six-meter conversion 
KlRAK p. 38. Nov 71 

Heath SB200 CW modification 
K6YB p. 99. Nov 77 

Heath SB-300. RTTY with 
W2ARZ p. 76. Jul 68 

Heath SB-303. 10-MHz coverage for (HN) 
WlJE p. 61, Feb 74 

Heath SB-400 and SB-401, improving ale 
response in (HN) 
WA9FDQ p. 71, Jan 70 

Heath SB-610 as RTTY monitor scope (HN) 
K9HVW p. 70. Sep 74 

Heath SB-650 using with other receivers 
K2BYM p. 40. Jun 73 

Heath SB receivers. RTTY reception with (HN) 
K9HVW p. 64, Oct 71 

Heath SB-series crystal control and 
narrow shift RTTY with (HN) 
WA4VYL p. 54. Jun 73 

Heathkit SB.series equ~pment, heterodyne 
crystal switching (HN) 
KIKXA p. 78. Mar 77 

Heath ten-minute timer 
K6KA p. 75. Dec 71 

~ e a i h k i t  Sixer, spot switch (HN) 
WA6FNR p. 84. Dec 69 

Heathkit, noise limiter for (HN) 
W7CKH p. 67. Mar 71 

Heathkit HW202, f m  channel scanner for 
W7R7 D. 41. Feb 75 

ICOMYGA wiring change (HN) ' 

KlKXA p. 73. Feb 77 

lcom IC.230, adding splinter channels (HN) 
WAlOJX p. 82. Sep 76 

ICs, drilling template for (HN) 
WA4WDL. WB4UM p. 78. Mar 77 

James Research oscillator/monitor 
WlDTY p. 91. Mar 68 

James Research permaflex key 
W lD lY  p. 73. Dec 68 

Kenwood TS-520 CW filter modification (HN) 
W7ZZ o. 21. Nov 75 

Kenwood TS-520. TVI cure for ( H N ~  
W3FUN p. 78. Jan 77 

Knight-kit inverter/charger review 
WlDTY p. 64. Apr 69 

Knight-k~t two-meter transceiver 
W 1 DTY D. 62. Jun 70 

Mini-mitter II 
W6SLQ p. 72. Dec 71 

Mini-mitter II modifications (HN) 
KlETU D. 64.  AD^ 76 . - .  

Motorola channel elements 
WB4NEX p. 32. Dec 72 

Motorola Dispatcher, converting to 12 volts 
WB6HXU p. 26. Jul 72 
Short circuit p. 64, Mar 74 

Motorola f m  receiver mods (HN) 
VE4RE p. 60. Aug 71 

Motorola P-33 series. improving 
WBZAEB p. 34. Feb 71 

Motorola receivers, op-amp relay for 
W6GDO p. 16. Jul 73 

Motorola voice commander, improving 
W0DKU D. 70. Oct 70 

Motrac Receivers (letter) 
K5ZBA p. 69. Jul 71 

Quement circular slide rule 
WZDXH p. 62. Apr 68 

Regency HR transceivers, signal-peaking 
indicator and generator for (HN) 
WBHVG p. 68, Jun 76 

Regency HA-2, narrowbanding 
WABTM P p. 44. Dec 73 

Regency HA-212, channel scanner for 
WA0SJK p. 28, Mar 75 

R-392 receiver mods (HN) 
KH6FOX p. 65. Apr 76 

SEE linear implfier tips (HN) 
WA6DCW o. 71. Mar 69 

SB301/401, Improved sidetone operatio" 
WlWLZ D. 73. Oct 69 

Signal One review 
WlNLB p. 56. May 69 

Spurious causes (HN) 
K6KA p. 66. Jan 74 

Standard 826M. more power from (HN) 
WB6KVF p. 68. Apr 75 

Swan television interference: an 
effective remedy 
W2OUX p. 46. Apr 71 

Swan 120, converting to two meters 
K6RIL p. 8. May 68 

Swan 250 Carrier suppression (HN) 
WBBLGA p. 79. Oct 76 

Swan 350 CW monitor (HN) 
KlKXA p. 63, Jun 72 
Correction (letter) p. 77, May 73 

Swan 350. receiver incremental tuning (HN) 
KlKXA p. 64. Jul 71 

Swan 350 and 400. RTTY operation (HN) 
WB2MIC o. 67. Aua 69 . . -  

Swan 2501 update your (HN) 
K8ZHZ p. 84. Dec 69 

Telefax transceiver conversion 
K0QMR p. 16. Apr 74 

Ten-Tec Argonaut, accessory package for 
W7BBX D. 26.  AD^ 74 

Ten-Tec KR-20 keyer, stabiliratlon of (HN) 
W3CRG p. 69. Jul 76 

Ten-Tec RXlO communicators receiver 
WlNLB p. 63. Jun 71 

Tl50A frequency stability (HN) 
WB2MCP p. 70, Apr 69 

Yaesu sideband switching (HN) 
W2MUU p. 56. Dec 73 

Yaesu spurious signals (HN) 
K6KA p. 69. Dec 71 
Units affected (letter) p. 67. Oct 73 

Yaesu FTlOl clarifter (letter) 
K lNUN p. 55, Nov 75 

construction 
techniques 
AC line cords (letter) 

W6EG p. 80. Dec 71 
A dab of paint, a drop of wax (HN) 

VE3BUE p. 78. Aug 68 
Aluminum's new face 

W4BRS p. 60. May 68 
Aluminum tubing. clamping (HN) 

WA9HUV P. 78, May 75 
Antenna insulators, homemade (HN) 

W7ZC p. 70. May 73 
APC trimmer, adding shaft to (HN) 

W 1 ETT p. 68. Jul 69 
Blower-to.chassis adapter (HN) 

K6JYD p. 73. Feb 71 

BNC connectorr, mounting (HN) 
W9KW p. 70, Jan 70 

Capacitor+, custom, how to make 
WB0ESV p. 36, Feb 77 

Capacitors, oil.filled (HN) 
W2OLU p. 66, Dec 72 

Center insulator, dipole 
WAlABP p. 69. May 69 

Circuit boards with terminal inserts (HN) 
W3KBM p. 61. Nov 75 

Coaxial cable connectors (HN) 
WAlABP p. 71. Mar 69 

Coax connectors, repairing broken (HN) 
W0HKF p. 66. Jun 70 

Coax relay coils, another use (HN) 
K0VQY p. 72. Aug 69 

Coils, self.supporting 
Anderson p. 42, Jul 77 

Cold galvanlzlng compound (HN) 
W5UNF p. 70. Sep 72 

Color coding parts (HN) 
WA7BPO p. 58. Feb 72 

Component marking (HN) 
WlJE p. 66. Nov 71 

Deburring holes (HN) 
W2DXH p. 75. Jul 68 

Drill guide (HN) 
W5BVF p. 68. Oct 71 

Drilling aluminum (HN) 
W61L p. 67. Sep 75 

Enclosures, homebrew custom 
W4YUU p. 50. Jul 74 

Etch tank (HN) 
W3HUC p. 79. Jan 77 

Exploding diodes (HN) 
VE3FEZ p. 57. Dec 73 

Ferrite beads 
W5JJ p. 48. Oct 70 

Files, cleaning (HN) 
Walton p. 66. Jun 74 

Ferrite beads, how to use 
KlORV p. 34, Mar 73 

Filter chokes, unmarked 
W0KMF p. 60. Nov 68 

Grommet shock mount (HN) 
VE3BUE p. 77, Oct 68 

Grounding (HN) 
W9KXJ p. 67. Jun 69 

Heat sinks, homemade (HN) 
WA0WOZ p. 69. Sep 70 

Homebrew art 
W0PEM p. 56. Jun 69 

Hot etchlng (HN) 
K8EKG p. 66. Jan 73 

Hot wire stripper (HN) 
WBDWT p. 67. Nov 71 

IC holders (HN) 
W3HUC p. 80, Aug 76 

IC lead former (HN) 
WSICV p. 67, Jan 74 

Indicator circuit. LED 
WB6AFT p. 60, Apr 77 

Inductance, toroidal coil (HN) 
W3WLX p. 26, Sep 75 

Inductors, graphical aid for winding 
W7POG p. 41. Apr 77 

Industrial cartridge fuses, using (HN) 
VE3BUE p. 76, Sep 68 

Magnetic fields and the 7360 (HN) 
W7DI p. 66. Sep 73 

Metric conversions for screw and wire sizes 
WlDTY p. 67. Sep 75 

Miniature sockets (HN) 
Lawver o. 84. Dec 69 

~ i n i b & ,  cutting down to size (HN)' 
WZOUX p. 57. Mar 74 

Mobile installat~on, putting together 
W0FCH p. 36. Aug 69 

Mobile mount bracket (HN) 
W4NJF o. 70. Feb 70 

Modular converter. 144-MHz 
W6UOV p. 64. Oct 70 

Neutralizing t ip (HN) 
ZE6JP p. 69, Dec 72 

Noisy fans (HN) 
WBIUF p. 70. Nov 72 
Correction (letter) p. 67. Oct 73 

Nuvistor heat sinks (HN) 
WA0KKC p. 57, Dec 73 

Parasitic suppressor (HN) 
WA9JMY p. 80. Apr 70 

Printed-circuit boards, cleaning (HN) 
W5BVF p. 66. Mar 71 

Printed-circuit boards, how to clean 
K2PMA p. 56. Sep 76 

Printed-circuit boards, how to make 
K4EEU p. 58. Apr 73 

Printed-circuit boards, low-cost 
W6CMQ p. 44. Aug 71 

Printed-crrcuit boards, low-cost 
WBYFB p. 16, Jan 75 

Printed-circuit boards. practical 
photofabrication of 
Hutchinson p. 6. Sep 71 

Printed-circuit labels (HN) 
WA4WDK p. 76, Oct 70 

Printed.circuit standards (HN) 
W6JVE p. 58. Apr 74 
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Printed-circuit tool  (HN) 
W2GZ p. 74. May 73 

Printed circuits wi thout  pr int ing 
W4ZG p. 62. Nov 70 

Professional look, for tha t  
VE3GFN p. 74, Mar  68 

Punching aluminum panels (HN) 
W7DIM p. 57, Jun 68 

Rack and panel construction 
W70E p. 48, Jun 68 

Rack construction, a new approach 
K lEUJ p. 36. Mar  70 

Rectifier terminal  s t r ip (HN) 
W5PKK o. 80. Aor 70 

Restoring panel lettering (HN) 
W8CL p. 69. Jan 73 

Screwdriver, adjustment (HN) 
WA0KGS p. 66. Jan 71  

Silver p lat lng (letters) 
WABAGD 0. 94, Nov 77 

Silver p l a t ~ n g  for the amateur 
W4KAE P. 62, Dec 68 

Silver p lat lng made easy 
WA9HUV 

Smal l  Darts t ray (HN) 
W2GA 

Solder d~spenser,  stmple (HN) 
W2KlD 

Soldering aluminum (HN) 
ZE6JP 

Soldering fluxes (HN) 
K3HNP 

Soldering t tp (HN) 
Lawyer 

Soldering t ~ p  cleaner (HN) 
W3HUC 

Soldering t lps 
WA4MTH 

Thumbwheel switch modification 
VE3DGX 

Ti l t  your r ig  (HN) 
WA4NED 

p. 42. Feb 77 

p. 58. Jun  68 

p. 76. Sep 68 

p. 67. May 72 

p. 57. Jun  68 

p. 68, Feb 70 

p. 79. Oct 76 

p. 15, May 75 
(HN) 

D. 56. Mar 74 . . 

P. 58. Jun 68 
Toroids, plug-in (HN) 

KBEEG p. 60. Jan 72 
Transfer letters (HN) 

WAZTGL p. 78. Oct 76 
Transformers, repalring 

W6N I F p. 66. Mar 69 
Tr immers (HN) 

W5LHG p. 76. Nov 69 
Uhf coax connectors (HN) 

W0LCP p. 70. Sep 72 
Uhf hardware (HN) 

W6CMO o. 76. Oct 70 
~ n d e r w r i i e r ' s  knot (HN) 

W 1 DTY p. 69, May 69 
Vectorbord tool (HN) 

WAlKWJ p. 70. Apr 72 
Volume controls, noisy, temporary f ix (HN) 

W9JUV p. 62. Aug 74 
Watercooling the 2C39 

K6MYC p. 30. Jun  69 
Wiring and grounding 

WlEZT D. 44. Jun 69 
Workbench, electronbc 

WlEZT P. 50. Oct 70 

features and fiction 
Alarm, burglar-proof (HN) 

E~senbrandt  p. 56, Dec 75 
Binding 1970 issues of ham radio (HN) 

W l D H Z  p. 72. Feb 7 1  
Brass pounding on wheels 

K6QD p. 58, Mar  75 
Dynistor, the 

W6GXN p. 49, Apr 68 
Catalina wireless. 1902 

W6BLZ p. 32, Apr 70 
Early wireless stations 

W6BLZ p. 64. Oct 68 
Electronic bugging 

K2ZSQ p. 70. Jun 68 
Fire protection i n  the ham shack 

Darr  p. 54, Jan 71  
First wireless i n  Alaska 

W6BLZ p. 48. Apr 73 
Ham Radio sweepstakes winners. 1972 

W l N L B  p. 58. Jul  72 
H a m  Radio sweepstakes winners, 1973 

W l N L B  p. 68, Ju l  73 
Ham Radio sweepstakes winners, 1975 

W l N L B  p. 54, Jul  75 
How t o  be DX 

W4NXD p. 58. Aug 68 
Nostalgia wi th a vengeance 

W6HDM p. 28, Apr 72 
Photographic i l lustrations 

WA4GNW p. 72. Dec 69 
QS;;;;;, statistics on 

p. 50. Dec 68 
Reminisces o f  o ld- t ime radio 

K4NW p. 40, Apr 7 1  
Secret society, the 

W4NXD D. 82, May 68 
Ten commandments for  technicians 

p. 58, Oct 76 

Use your o ld magazines 
Foster p. 52, Jan 70 

What is  it? 
WAlABP p. 84. May 68 

Wireless Point Loma 
W6BLZ P. 54. Apr 69 

1929-1941, the Golden years of amateur radio 
W6SAI a. ?A Apr 76 . - - - . .  - 

1979 wor ld administrative radio conferenct 
W6APW p. 48, Feb 76 

fm and repeaters 
Amateur vhf  f m  operation 

W6AYZ p. 36. Jun 68 
Antenna and control.link calculations 

for  repeater l icensing 
W7PUG p. 58. Nov 73 
Short c i rcui t  p. 59, Dec 73 

Antennas, simple, for twometer  f m  
WA3NFW p. 30, May 73 

Antenna, two-meter f m  (HN) 
WB6KYE p. 64. May 71  

Antenna. %-wavelength, two-meter 
K6KLO p. 40. Jul  74 

Antenna. 5/8 wavelength two-meter. 
build f rom CB mobile whips (HN) 
WB4WSU p. 67. Jun 74 

Audio.amplifier and squelch unl t  
W6AJF p. 36, Aug 68 

Automat~cal lv  controlled access 
t o  open repeaters 
WBGRG p. 22. Mar 74 

Autopatch system for vhf f m  repeaters 
WBGRG p 32. Jul  74 

Base station, twometer  f m  
W9JTQ p. 22. Aug  73 

Carrier.operated relay 
KOPHF, WA0UZO p. 58, Nov 72 

Carrier-operated relay and call moni tor  
VE4RE o. 22. Jun  71  

Cavity f i l ter. 144-MHz 
W l S N N  P. 22. Dec 73 

Channel scanner 
WZFPP p. 29, Aug  71  

Channels, three f rom two (HN) 
VE7ABK p. 68. Jun 7 1  

Charger, fet-controlled for  nicad batteries 
WA0JYK p. 46. Aug  75 

Collinear antenna for two meters, nine. 
element 
W6RJO p. 12. May 72 

Collinear array for  two meters, *-element 
WB6KGF p. 6. May 71  

Continuous tun ing  for  f m  converters (HN) 
WlDHZ p. 54, Dec 70 

Control head, customizing 
VE7ABK p. 28, Apr 71  

Converting low-band mobile antenna 
t o  144 MHz (HN) 
K7ARR p. 90, May 77 

Decoder, control function 
WA9FTH p. 66, Mar 77 

Detectors. fm, survey of 
W6GXN p. 22. Jun 76 

Deviation measurement (letter) 
K5ZBA P 68. May  71  

Deviation measurements 
W3FQJ p. 52. Feb 72 

Deviation meter (HN) 
VE7ABK p. 58. Dec 70 

Digital touch.tone encoder for  vhf  f m  
W7FBB P 28. Apr 75 

Discriminator, quartz crystal 
WA0JYK P. 67. Oct 75 

Distortion i n  f m  systems 
WSJJ p. 26. Aug  69 

Encoder, combined dig i ta l  and burst  
KBAUH p. 48, Aug  69 

European vhf- fm repeaters 
SM4GL P. 80. Sep 76 

Filter, 455.kHz for  f m  
WABJYK P. 22. M a r  72 

Fm demodulator, TTL 
W3FQJ P. 66. Nov 72 

F m  receiver frequency control (letter) 
W3AFN p. 65. Apr 7 1  

F m  techniques and practices for  vhf amateurs 
W6SAI a. 8. Seo 69 
Short cbrcuit P'. 79; J U ~  70 

F m  transmitter, solid-state two-meter 
W6AJF D. 14. Ju l  71  . . 

Fm transmitter. Sonobaby, 2 meter  
WA0UZO P. 8. Oct 7 1  
Short Circuit p. 96. Dec 71  
Crystal deck fo r  Sonobaby p. 26, Oct 72 

Frequency meter, two-meter f m  
W4JAZ p. 40, Jan 71  
Short c i rcui t  P 72. Apr 71  

Frequency synthesizer, inexpensive 
all-channel, fo r  two-meter f m  
W0OA P. 50. Aug  73 
Correction (letter) p. 65. Jun  74 

Frequency-synthesizer. one-crystal 
for  two-meter f m  
W 0 M V  p. 30, Sep 73 

Frequency synthesizer, fo r  two-meter f m  
WB4FPK p. 34, Jul  73 

Frequency synthesizer sidebands, 
f i l ter reduces (HN) 
K l  PCT p. 80, Jun 

Heath HD-1928 Micoder for  l o w . ~ m ~ e d a n c e  
operation (HN) 
Johnson p. 95, Dec 

IC.230 mod~f i ca t ion  (HN) 
W8PEY p. 80. Mar 

Identif ier, programmable repeater 
W6AYZ p. 18, Apr 
Short c i rcui t  p. 76. Jul  

1.f system, mul t imode 
WA2IKL p. 39. Sep 

Indicator, sensit ive r f  
WB9DNI p. 38. Apr 

Interface problems, f m  equipment (HN) 
W9DPY p. 58, Jun 

Interference, scanning receiver (HN) 
K2YAH p. 70. Sep 

Logic oscil lator fo r  multi-channel 
crysta l  contro l  
W l S N N  p. 46. Jun 

Magnet mount antenna, portable (HN) 
WBPYYU p. 67, May 

M o b ~ l e  antenna, magnet-mount 
W l H C l  p. 54, Sep 

Mobile antennas, vhf, comparison o f  
W4MNW D. 52. Mav 

Mobile operation wi th the  ouch-  one pad 
W0LPQ p. 58. Aug 
Correction D. 90. Dec 
Modification (letter) p. 72. Apr 

Mobile rig, protecting f rom thef t  (CLT) 
WlDTY p. 42. Apr 

Modulation standards for  vh f  f m  
W6TEE p. 16, Jun 

Moni tor  receivers, two-meter f m  
WB5EMI o. 34. Aor 

Motorola channel elements 
WB4NEX D. 32. Dec 

Motorola f m  receiver mods (HN) 
VE4RE p. 60, Aug 

Motorola P-33 series, improving the 
WBZAEB p. 34, Feb 

Motorola voice commander, improving 
W 0 D K U  p. 70, Oct 

Motrac Receivers (letter) 
K5ZBA p. 69. Jul  

Mul t imode transceivers, fm- ing on uhf  (HN) 
W6SAI p. 98. Nov 

Narrow-band f m  system, using ICs i n  
W6AJF p. 30, Oct 

Phase-locked loop, tunable, 28 and 
50 MHz 
W l K N l  p. 40. Jan 

Phase modulation principles and techniques 
VE2BEN p. 28, Jul  
Correction p. 59. Dec 

Power amplif ier, rf 220-MHz f m  
K7JUE P. 6. Sep 

Power amplif ier, rf, 144 MHz 
Hatchett p. 6. Dec 

Power amplif ier, rf, 144-MHz f m  
W4CGC P. 6. Apr 

Power amplif ier, two-meter fm. 10-watt 
WlDTY p. 67, Jan 

Power supply, regulated ac for  mobile 
fm equipment 
WABTMP p. 28. Jun  

Preamplifier, two-meter 
WAZGCF p. 25. Mar  

Preamplifier, two meter  
WBBBB p. 36. Jun 

Private call system for  vhf  f m  
WA6TTY p. 62, Sep 

Private-line, adding t o  Heath HW-202 
WABAWJ p. 53. Jun  

Push-to-talk for Styleline telephones 
WlDRP p. 18. Dec 

Receiver alignment techniques, vh f  f m  
K41PV p. 14, Aug 

Receiver for  six and two  meters, 
multtchannel f m  
W l S N N  D. 54, Feb 

Receiver for  two  meter, f m  
W9SEK p. 22. Sep 
Short c i rcui t  p. 72. Apr 

Receiver isolation, f m  repeater (HN) 
W l DTY p. 54. Dec 

Receiver, modular  f m  communications 
K I A U H  p. 32. Jun 
Correction p. 71, Jan 

Receiver, modular, for  two-meter f m  
WAZGBF p. 42. Feb 
Added notes p. 73. Jul  

Receiver performance, comparison o f  
VE7ABK p. 68. Aug  

Receiver performance of vacuum-tube vhf- fm 
equipment, how t o  improve 
W6GGV p. 52, Oct 

Receiver, tunable vhf  f m  
K8AUH p. 34. Nov 

Receiver, vhf f m  
WA2GCF p. 6. Nov 

Receiver, vhf f m  
WAZGCF p. 8, Nov 

Receiver. vh f  f m  (letter) 
K 8 l H p  p. 76, May 



Relay, operational-amplifier. for 
Motorola receivers 
W6GDO p. 16. Jul  73 

Remote base, an alternative to repeaters 
WA6LBV. W46FVC p. 32, Apr 77 

Repeater control with simple timers 
WZFPP p. 46, Sep 72 
Correction p. 91. Dec 72 

Repeater decoder, multi-function 
WA6TBC p. 24. Jan 73 

Repeater installation 
W2FPP p. 24. Jun 73 

Repeater kerchunk eliminator 
WB6GTM p. 70. Oct 77 

Repeater I ~ n k ~ n g ,  carrser-operated relay for 
KQPHF p. 57. Jul  76 

Repeater problems 
VE7ABK p. 38. Mar 71 

Repeater, receiving system degradation 
K5ZBA p. 36. May 69 

Repeater transmitter, improving 
W6GDO p. 24, Oct 69 

Repeater shaclc temperature, remote checklng 
ZL2AMJ p. 84. Sep 77 

Repeaters, single-frequency f m  
W2FPP p. 40. Nov 73 

Reset t imer, automatic 
W5ZHV p. 54. Oct 74 

Satellite receivers for repeaters 
WA4YAK p. 64. Oct 75 

Scanner. two-channel, for repeater monatoring 
W8GRG p. 48. Oct 76 

Scanner, vhf receiver 
KZLZG p. 22. Feb 73 

Scanning receiver, improved 
for vhf f m  
WAPGCF p. 26. Nov 74 

Scannlng receiver modifications, vhf f m  
WA5WOU p. 60, Feb 74 

Scanning receivers for two-meter f m  
K4 1 PV p. 28. Aug 74 

Sequential encoder, mobile f m  
W3JJU p. 34, Sep 71 

Sequential switching for Touch-Tone 
repeater control 
WBGRG p. 22. Jun 71 

Single-frequency conversion, vhf/uhf 
W3FQJ p. 62. Apr 75 

Single-sideband fm, introduction to 
W3EJD p. 10. Jan 77 

S-meter, audible, for repeaters 
ZLPAMJ D. 49, Mar 77 

S-meter for Clegg 278 (HN) 
WAZYUD p. 61, Nov 74 

Squelch-audio amplif ier for 
f m  receivers 

WB4WSU p. 68. Sep 74 
Squelch circuit, another (HN) 

WB4WSU p. 78, Oct 76 
Squelch c i rcu~ts  for transistor radios 

WB4WSU p. 36. Dec 75 
Synthesized channel scannlng 

WA0UZO p. 68. Mar 77 
Synthesized two.meter f m  transceiver 

WICMR. K l l JZ  p. 10. Jan 76 
Letter. W5GQV p. 78. Sep 76 

Telephone controller, automatic 
for your repeater 
KBPHF. WA0UZO p. 44, Nov 74 

Teleohone controller for remote repeater 
operation 
KQPHF. WA0UZO p. 50. Jan 76 
Precauttans (letters) p.  79. Apr 77 

Test set for Motorola radios 
KQBKD p. 12, Nov 73 
Short circuit p. 58. Dec 73 
Added note (letter) p. 64. Jun 74 

Time-out warning indicator for f m  repeater users 
K3NEZ p. 62, Jun 76 

Timer, simple (HN) 
W3CIX p. 58. Mar 73 

Tone-burst generator (HN) 
K4COF p. 58, Mar 73 

Tone-burst generator for repeater accesslng 
WASKPG P. 68. Sep 77 

Tone-burst keyer for f m  repeaters 
W8GRG p. 36, Jan 72 

Tone encoder and secondary frequency 
oscillator (HN) 
K8AU H p. 66, Jun 69 

Tone encoder, untversal for vhf f m  
W6FUB p. 17. Jul 75 
Correction p. 58, Dec 75 

Tone generator. IC 
Ahrens p. 70, Feb 77 

Touch-tone circuit, mobile 
K7QWR p. 50. Mar 73 

Touch-tone decoder, multi-function 
KQPHF. WAQUZO p. 14. Oct 73 

Touch-tone decoder, three-digit 
W6AYZ p. 37. Dec 74 
Circuit board for p. 62. Sep 75 

Touch-Tone encoder 
W3HB p. 41. Aug 77 

Touch-tone, hand-held 
K7YAM p. 44, Sep 75 

 ouch-tone handset, converting slim-line 
K2YAH p. 23, Jun 75 

Transceiver for two.meter fm, compact 
W6AOI p. 36. Jan 74 

Transmitter for two meters, phase-modulated 
W6AJF p. 18. Feb 70 

Transmitter, two-meter f m  
W9SEK p. 6. Apr 72 

Tunable receiver modif~cation 
for vhf f m  
WB6VKY p. 40. Oct 74 

Two-meter svnthes#rer. dtrect o u t ~ u t  
WBPCPA p. 10. Aug 77 
Short circuit p. 68. Dec 77 

Up/down repeater.mode circuit for 
two-meter svnthesizers. 600 kHz 
WB4PHO 
Short circult 

p. 40. Jan 77 
P. 94, May 77 

Vertical antennas, t ruth about %.wavelength 
KDDOK p. 48. May 74 
Added note (letter) p. 54. Jan 75 

Weather mon~tor  receiver, retune to 
twometer f m  (HN) 
W3WTO p. 56. Jan 75 

Whip. 5/8-wave. 144 MHz (HN) 
VE3DDD p. 70, Apr 73 

144-MHz digital synthesizers, readout display 
WB4TZE p. 47, Jul  76 

144-MHz f m  excater, high performance 
WALGCF P. 10, Aug 76 

144.MHz mobile antenna (HN) 
W2EUQ p. 80. Mar 77 

144.MHz vertical mobile antennas. '/r and 
5/8 wavelength, test data on 
WZLTJ, W2CQH p. 46, May 76 

144-MHz. %-wavelength vertical antenna 
WlRHN p. 50, Mar 76 

144-MHz. %-wavelength, vertical antenna 
for moblle 
K4LPQ P. 42. May 76 

220 MH; frequency synthesizer 
W6GXN p. 8. Dec 74 

450.MHz preampl i f~er and converter 
WAZGCF p. 40. Jul  75 

integrated circuits 
Amateur uses of the MC1530 IC 

WZEEY p. 42. May 68 
Amplifiers, broadband IC 

W6GXN p. 36. Jun 73 
Applications, potpourri of IC 

WIDTY. Thorpe p. 8, May 69 
Audio-power ICs 

W3FQJ p. 64, Jan 76 
Balanced modulator, an integrated-circuit 

K7QWR p. 6. Sep 70 
Cmos loglc carcults 

W3FQJ p. 50. Jun 75 
Counter gating sources 

K6KA p. 48, Nov 70 
Counter reset generator (HN) 

W3KBM p. 68, Jan 73 
C3L loglc circuit 

W 1 DTY p. 4. Mar 75 
Digital counters (letter) 

WlGGN p. 76, May 73 
Digital ICs, part I 

W3FQJ P. 41, Mar 72 
D ig~ta l  i c s ,  part  II 

W3FQJ 
Correct~on 

~ i g i t a l  mixers 
WBBIFM 

p. 58. Apr 72 
D. 66. Nov 72 

P. 42. Oec 73 
Digital multivibrators 

W3FQJ p. 42. Jun 72 
Dinital oscillators and dividers - 

W3FQJ P 62. Aug 72 
Digital readout station accessory, Part I 

K6KA D. 6. Feb 72 
Digital station accessory, part  I1 

K6KA P 50, Mar 72 
Digital station accessory, part Ill 

K6KA p. 36. Apr 72 
Divlde-by.n counters. high-speed 

WlOOP p. 36. Mar 76 
Electronic counter d~als.  IC 

K6KA P. 44, Sep 70 
Electronic keyer, cosmos IC 

WBZDFA D. 6. Jun 74 
Short clrcuit P. 62. Dec 74 

Emitter-coupled logic 
W3FQJ p. 62. Sep 72 

Flip-flops 
W3FQJ P 60, Jul  72 

Flop-flip, using (HN) 
W3KBM P. 60. Feb 72 

Function generator. IC 
WlDTY P. 40, Aug 71 

Functton generator. IC 
K4DHC P. 22. Jun 74 

Gain control IC for a u d ~ o  signal processing 
Jung P. 47, Jul 77 

IC power (HN) 
W3KBM p. 68, Apr 72 

IC-regulated power supply for  ICs 
W6GXN p. 28, Mar 68 

IC tester, TTL 
WA4LCD p. 66. Aug 76 

lntegrated circuits, part I 
W3FQJ p. 40. Jun 71  

Integrated circuits, part II 
W3FQJ p. 58. Jul  71 

Integrated circuits, part Ill 
W3FQJ p. 50. Aug 71  

I'L logic circuits 
WlDTY p. 4. Nov 75 

Logic farnilles. IC 
W6GXN p. 26, Jan 74 

Logic monitor (HN) 
WASSAF p. 70, Apr 72 
Correction p. 91, Dec 72 

Logic test probe 
VE6RF p. 53. Dec 73 

Logic test probe (HN) 
Rossman p. 56. Feb 73 
Short circuit p. 58, Dec 73 

Low-cost linear ICs 
WA7KRE p. 20. Oct 69 

Missent ID 
K6KA p. 25. Apr 76 

Modular modulos 
W9SEK p. 63, Aug 70 

Motorola MC1530 IC, amateur uses for 
WZEEY p. 42. May 68 

Multi-function Integrated clrcuits 
W3FQJ p. 46. Oct 72 

National LM373, using in ssb transceiver 
W5BAA p. 32, Nov 73 

Op amp (741) circuit design 
WA5SNZ p. 26. Apr 76 

Operational amplifiers 
WB2EGZ p. 6. Nov 69 

Phase-locked loops, IC 
W3FQJ p. 54. Sep 71  

Phase-locked loops. IC, experiments wi th 
W3FQJ p. 58, Oct 71 

Plessey SL600-series ICs, how to use 
GBFNT p. 26, Feb 73 

Removing ICs (HN) 
W6NIF p. 71. Aug 70 

Seven-segment readouts, multiplexed 
W5NPD D. 37. Jul 75 

Ssb detector, IC (HN) 
K40DS 
Correction (letter) 

Ssb equipment, uslng TTL ICs 
G4ADJ 

Surplus ICs (HN) 
W4AYV 

Sync generator. IC, for ATV 

. 
p. 67. Dec 72 
p. 72. Apr 73 

in 
p. 18. Nov 75 

p. 68. Jul  70 

WQKGI p. 34. JUI 75 
Transceiver. 9.MHz ssb. IC 

G3ZVC p. 34, Aug 74 
Circuit change (letter) p. 62. Sep 75 

TTL sub.ser1es ICs, how to select 
WAlSNG p. 26. Dec 77 

U/ART, how i t  works 
Titus p. 58, Feb 76 

Using ICs in a nbfm system 
W6AJF p. 30. Oct 68 

Using ICs with single-polarity 
power suppl~es 
WZEEY p. 35, Sep 69 

Using integrated circuits (HN) 
W9KXJ p. 69. May 69 

Voltage regulators 
W6GXN p. 31, Mar 77 

Voltage regulators, IC 
W7FLC p. 22. Oct 70 

Voltage.regulator ICs, adjustable 
WB9KEY p. 36, Aug 75 

Voltage-regulator ICs, threeterminal 
WB5EMl D. 26. Dec 73 
Added note (letter) p. 73. Sep 74 

Vtvm, convert to an IC voltmeter 
K6VCI p. 42. Dec 74 

keying and control 
Accu-Mill, keyboard interface for the Accu-Keyer 

WN90VY p. 26. Sep 76 
ASCII.to-Morse code translator 

Morley. Scharon p. 41. Dec 76 
Automatic beeper for station control 

WA6URN p. 38. Sep 76 
Break.in circuit, CW 

WBSYK p. 40. Jan 72 
Break-in control system, IC (HN) 

W9ZTK p. 68. Sep 70 
Bug, solid-state 

KZFV p. 50. Jun 73 
Carrier-operated relay 

KQPHF, WA0UZO p. 58. Nov 72 
Cmos keying circuits (HN) 

WB2DFA p. 57. Jan 75 
Contest keyer (HN) 

KZUBC p. 79. Apr 70 
Contest keyer, programmable 

W7BBX p. 10. Apr 76 
CW reception, enhancing through a 

simulated-stereo technique 
WAlMKP P. 61. Oct 74 

CW regenerator for interference.free 
communications 
Leward, WBZEAX p. 54. Apr 74 
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CW sidetone (C&T) 
W 1 DTY p. 51. Jun  

Differential keying c i rcui t  
W41YB p. 60. Aug  

Electronic hand keyer 
K5TCK p. 36, Jun  

Electronic keyer, cosmos IC 
WBZDFA p. 6. Jun 
Short c l rcul t  p. 62. Dec 

Electronic keyer. IC 
VE7BFK p. 32, Nov 

Electronic keyer notes (HN) 
Z L l B N  p. 74, Dec 

Electronic keyer package, compact  
W4ATE p. 50. Nov 

Electronic keyer w ~ t h  random.access memory 
WB9FHC o. 6. Oct 
Correct~ons (letter) p. 58. Dec 74 

p. 57. Jun 75 
lmorovements (letter) D. 76. Feb 77 
~ndreased f l e x ~ b ~ l ~ t y  (HN) p 62. Mar 75 

Electron~c keyer. 8043 IC 
W6GXN p 8. Apr 75 

Electron~c keyers, s lmple IC 
WA5TRS r, 38. Mar 73 

G r ~ d  block key~ng ,  stmple (HN) 
WA4DHU p 78, Apr 70 

lmprovlng transrnltter keylng 
K6KA p 44, Jun 76 

Key and vox cllcks (HN) 
K6KA p 74. Aug 72 

Keyboard e lectron~c keyer, t5e code ml l l  
W6CAB p 38. Nov 74 

Keytng, paddle, S~amese 
WASKPG p 45. Jan 75 

Keyer m o d ~ f ~ c a t ~ o n  (HN) 
W9KNi p 80. Aug 76 
Comments p 94, Nov 77 

Keyer mods, micro.TO 
DJ9RP p. 68. Jul 76 

Keyer paddle, portable 
WASKPG p. 52. Feb 77 

Keying the  Heath HG-lOB vfo (HN) 
K4BRR o. 67, Sep 70 

Latch circuit, dc 
W 0 LPQ 
Correction 

p. 42. Aug 75 
o. 58. Dec 75 

Memo-key 
WA7SCB p. 58. Jun  72 

Memory accessory, programmable 
for  electrontc keyers 
WA9LUD p. 24. Aug 75 

Mini.paddle 
K6RIL p. 46. Feb 69 

Morse generator, keyboard 
W7CUU p. 36, Apr 75 

Morse sounder, radio controlled (HN) 
K6QEQ p. 66, Oct 71  

Osctllators, electronic keyer 
WA6JNJ p. 44. Jun 70 

Paddle, electronic keyer (HN) 
KL7EVD p. 68. Sep 72 

Paddle, homebrew keyer 
W3NK p. 43. May 69 

Push.to-talk for  Styleline telephones 
WlDRP p. 18. Dec 71  

RAM keyer update 
K3NEZ p. 60. Jan 76 

Relay activator (HN) 
K6KA p. 62, Sep 71  

Relays, surplus (HN) 
WZOLU p. 70. Jul  70 

Relay, transistor replaces (HN) 
W3NK p. 72, Jan 70 

Relays, undervoltage (HN) 
W2OLU p 64. Mar  71  

Remote keytng your transrnltter (HN) 
WA3HOU p 74. Oct 69 

Reset t lmer,  automatic 
WSZHV p 54. Oct 74 

Sequentla1 swi tching (HN) 
WSOSF p. 63, Oct 72 

Solenold rotary switches 
WZEEY p. 36, Apr 68 

S t a t ~ o n  control center 
W70E p. 26, Apr 68 

Step.start circuit, high-voltage (HN) 
W6VFR p. 64. Sep 71  

Suppression networks, arc (HN) 
WASEKA p. 70. Jul  73 

T ~ m e  base, calibrated electronic keyer 
WlPLJ  p. 39. Aug  75 

Timer, ten-minute (HN) 
OJ9RP p. 66. Nov 76 

Transistor swi tching fo r  
electronic keyers (HN) 
W3QBO p. 66. Jun 74 

Transmit/recetve switch PIN diode 
W9KHC p. 10, May 76 

Transmitter switching, solid.state 
WZEEY p. 44, Jun 68 

Typewriter.type electronic keys. 
fur ther  automation for  
W6PRO p. 26, Mar 70 

Vox and  mox systems for  ssb 
Belt p. 24. Oct 68 

vox, IC 
WPEEY p. 50, Mar 69 

Vox keying (HN) 
VE71G p. 83, Dec 69 

Vox, versati le 
W9KIT p. 50. Jul  71  
Short c i r c u ~ t  p. 96. Dec 7 1  

measurements and 
test equipment 
Absorption measurements, using your 

signal generator for  
WZOUX p. 79, Oct 76 

Ac current monltor (letter) 
WBSMAP p. 61. Mar 75 

Ac power-l ine moni tor  
W2OLU p. 46. Aug 71  

AFSK generator, crystal-controlled 
K7BVT p. 13. Jul  72 

AFSK generator, phase.locked loop 
K7ZOF p. 27. Mar 73 

Amateur frequency measurements 
K6KA p. 53, Oct 68 

A-m modulation monltor, vhf (HN) 
K7UNL p. 67. Jul  71  

Antenna gain, measur ing 
K6JYO p. 26. Jul  69 

Antenna matcher 
W4SD p. 24. Jun 71  

Antenna and transmission line 
measurement techniques 
W4OQ p. 36. May 74 

Base step generator 
WB4YDZ p. 44. Jul  76 

Beta master, the  
KBERV p. 18. Aug 68 

Bridge for  antenna measurements, s imple 
W2CTK p. 34. Sep 70 

Bridge, noise, for impedance measurements 
YAlGJM p. 62. Jan 73 
Added notes p. 66, May 74; p. 60. Mar 75 

Bridge, r f  noise 
WB2EGZ p. 18, Dec 70 

Calibrating ac scales on the vtvm, icvm 
and fet  voltmeter 
W7KQ p. 48, Sep 76 

Calibrators and counters 
K6KA p. 41. Nov 68 

Calibrator, plug.in IC 
K6KA p. 22. Mar  69 

Capacitance meter, digital 
K4DHC p. 20. Feb 74 

Capacitance meter, direct.reading 
ZL2AUE p. 46. Apr 70 

Capacitance meter, direct-reading 
W6MUR p. 48. Aug 72 
Short c i rcui t  p. 64. Mar 74 

Capacitance meter, direct-reading 
WASSNZ p. 32. Apr 75 
Added note p. 31. Oct 75 

Capacitance meter, direct reading, for  
electrolytics 
W9DJZ p. 14. Oct 7 1  

Coaxial cable, checking (letter) 
WPOLU p. 68, May 71  

Coaxial-line loss, measuring wi th a 
reflectometer 
W2VCI p. 50. May 72 

Continuity bleeper for c i rcui t  t rac lng 
G3SBA p. 67. Jul  77 

Converter, mosfet, for  receiver 
instrumentation 
WA9ZMT o. 62. Jan 7 1  

Counter, compact  frequency 
K4EEU p. 16, Ju l  70 
Short circutt p. 72. Dec 70 

Counter. d ~ g l t a l  frequency 
K4EEU p 8. Dec 68 

Counter gat ing sources 
K6KA p. 48. Nov 70 

Counter readouts, swi tching (HN) 
K6KA p. 66. Jun 71  

Counter reset generator (HN) 
W3KBM p. 68. Jan 73 

Counters: a solution t o  the readout problem 
WAmGOZ p. 66. Jan 70 

CRT intensif ier for RTTY 
K4VFA p. 18. Jul  7 1  

Crystal checker 
W6GXN p. 46. Feb 72 

Crystal test oscil lator and signal 
generator 
K4EEU p. 46. Mar  73 

Crystal.controlled frequency markers (HN) 
WA4WDK p. 64, Sep 7 1  

Cubical quad measurements 
W4Y M p. 42, Jan 69 

Curve master, the 
KBERV p. 40. Mar  68 

Decade standards, economical (HN) 
W4ATE p. 66. Jun 71  

Digital counters (letter) 
WlGGN p. 76. May 73 

Digital readout station accessory, par t  I 
K6KA p. 6. Feb 72 

Digital station accessory, par t  II 
K6KA p. 50, Mar 72 

Digital station accessory, par t  Ill 
K6KA p. 36, Apr 72 

Diode tester 
W6DOB p. 46, Jan 77 

Dipper wi thout  plug-in coils 
W6BLZ p. 64, May 68 

Dummy load and rf wattmeter, low-power 
WZDLU p. 56. Apr 70 

Dummy load low-power vh f  
WB9DNl p. 40. Sep 73 

Dummy loads 
WOMB o. 40. Mar 76 

Dummy loads, experimental 
W8YFB p. 36. Sep 68 

D y n a m ~ c  transistor tester (HN) 
VE7ABK D. 65. Oct 7 1  

Electrolytic capacitors, measurement of (HN) 
WZNA p. 70. Feb 7 1  

Fm deviation measurement (letter) 
K5ZBA p. 68. May 7 1  

Fm deviation measurements 
W3FQJ p. 52. Feb 72 

Fm frequency meter, two-meter 
W4JAZ o. 40. Jan  7 1  
Short c i rcui t  p. 72. Apr 7 1  

Frequencies, counted (HN) 
K6KA p. 62, Aug 74 

Frequency calibrator, general coverage 
W5UQS p. 28. Dec 7 1  

Frequency calibrator, how t o  design 
W3AEX p. 54. Ju l  7 1  

Frequency counter, CMOS 
W20KO p. 22, Feb 77 
Short c i rcui t  p. 94. May 77 

Frequency counter. how t o  improve the 
accuracy of 
W l R F  p. 26. Oct  77 

Frequency counter. 50 MHz, 6 d ig i t  
WBPDFA p. 18, Jan  76 
Comment p. 79. Apr 77 

Frequency-marker standard using cmos 
W41YB p. 44. Aug  77 

Frequency measurement o f  received 
signals 
W4AAD p. 38, Dc t  73 

Frequency measurement, vhf, wi th 
h f  receiver and scaler (HN) 
W3LB D. 90. Mav 77 

Frequency meter, crystal controlled (HN) 
WSJSN p. 71. Sep 69 

Frequency scaler, divide.bv-ten 
K ~ E E U -  p. 26. Aug  70 
Short c i rcui t  p. 72, Apr 7 1  

Frequency scaler, divide-by-ten 
W6PBC D. 41. Sea 72 
Correction b. 90. D& 72 
Added comments (letter) p. 64. Nov 73 
Pre-sraler, improvements for  
W6PBC p. 30, Oct 73 

Frequency scaler, uh f  ( l l C 9 0 )  
WB9KEY p. 50. Dec 75 

Frequency scaler, 500-MHz 
W6URH p. 32, Jun 75 

Frequency scalers. 1200-MHz 
WBBKEY p. 38, Feb 75 

Frequency-shift meter, RTTY 
VK3ZNV p. 33, Jun  70 

Frequency standard (HN) 
WA7JIK D. 69. S ~ D  72 

Frequency standard, universal 
K4EEU p. 40. Feb 74 
Short c i rcui t  p. 72. May 74 

Frequency synthesizer. high.frequency 
KZBLA p. 16, Oct 72 

Function generator, IC 
WlDTY p. 40. Aug  71  

Function generator. IC 
K4DHC p. 22. Jun  74 

Function/units indicator using LED displays 
K0FOP p. 58. Mar 77 

Gate.dip meter  
W3WLX p. 42. Jun 77 

Gdo, new use fo r  
K2ZSQ p. 48, Dec 68 

Grid current measurement i n  
grounded-grid amplif iers 
W6SAI p. 64, Aug  68 

Grid-dip oscil lator, solid-state conversion of 
W6AJZ P. 20, Jun 70 

Harmonic generator (HN) 
W5GDQ p. 76. Oct 70 

I-f al ignment generator 455-kHz 
WA5SNZ p. 50, Feb 74 

I-f sweeo generator 
K4DHC p. 10. Sep 73 

lmpedance bridge (HN) 
W6KZK P. 67, Feb 70 

Impedance bridge, low.cost RX 
WBYFB p. 6. May 73 

lmpedance bridge, simple 
WA9QJP P. 40. Apr 68 

Impedance. measur ing wi th swr bridge 
WB4KSS p. 46, May 75 

Impulse generator, pulse.snap diode 
Siegal. Turner p. 29, Oct 72 

Instrumentation and  the ham 
VE3GFN p. 28, Jul  68 
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Intermodulation-distortion measurements 
on ssb transmitters 
W6VFR p. 34, Sep 74 

L. C, R bridge, universal 
W6AOI p. 54. Apr 76 

Linearsty meter for ssb amplif iers 
W4MB 0. 40. Jun 76 

Line-voltage monitor (HN) 
WABVFK 
Current monitor mod (letter) 

Logic monitor (HN) 
WA5SAF 
Correction 

Logic test probe 
VE6RF 

Logic test probe (HN) 
Rossman 
Short circuit 

Makeshift test equipment (HN) 
W7FS 

Meter amplifier, electronic 
WA9HUV 

Meter ~nterface. hieh- im~edance - ,  
Laughiln 

Meters, testing unknown (HN) 
WlONC 

Jan 
Mar 

A P ~  
Dec 

Dec 

Fe b 
Dec 

S ~ P  

Dec 

Jan 

Jan 
Microwave marker generator. 3cm band (HN) 

WA4WDL p. 69, Jun 76 
Milliammeters, how to use 

W4PSJ p. 48, Sep 75 
Mini-spotter frequency checker 

W70E p. 48. May 68 
Monitorscope, miniature 

WA3FIY p. 34. Mar 69 
Monitorscope, RTTY 

W3CIX p.  36. Aug 72 
Multi-box (HN) 

W3KBM p. 68, Jul 69 
Multitester (HN) 

WlDTY p. 63. May 71 
Noise bridge, antenna (HN) 

KBEEG p. 71. May 74 
Noise.f~gure measurements for vhf 

WB6NMT 0.  36. Jun 72 
Noise figure, vhf, estimating 

WA9HUV p. 42, Jun 75 
Noise nenerator. 1296-MHz 

W ~ B ~ V  p. 46, Aug 73 
Noise generators, using (HN) 

K2ZSQ p. 79. Aug 68 
Oscillator, audio 

W6GXN 0. 50. Feb 73 
Oscillator, frequency measuring 

W61EL p. 16. Apr 72 
Added notes p. 90. Dec 72 

Oscillator, two.tone, for ssb testing 
W6GXN p. 11. Apr 72 

Oscilloscope calibrator (HN) 
K4EEU p. 69. Jul 69 

Oscilloscope, putting i t  t o  work 
Allen p. 64. Sep 69 

Oscilloscope, troubleshooting amateur 
gear with 
Allen p. 52. Aug 69 

Osc~lloscope voltage calibrator 
W6PBC p. 54, Aug 72 

Panoramic reception, simple 
WZEEY p. 14. Oct 68 

Peak envelope power, how to measure 
W5JJ p. 32. Nov 74 

Phase meter, rf 
VEZAYU, Korth p. 28, Apr 73 

Power meter, rf 
K8EEG p. 26. Oct 73 

Power meter, rf, how to use (repair bench) 
W6NBI p. 44. Apr 77 

Precision capacitor 
W4BRS p. 61. Mar 68 

Pre-scaler, vhf (HN) 
W6MGI p. 57. Feb 73 

Prescaler, vhf, for digltal frequency counters 
K4GOK p. 32. Feb 76 

Probe, sensitive rf (HN) 
WSJJ p. 61. Dec 74 

Q measurement 
G3SBA p. 49. Jan 77 

Radio Shack meters, Internal resistance 
Katzenberger p. 94, Nov 77 

Receiver alignment 
Allen p. 64. Jun 68 

Reflectometers 
KlYZW p. 65, Dec 69 

Regenerative detectors and a wideband amplifier 
WIYFB p. 61. Mar 70 

Repairs, thinking your way through 
Allen p. 58. Feb 71  

Resistance standard, simple (HN) 
W2OLU p. 65. Mar 71  

Resistance values, measuring below 1 ohm 
W40HT p. 66. Sep 77 

Resistor decades, versatile 
W4ATE p. 66. Jul 71 

Rf current probe (HN) 
W6HPH p. 76, Oct 68 

Rf detector, sensitive 
WB9ONI p. 38. Apr 73 

Rf generator clip 
WlDTY p. 58. Mar 68 

Rf power meter, low-level 
WSWGF p. 58. Oct 72 

Rf signal generator, solid-state 
VESFP 0. 42. Jul 70 

Rf wattmeter, accurate low power 
WA4ZRP p. 38. Dec 77 

RTTY monitor scone. solid-state . ~. - .. 
WB2MPZ p. 33, Oct 71 

RTTY signal generator 
W72TC p. 23, Mar 71  
Short circuit p. 96, Dec 71 

RTTY test generator (HN) 
W3EAG p. 67. Jan 73 

RTTY test generator (HN) 
W3EAG p. 59, Mar 73 

RX impedance bridge 
W2CTK p. 34, Sep 70 

RX impedance bridge, low-cost 
W8Y FB p. 6. May 73 

RX nose bridge, Improvements t o  
W6BXI. W6NKU p. 10. Feb 77 
Comments p. 100 Sep 77 

Safer suicide cord (HN) 
K6JYO p. 64. Mar 71  

Sampling network, rf - the milli.tap 
W6QJW p. 34. Jan 73 

Signal generator, tone modulated for 
two and six meters 
WA8OlK p. 54, Nov 69 

Signal generator, wide range 
W6GXN p. 18, Dec 73 

Signal injection in ham receivers 
Allen p. 72. May 68 

Signal tracing in ham receivers 
Allen p. 52. Apr 68 

Slotted line, how to use (repalr bench) 
W6NBI p. 58. May 77 

Slow-scan tv test generator 
K4EEU p. 6. Jul  73 

S-meter readings (HN) 
W 1 DTY p. 56. Jun 68 

Spectrum analyzer. dc.100 MHz 
W6URH p. 16. Jun 77 
Short circuit p. 69, Dec 77 

Spectrum analyzer for  ssb 
W3JW 0. 24. Jul 77 

Spectrum analyzer, four channel 
W91A p. 6. Oct 72 

Spectrum analyzers, understanding 
WASSNZ p. 50. Jun 74 

Ssb, signals, monitoring 
W6VFR p. 35. Mar 72 

Sweep generator, how to use 
Allen p. 60. Apr 70 

Sweep response curves for low-frequency i-f's 
Allen p. 56, Mar 71 

Switch-off flasher (HN) 
Thomas p. 64, Jul 71  

Swr bridge 
WB2ZSH p. 55. Oct 71  

Swr bridge and power meter, integrated 
W6DOB p. 40. May 70 

Swr brldge (HN) 
WA5TFK p. 66. May 72 

Swr bridge readings (HN) 
W6FPO D. 63. Aurr 73 

Swr indicator, aural, for the v!sually'hand;capped 
K6HTM p. 52, May 76 

Swr indicator, how to use (repalr bench) 
W6NBI p. 66. Jan 77 

Swr meter 
W6VSV p. 6, Oct 70 

Swr meter, improving (HN) 
W5NPD p. 68, May 76 

Swr meters, direct reading and expanded scale 
WA4WDK p. 28. May 72 
Correction p. 90, Dec 72 

Test probe accessory (HN) 
W2lMB p. 89. Jul 77 

Time.base oscillators. improved calibration 
WA7LUJ, WA7KMR p. 70. Mar 77 

Time.domain reflectometry, experimenter's 
approach to 
WAnPIA P. 22. May 71  

  or old permeability meter 
W6RJO p. 46, Jun 77 

Transconductance tester for fets 
W6NBI p. 44. Sep 71  

Transformer shorts 
W6BLZ p. 36, Jul 68 

Trans~stor and diode tester 
ZLZAMJ p. 65. Nov 70 

Transistor curve tracer 
WABLCX p. 52, Jul 73 
Short circuit p. 63, Apr 74 

Transistor tester 
WA6NIL p. 48, Jul  68 

Transrstor tester for leakage and gain 
W4BRS p. 68. May 68 

Transistor tester, shirt pocket 
W0MAY p. 40. Jul 76 

Transmitter tunina unit for the blind - 
W9NTP p. 60. Jun 7 1  

Trapezoidal monitor scope 
VE3CUS p. 22. Dec 69 

Troubleshooting around fets 
A!len p. 42. Oct 68 

Troubleshooting by resistance measurement 
Allen p. 62, Nov 68 

Troubleshooting transistor ham gear 
Allen p. 64, Jul 68 

Turn.off t imer for portable equipment 
WSOXD p. 42, Sep 76 

Uhf tuner tester for tv sets (HN) 
Schuler 0. 73. Seo 69 

. 7  

Vacuum tubes, testing high.power (HN) 
W20LU p. 64. Mar 72 

Vhf pre.scaler, improvements for 
W6PBC p. 30, Oct 73 

Voltmeter, improved transistor, part I 
Maddever P. 74. Apr 68 

Voltmeter, transistor, part I I  
Maddever p 60, Jul  68 

Vom/vtvm, added uses for (HN) 
W7DI p. 67. Jan 73 

VSWR indicator, computing 
WB9CYY p. 58, Jan 77 
Short circult p. 94. May 77 

Vtvm modification 
W6HPH p. 51. Feb 69 

Vtvm, convert to an IC voltmeter 
K6VCI p. 42. Dec 74 

Wavemeter, indicating 
W6NIF p. 26. Dec 70 
Short circuit P 72. Apr 71 

Weak-signal source, stable, variable-output 
K6JYO P. 36. Sep 71 

Weak-signal source. 144 and 432 MHz 
K6JC 0 .  58. Mar 70 

Weak-signal source. 432 and 1296 MHZ 
K6RIL P. 20, Sep 68 

WWV receiver, simple regenerative 
WA5SNZ p. 42. Apr 73 

WWV.WWVH, amateur applications for 
W3FQJ p.  53. Jan 72 

WWVB signal processor 
W9BTI p. 28. Mar 76 

Zener tester, low.voltage (HN) 
K3DPJ p. 72. Nov 69 

microprocessors, 
calculators 
computers and 
Accumulator 1/0 versus memory 1 /0  

WB4HYJ. Rony. Titus p. 64. Jun 76 
Data converters 

WAlMOP p. 79. Oct 77 
Decision, how does a microcomputer make a 

WB4HYJ. Titus, Rony p. 74. Aug 76 
Device-select pulses, generating input loutput 

WB4HYJ, Titus, Rony p. 44. Apr 76 
How mocriprocessors f i t  into scheme of 

computers and controllers 
WB4HYJ, Rony. Titus p. 36. Jan 76 

Input/output device, what is a? 
WB4HYJ. Rony. Titus p. 50. Feb 76 

Interfacing a digital multimeter with 
an 8080-based microcomputer 
WB4HYJ, Rony. Titus p. 66. Sep 76 

Internal registers. 8080 
Rony. Titus. WB4HYJ p. 63. Feb 77 

Interrupts, microcomputer 
WB4HYJ. Rony, Titus p. 66. Dec 76 

Introduction to microprocessors 
WB4HYJ. Rony, Titus p. 32, Dec 75 
Comments. WB4FAR p. 63, May 76 

Logical instructions 
Titus, WB4HYJ. Rony p. 83, Jul  77 

MOV and MVI 8080 instructions 
Titus. WB4HYJ. Rony p. 74. Mar 77 

Register pair instruction 
Rony, Titus. WB4HYJ p. 76. Jun 77 

Software UAR/T, interfacing a 
WB4HYJ. Rony, Titus p. 60, Nov 76 

Substitution of software for hardware 
WB4HYJ. Rony, Titus p. 62. Jul  76 

UAR/T, how i t  works 
Titus P. 58, Feb 76 

Vectored interrupts 
WB4HYJ. Rony, Titus p. 74. Jan 77 

8080 logical instructions 
WB4HYJ. Rony. Titus p. 89, Sep 77 

8080 microcomputer output instructions 
WB4HYJ. Rony, Titus P. 54. Mar 76 

miscellaneous 
technical 
Admittance, impedance and circuit analysis 

Anderson P. 76. Aug 77 
Alarm, wet basement (HN) 

W2EMF P. 68. Apr 72 
Amateur anemometer 

W6GXN P. 52. Jun 68 
Short circuit P. 34. Aug 68 

Antenna masts, design for pipe 
W3MR P 52. Sep 74 
Added design notes (letter) p. 75. May 75 

Antennas and capture area 
K6MIO P. 42. Nov 69 
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Speech clippers, rf, performance of 
G6XN p. 26. Nov 72 

Square roots, finding (HN) 
K9DHD p. 67, Sep 73 
Increased accuracy (letter) p. 55, Mar 74 

Staircase generator (C&T) 
W 1 DTY p. 52. Jun 76 

Standing-wave ratios, importance of 
W2HB p. 26, Jul 73 
Correction (letter) p. 67, May 74 

Stress analysis of antenna systems 
W2FZJ p. 23, Oct 71 

Synthesizer design (letters) 
WB2CPA p. 94, Nov 77 

Temperature sensor, remote (HN) 
WAlNJG p. 72. Feb 77 

Tetrodes, externabanode 
W6SAl p. 23. Jun 69 

Thermoelectric power supplies 
KlAJE p. 48. Sep 68 

Thermometer, electronic 
VK3ZNV p. 30. Apr 70 

Three-phase motors (HN) 
W6HPH p. 79, Aug 68 

Thyristors, introduction to 
WA7KRE p. 54. Dct 70 

Toroidal toll inductance (HN) 
W3WLX p. 26. Sep 75 

Toroid coils, 88.mH (HN) 
WAlNJG D. 70, Jun 76 

Antennas, simple duabband 
W6SAl p. 18, Mar 70 

Antennas, simple for 80 and 40 meters 
W5RUB D. 16. Dec 72 

S-meters, circuits for 
K6SDX p. 20, Mar 75 

Speaker intelligibility, improving 
WASRAQ p. 53. Aug 70 

Ssb signals, how they are generated 
Belt p. 24, May 68 

Swr bridge 
WB2ZSH p. 55. Oct 71 

Towers and rotators 
K6KA p. 34. May 76 

Transistor power dissipation, how to  determine 
WN9CGW p. 56, Jun 71 

Transistor tester, simple 
WA6NIL p. 48. Jul 68 

Transmitter keying, ~mproving 
K6KA p. 44. Jun 76 

Transmitter, low-power. 80-meter 
W3FQJ p. 50. Aug 75 

Transmitter, mult~band low power with vfo 
KBEEG p. 39, Jul  72 

Transmitter power levels 
WASSNZ P. 62. Apr 71 

Antennas, simple multiband 
W9EGQ p. 54. Jul 68 

Audio agc principles and practice 
WASSNZ p. 28. Jun 71 

Audio filter, tunable 
WAlJSM p. 34. Aug 70 

Audio filters, inexpensive 
WBYFB p. 24, Aug 72 

Audio module, solid-state receover 
K4DHC p.18, Jun 73 

Batteries, selecting for portable equipment 
WB0AIK p. 40. Aug 73 

Battery power 
W3FQJ p. 56. Aug 74. p. 57, Oct 74 

Coaxial cable, what you should know about i t  
W9ISB p. 30, Sep 68 

Current flow 
W 1 EZT p. 34, Jul 68 

COSMOS integrated circuits 
W3FQJ p. 50. Jun 75 

CW audio filter, simple 
W7DI p. 54, Nov 71 

CW audio filter, simplest 
W4VNK p. 44, Oct 70 

CW monitor, simple 
WA90HR 0. 65. Jan 71 

Transmitter, transistor for 40 meter 
W6BLZ p. 44. Jul 

Transmltters. low.0ower 7-MHz . . 
W70E p. 3. Dec 

Troubleshooting, basic 
James p. 54. Jan 

Troubleshooting by voltage measurements 
James p. 64. Feb 

Troubleshooting, resistance measurements 
James p. 58. Apr 

Troubleshooting, thinking your way through 
Allen p. 58, Feb 

Tuneup, oft-the-air 
W4MB p. 40. Mar 

Underground coaxial transmission line, 
how to  install 
W0FCH p. 38. May 

Vertical antennas, improving efficiency 
K6FD p. 54. Dec 

Vfo for 40 and 80 meters 
W3QBO p. 36, Aug 

Vfo, stable solid.state 
K4BGF p. 8, Dec 

Wiring and grounding 
W 1 EZT P. 44. Jun 

Toroids, calculating inductance of. 
WB9FHC p. 50, Feb 72 

Toroids, plug-in (HN) 
KBEEG p. 60. Jan 72 

Transistor amolifiers, tabulated 

CW reception, improved through simulated stereo 
WAlMKP p. 53, Oct 74 

CW transceiver, low-power for 40 meters 
W7BBX p. 16. Jul 74 

Detectors, CW and ssb 
Belt D. 3. Nov 68 characteristics of 

W5JJ p. 30, Mar 71 Detectors, regenerative 
W8Y FB p. 61, Mar 70 

Diode detectors 
W6GXN p. 28. Jan 76 

Dipoles, multiband for portable use 
W6SAl o. 12. Mav 70 

Trig functions on a pocket calculator (HN) 
W9ZTK p. 60, Nov 75 

Tube shields (HN) 
W9KNI 0. 69. Jul 76 . . 

Tuning. Current.controlled 
K2ZSQ p. 38. Jan 69 

TV sweep tubes in linear service. 
full-blast operation of 
W6SAI, W60UV p. 9. Apr 68 

Vacuum.tube amplifiers, tabulated 
characteristics of 
W5JJ p. 30. Mar 71 

Warning lights, increasing reliability of 
W3NK p. 40, Feb 70 

7 . -  

Dummy load and rf wattmeter 
W2OLU p. 56, Apr 70 

Electronic units, basic 
W l  EZT p. 18, Oct 68, p. 56, Nov 68 

Feedpoint impedance characterlstics of 
practical antennas 
WSJJ p. 50, Dec 73 

Filter, tunable for audio selectivity 
WPEEY p. 22. Mar 70 

Filters, single sideband 
Belt p. 40. Aug 68 

Fire protection in the ham shack 
Darr 0. 54. Jan 71 

Workbench, electronics 
W 1 EZT p. 50. Oct 

White noise diodes, selecting (HN) 
W6DOB p. 65. Apr 76 

Wind direction indicator, digital 
W6GXN p. 14, Sep 68 

operating 
Beam antenna headings 

W6FFC 
Code practice stations (letter) 

WB4LXJ 
Code practice - the rf way 

WA4NED 
Code practice (HN) 

w 2 o u x  
Computers and ham radio 

WSTOM 
CW monitor 

WZEEY 
CW monitor and code.practice 

K6RlL 
CW monitor, simple 

WA90HR 
cw transceiver operation with 

transmit-receive offset 
WlDAX 

p. 64, Apr 

p. 75. Dec 

p. 65. Aug 

p. 74. May 

p. 60. Mar 

p. 46, Aug 
oscillator 

p. 46. Apr 

p. 65. Jan 

Frequency spotter, crystal controlled 
W5JJ p. 36, Nov 70 

ICs, basics of 
W3FQJ p. 40. Jun 71, p. 58. Jul 71 

ICs, digital, basics 
W3FQJ p. 41. Mar 72. p. 58. Apr 72 

ICs, dlgital flip-flops 
W3FOJ D. 60. Jul 72 

Wind generators 
W3FQJ p. 24. Jul 76 

Wind loading on towers and antenna 
structures, how to calculate 
K4KJ p. 16, Aug 74 
Added note p. 56. Jul 75 

Y parameters, using in rf amplifier design 
WA0TCU p. 46. Jul 72 

ICs, digital multivibrators 
W3FQJ p. 42. Jun 72 

24.hour clock, digital 
WB6AFT p. 44, Mar 77 

ICs, digital, oscillators and dividers. 
W3FQJ p. 62, Aug 72 

Interference, hi-fi 
G3LLL p. 26, Jun 75 novice reading 

Interference, radio frequency 
WA3NFW p. 30, Mar 73 

Man-made interference, how to find 
W 1 DTY p. 12. Dec 70 

Meters, how to use 
W4PSJ o. 48. Seo 75 

Ac power line monitor 
W2OLU p. 46, Aug 71 

Amplifiers, tube and transistor. 
tabulated characteristics Of 
W5JJ p. 30, Mar 71 

Antenna, bobtail curtain for 40 meters 
VElTG p. 58. Jul 69 

Antenna, bow tie for 80 meters 
W9VMQ p. 56, May 75 

Antenna, converted vee for 80 and 40 
W6JKR p. 18. Dec 69 

Antenna couplers, simple 
WPEEY p. 32. Jan 70 

Antenna ground system instal lat~on 
W 1 EZT p. 64. May 70 

Antenna, long wire, multiband 
W3FQJ p. 28. Nov 69 

Antenna, multiband phased vertical 
WA7GXO p. 33. May 72 

Antenna systems far 40 and 80 meters 
K6KA p. 55. Feb 70 

Antenna, top-loaded 80-meter vertical 
VElTG p. 48, Jun 69 

Antenna tuning units 
W3FQJ p. 58, Dec 72, p. 58. Jan 73 

Antenna, unidirectional for 40 meters 
GW3NJY p. 61, Jan 70 

Antenna. 80-meter vertical 
VElTG p. 26. May 70 

Antenna, 80 meters, for small lot 
W6AGX p. 28. May 73 

Antennas, dipole 
KH6HDM p. 60, Nov 75 

Antennas, for apartment dwellers 
WZEEY p. 80, Mar 68 

Antennas, low elevation 
W3FQJ p. 66. May 73 

Antennas. QRM reducing receiving types 
W3FQJ p. 54, May 71 

P. 56, Sep 
DXCC check list, simple 

W2CNQ 
Fluorescent light. oortable (HN) 

p. 55, Jun 73 

p. 62. Oct 73 

p. 62. Oct 73 

p. 58. Aug 68 

p. 60. Nov 74 

p. 52. Jan 70 

p. 68. Apr 73 
p. 68, Jan 74 

p. 58. Dec 70 

o. 60. Dec 68 

Morse code, speed standards for 
VE2ZK p. 58. Apr 73 

Mosfet circuits 
W3FQJ p. 50, Feb 75 

Power amplifiers, linear, basics of 
Belt p.16, Apr 68 

- .  
KBBYO 

Great.clrcle charts (HN) 
K6KA 

How to  be DX 
W4NXD 

ldentificatlon timer (HN) 
K9UQN 

Magazines, use your old 
Foster 

Preamplifier. 21 MHz 
WASSNZ p. 20, Apr 72 

Printed-circuit boards, how to make your own 
K4EEU p. 58. Apr 73 

Printed-clrcuit boards, low cost 
W8YFB p. 16. Jan 75 

Q factor, understanding 
W5JJ p.16, Dec 74 

Radio communications links, basocs of 
WlEZT p. 44, Oct 69 

Receiver frequency calibrator 
W5UQS p. 28. Dec 71 

Receiver, novice. for 40 and 80 
Thorpe p. 66. Aug 68 

Receiver, regenerative for WWV 
WASSNZ p. 42. Apr 73 

Receivers, direct-conversion 
W3FQJ p. 59. Nov 71 

Rectifiers, improved half-wave 
Bailey p. 34, Oct 73 

Safety in the ham shack 
Darr p. 44. Mar 69 

Semiconductors, charge flow in 
WB6BIH p. 50. Apr 71  

Semiconductor diodes, evaluating 
W5JJ p. 52. Dec 71 

Single sideband. beginners guide to  
Belt p. 66. Mar 68 

Morse code, speed standards for 
VE2ZK 
Added note (letter) 

Protective material, plastic (HN) 
W6BKX 

return, statistics on 
QSh361UH 
Replays, instant (HN) 

W6DNS 
Sideband location (HN) 

p. 67. Feb 70 

p. 62, Aug 73 

p. 61. Nov 74 

p. 40. Oct 70 

p. 58, Mar 73 

K6KA 
Spurious signals (HN) 

K6KA 
Tuning with ssb gear 

W0KD 
Zulu t ime (HN) 

K6KA 

oscillators 
AFSK oscillator, soiid.state 

WA4FGY p. 28. Oct 68 
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Audio oscillator, NE566 IC 
WlEZT p. 36. Jan 75 

Blocking oscil lators 
W6GXN D. 45. Apr 69 

Clock oscillator, TTL (HN) 
W9ZTK P. 56. Dec 73 

Crystal oscillator, frequency adjustment of 
W9ZTK p. 42, Aug 72 

Crvstal oscil lator. h iah stabil i tv - 
W6TNS p 36. Oct 74 

Crystal Osclllator, miniature 
W600R p 68, Dec 68 

Crystal oscil lators 
W6GXN p. 33. Jul  69 

Crystal oscillator, simple (HN) 
W20UX D. 98. Nov 77 

Crystal osc~l lators stable 
DJ2LR o. 34. Jun 75 
Correctton p 67, Sep 75 

Crystal osc~l lators,  survey of 
VKPZTB p 10, Mar 76 

Crystal oven, slmple (HN) 
Math~eson  p 66, Apr 76 

Crystal s w ~ t c h ~ n g  (HN) 
K6LZM p 70. Mar 69 

Crystal test oscll lator and srgnal 
generator 
K4EEU p 46. Mar 73 

Crystals, overtone (HN) 
G8ABR p 72, Aug  72 

Drnlt correct~on clrcuft for free 
runnlng osc!llators 
PAGKSB p 45. Dec 77 

Goral osc~l lator  notes (HN) 
K501N o. 66. Aor 76 

7 . .  
Hex ~nverter vno c l r c u l t  

WZLTJ p. 50. Apr 75 
Local osc~l lator ,  phase locked 

VE5FP p. 6. Mar 71  
M o n ~ t o r i n g  oscil lator 

W2JIO p .  36. Oec 72 
M u l t ~ p l e  band master-frequency osc~l lator  

KbSOX p 50. Nov 75 
Mu l t~v~bra to r ,  crystal controlled 

WNZMQY p. 65. Jul  71 
Osc!llator, audio, IC 

W6GXN p. 50. Feb 73 
Oscillator, electronic keyer 

WA6JNJ p. 44, Jun  70 
Osclllator. Franklin (HN) 

W5JJ p. 61. Jan 72 
Oscillator, frequency measuring 

W61EL p. 16. Apr 72 
Added notes p. 90, Dec 72 

Oscillator, gated (HN) 
WB9KEY p. 59. Jul  75 

Oscil lator.rnon~tor, a u d ~ o  
WAIJSM p. 48. Sep 70 

Oscillator, phase.locked 
VE5FP p. 6. Mar 71 

Oscrllator, two.tone, for  ssb testrng 
W6GXN p .  11, Apr 72 

Osc~l lators (HN) 
W 1 OTY p. 68. Nov 69 

Osc~llators, cure for cranky (HN) 
W8YFB p. 55. Oec 70 

Oscillalors. repairing 
Allen p. 69. Mar 70 

Oscillators, resistance.capacitance 
W6GXN p. 18. Jul  72 

Oscillators, ssb 
Belt p. 26, Jun 68 

Overtone oscrllator (HN) 
W5UQS p. 77, Oct 68 

Quadrature-phased local oscll lator (letter) 
K6ZX p. 62. Sep 75 

Quartz crystals (letter) 
WBZEGZ p. 74, Dec 72 

Stable v lo  (C&T) 
WlDTY p. 51. Jun  76 

TTL crystal osc~l lators (HN) 
W0JVA p. 60, Aug 75 

Vco, crystal.controlled 
WB610M p. 58. Oct 69 

Versatile audro osc~l lator  (HN) 
W7BBX p. 72, Jan 76 

Vfo buffer amplif ier (HN) 
W3QBO p. 66, Jul  71  

Vfo design, stable 
WlCER p. 10. Jun 76 

Vfo, d ~ g i t a l  readout 
WB8lFM p. 14, Jan 73 

Vfo for  solid-state transmitters 
W3QBO p. 36. Aug 70 

Vfo, h igh stabil i ty 
W8Y FB p. 14. Mar  69 

Vfo, high-stabil i ty, vhf  
OH2CD p. 27, Jan 72 

Vfo, mul t iband fet 
K8EEG p. 39, Jul  72 

Vfo, stable 
K4BGF p. 8, Dec 71  

Vfo, stable transistor 
WlDTY p. 14, Jun  68 
Short c l rcui t  p.  34, Aug 68 

Vfo transistors (HN) 
WlOOP p. 74. Nov 69 

Vxo design, practical 
K6BIJ p. 22. Aug 70 

455-kHz bfo, transistorized 
W6BLZ. K5GXR p. 12. Jul  68 

power supplies 
Ac current moni tor  (letter) 

WB5MAP p. 61, Mar 75 
Ac power supply, regulated, for mobile 

f m  equipment 
WA8TM P p. 28. Jun 73 

All.mode-protected power supply 
KZPMA p. 74. Oct 77 

Arc suppression networks (HN) 
WA5EKA p. 70. Jul 73 

Batteries, se lec t~ng  for portable equjpment 
WAnAIK p. 40. Aug 73 

Battery draln, auxi l~ary,  guard for (HN) 
W 1 DTY p. 74. Oct 74 

Battery power 
W3FQJ P. 56. Aug 74 

Charger, let-controlled, for nlcad batteries 
WAfAJYK p. 46, Aug 75 

Converter. 12 t o  6 volt (C&.)  
W 1 OTY p. 42, Apr 76 

Current l iml t lng (HN) 
W0LPQ p. 70. Oec 72 

Current lomlting (letter) 
KSMKO P. 66. Oct 73 

DC-dc converter, low-power 
WSMLY p .  54. Mar  75 

Dc power supply, regulated (C&T) 
WlOTY p .  51. Jun 76 

Drodes lo r  power supplles, choosnng 
W6BLZ p. 38. Jul  68 

Diode surge protection (HN) 
WA7LUJ p. 65. Mar 72 
Added note p. 77. Aug 72 

Dry-cell l i fe 
WlDTY D. 41.  AD^ 76 . . .  

Dual-voltage power supply (HN) 
WlOOP p. 71, Apr 69 
Short c i rcui t  p 80. Aug 69 

Dual.voltage power supply (HN) 
W5JJ P. 68. Nov 71 

Fllarnent transformers, mrnrature 
Ba~ ley  p. 66. Sep 74 

High.power trouble shooting 
Allen p. 52. Aug 68 

IC power (HN) 
W3KBM p. 68. Apr 72 

IC regulated power supply 
W2FBW p. 50. Nov 70 

IC regulated power supply 
W9SEK p. 51. Dec 70 

IC regulated power supply for  ICs 
W6GXN p. 28, Mar 68 
Short c ~ r c u i t  p. 80. May 68 

Klystrons, reflex power for  (HN) 
W68PK p. 71. Jul  73 

Line transient protection (HN) 
WlDTY p. 75, Jul  68 

Llne voltage rnonllor (HN) 
WABVFK p. 66. Jan 74 
Current monl tor  mod (letter) p. 6:. Mar  75 

Load protectlon, scr  (HN) 
WSOZF p. 62, Oct 72 

Low-value voltage source (HN) 
WA5EKA p. 66. Nov 71  

Low-voltage supply wi th short-circuit 
Protection 
WBZEGZ p. 22. Apr 68 

Low-voltage supply (HN) 
WB2EGZ p. 57. Jun 68 

Low voltage, varlable bench power supply 
(weekender) 
W6NBI p. 58. Mar  76 

Meter safety (HN) 
W6VFR p. 68. Jul  72 

Mobile power suppl~es,  t roubleshoot~ng 
Allen p. 56, Jun 70 

Mobile power supply (HN) 
WN8DJV p. 79. Apr 70 

Mobile supply, low.cost (HN) 
W4GEG p. 69, Jul 70 

Motorola Dispatcher, converting t o  
12 volts 
WB6HXU p. 26. Jul 72 

N ~ c a d  battery care (HN) 
WlDHZ p. 71. Feb 76 

Operat~onal  power supply 
WAZIKL p. 8. Apr 70 

Overvoltage protection (HN) 
W 1 AAZ p. 64. Apr 76 

Pilot-lamp l ~ f e  (HN) 
W20LU p. 71, Jul 73 

Po la r~ ty  inverter, medium current 
Laughlin p. 26, Nov 73 

Power supplies for  single sideband 
Belt p. 38. Feb 69 

Power.supply h u m  (HN) 
W8YFB p. 64. May 71 

Power supply, improved (HN) 
W4ATE p. 72. Feb 72 

Power supply, precision 
W7SK p. 26, Ju l  7 1  

Power supply protection for  your solid-state 
circuits 
WSJJ p. 36. Jan 70 

Power supply troubleshooting (repair bench) 
K41PV p. 78. Sep 77 

P r e c ~ s ~ o n  voltage supply for  
phase.locked terminal  unl t  (HN) 
WA6TLA p. 60. Jul  74 

Protection for  solid-state power supplies (HN) 
W3NK p. 66. Sep 70 

Rectifier, half.wave, improved 
Bailey p. 34. Oct 73 

Regulated power supplles, how t o  design 
K5VKQ p. 58. Sep 77 

Regulated power supply. 500-watt 
WA6PEC p. 30. Dec 77 

Regulated solid-state high-voltage 
power supply 
W6GXN p. 40. Jan 75 
Short c l rcul t  p. 69, Apr 75 

Regulated 5-volt supply (HN) 
W6UNF p. 67, Jan 73 

SCR-regulated power supplies 
W4GOC p. 52. Ju l  70 

Selenium rect i f~ers,  replacing 
WlDTY p. 41. Apr 76 

Servicing power suppltes 
W6GXN p. 44. Nov 76 

Solar energy 
W3FQJ p. 54, Jul  74 

Solar power 
W3FQJ p. 52. Nov 74 

Solar power sourse, 36-volt 
W3FQJ p. 54, Jan 77 

Step-start c l r cu~ t ,  hlgh-voltage (HN) 
W6VFR P. 64. Sep 71 

Storage-battery QRP power 
W3FQJ p. 64, Oct 74 

Super regulator, the MPCIOOO 
W3HUC p. 52. Sep 76 

Survey of solld-state power supp l~es  
W6GXN p. 25. Feb 70 
Short c i rcui t  p. 76. Sep 70 

Thermoelectric power supplres 
K lAJE p. 48. Sep 68 

Transformers, high-voltage, repairing 
W6NIF p. 66 Mar  69 

Transformer shorts 
W 6 B U  p. 36. Ju l  68 

Transformers, rn~n ia tu re  (HN) 
W4ATE p. 67, Jul  72 

Transient e l~mina to r  (C&T) 
WlOTY p. 52. Jun  76 

Transients, reducing 
W5JJ p. 50. Jan 73 

Variable power supply for  t rans~s to r  work 
WA4MTH p. 68. Mar  76 

Vibrator replacement, solid-state (HN) 
K8RAY p. 70, Aug 72 

Voltage regulators, IC 
W7FLC D. 22. Oct 70 

Voltage regulator ICs, adlustable 
WB9KEY p. 36. Aug  75 

Voltage-regulator ICs, three.terminal 
WB5EMI p. 26, Dec 73 
Added note (letter) P. 71. Seo 74 

Voltage regulators, boosting bargain (HN) 
' 

WA7VVC p. 90. May 77 
Voltage regulators. IC 

W ~ ~ X N  - p. 31, Mar  77 
Voltage safety valve 

W2UVF p. 78. Oct 76 
Wlnd generators 

W3FQJ p. 50. Jan 75 
Zener diodes (HN) 

K3DPJ p. 79. Aug 68 

propagation 
Ar t~ f i c ia l  r a d ~ o  aurora, scattering 

character is t~cs of 
WB6KAP p. 18. Nov 74 

Echoes, long delay 
WB6KAP p. 61, May 69 

lonospherlc E-layer 
WB6KAP p. 58, Aug  69 

lonosphenc science, short history o f  
WB6KAP p. 58. Jun 69 

Long-distance high frequency comrnunicat~ons 
WB6KAP p .  80. Jul  68 

M a x ~ m u m  usable frequency, p red ic t~ng  
WB6KAP p. 70. Sep 68 

Quiet sun, the 
WB6KAP p. 76. Dec 68 

Scatter-mode propagation, frequency 
synchronization for 
K2OVS p. 26. Sep 71  

Solar cycle 20, vhfer's view of 
WA5IYX p. 46. Dec 74 

Sunspot numbers 
WB6KAP p. 63. Jul  69 

Sunspot numbers, smoothed 
WB6KAP p. 72. Nov 68 

Sunspots and solar activity 
WB6KAP p. 60. Jan 69 

Tropospheric-duct vhf  communicatrons 
WB6KAP p. 68. Dct  69 
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6-meter sporadic-E openings, predict ing 
WA9RAQ p. 38, Oct 72 
Added note (letter) p. 69. Jan 74 

receivers and 
converters 

Antenna impedance transformer for  
recelvers (HN) 
W6NIF p. 70. Jan 70 

Antenna tuner, miniature receiver (HN) 
WA7KRE p. 72. Mar  69 

Anti-QRM methods 
W3FQJ p. 50. May 7 1  

A t tenua t~on  pads, rece iv~ng  (letter) 
KG5HNQ p. 69. Jan 74 

Audio agc amplif ier 
WA5SNZ p. 32. Dec 73 

Audio agc principles and practlce 
WA5SNZ p. 28. Jun 71  

Audio ampltf ier and squelch c i r c u ~ t  
W6AJ F p. 36. Aug 68 

Audio f l l ter for CW, tunable 
WAIJSM p. 34, Aug 70 

Audio f i l ter-frequency translator for  CW 
reception 
W2EEY p. 24, Jun  70 

A u d ~ o  f i l ter  mod (HN) 
K6HIU p. 60, Jan 72 

Audio filter, simple 
W4NVK p. 44. Oct 70 

Audto fllters, CW (letter) 
6Y5SR p. 56. Jun 75 

Audio f i l ters for  ssb and CW reception. 
K6SDX p. 18, Nov 76 

Audio-filters, inexpensive 
W8Y FB p. 24, Aug 72 

A u d ~ o  fi l ter, tunable peak-notch 
WZEEY p. 22. Mar 70 

A u d ~ o  fi l ter, variable bandpass 
W3AEX p .  36. Apr 70 

Audio, lmproved for  receivers 
K7GCO p. 74. Apr 77 

Audio module, complete 
K4DHC p. 18, Jun  73 

B a n d s ~ r e a d i n a  techntques for resonant circuits 
Anderson p. 46. Feb 77 
Short clrcuits p. 69, Dec 77 

Batteries, how t o  select for  portable 
equipment 
WA0AlK  p. 40, Aug  

Bfo multiplexer for  a mul t imode detector 
WA3YGJ p. 52. Oct 

Calibrator crystals IHN) 
K6KA p. 66. Nov 

Calibrator, plug-in frequency 
K6KA p. 22. Mar 

Calibrator, slmple f requency-d~vider 
using mos ICs 
W6GXN p. 30. Aug 

Commun~cat ions receivers, d e s ~ g n  ideas for  
Moore p. 12. lun  

Commun~cat ions recelvers, des~gn ing  
for  strong-signal performance 
Moore p. 6. Feb 

Converting a vacuum.tube receiver t o  
solid-state 
WlOOP p. 26, Feb 

Counter dials, e lectron~c 
K6KA D. 44. Sep 

Crysta l - f~ l ter  design, practical 
PY2PEC p. 34. Nov 76 

CW fi l ter, a d d ~ n g  (HN) 
WZOUX p. 66, Sep 73 

CW monitor, s imple 
WA90HR p. 65. Jan 71  

CW processor for  Communicat~ons recelvers 
W6NRW p. 17. Oct 7 1  

CW receptlon, enhanc~ng through a 
simulated-stereo techn~que 
WAIMKP p. 61. Oct 74 

CW receptlon, n o s e  reductton for  
W2ELV p. 52, Sep 73 

CW regenerator for ~nter ference-f ree 
commun~ca t lons  
Leward, Libenschek p. 54. Apr 74 

CW selectivity wi th crystal bandpassing 
WZEEY p. 52. Jun 69 

CW transceiver opera t~on  wi th transmit-receive 
offset 
WIDAX p. 56, Sep 70 

Detector, reciprocating 
W l S N N  p. 32. Mar 72 
Added notes P. 54. Mar 74; p. 76. May 75 

Detector, stngle-slgnal phasing type 
WB9CYY p. 71. Oct 76 
Short c i rcul t  p. 68, Dec 77 

Detector, superregeneratlve, opt lmiz lng 
Rinn p. 32, Jul 72 - " 

Detectors, fm, survey of 
W6GXN p. 22. Jun  76 

Detectors, ssb 
Bel t  p. 22, Nov 68 

Digital frequency display 
WB2NYK p. 26, Sep 76 

Diode detectors 
W6GXN p. 28, Jan 76 
Comments p. 77. Feb 77 

Diversity receiving system 
WPEEY p. 12. Dec 71 

Double-balanced mixer, actlve, high- 
dynamic range 
DJ2LR p. 90. Nov 77 

Fllter al ignment 
W7UC p. 61. Aug 75 

Filter, vari-Q 
W l S N N  p. 62. Sep 73 

Frequency calibrator, how t o  d e s ~ g n  
W3AEX p. 54. Jul 71  

Frequency calibrator, receiver 
W5UQS p. 28. Dec 71  

Frequency-marker standard using cmos 
W41YB p. 44. Aug 77 

Frequency measurement of received 
signals 
W4AAD p. 38, Oct 73 

Frequency spotter, general coverage 
W5JJ p. 36, Nov 70 

Frequency standard (HN) 
WA7JIK p. 69. Sep 72 

Frequency standard, universal 
K4EEU p. 40. Feb 74 
Short c i rcui t  p. 72. May 74 

Hang agc circutt for  ssb and CW 
WlERJ p. 50. Sep 72 

Headphone cords (HN) 
W2OLU p. 62, Nov 75 

I - f  a m p l i f ~ e r  design 
DJ2LR p. 10. Mar 77 
Short c i rcui t  p. 94, May 77 

I-f cathode jack 
W6HPH p. 28, Sep 68 

I - f  detector receiver module 
K6SDX p. 34. Aug 76 

I-f system, mul t lmode 
WA2IKL p. 39, Sep 71 

Image suppression (HN) 
W6NIF p. 68. Dec 72 

lntell iglbi l i ty o f  commun~ca t ions  receivers, 
improving 
WA5RAQ p. 53. Aug 70 

Interference, electric fence 
K6KA p. 68. Jul  72 

Interference, h i - f i  (HN) 
K6KA p. 63, Mar  75 

Interference, rf 
WlDTY p. 12, Dec 70 

Interference, r f  
WA3N FW p. 30. Mar  73 

Interference, rf. ~ t s  cause and cure 
G3LLL p. 26, Jun 75 

Intermodulation distortJon, reducing 
in hlgh.frequency recetvers 
WB4ZNV p. 26, Mar 77 
Short clrcult p. 69. Dec 77 

Local oscillator, phase-locked 
VESFP p .  6. Mar 71  

Local-Osc~llator waveform effects 
on spurious mixer responses 
Rob~nson.  Smlth p 44. Jun 74 

Mixer, crystal 
WZLTJ p. 38. Nov 75 

Monitor receiver modiftcation (HN) 
W2CNQ p 72, Feb 76 

Noise blanker 
K4DHC p. 38, Feb 73 

Notse blanker deslgn 
K7CVT p. 26. Nov 77 

N o ~ s e  blanker, hot-carrier diode 
W4KAE p. 16. Oct 69 
Short c i r c u ~ t  p. 76. Sep 70 

Noise blanker, IC 
W2EEY p. 52. May 69 
Short clrcult p. 79, Jun 70 

N o s e  effects In rece iv~ng  systems 
OJ2LR p 34. Nov 77 

Noise f~gure,  the real meaning of 
K6MIO p. 26. Mar 69 

Panoramic reception, simple 
W2EEY p. 14. Oct 68 

Phase-shuft networks, deslgn criteria 
G3NRW p. 34. Jun 70 

Preampl~f ier .  wideband 
WlAAZ p. 60. Oct 76 

Product detector, hot.carrier d ~ o d e  
VE3GFN p. 12. Oct 60 

Radio-direction f inder 
W6JTT p. 38. Mar 70 

Radio.frequency interference 
WA3NFW p. 30. Mar 73 

Radtotelegraph translator and transcriber 
W7CUU. K7KFA p. 8. Nov 71  
El iminat ing the matr ix  
KH6AP p. 60. May 72 

Receiver impedance matching (HN) 
WDZFN p. 79. Aug  68 

Rece~ver spurious response 
Anderson p. 82, Nov 77 

Receivers - some problems and cures 
WB0JGP. K8RRH p. 10. Dec 77 

Receiving RTTY, automatic frequency 
control for  
W5NPO p. 50. Sep 

Reciprocating detector as f m  d isc r~mina to r  
WlSNN p. 18. Mar 

Rec~procating-detector converter 
W l S N N  p. 58. Sep 

Resurrecting old recelvers 
K41PV p. 52. Dec 

Rf amplif iers for commun~ca t ions  receivers 
Moore p .  42. Sep 

Rf amplifiers, Isolating parallel currents In 
G3 1 PV p. 40. Feb 

Rf amp l i f~e r ,  wideband 
WB4KSS P. 58. Apr 

S-meter readings (HN) 
W 1 DTY p. 56. Jun 

Selectivity and gain control, Improved 
VE3GFN p. 71. Nov 

Selectivity, receiver (letter) 
K4ZZV p. 68. Jan 

Sensitivity, noise f igure and dynamic range 
WIDTY P. 8. Oct 

Signals, how many does a receiver see? 
DJ2LR p. 58. Jun 
Comments P. 101, Sep 

S meters, sol~d.state 
K6SOX p 20. Mar 

Spectrum analyzer, four  channel 
W91A p. 6. Oct 

Squelch, audio-actuated 
K4MOG P. 52. Apr 

Ssb s~gna ls ,  moni tor ing 
W6VFR p. 36. Mar 

Superregenerative detector, optimizing 
Ring p. 32. Ju l  

Superregenerative receiver, improved 
JAIBHG p. 48, Dec 

Threshold.gate/l~miter for  CW reception 
W2ELV p. 46. Jan 
Added notes (letter) 
W2ELV p. 59, May 

Troubleshooting the dead recelver 
K41PV p. 56. Jun 

Vlf converter (HN) 
W3CPU p. 69, Jul  

Weak signal receptlon in CW receivers 
ZS6BT P. 44. Nov 

WWV recelver, five-frequency 
W6GXN p. 36. Jul 

high-frequency receivers 
Bandpass fl l ters for receiver preselectors 

W7ZOI p. 18, Feb 
Bandpass tuning, electronic, in  the Drake R-4 

Horner p. 58, Oct 
BC-603 tank receiver, updat ing the 

WA61AK P. 52. May 
BC.1206 for  7 MHz, converted 

W4FIN p. 30. Oct 
Short circult p. 72. Apr 

Co l l~ns  75A4 hints (HN) 
W6VFR P. 68, Apr 

Collins 75A-4 modifications (HN) 
W4SD p. 67. Jan 

Communicat~ons receiver, fwe band 
K6SDX p. 6, Jun 

Communications recelver for  80 
meters. IC 
VE3ELP p. 6. Ju l  

Communications recelver, micropower 
WB9FHC p. 30. Jun 
Short c i rcui t  p. 58. Dec 

Communlcatlons receivers, mlniature 
deslgn tdeas for  
K4DHC p. 18. Apr 

Commun~cat ions receiver, m ~ n i a t u r ~ z e d  
K4DHC p. 24. Sep 

Cornmuntcat~ons receiver, opt lmum design for 
DJZLR P. 10, Oct 

Commun~cat ions receiver, sol~d-state 
I5TDJ p. 32, Oct 
Correction p. 59, Dec 

Compan~on receiver, al l-mode 
W l S N N  p. 18, Mar 

Converter, hf, sol idstate 
VE3GFN P 32, Feb 

Converter, tuned very low-frequency 
OHPKT p. 49. Nov 

Converter, very low frequency receiving 
W2lMB p. 24. NOv 

Crystal-controlled phase-locked converter 
W3VF p. 58, Dec 

Direct-conversion receivers 
W3FQJ p. 59, Nov 

Direct-conversion receivers 
PA0SE p. 44, Nov 

Direct-conversion receivers, improved 
selectivity 
K6BIJ P. 32. Apr 

Direct-conversion receivers. 
s ~ m p l e  active f i l ters for  
W7ZOI P. 12. Apr 

Double-conversion hf  receiver wi th 
mechanical frequency readout 
Perolo p. 26, Oct 
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ESSA weather receiver 
W6GXN p. 36. May 68 

Fet converter, bandswitching, for  
40, 20, 15 and 10 (VE3GFN) p. 6, Jul  68 
postscript p. 68. May 69 

Fet converter for  10 t o  40 meters, second- 
generation 
VE3GFN p. 28. Jan 70 
Short c i rcui t  p. 79. Jun 70 

Frequency synthesizer for the Drake R.4 
W6NBI p. 6. Aug 72 
M o d ~ f ~ c a t i o n  (letter) p. 74, Sep 74 

General coverage communications receiver 
W6URH p. 10, Nov 77 

Gonset converter, solid-state modification of  
Schuler p. 58. Sep 69 

Hammarlund HQ215, adding 160.meter 
coverage 
W2GHK p. 32, Jan  72 

Heath SB-650 frequency display, us ing 
wi th other receivers 
KPBYM p. 40. Jun  73 

High dynamic range receiver input stages 
DJ2LR p. 26. Oct 75 

H~gh-frequency DX receiver 
WBZZVU p. 10. Dec 76 

Incremental tun ing  t o  your 
transceiver, adding 
VE3GFN p. 66, Feb 71  

M o n ~ t o r i n g  oscil lator 
W2JIO p. 36. Dec 72 

Multiband high.frequency converter 
K6SDX p. 32, Oct 76 

Outboard receiver wi th a transceiver 
WlDTY p. 12, Sep 68 

Outboard receiver wi th the SB-100. 
uslng an (HN) 
K4GMR p. 68. Feb 70 

Overload response in the Collins 75A-4 
receiver, improving 
W6ZO p. 42. Apr 70 
Short c i rcui t  p. 76. Sep 70 

Phastng.type ssb recelver 
WAeJYK p. 6. Aug 73 
Short c i rcui t  p. 58. Dec 73 
Added note (letter) p. 63. Jun 74 

Preamplifier, emitter-tuned. 21 MHz 
WA5SNZ p. 20. Apr 72 

Preamplifier, low-norse high.gain transistor 
W2EEY p. 66. Feb 69 

Preselector, generabcoverage (HN) 
WSOZF p. 75, Oct 70 

Q5er, solid-state 
W5TKP p. 20, Aug  69 

Receiver incremental tun ing  for  the 
Swan 350 (HN) 
K lKXA p. 64, Jul  71  

Receiver, reciprocating detector 
W l S N N  p. 44, Nov 72 
Correction (letter) p. 77, Dec 72 

Receiver, versati le solid-state 
W l P U  p. 10, Ju l  70 

Receiv~ng RTTY wi th Heath SB receivers (HN) 
K9HVW p. 64. Oct 71  

Rf amplifiers, selective 
K6BIJ p. 58. Feb 72 

Regenerative detectors and a wideband 
amplif ier for  experimenters 
WBYFB p. 61. Mar 70 

RTTY moni tor  receiver 
K4EEU p. 27. Dec 72 

RTTY rece~ver-demodulator for  net 
operation 
VE7BRK p. 42. Feb 73 

R n Y  wi th SB-300 
W2ARZ p. 76. Ju l  68 

Swan 350 CW moni tor  (HN) 
K lKXA p. 63. Jun 72 

Transceiver selectivity Improved (HN) 
VE3BWD p. 74, Oct 70 

Tuner overload, eliminating (HN) 
VE3GFN p. 66. Jan 73 
Attenuators for (letter) p. 69. Jan 74 

Two-band novice superhet 
Thorpe p. 66. Aug 68 

Weather receiver, low.frequency 
W6GXN p. 36, Oct 68 

WWV receiver 
Hudor, Jr. p. 28, Feb 77 

WWV recetver, fixed-tuned 
W6GXN p. 24. Nov 69 

WWV receiver, regenerative 
WA5SNZ p. 42. Apr 73 

WWV recelver, s imple (HN) 
WA3JBN p. 68. Ju l  70 
Short c i rcui t  p. 72, Dec 70 

WWV recelver, simple (HN) 
WA3JBN p. 55. Dec 70 

WWV-WWVH, amateur applications for  
W3FQJ p. 53. Jan 72 

455.kHz bfo, transistorized 
W6BU.  KSGXR p. 12, Jul  68 

20-meter receiver wi th digttal readout, par t  1 
K6SDX p .  48. Oct 77 

20-meter receiver w ~ t h  d ig i ta l  readout, par t  2 
K6SDX p. 56. Nov 77 

160.meter receiver, s imple 
W6FPO p. 44, Nov 70 

1.9 M H z  receiver 
W3TNO p. 6. Dec 69 

7.MHz direct-conversion receiver 
WQlYBF p. 16, Jan 77 

7-MHz ssb receiver and transmitter, s imple 
VE3GSD p. 6. Mar 74 
Short c i rcui t  p. 62. Dec 74 

28-MHz superregen receiver 
K2ZSQ D. 70. Nov 68 

vhf receivers 
and converters 
Converters for  six and two meters, mosfet 

WBZEGZ p. 41. Feb 71  
Short c i rcui t  o. 96. Dec 71  ~. ~ 

Cooled preamplif ier for  vhf-uhf 
WA0RDX D. 36. Jul  72 

Fet converters for  50. 144, 220 and '  
432 MHz 
W6AJF p. 20, Mar 68 

F~lter.preamplif iers for 50 and 144 MHz 
etched 
WSKNT p. 6, Feb 71  

Fm channel scanner 
W2FPP p. 29. Aug  71  

Fm communications receiver, modular  
KBAUH p. 32. Jun 69 
Correction p. 71. Jan  70 

Fm recetver frequency control (letter) 
W3AFN p. 65. Apr 7 1  

Fm receiver performance, cornparkson of 
VE7ABK p. 68. Aug  72 

Fm recelver, mu l t~channe l  for  six and two 
WlSNN p. 54. Feb 74 

Fm receiver, tunable vhf 
K8AUH p. 34. Nov 7 1  

Fm recelver, uh f  
WAZGCF p. 6, Nov 72 

Fm repeaters, rece~v ing  system 
degradation in 
K5ZBA o. 36. Mav 69 . . ~. 

HW-17A, perk ing u p  (HN) 
WB2EGZ p. 70. Aug 70 

Improving vhf/uhf receivers 
WlJAA p. 44. Mar 76 

Interdigital preamplifter and comb-line 
bandpass f ~ l t e r  for vhf  and uhf 
WSKHT D. 6. AUE 70 - 

Interference, scanning receiver (HN) 
K2YAH p. 70. Sep 72 

Monitor receivers, two-meter f m  
WB5EMI p 34. Apr 74 

Overload problems wi th vhf  converters, 
solving 
WlOOP p. 53, Jan 73 

Receiver alignment techniques, vhf  f m  
K4 1 PV p. 14, Aug 75 

Receiver, modular two-meter f m  
WAZGFB p. 42, Feb 72 

Receiver, vhf  f m  
WA2GCF p. 8, Nov 75 

Receiving converter, vhf four.band 
W3TQM p. 64, Oct 76 

Scanning receiver for  vhf fm, improved 
WA2GCF p. 26, Nov 74 

Scannlng receiver modifications. 
vhf  f m  (HN) 
WASWOU p. 60. Feb 74 

Scannlng receivers for two.meter f m  
K41PV p. 28. Aug  74 

Six-meter converter. imoroved . . 
K l B Q T  p. 50. Aug 70 

Six-meter mosfet converter 
WB2EGZ o. 22. Jun  68 
Short c i rcui t  p. 34, Aug 68 

Squelch.audio a m p l ~ f ~ e r  for  f m  recetvers 
WB4WSU p. 68. Sep 74 

Ssb mini-tuner 
K lBQT p. 16. Oct 70 

Termtnator. 50-ohm for  vhf converters 
WA6UAM o. 26. Feb 77 

Two-meter converter, 1.5 d B  NF 
WA6SXC p. 14. Jul  68 

Twometer  mosfet converter 
WBZEGZ p. 22. Aug  68 
Neutra l tz~ng p. 77, Oct 68 

Two-meter preamp. MM5000 
W4KAE p. 49, Oct 68 

Vhf converter performance, 
opt imiz ing (HN) 
KZFSQ p. 18, Jul  68 

Vhf f m  receiver (letter) 
K8lHQ p. 76. May 73 

Vhf receiver scanner 
KZLZG p. 22, Feb 73 

Vhf superregenerative receiver, low-voltage 
WA5SNZ p. 22, Jul  73 
Short c ~ r c u i t  p. 64. Mar  74 

28.30 MHz preamplif ier for  satell i te 
reception 
WlJAA p. 48, Oct 75 

50.MHz preamplif ier, improved 
WAPGCF p. 46, Jan 73 

144-MHz converter (HN) 
K0VQY p. 71. Aug  70 

144-MHz converter (letter) 
WQlLER p. 71, Oct 71  

144 MHz converter, hot.carrier diode 
KBCJU p. 6, Oct 69 

144-MHz converter, modular 
W6UOV D. 64. Oct 70 

144 MHz converters, choosing fets fo r  (HN) 
K6JYO P. 70. Aug 69 

144-MHz preamp, low-noise 
W 1 DTY P. 40. Apr 76 

144-MHz oreamo. suoer IHN) 
K ~ H C P '  " ' . ' p. 72. Oct 69 

144-MHz preamplif ier, Improved 
WA2GCF p. 25. Mar 72 
Added notes P. 73. Ju l  72 

220-MHz mosfet converter 
WB2EGZ P 28, Jan 69 
Short c i rcui t  p. 76. Ju l  69 

432.MH.z converter, low.noise 
K6JC p. 34. Oct 70 

432.MHz fet  converter, low noise 
WA6SXC p. 18, May 68 

432 MHz preamp (HN) 
WIDTY P. 66. Aug  69 

432 MHz oreamolt f~er and  converter 
WAZGCF ' P. 40. Jul  75 

1296-MHz converter, solid-state 
VK4ZT P. 6. Nov 70 

1296 MHz, double-balanced mixers for  
WA6UAM p. 8. Jul  75 

1296-MHz preamplif ier 
WA6UAM p. 42. Oct 75 

1296-MHz preamplif ier, low.noise 
WA2VTR P 50, Jun 71  
Added note (letter) p. 65. Jan 72 

2340-MHz converter, solid-state 
KPJNG. WAZLTM. WA2VTR p. 16. Mar  72 

2304-MHz preamplifier, solid-state 
WA2VTR p. 20. Aug  72 

receivers and converters, 
test and troubleshooting 
Receiver a l ignment 

Allen p. 64. Jun  68 
Rf and i-f amplif iers, troubleshooting 

Allen p. 60. Sep 70 
Signal injection in ham receivers 

Allen p. 72. May 68 
Slgnal t rac ing in ham receivers 

Allen P 52. Apr 68 
Weak-signal source. variable.outout 

K ~ J Y ~  P 36. Sep 71  
Weak.s~gnal source. 144 and  432 MHz 

K6JC D. 58. Mar  70 
Weak-slgnal source, 432 and 1296 MHZ- '  

- 

K6RIL p. 20. Sep 68 

RTTY 
AFSK, d ig i ta l  

WA4VOS p. 22, Mar  77 
Short c i rcui t  p. 94. May 77 

AFSK generator (HN) 
F8KI p. 69. Jul  76 

AFSK generator and demodulator 
WB9ATW P. 26. Sep 77 

AFSK generator, crystal-controlled 
K7BVT p. 13. Jul  72 

AFSK generator, crystal-controlled 
W6LLO P. 14. Dec 73 
Sluggish oscil lator (letter) p. 59, Dec 74 

AFSK oscillators, solid.state 
WA4FGY p. 28. Oct 68 

Audio-frequency keyer, simple 
WZLTJ p. 56. A u g  75 

Audio.frequency shi f t  keyer 
KH6FMT p. 45, Sep 76 

Audio-frequency shi f t  keyer, simple (C&T) 
WlOTY P 43. Apr  76 

Audio-shift keyer, continuous.phase 
VE3CTP p. 10. Oct 73 
Short circuit o. 64. Mar  74 

Automatic frequency control for  receivung RTTY 
W5NPO p. 50. Sep 71  
Added note (letter) p. 66. Jan 72 

Autostart, d ig i ta l  RTTY 
K4EEU D. 6. Jun  73 . . 

Autostart moni tor  receiver 
K4EED p. 37. Dec 72 

CRT intensifier for  RTTY 
K4VFA P. 18, Ju l  71  

Carriage return, adding t o  the automatic 
I~ne-feed generator (HN) 
K4EEU P. 71. Sep 74 

Coherent frequency-shift keying, need for  
K3WJQ p. 30. Jun 74 
Added notes (letter) p. 58. Nov 74 

Crystal test oscil lator and  signal generator 
K4EEU p. 46. Mar  73 

CW memory fo r  RTTY ident i f~cat ion 
W6LLO P. 6. Jan 74 

DT-500 demodulator 
KgHVW, K40AH. WB4KUR p. 24. Mar  76 
Short c i rcui t  P. 85, Oct 7 6  

142 december 1977 



DT.600 demodulator 
K9HVW. K40AH. WB4KUR D. 8. Feb 76 

Test generator, RTTY (HN) 
W3EAG p. 59, Mar 73 

Test-message generator. RTTY 
KgGSC, K9PKQ p. 30, Nov 76 

Time/date prlntout 
W 0 LZT D. 18. Jun 76 

Injection lasers (letter) 
Mims p. 64. Apr 

Linear power amplifier, high power solid-state 
Chambers P. 6, Aug 

Linear transistor amplif ier 
W3FQJ p. 59, Sep 

Long.ta~l transistor biasing 
WZDXH p. 64. Apr 

Matching techniques, broadband, for 
transistor rf amplifiers 
WA7WHZ p. 30. Jan 

Letter. KSGZR 
Short circuit 

p: 78. Sep 76 
D. 85. Oct 76 

Electronic speed conversion for RTTY teleprinters 
WA6JYJ p. 36. Dec 71  
Printed c ~ r c u i t  for o. 54. Oct 72 Short c ~ r c u i t  p. 68. Dec 77 

Voltage supply, precision for 
phase-locked terminal unit (HN) 
WA6TLA p. 60. Jul 74 

Frequency-shift meter. RTTY 
VK3ZNV P. 53, Jun 70 

Line-end indicator. IC 
W20KO p. 22. Nov 75 

Line feed, automatic for RTTY 
K4EEU p. 20, Jan 73 

Mainline ST-5 autostart and antispace 
KZYAH D. 46, Dec 72 

Microwave ampltfier design, solid state 
WA6UAM p. 40. Oct 

Mobile converter, solid-state modification of 
Schuler p. 58. Sep 

Mosfet c~rcu i ts  
W3FQJ p. 50, Feb 

Mosfet transistors (HN) 
WB2EGZ p. 72. Aug 

Motorola fets (letter) 
WlCER p. 64. Apr 

Motorola MPS transistors (HN) 
W2DXH p. 42, Apr 

Neutralizing small-signal amplif iers 
WA4WDK p. 40. Sep 

Noise, zener-diode (HN) 
VE7ABK p. 59, Jun 

Parasitic oscillations in high.power 
transistor rf amplifiers 
W0KGI P. 54. Sep 

satellites 
Amateur radio in space, bibliography 

W60LO p. 60. Aug 68 
Addenda p. 77. Oct 68 

Antenna control, automatic azimuth/elevat~on 

Mainline ST.5 RTTY demodulator 
W6FFC p. 14. Sep 70 
Short circuit p. 72. Dec 70 

Mainline ST-6 RTTY demodulator 
W6FFC D. 6. Jan 71 

for satellite communications 
WA3HLT 
Correction 

Antenna, simple satellite (HN) 
WA6PXY 

Antennas, simple, for satellite 

p. 26. Jan 75 
p. 58. Dec 75 

p. 59. Feb 75 

Short circuit p. 72, Apr 71 
Mainline ST.6 RTTY demodulator, more 

uses for (letter) 
W6FFC p. 69. Jul 71 

Mainline ST-6 RTTY demodulator, troubleshootin 
W6FFC p. 50. Feb 8 

Message generator, random access memory 
RTTY 
K4EEU p. 8. Jan 75 

Message generator. R U Y  
W60XP. WBKCQ p. 30, Feb 74 

Monitor scope, phase-shift 
W3CIX P. 36, Aug 72 

Monitor scope. RTTY. Heath 
HO-10 and SB-610 as (HN) 
K9HVW p. 70. Sep 74 

Monitor scope, RTTY, solid-state 
WB2MPZ p. 33, Oct 71  

Performance and signal-to.noise ratlo 
of low.frequency shift RTTY 
K6SR p. 62, Dec 76 

Phase.locked loop AFSK generator 
K7ZOF p. 27, Mar 73 

Phase-locked loop RTTY terminal uni t  
W4FQM p. 8. Jan 72 
Correction p. 60, May 72 
Power supply for p. 60, Jul 74 
Optimization of the phase. 
locked terminal unlt p. 22, Sep 75 
Update. W4AYV p. 16, Aug 76 

Precise tuning wlth ssb gear 
WQlKD p. 40. Oct 70 

Printed circuit for  RTTY speed converter 
W7POG p. 54, Oct 72 

RAM RTTY message generator, increasing 
capacity of (HN) 
F2ES p. 86. Oct 77 

Receiver-demodulator for RTTY net 
operation 
VE7BRK p. 42, Feb 73 

Ribbon re-inkers 
W6FFC p. 30. Jun 72 

RTTY converter, miniature IC 
KPMRL p. 40. May 69 
Short circult p. 80, Aug 69 

RTTY distortion: causes and cures 
WB61MP p. 36. Sep 72 

RTTY for the blind (letter) 
VE7BRK p. 76, Aug 72 

RTTY, introduction t o  
K6JFP p. 38. Jun 69 

RTTY line-length indicator (HN) 
WPUVF p. 62, Nov 73 

communications 
K4GSX p. 24, May 74 

Az-el antenna mount for satellite 
communications 
W2LX p. 34. Mar 75 

Circularly-polarized ground-plane 
antenna for satellite communicatrons 
K4GSX p. 28, Oec 74 Pentode replacement (HN) 

WlDTY p. 70, Feb 
Power dissipation ratings of transistors 

WN9CGW p. 56. Jun 
Power fets 

W3FQJ p. 34. Apr 
Power trans~stors, parallelling (HN) 

WASEKA p. 62. Jan 
Relay, transistor replaces (HN) 

W3NK p. 72, Jan 
Replace the unijunction transistor 

K9VXL p. 58. Apr 
Rf power detecting devices 

K6JYO p. 28, Jun 
Rf power transistors, how t o  use 

WA7KRE p. 8. Jan 
Snap diode ~mpulse  generator 

Slegal. Turner p. 29. Oct 
Surplus transistors, identifying 

W2FPP p. 38. Dec 
Thyristors, introduction t o  

WA7KRE p. 54, Oct 
Transconductance tester for field.effect 

transistors 
W6NBI p. 44. Sep 

Transistor amplifiers, tabulated 
characteristics of 
W5JJ p. 30, Mar 

Transistor and diode tester 
ZLPAMJ p. 65, Nov 

Transistor breakdown voltages 
WASEKA p. 44. Feb 

Transistors for vhf transmitters (HN) 
WlOOP p. 74, Sep 

Transistor storage (HN) 
KBERV p. 58, Jun 

Transistor tester 
WA6NIL p. 48. Jul 

Transistor tester for leakage and gain 
W4BRS p. 68, May 

Transistor testing 
Allen 0. 62. Jul 

Communicat~ons, first step to satellrte 
KlMTA p. 52. Nov 72 
Added notes (letter) p. 73. Apr 73 

Future of the amateur satellite servlce 
K2UBC p. 32. Aug 77 

Med~cal  data relay vla Oscar 
K7RGE p. 67, Apr 77 

Oscar antenna (C&T) 
WlDTY p. 50, Jun 76 

Oscar antenna, mobile (HN) 
W60AL p. 67. May 76 

Oscar tracking program. HP-65 
calculator (letters) 
WA3THD p. 71. Jan 76 

Oscar 7, commun~cat ions techn~ques for 
G3ZCZ p. 6. Apr 74 

P~cture  transmission, recording satellite 
W6CCN p. 6, Nov 68 

S i ~ n a l  ~olar izat ion.  satellite 
-KH~IJ p. 6. Dec 72 

Tracking the OSCAR satellites 
Harmon. WA6UAP p. 18. Sep 77 

28.30 MHz preamplifier for  satellite 
reception 
WlJAA p. 48. Oct 75 

432-MHz OSCAR antenna (HN) 
WlJAA p. 58. Jul 75 

semiconductors 
Antenna switch for meters, sol~d-state 

KZZSQ p. 48. May 69 
Avalanche transistor circuits 

W4NVK P. 22. Dec 70 
Beta master, the 

K8ERV p. 18. Aug 68 
Charge flow in semiconductors 

WB6BIH p.  50, Apr 71  
Converting a vacuum.tube receiver to 

solid-state 
WlOOP p. 26. Feb 69 
Short circuit p. 76. Jul 69 

Converting vacuum tube equipment to 
solid-state 
WPEEY P. 30, Aug 68 

Curve master, the 
K8ERV p. 40. Mar 68 

Diodes, evaluating 
WSJJ p. 52. Dec 71 

Dynamic transistor tester (HN) 
VE7ABK p. 65, Oct 71  

European semiconductor numbering system (C&T) 
WlDTY p. 42. Apr 76 

Fet bias problems simplified 
WA5SNZ 0 .  50. Mar 74 

RTTY reception with Heath 
K9HVW 

RTTY with the SB-300 

SB receivers (HN) 
p. 64, Oct Transistor-tube talk (HN) 

WA4NED p. 25, Jun 
Trapatt diodes (letter) 

WA7N LA p. 72. Apr 
Troubleshoot~ng around fets 

Allen p. 42, Oct 
Troubleshooting transistor ham gear 

Allen p. 64. Jul 
Vfo transistors (HN) 

WlOOP p. 74. Nov 
Y parameters in  rf design, using 

WA0TCU p. 46. Jul 
Zener diodes (HN) 

K3DPJ p. 79, Aug 
Zener tester, Low voltage (HN) 

K3DPJ p. 72, NOV 

p. 76, Jul 
teleprinters 

p. 67, Aug 
p. 68. Dec 

WZARZ 
Serial converter for 8--level 

VE3CTP 
Short circuit 

Signal Generator, RTTY 
W7ZTC 
Short circuit 

p. 23. Mar 
p. 96, Dec 

Simple circuit replaces lack patch panel 
K4STE p. 25. Apr 76 

Speed control, electron~c, for RTTY 
W3VF p. 50. Aug 74 

ST-5 keys polar relay (HN) 
WmLPD o. 72. Mav 74 

Fet biasing 
W3FQJ p. 61. Nov 72 

..-- ~ 

Swan 350 and 400 equipment on RTTY (HN) 
WB2MlC p. 67, Aug 69 

Synchrophase afsk oscillator 
W6FOO p. 30, Dec 70 

Synchrophase RTTY reception 
W6FOO p. 38. Nov 70 

Fetrons, solid-state replacements for tubes 
WlDTY P. 4. Aug 72 
Added notes p. 66, Oct 73; p. 62. Jun 74 

Frequency multipliers 
W6GXN P. 6. Aug 71  

Frequency mult ip l~ers,  transistor 
WBAJ F P. 49. Jun 70 

single sideband 
Balanced modulator, integrated-circuit 

K7QWR P. 6. S ~ P  
Balanced modulators, dual fet 

W3FQJ p. 63. Oct 
Communicat~ons receiver, phasingtype 

WA0JYK P 6. Aug 
Converting a-m power amplifiers t o  

ssb service 
WA4GNW p. 55. Sep 

Converting the Swan 120 to two meters 
K6RIL P. 8. May 

Detectors. ssb 
Belt p. 22. Nov 

Tape ed~tor  
W3EAG p. 32, Jun 77 

Teleprinters, new look in 
W6JTT p. 38, Jul  70 

Terminal unit, phase-locked loop 
W4FQM p. 8, Jan 72 
Correction p. 60, May 72 

Glass semiconductors 
W 1 EZT P. 54. Jul 69 

Grid-dip oscillator, solid-state conversion of 
W6AJZ p. 20. Jun 70 

Heatsink problems, how to solve transistor 
WA5SNZ p. 46, Jan 74 

Impulse generator, snap diode 
Siegal. Turner p. 29, Oct 72 

Injection lasers, high power 
Mims p. 28, Sep 71  

Terminal unlt, phase-locked loop 
W4AYV p. 36, Feb 75 

Terminal unit. variable-shift RTTY . . 
W3VF p. 16, Nov 73 

Test generator. RTTY (HN) 
W3EAG p. 67, Jan 73 

decernber 1977 143 



Detector, ssb, IC (HN) 
K40DS p. 67, Dec 72 
Correction p. 72. Apr 73 

Double.balanced mixers 
WlDTY 0. 48. Mar 68 

Double-balanced modulator, broadband 
WA6NCT P. 8. Mar  70 

Electron~c b ~ a s  sw~tch lng  for  l ~ n e a r  
a m p l ~ f ~ e r s  
W6VFR o 50. Mar 75 . . 

Filters, s~ng le -s~deband 
Belt p. 40, Aug 68 

Filters, ssb (HN) 
K6KA D. 63. Nov 73 . . 

Frequency dividers for  ssb 
W7BZ p. 24, Dec 7 1  

Frequency translation in ssb 
transmltters 
Belt p. 22. Sep 68 

Genera t~ng  ssb signals wi th 
suppressed carrlers 
Belt p .  24. May 68 

Guide t o  single sideband, a 
beg~nner 's  
Belt p. 66. Mar 68 

Hang agc c i r c u ~ t  for ssb and CW 
WlERJ p. 50. Sep 72 

Intermit tent  volce operation of power tubes 
W6SAI p. 24. Jan 7 1  

Interrnodulation.d;stort~on measurements 
on ssb transmltters 
W6VFR p. 34. Sep 74 

Linear a r n o l ~ f ~ e r .  five.band conductlon- 
cooled 
W9KIT p. 6, Jul  72 

Llnear amp l~ f le r ,  f ive-band kilowatt 
W40Q p. 14. Jan 74 
lnroroved o ~ e r a t i o n  (letter) D. 59. Dec 74 

~ i n e a ' r  amplif ier, homebrew fke -band  
W71V p. 30. Mar  70 

Linear amplif ier performance, improving 
W4PSJ p. 68. Oct 71  

Linear amplif ier. 100-watt 
W6WR 0. 28. Dec 75 

Linear, five.band hf  
W7DI p. 6, Mar 72 

Linear for  80-10 meters, high.power 
WGHHN p. 56, Apr 71  
Short c l rcui t  o. 96. Dec 71  

L inear~ ty  meter for ssb amplif iers 
W4MB p. 40. Jun  76 

Linear power amplif iers 
Belt p. 16, Apr 68 

Linears, three bands wi th two (HN) 
W4NJF p. 70. Nov 69 

Minituner, ssb 
K lBQT p. 16. Oct 70 

Modi fy ing the Heath SB-200 a m p l ~ f ~ e r  
for  the  new 8873 zero-bias tr iode 
W6UOV p. 32, Jan 7 1  

Oscillators, ssb 
Belt P. 26, Jun 68 

Peak envelope power, how to measure 
W5JJ p. 32. Nov 

Phase-shlft networks. design crlterla for  - 
G3NRW p. 34. Jun  

Phase-shift ssb generators 
Belt p. 20. Jul  

Power supplies for  ssb 
Belt p. 38, Feb 

Precise tuning wi th ssb gear 
W 0 K D  p. 40. Oct 

Pre.emphasis for ssb transmitters 
OH2CD p. 38. Feb 

Rating tubes for  l inear amplnfler service 
W6UOV. W6SAI p. 50. Mar 

Rf cl ipper for the Collins S.llne 
K6JYO p. 18. Aug  
Letter p. 68. Dec 

Rf speech processor, ssb 
W2MB p. 18. Sep 

Sideband locatlon (HN) 
K6KA p. 62. Aug  

Sol idstate circuits fo r  ssb 
Belt p. 18, Jan 

Sol~d.state t ransmit t ing converter for  
144.MHz ssb 
W6NBI p. 6. Feb 
Short c l rcui t  p. 62. Dec 

Speech clipper, IC 
K6HTM p. 18. Feb 73 
Added notes (letter) p. 64. Oct 73 

Speech clipper, rf, construction 
G6XN p. 12, Dec 72 

Speech clippers, rf, performance of 
G6XN p. 26, Nov 72 
Added notes p. 58, A u g  73; p. 72. Sep 74 

Speech c l ipping 
K6KA p. 24. Apr 63 

Speech c l ipping in single-sideband equipment 
KlYZW p. 22, Feb 7 1  

Speech processing 
W 1 DTY p. 60, Jun 68 

Speech processing, principles o f  
Z L l  BN p. 28. Feb 75 
Added notes D. 75. Mav 75: D. 64. Nov  75 . . 

Speech processor i o r  ssb 
K6PHT p. 22. Apr 70 

Speech process, logarithmic 
WA3FIY p. 38, Jan 70 

Speech processor, ssb 
VK9GN D. 31. Dec 71  . . 

Speech splatter on single sideband 
W4MB p. 28, Sep 75 

Ssb exciter. 5-band 
K l U K X  p. 10, Mar 68 

Ssb generator, phasing.type 
W7CMJ p. 22, Apr 73 
Added comments (letter) p. 65, Nov 73 

Ssb generator. 9.MHz 
WQKIT p. 6. Dec 70 

Ssb transceiver. IC. for  80 meters 
VE3GSD p. 48, Apr 76 

Switching and l inear amplif ication 
W3FQJ p. 61. Oct 7 1  

Syllabic vox system for Drake equipment 
W6RM p. 24, Aug 76 

Transce~ver, m i n ~ a t u r e  7-MHz 
W7BBX p. 16. Ju l  74 

Transceiver, single-band ssb 
W 1 DTY p. 8, Jun  69 

Transceiver. ssb, IC 
G3ZVC p. 34. Aug 74 
Circuit change (letter) p. 62, Sep 75 

Transceiver, ssb, us ing LM373 IC 
W5BAA p. 32. Nov 73 

Transceiver, 3.5-MHz ssb 
VE6ABX p. 6. Mar 73 

Transmitter a l ignment 
Allen p. 62. Oct 69 

Transmitter and receiver for 40 meters, ssb 
VE3GSD p. 6. Mar  74 
Short c i rcui t  D. 62. Dec 74 

Transm~t te r ,  phasingtype ssb 
WA0JYK p. 8. Jun 75 

Transmit t ing mixers, 6 and 2 meters 
K2lSP p. 8. Apr 69 

Transverter. 6.meter 
KBDOC. KBTVP D. 44. Dec 68 

Trapezoidal moni tor  scope 
VE3CUS p. 22. Dec 

TTL ICs, using in ssb equipment 
G4ADJ p. 18. Nov 

Tuning u p  ssb transmitters 
Allen p. 62. Nov 

TV sweep tubes in l inear service. 
ful l-blast operation of  
W6SAI; W6Uov  P. 9. Apr 

Two.tone oscil lator for  ssb testing 
W6GXN p. 11. Apr 

Vacuum tubes, using odd-ball types i n  
l inear amplif ier service 
W5JJ p. 58, Sep 

Vhf, uhf  transverter, input source for  (HN) 
FBMK p. 69. Sep 

Vox and mox systems fo r  ssb 
Belt p. 24, Oct 

Vox, versati le 
W9KIT p. 50. J u l  
Short circuit p. 96, Dec 

3.5002 in amateur service, the 
W6SAI p. 56, Mar  

144.MHz linear, 2kW 
W6UOV. W6Z0, K6DC p. 26. Apr 

144-MHz low.drive ki lowatt l inear 
W6HHN p. 26. Jul  

144-MHz transverter, the TR-144 
K lRAK p. 24, Feb 

432 MHz rf power amplif ier 
K6JC p. 40. Apr 

432-MHz ssb converter 
K6JC p. 48. Jan 
Short circuit p. 79. Jun  

432-MHz ssb, practical approach t o  
WA2FSQ p. 6. Jun  

1296.MHz ssb transceiver 
WA6UAM P 8. S ~ P  

television 
Callsign generator 

WB2CPA p. 34, Feb 77 
Camera and  monitor, sstv 

VE3EGO. Watson p. 38. Apr 69 
Caption device for SSTV 

G3LTZ p. 61. Ju l  77 
Color tv, slow-scan 

W4UMF. WBBDQT p. 59, Dec 69 
Computer, processing, sstv pictures 

W4UMF p. 30. Ju l  70 
Fast-scan camera converter for  sstv 

WA9UHV p. 22. Jul  74 
Fast- t o  slow-scan conversion, t v  

WJEFG, W3YZC p. 32. Jul  71  
Frequency-selective and sensitivity- 

controlled sstv preamp 
D K l B F  p. 36. Nov 75 

Interlaced sync generator for ATV camera control 
WABRMC p. 10, Sep 77 

Slow-scan television 
WA2EMC p. 52. Dec 69 

Slow-to-fast-scan television converters, 
an introduction 
K4TWJ p. 44. Aug 76 

Sync generator for  black.and-white 525.1ine TV 
K4EEU p. 79, Ju l  77 

Sync generator, IC, for ATV 
W0KGl  p. 34. Ju l  75 

Synch generator, sstv (letter) 
W l l A  p. 73, Apr 73 

Television DX 
WA9RAQ p. 30, Aug  73 

Test generator, sstv 
K4EEU p. 6, Jul  73 

Vestigial sideband microtransmit ter  
for  amateur television 
WA6UAM p. 20, Feb 76 
Short c i rcui t  p. 94, May 77 

50 years of television 
WlDTY. K4TWJ p. 36. Feb 76 
Letter. WA6J FP p. 77, Sep 76 

transmitters and 
power amplifiers 
general 
Amplitude modulation, a different a p p w a d  

WA5SNZ p. 50. Feb 70 
Batteries, how t o  select for  portable 

equipment 
WADAIK p. 40. Aug  73 

Blower maintenance (HN) 
W6NIF p. 71, Feb 71  

Blower-to-chassis adapter (HN) 
K6JYO p. 73. Feb 71  

Converting a.m power amplif iers t o  
ssb service 
WA4GNW p. 55. Sep 68 

Efficiency o f  l inear power amplifiers. 
how t o  compare 
W5JJ p. 64. Jul  73 

Electronic b ias swi tching for lrnear 
amplif iers 
W6VFR p. 50. M a r  75 

Fail-safe t imer,  t ransmit ter  (HN) 
K9HVW p. 72. Oct 74 

Filter converter, an up/down 
W5DA p. 20. Dec 77 

Filters, ssb (HN) 
K6KA p. 63, Nov 73 

Frequency multipl iers 
W6GXN p. 6. Aug  7 1  

Frequency translation i n  ssb 
Transmitters 
Belt p. 22, Sep 68 

Grid-current measurement i n  
grounded-grid amplif iers 
W6SAl p. 64, Aug  68 

Intermit tent  voice operation of power 
tubes 
W6SAI p. 24, Jan 71  

Key and vox clicks (HN) 
KBKA p. 74, Aug  72 

Linear power amplif iers 
Belt p. 16. Apr 68 

Lowpass fl l ters for solid-state l inear amplif iers 
WA0JYK p. 38. Mar  74 
Short c i rcui t  P. 62. Dec 74 

Matching techn~ques,  broadband, for  
transistor r f  amp l i f~e rs  
WA7WHZ p. 30, Jan 77 

Multiple tubes i n  parallel grounding g r id  (HN) 
W7CSD p. 60. Aug 71  

National NCX-500 modification for  15 meters (HN) 
WAlKYO P. 87. Oct 77 

Networks, t ransmit ter  matching 
W6FFC p. 6. Jan 73 

Neutralizing t i p  (HN) 
ZE6JP p. 69. Dec 72 

Paras~t ic  oscil lations an high-power 
transistor r f  amp l i f~e rs  
WQKGI D. 54. Seo 70 . . - 7  

Parasltlc suppressor (HN) 
WA9JMY p. 80. Apr 70 

Pi and Pi.L networks 
W6SAI p. 36. Nov 68 

Pi network design aid 
W6NlF p. 62. May 74 
Correction (letter) p. 58, Dec 74 

Pimetwork design, high-frequency 
power ampl i f ier  
W6FFC p. 6, Sep 72 

Pi-network inductors (letter) 
W71V p. 78. Dec 72 

Pi networks, series tuned 
WZEGH p. 42. Oct 7 1  

Power attenuator, al l-band 1O.dB 
K lCCL P. 68. Apr 70 

Power fets 
W3FQJ p. 34. Apr 7 1  

Power tube open fi lament ptns (HN) 
W9KNI D. 69. Aor 75 . . ,~ 

Pre-emphasis fo r  ssb transmitters 
OHZCD p. 38, Feb 72 

Relay activator (HN) 
K6KA p. 62, Sep 7 1  

Rf power amplif iers, high-eff~ciency 
WB8LQK p. 8. Oct 74 
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Rf power transistors, how t o  use 
WA7KRE p. 8, Jan 70 

Screen clamp. solid.state 
WOLRW o. 44. See 68 - 

Sstv report ing system 
WB6ZYE p. 78. Sep 76 

Step-start circuit, high-voltage (HN) 
W6VFR p .  64. Sep 7 1  

Swr a larm circuits 
W2EEY p. 73. Apr 70 

Temperature a larms fo r  high-power amplif iers 
W2EEY p. 48. Jul  70 

Transmitter power levels, some 
observations regarding 
WA5SNZ p. 62, Apr 71  

Transmitter, remote keying (HN) 
WA3HDU p. 74. Oct 69 

Transmitter switching, solid.state 
WZEEY p. 44. Jun  68 

Transmitter-tuning uni t  for  the b l ind 
W9NTP p. 60, Jun 71  

TV sweep tubes i n  l inear service. 
ful l-blast operation of 
W6SAI. W6UOV p. 9, Apr 68 

Vacuum tubes, using odd.ball types In  
Itnear amplif iers 
W5JJ p. 58. Sep 72 

Vfo, d ig i ta l  readout 
WB81FM p. 14. Jan 73 

high-f requency 
transmitters 
ART-13. Modi fy ing for noiseless CW (HN) 

K5GKN p. 68, Aug 69 
CW transceiver fo r  40 and 80 meters 

W3NNL. K3010 p. 14. Ju l  69 
CW transceiver for  40 and 80 meters, improved 

W3NNL p. 18. Jul  77 
CW transceiver, low.power 20-meter 

W7ZOI p. 8. Nov 74 
CW transmitter, half.watt 

K0VQY p. 69. Nov 69 
Driver and final for  40 and 80 meters. 

solid-state 
W3QBO p. 20. Feb 72 

Electronic bias switch for negatively-biased 
power amplif iers 
WA5KPG p. 27, Nov 76 

Field-effect transistor t ransmit ters 
K2BLA p. 30, Feb 71  

Filters, low-pass for  10 and 15 meters 
WZEEY p. 42, Jan 72 

Five-band transmitter, hf ,  solid.state 
I5TDJ p. 24, Apr 77 

Frequency synthesizer, h igh frequency 
K2BLA p. 16. Oct 72 

Grounded-grid 2 kW PEP amplif ier, 
h igh frequency 
W6SAI p. 6. Feb 69 

Heath HW-101 transceiver, us ing wl th 
a separate receiver (HN) 
WAlMKP p. 63, Oct 73 

Linear amplif ier, five-band 
W71V p. 30. Mar  70 

Linear amplifier, flve-band conduction.cooled 
W9KIT p. 6, Jul  72 

Linear amplif ier performance, improving 
W4PSJ p. 68. Oct 7 1  

Linear amplif ier. 100-watt 
W6WR p. 28. Dec 75 

Linear, five-band hf  
W7DI p. 6. Mar  72 

Linear, f ive-band kilowatt 
W40Q p. 14. Jan 74 
Improved operation (letter) p. 59, Dec 74 

Linear for  80.10 meters, high.power 
W6HHN p. 56. Apr 71  
Short c i rcui t  p. 96. Dec 7 1  

Linear power ampl~f ler ,  high-power 
sol#d.state 
Chambers p. 6. Aug 74 

Linears, three bands wi th two  (HN) 
W4NJF p. 70. Nov 69 

Low-frequency transmitter, solid-state 
W4KAE p. 16. Nov 68 

Lowpass f ~ l t e r ,  high-frequency 
WZOLU p. 24. Mar 75 
Short c i rcui t  D. 59, Jun 75 

Modifying the Heath 56.200 ampl i f ier  for  
the new 8873 zero-bias tr iode 
W6UOV p. 32, Jan 7 1  

Phase.locked loop, 28 MHz 
W l K N l  p. 40, Jan  73 

QRP fet transmitter, 80-meter 
W3FOJ p. 50. Aug  75 

Ssb exciter. 5-band 
K l U K X  p. 10. Mar  68  

Ssb transceiver, miniature 7.MHz 
W 7 R R X  D. 16. J u ~  74 

ssb  transceiver using LM373 IC 
WSBAA p. 32. Nov 73 

Ssb transceiver, 9-MHz. IC 
G3ZVC p. 34. Aug 74 
Circuit change (letter) p. 62. Sep 75 

Ssb t ransmit ter  and receiver, 40 meters 

VE3GSD 
Short c i rcui t  

p. 6. Mar  74 
p. 62, Dec 74 

Ssb transmitter, phaslng type 
WA0JYK p. 8. Jun 75 

Tank circuit, inductively-tuned high-frequency 
W6SAI p. 6. Jul  70 

Transceiver, single-band ssb 
W 1 DTY p. 8. Jun 69 

Transceiver, 3.5-MHz ssb 
VE6ABX D. 6. Mar 73 

Transmitter, five.band. CW and ssb 
WN3WTG p. 34, Jan 77 

Transmitter, low.power 
W6NIF p. 26, Dec 70 

Transmitters. QRP 
W70E p. 36. Dec 68 

Transmitter, universal flea-power 
KZZSQ p. 58, Apr 69 

Transverter, high-level h f  
K4ERO p. 68, Jul  68 

Wideband l inear amplif ier, 4 wat t  
VE5FP p. 42, Jan 76 

3.4002. 3.5002 fi lament circuits. notes on 
K9WEH p. 66. Apr 76 

3.5002 in amateur service, the 
W6SAl p. 56. Mar  68 

7-MHz QRP CW transmit ter  
WA4MTH D. 26. Dec 76 

14.MHz vfo transrnitter, solid.state 
W3QBO p. 6, Nov 73 

28.MHz transmitter, solid.state 
K2ZSQ p 10. Ju l  68 

40-meters, transistor r ig  for  
W6BLZ, KSGXR p. 44, Ju l  68 

160-meters, 500-watt power amplif ier 
W2BP p. 8. Aug 75 

vhf and uhf transmitters 
Converting the Swan 120 t o  two  meters 

K6RIL p. 8. May 68 
F m  repeater transmitter, improving 

W6GDO p. 24. Oct 69 
Linear for  2 meters 

W4KAE p. 47. Jan 69 
Linear for  1296 MHz, high-power 

WB610M p. 8. Aug 68 
Phase-locked loop. 50 MHz 

W l K N l  p. 40. Jan 73 
Transistors for  vhf  t ransmit ters (HN) 

WlOOP D. 74. Sep 69 
Transmitter, flea power 

KZZSQ p. 58, Apr 69 
Transmit t ing mixers for  6 and 2 meters 

K2lSP p 8. Apr 69 
Transverter for  6 meters 

WA91GU p. 44, Jul  69 
Tunnel diode phone rlg, &meter (HN) 

K2ZSQ p. 74. Jul  68 
Vhf linear. 2kW, design data for  

W6UOV p. 6, Mar  69 
50-MHz kilowatt, inducttvely tuned 

K l D P P  p. 8. Sep 75 
50-MHz l inear a m p l l f ~ e r  

K lRAK p .  38, Nov 71  
50-MHz l lnear ampllf ler. 2-kW 

W6UOV D. 16. Feb 71  
50.MHz linear, inductively tuned 

W6SAI p 6. Jul  70 
50-MHz transmitter, solid.state 

WB2EGZ p. 6. Oct 68 
50.MHz transverter 

K lRAK p. 12. Mar  71  
50/144.MHz mul t imode t ransmit ter  

K2lSP p. 28. Sep 70 
144-MHz f m  t ransmit ter  

W9SEK p. 6. Apr 72 
144-MHz f m  t ransm~t te r ,  solid-state 

W6AJF p. 14. Jul  7 1  
144-MHz f m  transrnitter. Sonobaby 

WA0UZO p. 8. Oct 71 
Short c i rcui t  p. 96. Dec 71  
Crystal deck for  p. 26. Oct 72 

144.MHz low.drive ki lowatt l inear 
W6HHN p. 26. Jul  70 

144.MHz low-power solid-stale t ransmit ter  
K0VQY p. 52. M a r  70 

144.MHz phase.modulated t ransmit ter  
W6AJF p. 18. Feb 70 

144.MHz power amplif ier, h igh performance 
W6UOV p. 22. Aug 71  

144-MHz power amplif ier, 10-watt solid-state 
W 1 DTY p. 67, Jan 74 

144.MHz rf power ampl~f iers,  solid state 
W4CGC p. 6. Apr 73 

144-MHz t ransmit t ing converter, sol~d-state ssb 
W6NBI p. 6. Feb 74 
Short c i rcui t  p. 62. Dec 74 

144.MHz transceiver, a.m 
K l A O B  p. 55. Dec 71 

144-MHz two-kilowatt l inear 
W6UOV. W6ZO. K6DC p. 26. Apr 70 

144. and 432- stripl ine amplif ier/tr ipler 
K2RlW p. 6, Feb 70 

220-MHz exciter 
WB6DJV p. 50. Nov 7 1  

220-MHz power amplif ier 
W6UOV p. 44. Dee 7 1  

220.MHz, rf power amplif ier for  
WB6DJV p. 44, Jan 7 1  

220-MHz rf power amplif ler, vhf f m  
K7JUE p. 6, Sep 73 

432-MHz amplif ier. 2-kW 
W6DAI. W6NLZ p. 6, Sep 68 

432-MHz exciter, solid.state 
WlOOP p. 38, Oct 69 

432-MHz rf power amplif ier 
K6JC p. 40. Apr 70 

432-MHz solid-state l inear amplif ler 
WB6QXF p. 30. Aug 75 

432-MHz ssb converter 
K6JC p. 48, Jan 70 
Short c i rcui t  p. 79, Jun 70 

432.MHz 100.watt solid-state power ampl i f ier  
WA7CNP p. 36, Sep 75 

1296-MHz frequency t t ip ler  
K4SUM. W4API D. 40, Sep 69 

1296.MHz power amplif ier 
W2COH. WZCCY. W20J, 
W l M U  p. 43. Mar  70 

2304-MHz power amplif ier 
WA9HUV p. 8, Feb 75 

transmitters and 
power amplifiers, 
test and troubleshooting 
Allgning vhf  transmitters 

Allen p. 58. Sep 68 
Ssb t ransmit ter  al lgnment 

Allen p. 62. Oct 69 
Transverter. 6-meter 

KBDOC. KBTVP p. 44. Dec 68 
Tuning u p  ssb t ransm~t te rs  

Allen p. 62. Nov 69 

troubleshooting 
Analyzing wrong dc voltages 

Allen p. 54. Feb 69 
Audlo dtstoltdon, cur ing in speech 

amplif iers 
Allen p. 42. Aug 70 

Basic troubleshooting 
James p. 54. Jan 76 

Oc-dc converters, cur ing trouble in 
Allen p. 56, Jun 70 

Fets, troubleshooting around 
Allen p. 42. Oct 68 

High-voltage troubleshooting 
Allen p. 52, Aug 68 

Loglc clrcults, troubleshooting 
WBGRG p. 56, Feb 77 

Mobile power supplies, troubleshooting 
Allen p. 56, Jun 70 

Ohmmeter troubleshooting 
Allen p 52. Jan 69 

Oscillators, repairing 
Allen p. 69. Mar  70 

Osc~l lator  troubleshooting (repair bench) 
K41PV p. 54, Mar  77 

Oscilloscope, put t ing t o  work 
Allen p. 64. Sep 69 

Oscilloscope, troubleshooting amateur 
gear wi th 
Allen p. 52. Aug 69 

Power supply, troubleshooting 
K4IPV p. 78, Sep 77 

Recelver alignment 
Allen p. 64. Jun 68 

Rece~ver allgnment techniques, vhf f m  
K4IPV p. 14, Aug 75 

Rece~vers, troubleshooting the dead 
K4 l PV p. 56. Jun 76 

Resistance measurement, troubleshooting by 
Allen p. 62. Nov 68 

Resistance measurement, t roubleshoot~ng by 
James p. 58. Apr 76 

Rf and i-f amplifiers, troubleshooting 
Allen p. 60, Sep 70 

S ~ g n a l  in jec t~on  testing In receivers 
Allen p. 72. May 68 

Signal t rac ing in amateur receivers 
Allen p. 52, Apr 68 

Speech amplifiers, cur ing distortion 
Allen p. 42. Aug 70 

Ssb t ransmit ter  a l ignment 
Allen p. 62, Oct 69 

Sweep generator. how t o  use 
Allen p. 60. Apr 70 

Transistor amateur gear, troubleshooting 
Allen p. 64, Jul  68 

Transistor circuits, troubleshooting 
K4 l PV p. 60. Sep 76 

Transistor test ing 
Allen p. 62. JUI 70 

Tuning u p  ssb t ransmit ters 
Allen p. 62, Nov 69 

Vhf transmitters, a l igning 
Allen p. 58. Sep 68 
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Voltage troubleshooting 
James p. 64, Feb 76 

vhf and microwave 

Amateur vhf f m  operation 
W6AYZ p. 36. Jun 68 

Artif icial radio aurora, vhf  
scattering characteristics 
WB6KAP p. 18. Nov 74 

A-m modu la t~on  moni tor  (HN) 
K7UNL p. 67. Ju l  7 1  

APX.6 transponder, notes on 
W60SA p. 32. Apr 68 

Band change f rom six t o  two meters, quick 
K0YQY p. 64, Feb 70 

Bandpass f~ l ters,  s~ngle-pole 
W6HPH p. 51. Sep 69 

Bandpass f~ l ters.  25 t o  2500 MHz 
K6RIL p. 46. Sep 69 

Bypassing, rf, at vhf  
WB6BHI p. 50, Jan 72 

C a v ~ t y  f~ l te r .  144.MHz 
W l S N N  p. 22. Dec 73 
Short c ~ r c u ~ t  p. 64, Mar 74 

Coaxial f~ l te r ,  vhf  
W6SAI p. 36, Aug  71  

Coaxia l - l~ne resonators (HN) 
WA7KRE p. 82. Apr 70 

Coil.wind~ng data, practical vhf  and uhf  
K3SVC p. 6. Apr 71  

Crystal mount, untuned 
WlDTY D. 68. Jun 68 

Effective rad~a ted  power (HN) 
VE7CB p. 72, May 73 

Frequency multipl iers 
W6GXN p. 6, Aug 7 1  

Frequency multipl iers, t rans~s to r  
W6AJF p. 49. Jun  70 

Frequency scaler. 500-MHz 
W6URH p. 32. Jun 75 

Freouencv scalers. 1200-MHz 
W B ~ K E Y  p. 38, Feb 75 

Frequency synchron~rat ion for  
scatter:mode propagation 
K20VS p. 26. Sep 71  

Freouencv svnthesizer. 220 MHz 
W ~ G X N  p. 8. Dec 74 

Gridded tubes, vhf/uhf effects In 
W6UOV p. 8. Jan 69 

Harmonic generator (HN) 
W5GDQ p. 76, Oct 70 

Impedance b r ~ d g e  (HN) 
W6KZK p. 67. Feb 70 

Improving vhf /uhf  receivers 
WlJAA p. 44, Mar 76 

Indicator, sensi t~ve r f  
WB9DNI p. 38. Apr 73 

Klystron cooler, wavegu~de (HN) 
WA4WDL p. 74. Oct 74 

Lunar-path nomograph 
WA6NCT p. 28, Oct 70 

Microwave communicat~ons,  amateur 
standards fo r  
K6HIJ p. 54. Sep 69 

M~crowave frequency doubler 
WA4WDL p. 69. Mar  76 

Microwave hybrids and couplers for  amateur use 
WZCTK p. 57, Jul  70 
Short c i rcui t  p. 72, Dec 70 

Microwave marker generator. 3cm band (HN) 
WA4WDL p. 69, Jun 76 

M~crowave  rf generators, sol~d.state 
WlHR p. 10, Apr 77 

Microwaves, get t ing started in 
Roubal p. 53, Jun  72 

Microwaves, in t roduc t~on  t o  
WlCBY P. 20. Jan 72 

M~crowave  s o l ~ d  state ampllf ler destgn 
WA6UAM p 40. Oct 76 
Comment. VK3TK. WA6UAM p 98. Sep 77 

Moonbounce t o  Australla 
W 1 DTY p 85. Apr 68 

Noise figure, meaning of 
K6MIO p. 26, Mar  69 

Noise figure measurements, vhf 
WB6NMT p. 36, Jun 72 

Noise generators, us ing (HN) 
K2ZSQ p. 79. Aug 68 

Phase-locked loop, tunable 50 MHz 
W l K N l  p. 40. Jan 73 

Polaplexer design 
K6MBL p. 40. Mar 77 

Power dividers and hybrids 
WlDAX p. 30. Aug 72 

Proportional temperature control for crystal 
ovens 
VE5FP p. 44, Jan 70 

R a d ~ o  observatory, vhf 
Ham p. 44, Jul  74 

Reflex klystrons, pogo stick for  (HN) 
W6BPK p. 71. Jul  73 

Rf power-detecting devices 
K6JYO p. 28. Jun  70 

Satellite communications 
K l T M A  p. 52, Nov 72 
Added notes (letter) p. 73, Apr 73 

Satellite signal polarization 
KH61J p. 6. Dec 72 

Solar cycle 20, vhfer's view of 
WA5IYX p. 46. Dec 74 

Spectrum analyzer, microwave 

WA6UAM p. 54, Aug 77 
Tank c~rcu i t s ,  design of vhf  

K7UNL D. 56. Nov 70 
Uhf dummy load, 150-watt 

WB6QXF 
Uhf hardware (HN) 

W6CMQ 
Vfo, high.stability vhf 

OHZCD 
Vhf beacons 

K6EDX 
Vhf beacons 

W3FQJ 
Vhf circuits, e l iminat ing parallel 

G31PV 
50-MHz bandpass fi l ter 

W4EKO 
50-MHz frequency synthes~rer  

W l K N l  

p. 30. Sep 76 

p. 76. Oct 70 

p. 27. Jan 72 

p .  52. Oct 69 

p. 66. Dec 71  
currents (HN) 

p. 91, May 77 

p. 70, Aug 76 

D. 26. Mar 74 
144-MHz f m  frequency meter 

W4JAZ p. 40. Jan 
Short c i r c u ~ t  P. 72. Apr 

144-MHz frequency synthes~zer 
WB4FPK p. 34, Jul 

144-MHz frequency-synthesizer. one- 
crystal 
W0KMV p. 30. Sep 

220-MHz frequency synthes~zer 
W6GXN p. 8, Dec 

432-MHz ssb, practical approach t o  
WA2FSQ p. 6. Jun  

1296-MHz microstripl ine bandpass fl l ters 
WA6UAM p. 46, Dec 

2304-MHz stripl ine bandpass fi l ter 
WA4WDL. W B 4 U M  p. 50. Apr 

40-GHz record 
K7PMY p. 70, Dec 

vhf and microwave 
antennas 
Circularly-polarized ground-plane 

antenna for  satellite communlcatlons 
K4GSX p. 28. Dec 74 

Feed horn, cylindrical, for  parabolic reflectors 
WA9HUV p. 16, May 76 

Feeding and matching techniques for  
vhf/uhf antennas 
WlJAA p. 54, May 76 

Ground plane, portable vhf  (HN) 
K9DHD p. 71. May 73 

Log-periodic yagi beam antenna 
K6RIL. W6SAI p. 8. Jul  69 
Correction p. 68. Feb 70 

Matching techniques for  vhf/uhf antennas 
WlJAA p. 50. Jul  76 

Microstrip swr bridge, vhf  and uhf  
W4CGC p. 22. Dec 72 

Microwave antenna, low-cost 
K6HIJ p. 52, Nov 69 

Parabol~c reflector antennas 
VK3ATN p. 12. May 74 

Parabolic reflector element spacing 
WA9HUV p. 28. May 75 

Parabol~c reflector galn 
W2TOK p. 50, Jul  75 

parabolic reflector. 16.foot homebrew 
WB6lOM p. 8. Aug 69 

Parabolic reflectors, f inding 
focal length of (HN) 
WA4WDL p. 57, Mar 74 

Swr meter 
W6VSV p. 6, Dct  70 

Transmission llnes, uhf 
WAZVTR p. 36, May 71  

Two.meter antenna, simple (HN) 
W6BLZ p. 78, Aug 68 

Two-meter mobile antennas 
W6BLZ p. 76, May 68 

Vhf antenna s w ~ t c h i n g  without relays (HN) 
KPZSQ p. 77. Sep 68 

10 GHz, broadband antenna 
WA4WDL. WB4LJM 

10 GHz dielectric antenna (HN) 
WA4WDL 

50-MHz antenna coupler 
K lRAK 

50-MHz coll inear beam 
K4ERO 

50-MHz cubical quad, economy 
W6DOR 

50.MHz J-pole antenna 
K4SDY 

50.MHz mobile antenna (HN) 
W4PSJ 

144-MHz antenna, % wave vertlc 
K6KLO 

p. 40. May 77 

p. 80. May 75 

p. 44. Jul  71  

p. 59. Nov 69 

p. 50. Apr 69 

p. 48. Aug  68 

p. 77. Oct 70 
:al 

p. 40, Jul  74 

144-MHz antenna, %.wave vertical. 
build f rom CB mobile whips 
WB4WSU p. 67. Jun 74 

144-MHz antennas, s imple 
WA3NFW p. 30, May 73 

144-MHz antenna switch, solid-state 
KZZSQ p. 48, May 69 

144-MHz coll inear antenna 
W6RJO p. 12. May 72 

144-MHz coll inear uses PVC pipe mast  (HN) 
KBLLZ D. 66. Mav 76 

144-MHz four.element coll inear array 
WB6KGF p. 6, May 7 1  

144-MHz ground plane antenna. 0.7 
wavelength 
W3WZA D. 40. Mar  69 , . 

144.MHz moonbounce antenna 
K6HCP p. 52, May 70 

144-MHz whip. 5/8.wave (HN) 
VE3DDD p. 70, Apr 73 

432.MHz corner reflector antenna 
WAZFSO D. 24. Nov 71  

432.MHz high-gain Yagi 
K6HCP p. 46. Jan 76 
Comments, WDPW p. 63, May 76 

432-MHz OSCAR antenna (HN) 
WlJAA p. 58, Jul  75 

432- and 1296-MHz quad-yagi arrays 
W3AED p. 20. May 73 
Short c i rcui t  p. 58, Dec 73 

440-MHz coll inear antenna, four-element 
WA6HTP 

1296-MHz Yagi 
WZCQH 

1296-MHz Yagi array 
W3AED 

p. 38, May 73 

p. 24, May 72 

p. 40. May 75 

vhf and microwave 
receivers and converters 
Audio filter, tunable, fo r  weak-signal 

communications 
K6HCP p. 28, Nov 75 

Calculating preampl i f~e r  gain f rom 
noise- f~gure measurements 
N6TX p. 30, Nov 77 

Cooled p reampl i f~e r  for vhf-uhf reception 
WA0RDX p. 36. Jul  72 

Double-balanced mlxers, c i r c u ~ t  packaging for 
WA6UAM p. 41. Sep 77 

Fet converters for  50, 144, 220 and 
432 MHz 
W6AJF p. 20. Mar  68 

Interdigital preamplif ier and comb.line 
bandpass fi l ter for  vhf  and uh f  
W6KHT p. 6, Aug  70 

Microwave amplif ier design, solid state 
WA6UAM D. 40. Oct 76 

Nolse figure, sensit ivity and dynamic range 
WlDTY p. 8. Oct 75 

Noise figure, vhf. est imat ing 
WA~H-uv 

- 
p. 42, Jun 75 

Overload problems wi th vhf  converters, 
solving 
WlOOP p. 53, Jan 73 

Receiver scanner, vhf 
KZLZG o. 22. Feb 73 . . 

Rece~ver, superregenerative, for  vhf  
WASSNZ D. 22. Ju l  73 

Signal detection and communicat ion 
in the presence of white noise 
WB610M p. 16, Feb 69 

Signal generator for  two and six meters 
WABOIK D. 54. Nov 69 

Single.frequency conversion, vhf/uhf 
W3FQJ p. 62. Apr 75 

Vhf converter performance, 
opt imiz ing (HN) 
KZZSO 0. 18. Jul  68 

weak-signal source, stable, var iable 'output  
K6JYO D. 36, Set, 7 1  

Weak-signal source. 144 and 432 MHz 
K6JC p. 58. Mar 70 

Weak-signal source. 432 and 1296 MHz 
K ~ R I ~  p. 20, Sep 68 

10 GHz hybr~d-tee mixer 
G3NRT P. 34. Oct 77 

28.30 MHz low-noise preamp 
WlJAA p. 48. Oct 75 

50-MHz deluxe mosfet converter 
WBZEGZ p. 41. Feb 7 1  

50-MHz etched-inductance bandpass fi l ters 
and fi l ter-preamplif iers 
W5KHT p. 6, Feb 71  

50-MHz mosfet converter 
WB2EGZ p. 22, Jun  68 
Short c i r c u ~ t  p. 34. Aug 68 

50.MHz preampl~f ier ,  improved 
WAPGCF p. 46, Jan 73 

144-MHz converter (HN) 
K0vQY p. 71. Aug 70 

144-MHz converter, high dynamic range 
DJ2LR D. 55. Jul  77 

144-MHz converter. 1.5 dB noise f i g l re  
WA6SXC p. 14. Jul  68 

144-MHz converters. choosing fets (HN) 
K6JYO - p. 70, Aug  69 
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144.MHz deluxe mosfet converter 
WB2EGZ p. 41. Feb 71 
Short circuit p. 96. Dec 71 
Letter. WnLER p. 71. Oct 71 

144.MHz etched-inductance bandpass 
filters and filter-preamplifiers 
W5KHT p. 6. Feb 71 

144.MHz f m  receiver 
W9SEK p. 22. Sep 70 

144-MHz f m  receiver 
WA2GBF p. 42. Feb 72 
Added notes p. 73, Jul  72 

144.MHz f m  receiver 
WAPGCF p. 6. Nov 72 

144.MHz preamplifier. improved 
WA2GCF p. 25. Mar 72 

144.MHz preamplifier, low noise 
WBBBB p. 36. Jun 74 

144-MHz preamp. low.noise 
WlOTY p. 40, Apr 76 

144-MHz preamp, super (HN) 
K6HCP p. 72. Oct 69 

144.MHz preamp. MM5000 
W4KAE p. 49. Oct 68 

144-MHz transverter using power fets 
WB6BPI p. 10. Sep 76 

220-MHz mosfet converter 
WB2EGZ p. 28. Jan 69 
Short circuit p. 76. Jul  69 

432-MHz converter. low.noise 
K6JC p. 34. Oct 70 

432-MHz fet converter. low-noise 
WA6SXC p. 18. May 68 

432-MHz fet preamp (HN) 
WlDTY p. 66. Aug 69 

432 MHz preamplifier and converter 
WAZGCF p. 40. Jul  75 

432.MHz preamplifier. ultra low-noise 
WlJAA p. 8. Mar 75 

1296-MHz converter. solid state 
VK4ZT p. 6. N w  70 

1296 MHz, double.balanced mixers for  
WA6UAM p. 8. Jul  75 

1296-MHz noise generator 
W3BSV p. 46. Aug 73 

1296-MHz preamplif ier 
WA6UAM p. 42, Oct 75 

1296.MHr preamplifier. low-noise 
transistor 
WAZVTR p. 50. Jun 71  
Added note (letter) p. 65. Jan 72 

129h.MHz preamplifiers, microstripline 
WA6UAM p. 12. Apr 75 
Comments. W2DU p. 68. Jan 76 

1296-MHz ssb transceiver 
WA6UAM p. 8. Sep 74 

1296.MHz rat-race balanced mixer 
WA6UAM p. 33. Jul  77 

2304-MHz balanced mixer 
WAPZZF p. 58. Oct 75 

2304.MHz converter, solid.state 
KZJNG, WAZLTM, WA2VTR p. 16. Mar 72 

2304-MHz preamplifier. solid-state 
WAZVTR p. 20. Aug 72 

2304.MHz preamplifiers, narrow-band 
solid.state 
WA9HUV p. 6. Jul 74 

vhf and microwave 
transmitters 
Aligning vhf transmitters 

Allen p. 58. Sep 68 
Converting the Swan 120 to two meters 

K6RIL p. 8. May 68 
External anode tetrodes 

W6SAI p. 23. Jun 69 
Induct~vely-tuned tank circuit 

W6SAI p. 6, Jul 70 
Lighthouse tubes for uhf 

W6UOV p. 27. Jun 69 
Pi networks, series.tuned 

W2EGH p. 42. Oct 71  
Ssb dnput source for vhf, uhf transverters (HN) 

FBMK p. 69. Sep 70 
Transistors for vhf transmitters (HN) 

W 1 OOP p. 74. Sep 69 
Vhf I~near.  2 kW, design data for 

W6UOV . p. 7. Mar 69 
Water.cooled 2C39 (HN) 

WA9RPB p. 94. Sep 77 
2C39. water cooling 

K6MYC p. 30. Jun 69 
50.MHz customized transverter 

KlRAK p. 12. Mar 71 
50.MHz heterodyne transmitting mixer 

K2lSP p. 8. Apr 69 
Correction p. 76. Sep 70 

50-MHz kilowatt, inductively-tuned 
K 1 DPP p. 8. Sep 75 

50.MHz 2 kW linear amplif ier 
W6UOV p. 16. Feb 71  

50-MHz linear amplif ier 
K l RAK p. 38. Nov 71 

50-MHz multimode transmitter 
K21SP p. 28, Sep 70 

50-MHz transmitter, solidstate 
WB2EGZ p. 6. Oct 68 

5O.MHz transverter 
KBDOC. KBTVP p. 44. Dec 68 

50.MHz transverter 
WA9lGU P. 44. Jul  69 

50-MHz tunnebdiode phone r ig  
KZZSQ p. 74. Jul  68 

144.MHz f m  transceiver, compact 
W6A01 p. 36. Jan 74 

144-MHz f m  transmitter 
W6AJF p. 14, Jul  71  

144-MHz f m  transmitter 
WQSEK p. 6. Apr 72 

144.MH: f m  transmitter. Sonobaby 
WAOUZO p. 8. Oct 72 
Crystal deck for Sonobaby p. 26. Oct 72 

144.MHz heterodyne transmitting mixers 
K2lSP p. 8. Apr 69 
Correction p. 76. Sep 70 

144-MHz linear 
W4KAE p. 47. Jan 69 

144-MHz linear. 2kW. design data for  
WGUOV p. 7. Mar 69 

144-MHz low.drive kilowatt linear 
W6HHN p. 26. Ju l  70 

144-MHz multimode transmitter 
KPlSP D. 28. Seo 70 

144.MHz phase-modulated transmitter 
W6AJF p. 18. Feb 70 

144.MHz power amplifier, hlgh 
performance 
W6UOV p. 22, Aug 71  

144.MHz power empllfiers, f m  
W4CGC p. 6, Apr 73 

144-MHz Dower amolifier. 10-watt 
solld.state (HN) . 
WlDTV p. 67. Jan 74 

144.MHz Dower amolifier. 80-watt. solid.state . . 
Hatchsit 

144-MHz stripline kilowatt 
WZGN 

144-MHz transceiver, e.m 
KIAOB 

144-MHz transmitting converter. 
W6NBI 
Short circuit 

144.MHz transverter 
KIRAK 

144.MHz two-kilowatt linear 
W6UOV. W6ZO. K6DC 

p. 6. Dec 73 

p. 10. Oct 77 

p. 55. Dec 71  
solid.state ssb 

p. 6. Feb 74 
p. 62, Dec 74 

p. 24, Feb 72 

D. 26. Apr 70 
144- and 432-MHz stripline amplif ier/tripler 

K2RlW p. 6, Feb 70 
220.MHz exciter 

WB6DJV p. 50. Nov 71  
220-MHz power amplif ier 

W6UOV p. 44. Dec 71  
220.MHz rf power amplif ier 

WB6DJV p. 44, Jan 71  
220-MHz rf power amplifier. f m  

K7JUE p. 6, Sep 73 
432.MHz amplifier. 2.kW 

W6SAI. W6NLZ P. 6, Sep 68 
4 3 2 . ~ H z e x c i t e r ,  solid-state 

WlOOP p. 38. Oct 69 
432.MHz pbwer amplif ier using stripline 

techniques 
W3HMU p. 10, Jun 77 

432-MHz r f  power amplif ier 
K6JC D. 40.  AD^ 70 

432.MHz solid.state linear amplifier. 
WB6OXF D. 30. Aug 75 

4 3 2 . ~ ~ ;  ssb converter 
K6JC p. 48. Jan 70 
Short circuit p. 79. Jun 70 

432-MHz ssb. practical approach 
WA2FSQ p. 6, Jun 71  

432-MHz stripline tripler 
K2RIW p. 6. Feb 70 

432.MHz 100.watt solid-state power 
amplif ier 
WA7CNP D. 36. Sen 75 

1152- to 2304.MHz power doubler 
WA9HUV p. 40. Dec 75 

1270.MHz v~deomodulated power amplif ier 
W9ZIH p. 67. Jun 77 

1296.MHz frequency tripler 
K4SUM. W4API p. 40. Sep 69 

1296-MHz linear, high.power 
WB610M p. 8. Aug 68 
Short circuit D. 54. Nov 68 

1296-MHz power amplif ier 
W2COH. WZCCY. W20J. 
W l l M U  p. 43. Mar 70 

1296.MHz ssb transceiver 
WAGUAM D. 8. S ~ D  74 

1296-MHz transverter 
K6ZMW p. 10. Jul 77 

2304.MHz power amplif ier 
WA9HUV p. 8. Feb 75 

WITH HEADLIGHT ALARM ' s~co*Osos~AvDnTCH . *YI*UlE s*00zt ALARM 

. SIY ILE lW lRE  HOOK UP 

JWlO %"LEO OIWLAV 

. 1 TO I** I *UTE cOU*lOom 

. I U b G E O A # S C l l t  

-5 O I L  PRESSURE . . I I " I I I " Y L ! * . ' l O l l "  

WING PENDULUM . 7 HOURS AN0 MINUTES DISPLAY 

TIME SET Pusn BUTTONS 

SIMPLE PUSHBUTTON RESET (L 

HOLD TOGGLE SWITCH 

25'VlEWlNG DISTANCE 

6" HOURS8 MINUTES 

3"SECONDS 

- COMPLETE WlTH CASE. 
BRACKET 8 TlME SET 
PUSHBUTTONS 

ALARMOPTION 

SOLID STATE T lME 

P.O. BOX 2159 
DUBLIN, CALIF. 94566 
ORDERS (415) 828-1923 
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nothing There's I 
like it w 

RAOIO AMATEUR callbook 
Respected worldwide as 
the only complete authority 
for radio amateur 
QSL and QTH information. 

The U. S. Callbook has over 
300,000 W & K I~strngs. It l ~ s t s  

calls, l~cense classes, names 
and addresses plus the many 

valuable back-up charts and 
references you come to expect 

from the Callbook. 

Spec~alize In DX? Then you're 
look~ng for the Foreign Callbook 
w ~ t h  a lmos t  300,000 c a l l s ,  
names and addresses of ama 
teurs outs~de of the USA. 

U.S. Callbook $14.95 

Foreign Callbook $13.95 

Order from your favorite electron- 
ics dealer or direct from the pub. 
lisher All direct orders add $1.50 for 
shipping. Illinois residents add 5% 
Sales Tax. 

RAOIO AMATEUR 

Lake Bluff, 111 60044 

Like magic. Hufco's Digi-Dial Adaptor turns any 
frequency counter into an absolutely accurate digital 
display! Inexpensively! With continual display of both kit form 
transmit and recelve frequencies - as fast as you $39.95 assembled 
turn your transce~ver dial1 

With the DI~I-Dial Adaptor your counter easily 
adapts to Yaesu (with a modified version for the Yaesu 
100 and 500 series). Tempo One, Drake (specity if 
"C" model). Galaxy. HalbcraRer, Heath. Kenwood and 

2995 
other transceiver. Tell us which other brand you have. 
We'll tell you ~t the adaptor f~ts.  

Operation requlres only a connecting cable to the 
transce~ver VFO plug. Translates VFO output to 2 
through 2.5 mHz. No internal connect~on or modifi- 
cattons necessaly! Complete instructtons included. 

No frequency counter? Get both the 0ig1-Dial Adaotor 
and a frequency counter from Hufco. We have bas~c 
counter k~ ts  starting as low as $29.95' Enclosed is Check-Money Order-VIWMC OK! 

Quick! Order yours today! N . ~ D  
,,* , , ru  

Please rush me: 
U DI~ I -D~al  Adaptor Address 

$29 95 klt/$39 95 assembled CltyIStateE~p 

Digi-Dial Ada~tor (Yaesu 100 or 500) Car No. Exp. Date 

$39.95 kit/$49.95 assembled 

Complete date on Hufco 
freauencv counters nni l?fG-nGRC 

Get the most 
from 
your antenna! 

With theOmqa-t Antenna Noise Bridge 
you can test for resonant frequency and 

. . impedance..  adjust and retest.. until your 
antenna performs at its optimum. Use 
the Noise Bridge to trim RF lines for best 
performance, too. 

This patented design uses your sensi- 
tive receiver a s  a bridge detector, out- 
performing more expensive test equipments. 

Reduce power loss due to mismatch - 
now! Get more details or order today. 

... Model TE7-01 1-100 MHx nags: $34.95 

... Model TE7- 1-300 MHx naga: $44.95 - ELECTRDSPACE +=ESI - SYSTEMS, INC. 

P.O. BOX 1395 
RICHARDSON. TEXAS 75080 
TELEPHONE (214) 231-9303 

Sold a t  Amateur Radio Dealers 
o r  Direct from Electrospace Systems. Inc. 



Available in all EM standard tones 67.OHz-2035Hz 
Microminiature in size, 125x2.0x.65 high 
Hi-pass tone rejection filter on board 
Powered by 6-16vdc, unregulated, at 3-9ma. 
Decode sensitivity better than IOmvRMS, bandwidth, : 

. Low distortion adjustable sinewave o u t ~ u t  
I Frequency accuracy, +25 

stability k1 Hz 
I Encodes continuousty and 

At lrinn decode, independent or mIK --. .. . J 

hang-ul 
3 Totally 

P 
immune i 

simultane . c .. 

Mred and tested, complete u 
(-1 elemer 
$59.95 
(-1 field replaceable, plug-in, frequency 

;g elemel 

ach 

MICATIONS SF 
RO. BOX 152 

BREA, CALIFORNIP 
(714) 998-302 

x., limited 

The Leader in the Northwest! 

Other locat~ons: TO PLACE ORDER 
(Walk-in customers only) CALL TOLL FREE 

More Details? CHECK-OFF Page 150 december 1977 149 



AwerTi~ers .\/ 
check-of f 

... for literature. in a hurry -- we'll 
rush your name to  the companies 
whose names you  "check-off" 
Place y o u r  c h e c k  mark in the space etween 
name and number . Ex: Ham Radio _&34 

INDEX 

ABC - 571 Janel - 068 
AGL - 558 Jomn  - 628 
ALDA - 625 K-Enterprises - 071 
A N  ' KE Elect . - 072 
Aldelco - 347 Kampp - 613 
A l u m  - YE) Kantronia - 605 
Am . W h d s  Kenwwd  

Elect . - OlU Kester Sdder ' 
Ameco - 331 Klaus 430 
Amsat - 220 Lafayette - 598 
Apollo - 01 1 Llrtle Giant - 011 
Ar t~s t~c  Label - 326 Long's - 460 
Astral - 639 Lunar - 577 
Atlas - 198 Lyle - 373 
Atronics - 382 MFJ - 082 
Bauman - 017 Madison ' 
Budw~g  - 233 Magnus - 578 
Bullet - 328 Masters - 555 
CFP - 022 Marr~c - 084 
CW Elect . - 533 M~crowave F~lter - 637 
CI-g - on NuData - 455 
Cleng - 465 Optoelectronics - 352 
Comm . Elecl - 489 Orlando Hamcation ' 
Comm . Spec . - 3J) Palomar - 093 
Crystal Banking - 573 Parlndga - 439 
Cushcraft - 035 P ~ p a  - 481 
Cygnus Quasar - 549 Poly Paka - 096 
DGM - 458 P r ~ m  - 627 
DX ~ n g  . - m OSA 599 - 838 
Dames C m m  . - 551 RF Power 
Dames - 324 Comp . - 542 
Data Signal 270 RF Power b b a  - g)2 
Dave ' Callbwk - 100 
Dav~s Elect . 332 Radlo World ' . 
Denrron . 258 
Disc-Cap . 449 
Drake . 039 
F T O  . ..... 
Elect . D i t r  . - 044 
Elect . Equip . 

Bank 288 
Electrorpacs - 407 
Er~ckson - 047 
Excel - 535 
GLB - 552 
Gem Quad - 295 
Gray - 055 
Gregory ' 
Gull Elect . 635 
Hal - 
Hal-Tronix - 254 
Ham Center - 491 
Ham Rad~o Pub . - 150 
Hamtronncs - 246 
Heath - 080 
Henry - 062 
Hufco - 403 
lcom - 055 
Int . Circuits - 518 
Int . Crystal - 066 
James - 333 
Jan - 067 

. . 
Regency . 102 
SST . 375 
SAROC ' 
Sentry . 600 
Shemood . 435 
Sol~d State T i m  . 636 
Space - 107 
Spect ron~a - 191 
S D ~ C I N ~  In1 . - 108 
Swan 1 1 1  
TPL _240 
Ten-Tec 
. . 

Tr~stao . 118 
T r o p ~ w l  Harnboree ' 
VHF Eng~neer~ng . 121 
Vanguard ' 
Var~an - 043 
Vtnes - 614 
Webster Comm . - 423 
We~nschenker - 122 
Westcom - 510 
Western Elect . ' 
W h ~ l e h w u r  - 378 
W~lson - 123 
Yaesu - 127 

'Please contact this advertiser directly . 

Limit 15 inquiries per request . 

December 1977 
Please use before January 31. 1978 

Tear ofi and mil t o  

H A M  RADIO  MAGAZINE  . "check off 
G r w n v i l l s  . N . H . mM8 

N A M E  ......................................... 

CALL .................. 

....................................... STREET 

C t N  .......................................... 

STATE .................. .ZIP ................... 

150 december 1977 
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BEGIN 
WlTH THE BEST 

As you develop your skills. in- 
crease your participation in Ham 
Radio activities. and add hard- 
ware for ever-increasing flexibil- 
ity of operations. you'll come to 
know ICOM . Just ask any old 
Ham . ICOM is the quality name in 
VHFlUHF Amateur Radio equip- 
ment because i t  is  simply the 
best . ICOM is the line you'll want 
to move up to for unequaled 
quality and features . 

piece of hardware for your IC-211 
and lC.245. the "AGL SCANNER 
11." It will allow you to use your 
transceiver to scan all 4 MHz In 5- 
kHz steps as the digital display in 
the radio tells you what frequen- 
cy you are listening to . The "AGL 
SCANNER 11" can be mounted in- 
side or outside of your unit and 
has adjustable scan rate . 

Don't delay in moving up . BEGIN 
WlTH THE BEST: ICOM and AGL . 

...... "AGL SCANNER 11" $29.95 
Both the IC-211 and IC-245 are ava~lable 
w ~ t h  SCANNER installed . Call or w r t t e  f o r  

our quote 

BPI . .M R.*iD rn 
CALL US TODA Y 
TOLL FREE A T  
1-800-527-74 18 

CALL 214-241-6414 (in Texas) 
LARRY WASWWH ART K9TRG GORDON N5AU 

MIKE WASUOB MIKE WB5ACM 

TOM KSTM BOB W5XC 

We service and rep8ir 811 major lines of 
Amateur Radio equipment . 

(AGL ~lectronics) 
3068 FOREST LANE. SUITE 309 

DALLAS. TEXAS 75234 

ABC Comrmniut ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  la 
AGLElecn onics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  150 
ALDA Communiwtiw* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
AWRaeerch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118 
Aldeko . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118 
A l u m  Tower Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
Amateur W h W b  E k n o n i a  . . . . . . . . . . . . . . . . . . . . . .  86.87 
Ameco Equtpnmnt Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129 
Amrst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I23 
ApolloProducm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12B 
Artnste Label . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  128 
Astral Elecrronia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
AtlasRad~o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 
Atran#cs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 
R H BaumnSafesCo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116 
Budw~g M lg  . Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110 
Bullet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 1  
CFPCommu niUtiora . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
CW Elect ron~aSab CO . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  102 
Clegg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
Cleng Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  126 
Cammun~cariom Electronia . . . . . . . . . . . . . . . . . . . . . . . . . .  I22 
Commun~wt~ona spseialnu . . . . . . . . . . . . . . . . . . . . . . .  91.149 
Crvslal Banklng Service . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cushcraft 8.9 
CygnusQuasar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  126 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  DGM Eng~neering .... 82 
DX Englneerlng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
Dames Communiwtiom Svatams . . . . . . . . . . . . . . . . . . . . . .  129 
Dames.Ted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116 
Data Sngnal . Inc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 
Dave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  128 
Dav~s Electronia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104.110 
Dentron Radlo Company . . . . . . . . . . . . . . . . . . . . . . . . .  7.65.92 
Dosc-Cap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47 
Drake Co .. R . L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29.126 
Ehrhorn TechnologiwlOpuatiara . . . . . . . . . . . . . . . . . . . . . .  44 
Electronr Dntrtbutors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129 
Electron~c Equ~pment Bank . . . . . . . . . . . . . . . . . . . . . . . . . . .  114 
Electrospece . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  148 
Ertckson C m m u n w t i o m  . . . . . . .  ... . . . . . . . . . . . . . . .  110 
Excel Clrcunta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  122 
GLB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 
GemOuad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1M 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gray Electronics 90 
Gregory Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
Gull Electronm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 
Hal Commun~wtiora C a p  . . . . . . . . . . . . . . . . . . . . . . . . . .  66.67 
Hal Tronnx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 
HamRadooCenta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37.94 
Ham Radto Publvwtiom . . . . . . . . . . . . . . . . . . . .  83.98.102 
Hamtron~cs . lnc . . . . . . . . . . . . . . . . . .  151 
Heath Compeny . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 . Henry Rad~o Storw . . . . . . . . . . . . . . . . . . . . . . . . .  Covarll 122 
Hulco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  148 

. . . . . . . . . . . . . . . . . . .  lcom 
Integrated Clrcuin Unlimited . 
lntnrnar~onal Cw ta l  . . . . . . . .  
James Electron~cs . . . . . . . .  
Jan Crvslals . . . . . . . . . .  
Jones . Marlnn P . & A m  . . . .  
K Enterors% . . . . . . . . . .  
KE ~leciron!cs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1Oi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kampp Electronics Inc 88 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kantrontcs 05 
Trto KenwwdCommuniwtiom . Inc . . . . . . . . . . . . . . . . . . .  74-81 
Ksster Solder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 
Klaus Radfo . lnc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  gB 
Latavette Red10 Electron~a . . . . . . . . . . . . . . . . . . . . . . . . . .  la) 
Little Gnant Antenna Labs . . . . . . . . . . . . . . . . . . . . . . . . . . . .  128 
Long's Electron~cs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  152 
Lunar Electronrs . . . . . . . . . . . . . . . . .  .. . . . . . . . . . . . . .  55.96 
LylePra(uc1s . .  88 
MFJ Enlnrprlses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Madtson Electronic Suwfy . . . . . . . . . . . . . . . . . . . . . . . . . .  128 
Magnus ElectronmCorp . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 
Masters Commun~wt~ons . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 
Marrlc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lm 
NuData Electronia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118 
Optoelectron~u . . . . . . . . . . . . . . . . . . . .  99 
Orlando Hamcation . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109 
Palomar Engnneats . . . . . . . . . . . . . . . . . . . . . . .  116 . 118.120 
Partrtdge IHRl Electronics . . . . . . . . . . . . . . . . . . . . . . . . . .  120 
P~poCommun~cattons ... . . . . . . . . . . . . . . . . . . . . . . . . .  92 
Poly Pals . . . . . . . . . . . . . . . . . . . . . . .  112 
Pome Electron~cs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116 
OSA 593 A m l w r  Radio Cmtm . . . . . . . . . . . . . . . . . . . . .  82 
RF Power Components . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118 
RFPowerLabs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110 
Radm Amateur Callbooh . . . . . . . . . . . . . . . . . . . . . .  34.148 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Radio World 120 
. . . . . . . . . . . . . . . . . . . . . . . .  R a m  Electronics 107 

Regency Electronm . . . . . . . . . . . . . . . . . . . .  ... . . .  6)  
SST Electronnu . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 
SAROC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 
Sentrv Manufacturing . . . . . . . . . . . . . . . . . . . . . . . . . . .  122 
Shewood Engmneanng . . . . . . . . . . . . . . . . . . . . . . . . . . .  108.129 
Soltd State Tnme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  147 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Swce Electronca 122 
Spectron~n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Spectrum l n l e r~ t i ona l  96 
Swan Electronta . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 . !57 . 121 
TPL Commun8cat1ons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  102 
Ten Tec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108.129 
Trt Ex Tower Corp . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
Trvstao Tower Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 
Trop~wl Hamborw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  127 
VHF Eng~neermng . Dv .  of Brownian . . . . . . . . . . . . . . . . . . . .  97 
VanguardLabs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 
Vanan. E n m c  D t m m  . . . . . . . . . . . . . . . . . . . . . . . . . .  Cover lV 
V#nes.JamesK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
Webslef Comrnuniwliona . . . . . . . . . . . . . . . . . . . . . . . . . .  114 
Welnrchenker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 
Wesrcom . . . . . . . . . . . . . . . . . . . . . .  34.93. 108.127 
Western Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  126 
G R Wh~rehouwbCo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
W~lson Electron~a . . . . . . . . . . . . . . . . . .  .. . .  .... . . . . .  95 
Yaesu Electron~csCom . . . . . . . . . . . . . . . . . . . . . . . . .  Cover Ill 



P8 KIT $10.95 
P16 Wired $21.95 
Miniature model for 
tight spaces - only 
1/2 x 2-3/8 inches 

MODEL 

83-190 MHz 
220-230 MHz 

1-1/2 x 3 inches Covers any 4 MHz 
bond i n  mnge Ideal for OSCAR Diode 

U H F  M O D E L  R9O $89.95, protection Connectors 20 dB gain 

For ony 2 MHz segnent of the MODEL 
380-520 MHz mnge 
Sensitivity 0. 8uV 

Optional crystal f i l ter k i t  $10 
88-172 MHz 

Channel crystals 45.95 w 
172-230 MHz 

P 3 5  Wired $34.95 ' 6& Covers ony 6 MHz band i n  6-t bond i n  mnge of 380-520 

ONLY $34.95 
including crystal 

MODEL RF RANGE (MHz) IF RANGE 
MODEL RF RANGE (MHz) IF RANGE 

C432-2 432-434 
200 M W  EXCITER MODULE KITS 

C50 50-52 28-30 C432-5 435-437 T40 Eleven Channel Exciter Kit for 2 M  or 6 M  
C144 144-146 bond.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $39.95 
C145 145-147 Special Other rf 8 i - f  ranges ore 
C146 146-148 28-30 ovailoble on special request T20 Tripler/Driver Module  Kit, 150 mW 
C220 p/o 220-230 28-30 ............................... 2 M  input, 200 m W  450 MHz  output  $19.95 

Speciol Other rf d i-f mnges ore An extruded oluminum wse i s  ovoilable 
ovoiloble on special request for vhf ond uhf converters o t  $12.95, 

including connectors and hordwore. 

r r r r r r r rrr7""'V 

RF POWER AMPLIFIER MODULES 
--- 
Contain scope type probe, ground clip, cable, & .NO T U N I N G  0VSWR PROTECTED 

a l l  components except plug for test equipment. .COMPLETELY STABLE 0 1 5 0 M W  DRIVE 

TE-3 RF Detector Probe for vtvm; good from 
100 kHz to over 500 MHz 

TE-4 Direct Probe for ac/ohms, etc. 

C A T A L O G  O R  T O  P L A C E  O R 1  

*PHONE 7 1 6 - 6 6 3 - 9 2 5 4 .  (Answer , 
COMTEC; 5605 Westluke Ave.; service for evenings and weekends for your 

More Details? CHECK -OFF Page 150 decernber 1977 151 



KENWOOD S-599D KENWOOD R-599D KENWOOD T-599D 
speaker receiver transmitter 
The S-599D speaker is designed specifically R-599D: Entirely solid-state Covers 10- T-599D: Solid-state, except driver and 
for the 599D series station. Frequency 80 meters Highly stable VFO 0s- final stage 10-80 meters Modes: USB. 
range: 100 to 5000 Hz Speaker diameter: cillator for 5 fixed channels Built-in LSB. CW. AM- Effective8-polecrystal filter 
4%'' D~mensions: 5%" W x 5'h" H x 7%" crystal filters Noise blanker Squelch Antenna impedance: 50 to 75 ohms 
D Weight: 3.3 Ibs. circu~t Modes: USB. LSB. CW, AM. FM Carrier suppression: 40 dB Power con- 

Power consumption: 15 watts. sumption: 350 watts. 

BIRD Model 43 
THRULINE wattmeter 
List Prlce: 120.00 

Llst Price: 179.00 

Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM ti1 530 PM, Monday thru Friday. 

- 

MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM. AL 35202 STREET ADDRESS 2808 7TH AVENUE SOUTH BIRMINGHAM. ALABAMA 35233 

152 fl decernber 1977 More Details? CHECK-OFF Page 150 



YAESU PROUDLY ANNOUNCES THE SENSATIONAL 
SMART 

NEWA FT-901 D- YEARS AHEAD WITH YAESU! 

Carrier level control Cathode current, relative 
Keyer ON-OFF and speed power output, ALC level 

Tune Switch 
VOX gain control and PTT/Manual AGC Switch Calibrator and tuning knob Returns transmitter to receive mode 

Transmitter activation switch Slow-fast and OFF noise blanker Transmitter After 10 seconds of tune 

\ \ / Calibrate digital readout / 

Receiver front end 
Attenuator switch 

LSBIUSBIFSKIAM 

Tuneable rejection s 

IF Rejection Frequency Control / ~requency Band S'witch 
IF Pass Bandwidth Control 

Frequency Recall RX I ~6@10MCoverage( 
(1 00 Hz to 2.4 KHz) 

Recall TX External Synthesized VH) Clarifier for transmitter 

Two rugged 6146B1s in the final, with negative feedback H A variable IF bandwidth that 
allows 100 Hz to 2.4 KHz selectivity at the turn of a knob W IF rejection tuning to notch out 
interfering signals W Optional synthesized VFO, or enlarged frequency memory bank 

Selectable AGC W Built in speech processor . Built in Curtis Keyer W Full range 
160-10M coverage H Provision for new WARC frequencies W Meets Part 97.73 of FCC 
requirements. . . . at your dealers soon! 

Design And Specifications Subject To Change Without Notice Or Obligation 

VAESUJ 
pmq -." d.olru**xlu. Is,re pl- V The smart radio 

YAESU ELECTRONICS CORP., 15954 Downey Aue., Pornmount, CA 90723 (213) 633-4007 
YAESU ELECTRONICS CORP., Eastern Service Ctr., 613 Redna Ter., Cincinnati, OH 45215 1A78 
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Get your very own copy of the latest 

I I MAIL-ORDER KIT CATALOG 

~ t a  for almost 
everything In rn - -  electronics; auto 
and marine 

~orlas, 
tereo hl-fl , 

- home products - and much 
more. All 
are easy to 

I build wllh 
;rystal-clear, 
step-by-step . Healhklt 
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