


This amazing pocket sized radio represents the SPECIFICATIONS 
year's biggest breakthrough in 2-meter com- ~ ; , " , " , " ~ X ~ ~ ~ g e  ~ ~ ~ ~ ~ ~ ~ z M H z  

munications. Other units that are larger, heavier Power Requ~rernents 9 6 voc 
and are similarly priced can offer only 6 channels. i;;;z:SDraln 

17 ma standbv 400 ma-transmlt 
N~.cad battery pack ancluded 

The SYNCOM'S price includes the battery pack, ,,,,,,, ,,ohms 
charger, and a telescoping antenna. But, far more D~mens~ons 40 mm x 62 mrn x 165 mm (1 6 " ~  2 5 " ~  6 5") 

important is the 800 channels offered by the S1. R F  Output 
Better than 1 5 watts 
Better than 5 mtcrovoltS 

The optional touch tone pad shown in the ,ccEss,,lEs 
illustration adds greatly to its ~ 0 n ~ e n i e n ~ e  and Telescop~ng whop antenna nt cad battery pack charger 
we have available a 30 watt solid state power OPTIONAL ACCESSORIES 

amplifier designed to give the SYNCOM S-1 the Touch tone pad tone burst generator CTCSS chtps Rubber flex antenn 
Prlce $349 00 (or w~th  touch tons psd $399 00) 

flexibility Of as a and base Tempoelm offan a complete line of solid state porn, amplifien, pocket 
station as well. receavers the FMH-2. 5 (L 42 DOIW~S. the VHFIONE PLUS mot,l~e 

transceiver. and the FMT-2 & FMT-42 remote control mobile transceimt 
All available from Tempo dealers throughout the U.S. 
Call or write for full information. 

11240 W.Olpp ic  Blud ,LosA"geh. Calif 90064 213N11~6701 
931 N Eucl~d. Anahelm. Ca l~ f  92801 7141772.9200 
Butler. Mtssour~ 64730 8161679.3127 
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This NEW MFJ Versa Tuner Il. . 
has SWR and dual range wattmeter, antenna switch, efficient aimound 
inductor, built in balun. Up to 300 watts RF o u t p j  Matches everything 
from 1.8 thru 30 MHz dipoles, inverted vees, random wires, verticals, 
mobile whips, beams, balanced lines, coax lines. 

INDUCTANCE 'N7ENNA 

capacitor. 208 pt. 300 and 30 watts. and RF watts in lor gives more watts out capacitor. 208 pf. 
1000 volt spacing. Pull for SWR. 2 ranges. and less losses. 1000 volt spacing. 

Only MFJ gives you this MFJ.9410 Vena one existing antenna. No need to put up sew 
Tuner II with all these features at this price: rate antennas for each band. 

A SWR and dual nnp wat tmtu  (300 and lncnase the usabb bandwldlh of your m* 
30 watts full scale) lets you measure RF bile whlp by tunlng out the SWR h m  insldr 
power output for simplified tuning. your car. Works great with all solid state rigs 

An antenna switch lets you select 2 coax (Ilke the Atlas) and with all tube type rigs. 
lines direct or thm tuner, random wirelbalanced H travels well, tw. Its ultra compact size 
line, and tuner bypass for dummy load. 8 x 2 ~ 6  inches 111s easily in a small comer of 

A new elflcknt aimound Inductor (12 po. your suitcase. 
sitions) gives you less losses than a tapped TMs beaullful M e  lunar is housed in a 
toroid lor more watts out. transm~ner to any leedl~ne from 160 thw 10 deluxe eggshell white Ten-Tec enclosure with 

A 1:4 balun for balanced lines. 1000 volt Meters whether you have coax cable, balanced walnut grain sides. 
capacitor spacing. Mounting brackets for mo- line, or random wlre. SO-239 coax connacton are provided for 

bile installat~ons (not shown). You can tune oul Ihr SWR on your d i m .  transminer input and coax fed antennas. 
Wlth the NEW MFJ Van8 Tumr I you can inverted vee. random wire, vertical, mobile Ouality l ~ v e  way binding posts are used for 

ntn vnltr 11111 transceiver oower outwt - uo to w h i ~ ,  beam, quad, or whatever you have. the balanced line inputs (2). random wire input 

ANTENNA SWITCH latS you SelUt 2 
coax lines dlnct or thru tuner, w i n l b -  

FROM 1.8 THRU 30 MHz. 

S1.e IS YFJ-9411. hll 

1.8 THAU 30 MHz. 1' I LINESIRANDOM WIRES. I WIRES. 

e r * n 1 2 p l k r c -  1 8 tam 30 m ur m zoo - -- 
h m m  WINS ut Yltthea d l v ~ h .  nn, nnhn w h n  ran: RF ouml whn y h  I( k 11 pa 

an 11 WJOO1 M kss brlvn h Wmd Im Tuner l b n  lndvcta SO239 ro- lm 2,314 h c k s  Ytlchn I S  

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. 

For technical Intormatlon, orderlrepalr status. In Mlsslsslppl, outelde continental USA, call 601.323-5869. - 

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On - 
P. 0. BOX 494 1-1 /-A 

MF J E NT E RPRISE S MISSISSIPPI STATE, MISSISSIPPI 39x2 
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Our society is a very mobile one, and with the recently lowered air fares, more people than ever 
before are traveling by air. It's only natural for the vhf-fm operator, with his portable fm rig, to 
question the possibility of using his equipment on commercial flights. 

It is popularly believed that all you have to do is obtain the captain's permission to operate; surely 
your little two-watt fm rig is not going to cause any interference with the high-powered radio equip- 
ment used on board the aircraft. However, this is not the case - according to the Federal Air Regu- 
lations, approval must be obtained from the air carrier (airline) and not the pilot in command. 
However, once approved by the air carrier, the permission of the captain in command must also be 
obtained to operate equipment aboard a particular flight. 

Shortly after World War II, portable Japanese fm broadcast receivers appeared on the market, and 
passengers started using them aboard commercial flights. At the same time, aircraft navigation 
radios started doing strange things, and it didn't take long to determine that the interference was 
being caused by rf radiation from the portable fm receivers. The aircraft radios literally went wild, and 
at least two aircraft accidents were attributed to interference of this type. 

When it was determined that this interference was present, the FAA promulgated new regula- 
tions, paragraph 91.19 of the Federal Air Regulations. This paragraph states that no electronic device 
may be operated aboard a commercial airliner except heart pacemakers, voice recorders, hearing 
aids, calculators, electric shavers and electric watches, unless the device has been approved by the 
air carrier or operator. The regulation further states that the captain of the aircraft does not have the 
authority to authorize such operation. 

Consider, for a moment, what might happen if such operation were allowed. Suppose you have 
been operating all across the country, and your plane is about to land. A passenger with a briefcase 
telephone sitting across from you has been watching you operate. About 10 minutes before landing, 
he decides to call his wife. Unfortunately, his radio telephone transmits right in the middle of the 
glide slope spectrum. As soon as his transmiter is keyed, the glide slope indicator cross pointer goes 
up or down, and the autopilot follows it. That could be disastrous. 

As an airliner flies across the country, the pilot changes frequency every 5 minutes or so. If several 
fm operators are on the same flight, only one can talk at a time, so some may decide to switch to 
other frequencies. When you figure out all of the i-f and carrier frequencies of the aircraft radios, plus 
the amateur gear, plus all the possible mixing products, you can appreciate the magnitude of the 
problem. 

A few years ago a well known vhf-fm operator prevailed upon an airline to test his Motorola HT in 
one of their aircraft so he could operate during a flight he planned to take. After months of cor- 
respondence and personal meetings with airline communications people (many of whom were 
amateurs), the airline agreed to run the necessary tests. On the appointed day the aircraft was 
removed from line operation and the test began; it took three hours and four men to complete. The 
HT caused no interference, and the amateur received a letter authorizing the operation of that HT on 
that particular trip in only that type of aircraft. It's easy to understand why the airlines, who are trying 
to cut costs, are not enthusiastic about testing an individual's vhf-fm equipment. 

Many fm operators continue to ask the captain's permission to operate, and he may give it, not 
realizing the possible bind he is putting himself in; he could have his license suspended or he could be 
fired. Don't put him in that position, and don't subject yourself and other passengers to a situation 
which could be hazardous to all on board. 

Remember, you may not cause any interference during the trip, but the ILS glide slope receiver is 
used only during the last few minutes of flight, so interference may not be noticed until it's too late! 

Jim Fisk, W1HR 
editor-in-chief 
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zip-cord feedlines 
Dear HR: 

I feel that the article by W7RXV 
(ham radio, April, 1978, page 32) 
deserves a rebuttal. First, I doubt 
the accuracy of Fruitman's measure- 
ments on the coax. As a practicing 
antenna engineer, I have made rather 
precise measurements of the loss of 
both RG-58 and RG-8. The numbers 
that have repeated themselves time 
and time again are very close to 2.0 
dB130 meters for RG-58 at 20 MHz 
and 1 .O dB at 4 MHz. Thus, for a 20- 
meter run, Fruitman should have 
measured 20 per cent (versus his 
claimed 58 per cent) transmission loss 
at 20 MHz. The other numbers are off 
by a proportionate percentage. 

More serious, however, is Fruit- 
man's apparent disregard of meas- 
urement and use techniques between 
coaxial cable and balanced-wire line. 
When he says "the zip cord came 
down and the RG-58 went up" one 
must be a bit suspicious that the two 
different types of transmission cable 
were fed from the same connector. 
Moreover, one must then ask if he 
used the same measurement tech- 
nique for both coax and twinlead 
without the use of baluns. Had he 
made the blunder of not using the 
twinlead properly, the errors he re- 
ports would be expected. The loss is 
not in the twinlead, but in the VSWR 
mismatch. 

I have used lamp (zip) cord on the 
lower bands with reasonable results. 
Of course, you can't go out and buy 
just any old zip cord and hook it up 
without going through a bit of in- 

vestigation. The impedance of zip 
cord varies from about 70 ohms (for 
the light duty wire) to about 30 ohms 
for the super-heavy duty cord. Loss 
is a bit better than the normal 75- 
ohm twinlead. 

Jim Weir, WBGBHI 
VP Engineering 

Radio Systems Technology 
Grass Valley, California 

51 J product detector 
Dear HR: 

I would like to  thank Bill Orr, 
WGSAI, for the fine article in the 
February, 1978, issue of ham radio 
which showed how to add a product 
detector to a Collins 51J receiver. I 
made this modification to my receiver 
and am very pleased with the change. 

However, I did run into a problem 
which evidently did not crop up when 
Mr. Orr made his conversions. I 
found that when I turned up my audio 
gain, the receiver immediately started 
motor-boating. Investigation re- 
vealed it was not motor-boating, but 
was hash pick up from the filter unit 
of the power supply. I tried replacing 
the plug-in type filter capacitor, but 
this did not cure the problem. I finally 
had to add a 10-pF filter capacitor at 
the junction of the screen and plate 
resistors. 

Frisco Roberts, K5CE 
Corpus Christi, Texas 

pi networks 
Dear HR: 

The article by Irv Hoff, WGFFC, in 
the June, 1978, issue of ham radio on 
pi network design was well done and 
fulfilled a need for those interested in 
building equipment. However I'd 
like to point out one minor discrep- 
ancy in an otherwise excellent article 
that may cause some confusion. On 
page 63, Irv points out that an rf 

choke should be used at the antenna 
output of any pi or pi-L network. All 
well and good, but nowhere in the 
article does the author indicate how 
this rf choke should be connected. 
Perhaps it is implicit in the text, but I 
think that a simple addition to fig. 3 
showing how to connect the choke 
would be appropriate. The rf choke 
should be strapped between the an- 
tenna output connector and ground. 
The choke is essential in such a cir- 
cuit in series with the network 
output! 

A. Wilson, WGNIF 
Encinitas, California 

phased antenna 
Dear HR: 

After looking at some of the beams 
(especially 40 meters) I came up with 
a cheaper way to get a signal to the 
West Coast, especially at night. The 
idea was copied from some of the 
other antennas - it's very easy to 
make. I t  uses half-wave dipoles in 
phase, and gives a nice bi-directional 
antenna. Taking in the velocity fac- 
tor of RG-8, which is 0.66, 1 took 492 
x 0.66 and divided that by the fre- 
quency 7.250 MHz= 44'9" for my 
phasing lines, one for each dipole. 

I use a minimum of 118-wavelength 
spacing (16'1"). 1 found very little 
difference between 114-wave and 
118-wave spacing. I've checked it 
with several stations and, with a 
friend to compare signal reports with, 
I ran 500 W PEP while he ran the full 
2 kw PEP. I averaged 2 to 3 S-units 
more than he did all the time. This 
same thing was tried on 75, and I 
got the same results. The stations on 
the West Coast gave me the best 
signal report. I hope this works as 
well for others as it has for me. 

Jerry Thacker 
Francisco, Indiana 
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2 METERS IS GREAT! THAT'S WHY EVERYBODY IS ON THE BAND (so 11 SEEMS), 
AND YOU WlLL HEAR THE POPULAR KENWOOD TR-7400A AND TS-700SP 

TRANSCEIVERS ON ALL THE REPEATERS AND SIMPLEX FREQUENCIES. BUT 
SOMETIMES YOU WISH THE BAND WERE NOT SO POPULATED.. . SO YOU 
COULD GET A WORD I N  EDGEWISE.. .OR MONITOR A RELATIVELY QUIET 

CHANNEL FOR A FRIEND OR T W O . .  .OR HEAR SIGNALS WlTH LESS NOISE.. . 
OR USE A SOPHISTICATED REPEATER OR REMOTE BASE WlTH BETTER 
COVERAGE. 440 MHz IS THE ANSWER. IT WlLL SURPRISE YOU. IT WlLL 

PENETRATE BUILDINGS WHERE 2 METERS WON'T, AND OFTEN YOU CAN EVEN 
WORK OUT FROM UNDERGROUND GARAGES.. .WHERE 2 METERS IS DEAD! 

BEST OF ALL, IT'S EASY TO GET ON 440 MHz (70 CM) . . .WITH A KENWOOD 
TR-8300 TRANSCEIVER. HIGH QUALITY IS CRITICALLY IMPORTANT ON UHF 

BANDS, AND THE TR-8300 IS JUST WHAT YOU NEED TO MEET ALL TECHNICAL 
REQUIREMENTS. I T  FEATURES: 

1 0  watts RF output (switchable to 1 watt) 
23  crystalcontrolled channels (3 supplied) 
445.0-450.0 MHz transmit range 
442.0-447.0 MHz receive range 
Transmitter and receiver adjustable over any 5-MHz 
segment from 4 4 0  to 4 5 0  MHz 
5-section helical resonator and 2-pole crystal filter 
in IF to reject intermod 
SWR protection in final amplifier 
Excessive-voltage and reverse-polarity protection 
circuits 

0.5 pV for 2 0  dB quieting sensitivity 
Better than -60  dB spurious radiation 
2 0  KHz (-6 dB). 4 0  KHz (-70 dB) selectivity 
Monitor switch that lets you check modulation and 
frequency "netting" 
Call CH switch that activates optional CTCSS 
(subaudible tone) function 
Large S meter 

Move up to 440 MHz today.. . with a Kenwood 
TR-8300. . . for more reliable communications! 

TRIO-KENWOOD COMMUNICATIONS INC. 
11  1 1  WEST WALNl ON. CA 90 



BALLOON MOBILE AMATEUR RADIO provided the Double Eagle I1 with vital communications 
as the 112 foot high balloon became the first free-air craft to cross the Atlantic. The 
balloonists, operating as W50CP on 14325 kHz, maintained contact with their ground crew 
in Bedford. Massachusetts, using at Atlas transceiver. 

Though None Of The Three balloonists were themselves Amateurs, there were Amateurs 
(including W50CP) in the Eagle 11's ground support crew. The Atlas had been taken along 
for compact, lightweight backup communications, and when the crew found themselves with- 
out other communications halfway through their trip, their emergency use of Amateur 
frequencies under paragraph 1381 of the International Radio Regulations was not inappro- . - .  - . . 
priite. 

Another Adventurer, Naomi Uemura, JGlQFW, was in Washington in late August for a press 
conference and a celebration of his accomplishment: reaching the North Pole solo. With 
much of the trip's comunications burden carried by Amateur Radio, lots of good PR should 
result 

THE FCC's BAN ON 10-METER LINEARS came an important step closer to being challenged 
when the ARRL filed, in late August, a Petition for Review of the controversial decision 
in the United States Court of Appeals, District of Columbia Circuit. This in effect 
gives the League 45 days in which to prepare a brief on the matter, and, with the League 
Executive Committee meeting at mid month, the final decision on just how far they'll 
carry the matter should be-made then. 

Amateur Use Of ASCII for RTTY is the sole subject of the Notice of Inquiry and further 
Notice of Proposed Rule Making on the "Bandwidth Docket" - 20777. The NPRM will propose 
adding ASCII to the permitted emissions for Amateurs, while the NO1 will ask what. specific 
standards should eo into the new rules. Comment Due Date on this Notice of Inauirv and . - 
NPRM is November y5, with Reply Comments due December 16. 

The FCC-Amateur Media Meetin proposed for this month will probably be devoted to 
Amateur exams - content. studyKguides, exam administration both in and out of the FCC, 
and the like. Dates are available at Gettysburg, but it could be further delayed if a 
10th Notice of Inquiry on WARC 79 requires a meeting of the Advisory Committee on Amateur 
Radio, which could be held at the same time. 

A SIGNIFICANT ANTENNA VICTORY has been achieved by W6QOL. The pro-Amateur Radio deci- 
sion in this case, rendered by the Federal District Court, prohibits the city of Placentia, 
California, from limiting W6QOL's antenna to 25 feet. 

B Its Decision. that court directly contradicted the California State Court's decision 
thatyCerritos. Carifornia, had the right (in the N6QQ case) to limit an Amateur's antenna 
height. Thus it appears that the Supreme Court, which declined to rule last spring on 
the N6QQ decision, will again become involved in the battle, as there are now contradictory 
decisions that must be resolved in the same area of law. 

Another Antenna Battle appears to have been won in Farmington, Michigan, a Detroit 
suburb. Despite strong objections from home owners, the Farmington Heip;hts Planning 
Commission has come out in favor of tripling the permitted height of radio towers from 
the present 25 to 75 feet. In a new ordinance sent to the city council, the planning 
commission proposed increasing the maximum to 75 feet, but with the proviso that the 
tower height could be no more than half the width of the lot. 

1979 ARRL DX CONTEST, having been reduced by the Board of Directors to one weekend 
per mode, will be held in March with the first weekend for phone and the third for CW. 
Preference for February dates from large numbers of U.S. stations has been stronq, citing 
building low-band noise from spring storms as a major problem. But, an informal poll of 
overseas participants indicated a preference for March dates. 

DURING TORRENTIAL RAINS that brought death and destruction to south and central parts 
of Texas, Amateurs served a vital communications role. Nearby Amateurs received first 
word of the disaster at 6:00 AM on August 2, when K5RZD called into San Antonio via re- 
peater to ask for helicopter evacuation of flood survivors from Medina. At about the 
same time, the U.S. Whether Service was calling EC WASRNV asking for Amateur communications 
help. Until the waters started to recede late in the weekend, an estimated 100 Amateurs 
worked around the clock providing much needed communications for rescue workers and surviv- 
ors. In addition to providing disaster conununications, a number of Amateurs monitored 
flood gauges throughout the affected countries to provide Weather Service Chief Hydrolo- 
gist George Kush with vital data for predicting which areas were threatened and needed 
to be evacuated. 

THE FIFTH 2-METER "WAS" has been earned by KlWHS thanks to K9SS and his Idaho operation. 

ANYONE DESIRING CATV cable and/or connectors per the Woods article in September, ham 
radio, should send a self-addressed, stamped envelope to Box 7111, Phoenix, Arizona mil. 
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digitally 
programmable 

high=f requency 
communications receiver 

High-f requency receiver 
for 1-30 MHz 

features up conversion, 
frequency synthesis, 

and novel digital control 
of the rf 

and mixer circuits 

- 
By Norman J. Foot, WASHUV, 293 East 
Madison Avenue, Elmhurst, Illinois 60126 

The high-frequency communications receiver 
described here includes a unique digital interface that 
provides it with unusual capability. The receiver 
covers selected portions of the high-frequency spec- 
trum between 1.8 and 30 MHz with the aid of a fre- 
quency synthesizer that is an integral part of the digi- 
tal display. Coverage includes all of the amateur 
bands, two bands which include WWV, several of 
the international short-wave broadcast bands, and 
most of the CB band. Coverage is not limited to 
these bands. In fact, the basic scheme is such that 
the receiver can be set up to cover the entire range 
from 1.8 to 30 MHz. 

development 
This unusual receiver was developed strictly as a 

hobby over a period of about a year. The object was 
to  design and build a high-performance breadboard 
model that could be controlled from the front panel 
through a digital interface. In many respects, the 
result represents a radical departure from conven- 
tional receiver design. Once the basic scheme was 
conceived, it was only a matter of building up the 
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various functional blocks, integrating them, connect- 
ing the interface, and checking out the entire system. 
A t  first blush this seemed easy, but assuredly it 
was not. 

It is difficult to describe all of the details of the pro- 
grammable receiver in one magazine article. There- 
fore, this article will include a general description of 
the overall scheme with the aid of f!lnctional block 
diagrams, so that a clear understanding of the basic 
idea will be gained. An overall wiring diagram of the 
frequency counter is not included, but special em- 
phasis will be given to the circuits associated with the 
frequency synthesizer. Other circuits that will be . . 
described are those considered to  be unique, such as 
logic control and the high-frequency oscillator. 

general description 
To simplify the development process, the decision 

was made to divide the receiver into physical subas- 
semblies or modules, each including circuitry that 
logically belongs together. Each individual module 
was fitted with BNC connectors for rf and i-f inter- 
connections, and 14 pin DIP sockets were used for 
logic and power. While this modularized approach 
added considerably to physical size and circuit com- 
plexity, it provided a way to easily and quickly 
remove modules to facilitate debugging, modifica- 
tions, and repair. Pertinent test points were included 
on each module. Extender cables were used to oper- 
ate the receiver with one or two modules removed 
from the main frame. 

The modules are mounted on a pair of 28 x 43 x 
5 cm (11 x 17 x 2 inch) aluminum chassis, each 
equipped with a standard 13.3-cm (5-114-inch) high 
relay rack panel. The lower deck houses the circuits 
that function to select and display the frequency to 
which the receiver is tuned, and to convert incoming 
signals to  32 MHz. The upper deck contains the final 
mixer and all of the 1650 kHz i-f, mode select, detec- 
tion, and audio circuitry. These two decks are re- 

Rear view of the =-MHz deck showing the perf-board con- 
struction. 

ferred to as the 32-MHz and the 1650-kHz decks. 
Now that the design has been confirmed by the 

working breadboard model, it should be a relatively 
simple matter to physically reconfigure the receiver 
to fit into a single, standard-size enclosure. 

No printed-circuit layouts have yet been prepared. 
All of the digital circuits were assembled by hand 
using pieces of perforated epoxy fiberglass with a 
hole matrix on 2.5-mm (0.1-inch) centers, such as 
Vector 169P84. Component parts were hand wired 
and soldered using a combination of wire wrap tech- 
nique and no. 26 10.4 mm) tinned copper wire insu- 
lated with Teflon sleeving. 

A major challenge for those wishing to reproduce 
this receiver is to reduce the counter and other IC 
boards to printed circuits. The counter board alone 
includes 27 integrated circuits of which six are LED 
displays. The total IC count is 71. There are a total of 
13 DIP sockets used for power, and three sets of 8 
DIP switches. In addition, there are 34 transistors in- 
cluding series pass regulators in the power supplies, 
and 44 diodes including switching and power supply 
rectifiers and Zener regulators. 

The overall gain of the receiver from antenna to 
product detector output is approximately 122 dB 
when all controls are set for maximum. Overall sensi- 
tivity is 0.2 crV for 10 dB S + N IN  ratio, which is more 
than adequate for most high-frequency require- 
ments. 

The front panel of the 32-MHz deck has a three- 
digit thumbwheel for band and band segment selec- 
tion, a vfo knob for tuning 100-kHz band segments, 
and a six-digit seven-segment LED display which in- 
dicates the antenna frequency to within ? 100 Hz. 
The accuracy of the readout is based on a 1.0 MHz 
crystal clock which is zero beat with WWV. There is 

Construction of the =-MHz deck which includes the main also a unique antenna trimmer, an rf gain control, 

tuning control, frequency display, thumbwheel switches. pilot light, and power switch. 
and rf gain control. The 1650-kHz deck includes a mode switch which 
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A M  F I L T E R  1 F I L T E R  1 

fig. 1. Simplified block diagram of the digitally programmable high-frequency communications receiver. showing the modular construction. The receiver features up conversion to 32 
MHz, a frequency synthesizer, and diode-switched front-end and mixer circuits. 
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allows selection of a-m, USB, LSB, CW, or fm; agc 
release switch, S-meter, audio gain control, i-f gain 
control, pilot light, power switch, and a small loud 
speaker. Each deck includes its own regulated power 
supply. 

Both the band-select thumbwheel switches and 
the mode switch output TTL compatible binary 
codes. The bandswitch thumbwheels provide a cer- 

0 E ; T -  V O L T S  :w 
I  2 3 

T I M E  - S E C O N D S  

basic receiver design 
The ground rules for high performance in a gener- 

al-coverage receiver were elegantly described by 
Wayne Ryder, WGURH, in his recent ham radio arti- 
cle.' He discusses the design criteria for general cov- 
erage, and gives illustrations of up-conversion 
schemes designed to minimize interference from the 
various radio services. 

LIMIT R A M P  
O U T  

fig. 3. Ramp generator used to control the high-frequency oscillator. The tuning ramp is derived from a 566 function generator 
and a pair of 74191 upldown counters which drive an 8-bit digitallanalog converter. All DIP packages are shown as viewed from 
the bonom. 

tain amount of redundancy, since the TENS, UNITS, 
and TENTHS MHz displays always agree with the 
decimal numbers programmed into the thumbwheel 
windows. This verifies that the receiver has indeed 
responded correctly to the command. If an invalid 
command is entered, such as 1.5 MHz, for example, 
the audio output and display are gated off until such 
time as a valid command is programmed. 

The programmable receiver described here is also 
designed for general coverage, although the model I 
built covers selected portions of the high-frequency 
spectrum. It is a double-conversion system with the 
first i-f above and the second i-f below the tuning 
range. The choice of 32 MHz as the first i-f places the 
first local oscillator (hfo) between 33.8 and 61.9 
MHz; therefore, the image hand is between 65.8 and 
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High-frequency oscillator module. The band-select signals 
are connected through the DIP socket. 

93.9 MHz. Although this choice may not be optimum 
in terms of possible interference from local TV or fm 
stations, the tuned front-end rf circuitry provides suf- 
ficient image rejection so that this kind of problem 
has not been encountered, even though I live near a 
major metropolitan area. 

To adequately describe the programmable nature 
of this receiver, it is first necessary to explain the 
block diagram shown in fig. 1. The front end in- 
cludes an rf amplifier and first mixer. The rf input sig- 
nal is up-converted to the first i-f, which has a pass- 
band covering 31.9 to 32 MHz. The hfo signal is 
derived from the frequency synthesizer and operates 
from 33.8 to 61.9 MHz. The vfo for the second con- 
vener tunes continuously between 30350 and 30250 
kHz to down-convert the 32-MHz signals to 
1650 kHz. 

The digital readout uses six seven-segment LED 
displays. The three left-hand digits respond to a 

counter driven by the hfo: the three right-hand digits 
are driven by the vfo. Programmable counters are 
used so the display corresponds to the antenna fre- 
quency rather than either the vfo or the hfo. The 
TENS, UNITS, and TENTHS of MHz are selected by 
the setting of the thumbwheel. The TENS, UNITS, 
and TENTHS of kHz digits read from 0.00 to 99.9 as 
the vfo knob is turned clockwise across its range. 
Thus, the thumbwheel serves as the bandswitch 
while the vfo knob bandspreads 100-kHz band 
segments. 

The first conversion scheme is described analyti- 
cally as follows: 

fhfo = + 32000 (frequencies in kHz) 

wheref, is the signal frequency at the low end of a 
100-kHz band segment. For example, if the receiver 
is tuned to 1800 kHz, the hfo will be phase-locked to 
1800 + 32000 = 33800 kHz. The hfo setting for the 
28.0 MHz band segment would be 60000 kHz. 

The second converter down-converts the 32000 to 
31900 kHz i-f band to 1650 kHz. This requires a vfo 
that tunes from 30350 to 30250 kHz, in that order, so 
that an up-converted signal that falls within the 32- 
MHz passband will be down-converted to 1650, de- 
pending on the setting of the vfo. Therefore, the 
overall conversion scheme is: 

&(low end) = fhF 1650- 30350 

&(high end) = fhfo - 1650- 30250 

For example, if the digits set into the thumbwheels 

ANTENNA 
I N S 1 4  lPdSl4 

1~ 
go 

gl i"g 
t o  : : t o  2 1 0  1 0  

\ 0 0 / 
FROM 7 4 0 0  
RF TVNlNG L O G I C  

A 
FROM 

A M P L I F I E D  
RAMP 

fig. 4. Schematic diagram of the diodbswitched rf amplifier. Band selection is accomplished by providing forward current to the 
1N914 diodes to short circuit portions of the inductor to ground. Similar arrangements are used in the mixer and high-fraquency 
oscillator. 
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L B A N D  S E L E C T  LOGIC 
I N P U T S  ( F I G .  61 

I P C  I N  

fig. 5. Circuit diagram of the digitally controlled high-frequency oscillator. Band-select logic is similar to that used in the rf amplifier and 
mixer circuits in that forward-biased diodes are used to change the value of L2. 

are 141, the hfo frequency is 46100 kHz and the vfo 
tunes from 14100 to 14200 kHz. 

Special care was given to the design of the vfo 
since it is free running and operates at a relatively 
high frequency. The design goal was for less than 
+ 2 kHz drift during the first ten minutes of warmup, 
and less than f 100 Hz thereafter. Short-time drift 
and phase jitter were reduced to negligible values by 
careful bypassing and post regulation of the power 
supply. 

A series of experiments were performed which 
were aimed at synthesizing the vfo, to provide i t  with 
10-Hz steps in conjunction with a front-panel tuning 
knob. However, the approach using continuously 
variable vfo tuning was selected because of its infi- 
nite resolution which gives the operator that 
"smooth" feel. The ten-turn potentiometer used for 
vfo tuning gives more than adequate resolution, and 
allows ssb signals to be tuned in quickly and easily. 
One turn of the vfo knob represents 10 kHz of tuning 
range. The RIT control was added primarily for use in 
net operation. 

The i-f circuits following the second mixer are fairly 
conventional, with the possible exception of the 
AM3705 analog multiplexers, which are used for 
mode switching. Changing modes is accomplished 
with a front-panel switch that outputs 3-bit binary 
words to drive the multiplexers located at appropriate 
places in the receiver. These multiplexers perform 
such functions as bypassing the ssb filter when oper- 
ating a-m, selecting the upper or lower sideband bfo 
crystal, and inserting the narrow CW crystal filter 
into the rf chain in the CW mode. While the switch- 
ing functions are illustrated on the block diagram by 

conventional switch symbols, all switching is actually 
done by binary control from the panel. 

The i-f amplifier is a Motorola MC1590G which 
drives MC1596G product detector. This combination 
is ideal because it allows a single product detector to 
be used for a-m, ssb, and fm. The 1590 provides 
more than 60 dB of agc. In this receiver the agc range 
is extended by using delayed agc on both the rf and 
i-f preamplifier stages, the longest delay being asso- 
ciated with the rf stage. 

The agc voltage is tapped off the agc amplifier and 
fed to an op amp; the op amp drives both the delayed 
agc circuits as well as the S-meter. This approach 
provides a simple way of using a 0-1 mA meter as the 
S-meter. Calibration of the S-meter was accom- 
plished by inserting a Kay attenuator in the i-f circuit, 
feeding a signal to the antenna, and recording the 
deflection of the S-meter for various attenuation 
values. Full scale is adjusted by a potentiometer on 
the op-amp output, while zero is set by removing the 
antenna and adjusting the agc gain control associat- 
ed with the MC1590. 

A GE PA-237 integrated circuit is used as the audio 
amplifier; this drives a small speaker behind the panel 
of the 1650 kHz deck. This is an optional feature 
which admittedly was added for esthetic purposes to 
balance the front panel arrangement. Generally the 
output of the product detector is used to directly 
drive a stereo amplifier, although the built-in speaker 
allows the receiver to be used independently. 

That part of the overall functional block diagram 
( f ig.  I )  which is inside the dotted lines belongs to the 
32-MHz deck. It is primarily involved with the count- 
ers and display, the hfo and vfo, and the digital inter- 
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face. The balance of this article will concentrate 
primarily on the details of these circuits, which col- 
lectively are the heart of the frequency synthesizer. 

function of the counter 
The counter plays an important role in controlling 

the hfo frequency, and it also provides the outputs to 
drive the display. Fig. 2 is a block diagram which il- 
lustrates the basic scheme, but for clarity some of 
the functional circuits have been omitted. For exam- 
ple, DIP switches mounted on the counter board are 
used to program the TENS, UNITS, and TENTHS MHz 
counters. Only one set of these switches is shown in 
fig. 2. Logic inputs such as GATE, LOAD, and RESET 
circuits have been omitted. An excellent article by 
WB2DFA, which appeared in ham radioz, illustrates 

many of the counter, logic, display, and time base 
generator circuits, some of which are used in this 
programmable receiver. Wiring diagrams of some of 
the more sophisticated upldown programmable 
counters will be described later. An article by Phillip 
Rand, WlDBM, in QST3 is recommended if you 
want a better understanding of these circuits. 

For the receiver described here to work properly, it 
is necessary that the hfo be phase locked to harrnon- 
ics of 100 kHz derived from the 1.0 MHz clock. It is 
absolutely essential that the hfo be locked to the cor- 
rect harmonic or line number. This is automatically 
accomplished by means of a ramp which tunes the 
hfo to within a few kHz of the correct spectral line. 
By definition, the hfo is part of a frequency synthe- 
sizer that has the capability to output any one of 281 

B A N D  r 1 . 8 - 2  3 - 4  7 - 8  9 - 1 0  14-15 15-16 21-22 27-28 28-2'9 29-30 M H z  

D E C I M A L  O U T P U T  * 01 0 3  0  7 0 9  14 15 2 1 2 7 2 8  2 9  NOT U S E D  

+ 5 v  

OHM D R I V E R S  

BCD TO D E C I M A L  
DECODERS 

-. 
-- COMPARATOR 

T H U M B W H E E L  

T E N S  U N l  T S  T E N T H S  M H z  

fig. 6. Digital band selector circuit provides binary commands for coil switching in the rf amplifier, mixer, and high-frequency oscillator. To 
maintain circuit tracking, the same voltage ramp is used to tune all three circuits. 
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table 1. Low band edge high-frequency oscillator (hfo) binary numbers counted, the ramp is inhibited. At 
frequencies. this time. the hfo is close enouah to the desired 100- 

input signal hfo 
frequency frequency 

(MHz) (MHz1 

frequencies between 33.8 and 61.9 MHz. Specifical- 
ly, these are 33.8, 33.9, 34.0, . . .61.7,61.8, and 61.9 
MHz. In the breadboard receiver I built, 91 of these 
outputs are available, corresponding to a total fre- 
quency coverage of 9200 kHz. It is not difficult to 
modify the system to include additional bands or to 
change existing bands to cover other frequency 
ranges. 

. - - 
kHz line that there can be no ambiguity. In theory, 
the frequency error immediately prior to lock-up is 
never more than 6.19 kHz, although in practice it 
may be slightly larger. Fig. 2 includes functional 
blocks which illustrate how coarse tuning is accom- 
plished in association with the display counter. Note 
that the third comparator which is associated with 
the HUNDREDTHS hfo MHz is hard wired to respond 
to zero. This counter stage is not associated with the 
display. 

The tuning ramp is derived from a 566 function 
generator and a pair of 74191 upldown counters 
which drive an 8-bit DAC (digital to analog conver- 
ter). The DAC provides infinite memory. When the 
ramp is interrupted, the ramp voltage corresponding 
to the value needed to coarse tune the hfo is retained 
indefinitely, or until a new frequency is programmed. 
Fig. 3 is a schematic diagram of the ramp generator. 
Upldown and inhibit logic signals are derived from 
the cascaded comparators. With this approach, it is 

TO 
BAND - 
S E L E C T  
D I O D E S  

fig. 7. Schematic showing the use of 7408 two-input AND gates to drive the switching diodes in the rf amplifier and mixer cir- 
cuits to reduce fan-out loading on the 74128 drivers in the band selector (fig. 6). Since the same tuning ramp controls the control 
signals to the hfo, mixer, and rf amplifier, tracking is maintained. 

The key to synthesizer operation is the combina- not possible for the hfo to lock to any 100 kHz line 
tion of programmable hfo counters and associated other than the correct one. A momentary interrup- 
comparators. An &bit number is fed to the UNITS tion of power, or any other condition that unlocks 
and TENTHS MHz comparators from the front panel the hfo, causes a repeat of the phase lock action. 
thumbwheels when the desired frequency is dialed. 
A voltage ramp is enabled which tunes the hfo in the front end tuning 
direction of the dialed frequency. When coincidence A schematic diagram of the rf amplifier is shown in 
occurs between the binary numbers dialed and the fig. 4. The rf coils are wired in series with 1N914s 
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S P E C T R U M  
G E N E R A T O R  H F O  1- O U T P U T  I iF0 - 

fig. 8. Functional block diagram of the phase-locked loop used in the receiver. The hfo provides one of two signals to the phase 
detector; the other input from the spectrum generator provides 100-kHz signals throughout the hfo tuning range. Loop band- 
width is about 10 kHz. 

B U F F E R  
A M P L I F I E R  I 

located at coil junctions which provide short circuits 
to ground. A particular band is selected by providing 
forward current to one of the diodes by band-select 
logic circuits which will be described. The rf circuit is 
typical of the mixer and the hfo, each having similar 
band selecting diodes. The ramp which tunes the hfo 
is also used to tune the rf and mixer coils. 

hfo tuning and control 
Since the hfo operates at a much higher frequency 

than the rf and mixer stages, rather than using separ- 
ate coils for each band, a single coil wound with no. 
14 (1.6 mm) tinned wire is used as shown in fig. 5. 
The inductance is self-supporting except for a poly- 
ethylene foam strip which is glued to one side of the 
coil with epoxy cement to make it rigid. The switch- 
ing diodes are soldered to the coil at appropriate 

locations. Because of the inductance of the diode 
leads and the manner they are dressed away from the 
hfo coil, the correct diode locations are found by cut 
and try at first, those corresponding to the highest 
frequency bands being most critical. Each tap is ad- 
justed so that lock up occurs with a ramp voltage of 
approximately 4.0 volts at a frequency corresponding 
to the low end of the particular band. Table 1 lists 
the low end hfo frequencies corresponding to each 
of the 1.0 MHz bands in the receiver. 

Start by dialing 28 MHz, and adjust the inductance 
of L1 until the hfo locks up at 60000 kHz with approx- 
imately 4.0 volts of ramp. Next, with 27 MHz pro- 
grammed, adjust the position of the 27 MHz diode on 
L2 until lock up occurs with about 4 volts of ramp. 
Repeat this process, proceeding toward the 160- 
meter band. An auxiliary counter can be used to con- 

I I 

I 
I I *  I 1 I O O k H z  

I P A R T  O F  T I M E - B A S E  G E N E R A T O R  

L - - - - - - - - - - - - - - - - - - - - A  

fig. 9. Spectrum generator used in the phase-locked loop (fig. 8 )  to generate narrow pulses spaced 100 kHz apart. 
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firm that the hfo locks up at the proper frequencies. 
If the hfo counters are properly programmed, the 
digital readout will agree with the thumbwheel 
numbers. 

programming the counters 
The TENS and UNITS MHz hfo counters are pro- 

grammable. Two sets of DIP switches mounted on 
the back of the counter board contain the program- 
ming switches. Four of these switches are used to 
program each hfo counter stage. 

Each counter can be programmed to initiate its 
count at any number from zero through 9. This is a 
means of advancing each digit to agree with the cor- 
responding antenna frequency digit. If the hetero- 
dyne scheme described here is used, the TENS MHz 
counter should be programmed to 01 11 (7) and the 
UNITS MHz stage for 1000 (8). The TENTHS MHz 
stage is hard wired to 0000 (zero). 

The TENS kHz vfo counter is programmed for 0101 
(5) while the UNITS and TENTHS kHz stages are hard 
wired for zero. In some heterodyne schemes, such as 
one which uses a 455 kHz i-f, the UNITS kHz stage 
should also be programmable. 

band-select logic 
The traditional way to change bands and select 

signals is by means of mechanical devices such as 
multi-wafer switches and ganged variable capacitors, 
although some CB and 2-meter receivers have 
employed frequency synthesizers for channel selec- 
tion. More recently, high-frequency receivers have 
come on the market which use frequency synthesiz- 
ers and digital displays. These are relatively expen- 
sive, but ultimately most high-frequency receivers 
will be manufactured this way.. 

Equipment for CB and 2 meters covers relatively 
narrow frequency bands. For example, a 40-channel 

H F O  
I N P U T  

O U T P U T  
T O  H F O  
T U N I N G  

V A R A C T O R  

fig 10. Parametric phase detector developed by WASHUV. The circuit uses a pair of fast complementary switching transistors to 
provide the required phase inversion without transformers. The gain of the 741 op amp is set at about 15 dB. 
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fig. 11. Unusual antenna trimmer circuit 
used in the receiver maintains tracking 
with the rf amplifier and mixer circuits. 

4.711 
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CB receiver covers a frequency band having a high to 
low frequency ratio of about 1.6 per cent. By 
contrast, the high-frequency portion of this program- 
mable receiver covers 33 per cent of the high-fre- 
quency band between 1.8 and 30 MHz. The tech- 
nique of band changing through front panel thumb- 
wheel switches, together with band-selecting 
diodes, allows a wide range of frequencies to be cov- 
ered with relative ease. 

The binary commands not only perform the rf, 
mixer, and oscillator coil switching function, but they 
program the comparators as well. A pair of SN74141 
BCD to decimal decoder drivers and three SN74128 
current drivers are used to provide TENS and UNITS 
MHz band-switching logic signals. The circuit of fig. 
6 shows how this is done. Note that the TENS 74141 
provides a MHz logic output of 0, 10, or 20. The 
UNITS MHz 74141 provides a logic signal output cor- 
responding to any number between zero and nine. 
The 74128s are current sources which are wired so 
that any one of 12 possible sets of coil selections can 
be made, although only ten of these are used. 

To select 80 meters, for example, 03 is dialed. This 
provides BCD logic signals which turn on the 03 
driver. The current supplied from this driver forward 
biases the appropriate IN914 hfo diode, thus select- 
ing the hfo coil corresponding to the 3.0 to 4.0 MHz 
band. Assuming 3500 kHz (035) is programmed, the 
ramp tunes the hfo until its frequency reaches 35500 
kHz where it becomes phase locked. The vfo now 
tunes the band segment, 3500 to 3600 kHz. 

The same 74128 logic signals are used indirectly to 
select the 3.0 to 4.0 MHz rf and mixer coils. SN7408 
quad two-input AND gates driven from the 74128s 
supply current to the front end coil diodes to reduce 
fan out loading on the 74128s, as shown in fig. 7. 

Note that the rf and mixer coils are tuned with the 
same ramp that tunes the hfo. This is how the rf and 
hfo circuits are made to track; details will be given 
later. 

phase-locked loop 
Having developed a way to coarse tune the hfo, 

the task of phase locking the hfo to the correct har- 
monic of 100 kHz becomes a relatively simple matter. 
Fig. 8 is a block diagram which illustrates a second- 
order phase-locked loop such as the one employed 
here. The hfo, which is part of the closed loop, pro- 
vides one of two signals for the phase detector. The 
other input to the phase detector is external to the 
loop and includes a spectrum of signals spaced 100 
kHz apart. This spectrum extends across the hfo fre- 
quency range from 33.8 to 61.9 MHz. 

The bandwidth of the closed phase-locked loop is 
limited to about 10 kHz so that there can never be an 
ambiguity between line selection. The loop can rec- 
ognize only one line at a time, in spite of the fact that 
there are at least 281 individual sine-wave signals fed 
into the phase detector from the spectrum generator. 
Since it is not necessary to provide a way for select- 
ing individual spectral lines, the spectrum generator, 
illustrated in fig. 9, is quite simple and consists of on- 
ly a single transistor and a few discrete components. 

The crystal clock and decade divider are part of the 
time-base generator. The 2N3563 transistor serves as 
a very fast switch which provides very narrow (16 ns) 
pulses to the phase detector. These narrow impulses 
include fairly uniform distribution of individual sine- 
wave signals extending from 100 kHz to well above 
60 MHz. R-C coupling circuitry is arranged to reject 
most of the unneeded signals below 33 MHz; pulse 
shaping and parasitic capacitance causes the ampli- 
tudes of these signals to roll off rapidly above 60 
MHz. It is necessary to shield the spectrum generator 
to prevent these signals from getting into the front 
end of the receiver. Otherwise, they will appear as 
markers at each end of each band segment. 

phase detector 
A survey of the various types of PLL ICs available 

to perform the phase detection function was disap- 
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table 2. Tuning voltage for the front end and high-frequency 
oscillator. 

input tuning hf o tuning 
frequency voltage frequency voltage 

(kHz) (volts) (MHz) (volts) 

7000 4.00 39.0 4.00 
7100 4.51 39.1 4.25 
7200 5.09 39.2 4.53 
7300 5.75 39.3 4.85 
7400 6.47 39.4 5.20 
7500 7.29 39.5 5.60 
7600 8.11 39.6 6.00 
7700 9.14 39.7 6.50 
7800 10.16 39.8 7.00 
7900 11.40 39.9 7.60 

21000 4.00 53.0 4.00 
21 100 4.16 53.1 4.20 
21200 4.32 53.2 4.40 
21300 4.50 53.3 4.64 
21400 4.65 53.4 4.82 
21500 4.86 53.5 5.09 
21600 5.08 53.6 5.36 

of fast complementary switching transistors which 
perform the required phase inversion without the 
need for transformers. This makes the circuit simple 
and very broadband as well. The circuit is shown in 
fig. 10. The complementary transistors would nor- 
mally produce zero output, since the transistors are 
complementary and one output is 180° out of phase 
with the other. However, the hfo signal, which has a 
relatively large peak-to-peak amplitude, modulates 
the transistor collectors. If the relative phase of the 
hfo is other than 90° relative to the reference signal, 
one of the outputs tends to be suppressed while the 
other is enhanced. For this reason, the phase detec- 
tor is referred to as a parametric phase detector. The 
hfo is the element that controls the amplitudes of the 
other two signals. The amount of unbalance depends 
on the relative phase of the hfo signal and the refer- 
ence signal. When that angle is 90°, the outputs are 
equal and cancel. 

21700 5.30 53.7 5.64 The input to the Schottky diode acts as a common 
21800 5.55 53.8 5.95 summing junction for the three signals: the zero ref- 
21900 5.80 53.9 6.27 erence, the 180° reference, and the hfo. If the output 

pointing in terms of the requirements imposed by the 
programmable receiver. In many cases frequency 
response was the limiting factor - in others the cost 
was too high. Some earlier PLL chips that might 
have had promise were no longer available; more 
recent types are not only expensive, but also require 
considerable peripheral circuitry. I decided to settle 
for a homebrew design. 

The phase detector used for the phase-locked loop 
is an original circuit which I developed. It uses a pair 

of the detector is plotted as a function of the phase 
angle, a discriminator type of curve results. Note that 
the phase detector curve sits on top of a pedestal 
which results from rectification of the relatively large 
hfo signal. This is unimportant since it is cornpen- 
sated for by the offset potentiometer associated with 
the op amp at the phase detector output. Further- 
more, the offset adjustment allows the voltage for 
the tuning varactors to be set to the proper value for 
the low end of each hfo band. 

When the hfo is not locked the output of the phase 

F R O M  T E N T H S  r T H U M B W H E E L  

10 12 I 3  I 5  LO 12 I 3  15 
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fig. 12. Simplified diagram of the cascaded comparators and their output filtering. This circuit provides the ramp sweep stop and 
directional steering commands to the74191 upldown counters in the ramp generator (fig. 3). 



detector is a sine wave at a frequency equal to the frequency to hfo 

difference between the reference sinnal and the hfo. be displayed frequency - 
Lock up occurs almost instantaneously and is diffi- 
cult to see on an oscilloscope. 

The gain of the op amp is set to about 15 dB. If the 
phase-locked loop has a tendency to oscillate, the 
gain of this stage can be reduced by lowering the 
value of the 220k feedback resistor. It is not recom- 
mended that any of the other component values in 
the phase detector be changed. 

spurious signals 
In spite of care in shielding the spectrum genera- 

tor, it was necessary to shield the rf section of the 
receiver carefully and to apply bypassing capacitors 
rather extensively at each terminal of the DIP power 
connector and at the BCD inputs to reduce these sig- 
nals to levels below the ambient antenna noise. 

Spurious signals which were much more difficult 
to control resulted from products of the hfo and vfo. 
Even though these signals are applied to separate 
mixers and are not intended to be associated, both 
the hfo and vfo signals are converted to TTL compat- 
ible levels in the counter where intermixing and har- 
monic generation results. These spurs can be classi- 
fied as follows: 

~ ( v f o )  - N(hfo) = 1650 kHz 

The strongest spur occurs where M = 2  and N =  1 
at 27025 kHz. A smaller spur occurs at 14330 kHz 
where M =  3 and N = 2 ;  a relatively weak spur was 
found at 7012.5 kHz where M =  4 and N =  3. 

The ideal way to eliminate these spurious signals is 
to install a bandpass filter between the first mixer 
output and the second mixer input. This filter should 
cover a band from 31.9 to 32.0 MHz and should have 
sharp skirts. Some excellent filter design articles are 
included in the list of references.4.5 

antenna trimmer 
The circuits associated with the antenna trimmer 

bear little resemblance to conventional antenna trim- 
ming circuits. However it is a very effective tech- 
nique which has the added advantage that tracking 
between the hfo and the rf  circuits is accomplished at 
the same time. 

The voltage ramp that tunes the hfo is also fed to 
the rf and mixer tuning varactors. A front panel 
potentiometer control serves as the antenna trimmer. 
It operates in conjunction with the circuit described 
in fig. 11 which includes a pair of op amps.6 

The way in which the antenna trimmer works is 
best illustrated by an example. First, set the thumb- 
wheels to select 7.0 MHz (070). The ramp voltage 

F R O M  
U N I  r s  MHZ 

l M S B l  D 7 4 S O O  

c o -  

B o -  

A o- 

m T E N S  M H z  C O U N T E R  I S  
P R O G R A M M E D  F O R  0 1 1 1  17)  

a E X C E P T  W H E N  U N I T S  M H z  

26000 58000 
I S  A  O N E  O R  A  Z E R O .  

27000 59000 
28000 60000 
29000 61 000 I f programmed to advance 8 (1000) 

1 Programmed to advance 7 (01 11) 

fig. 13. Logic correction circuit which resolves a minor prob- 
lem with the TENS MHz counter. When en 8 or 9 is pro- 
grammed, the TENS MHz counter and corresponding dis- 
play advances one extra digit because the TENS MHz digit 
advances. An example is given in the text. 

corresponding to the low end of each band is approx- 
imately 4.0 volts, which is the value required to phase 
lock the hfo to 39000 kHz. As can be seen in table 2, 
as the hfo is incremented from 39000 to 39900 kHz 
(which tunes the receiver from 7000 to 7900 kHz), its 
tuning voltage increases from 4.0 to 7.6 volts. Based 
on the sizes of the varicaps used and the total circuit 
capacitance, the rf and mixer varicaps require a tun- 
ing voltage range of 4.0 to 11.4 volts to tune from 
7000 to 7900 kHz. Thus, the change in ramp voltage 
for the front end must be arnplified by the op amp by 
a factor of 2.055 to achieve tracking with the hfo. 

The situation is different in the 21000-21900 kHz 
band where the hfo tuning ramp varies from 4.0 to 
6.27 volts. However, the rf and mixer circuits only 
need a variation of 4.0 to 5.8 volts. Therefore, for 
the amateur 15-meter band, the ramp slope must be 
amplified by a factor of 0.7929. The antenna trimmer 
control automatically makes this gain adjustment 
when it is adjusted for resonance or maximum signal 
strength. The 5k pedestal control is set to provide 4.0 
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the 7485s is connected to pin 5 of the 191s. The 
EQUALS output which stops the ramp is high only 
when all of the 12 counter bits agree with the bits pro- 
grammed, including the hard wired HUNDREDTHS 
MHz bits. 

Since the counters operate in two modes, namely 
COUNT and DISPLAY, the bits are changing during 
the COUNT mode, causing the comparators to output 
fluctuating logic data. To overcome this problem, 

Construction of the modcle containing the spectrum gener- 
ator Ileftl, phase detector [center), and ramp generator 
(right). 

volts output corresponding to  the low end of each 
band. Once this adjustment has been made, it does 
not have to  be readjusted. 

front end alignment 
The antenna trimmer circuit provides a convenient 

way to align the front end coils. Start the alignment 
with 10 meters and proceed in numerical order down 
to  160 meters. This will avoid interaction between 
coil inductance settings. The pedestal potentiometer 
is first set for 4.0 volts output corresponding to the 
low end of the band. The front end coils are then 
aligned. Next, the highendof thebandis programmed 
by means of the thumbwheel switches and the 
antenna trimmer is adjusted for maximum rf gain. 
Without changing the setting of the antenna trim- 
mer, realign the rf coils at the low end of the band. 
Again, check the antenna trimmer setting at the high 
end. Several iterations of this kind are required until 
the inductance of the coils is set so that tracking is 
achieved without having to  radically change the 
antenna trimmer setting when going from the low to 
high end of the band. 

The same procedure is repeated for each of the 
other bands. Once the coils have been aligned in this 
manner, very little adjustment of the trimmer should 
be required after the initial adjustment when a new 
band segment is selected. 

I both of the cascaded comparator outputs are 
modified to  provide suitable output logic sig- 

comparators 
The ramp sweep stop and directional steering 

commands are derived from the three hfo compara- 
tors as previously explained. Sweep control is 
accomplished by cascading the SN7485s as shown in 
fig. 12. Since the 74191 upldown counters in the 
ramp circuit need only a single up/down command, 
pin 5 of the 191s are tied high. However, when the 
ramp is enabled, if the upldown logic level is low, the 
counters count up, which increases the ramp vol- 
tage. Therefore, the MORE THAN cascaded output of 

nals. These relatively simple circuits are shown in fig. 
12. Because of the requirement to filter these control 
signals, there is a finite delay between comparator 
coincidence and application of the logic commands. 
This sets an upper limit to  the ramp sweep rate 
because some overshoot of the hfo frequency 
results. If the sweep rate is too fast, overshoot will be 
sufficient to change the comparator output signals 
before the sweep circuit is stopped, which means 
that the sweep lock circuit will keep oscillating and 
lock up will never occur. 

A total ramp sweep interval of about two to four 
seconds is satisfactory. Only when changing bands is 
there any noticeable delay in hfo lock up. When 
incrementing the thumbwheel switches from one 
band segment to another, there is no noticeable 
delay. 

There is a trivial problem that is related to  the TENS 
MHz counter. Whenever either an 8 or 9 MHz is pro- 
grammed, the TENS MHz counter and corresponding 
display advances one extra digit because the corre- 
sponding TENS MHz digit advances. To avoid this 
problem, the simple logic circuit shown in fig. 13 is 
used. This circuit prevents the TENS MHz counter 

0 
0 10 2 0  30 4 0  5 0  

F O R W A R D  C U R R E N T .  - A  

fig. 14. Resistance of a toward-biased 1N914 diode at 1 kHz,  
as measured with a GenRed 165tJB impedance bridge. Diode 
resistance is important because it affects the Qof the tuned 
circuits used in the receiver. 
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M O D E  S W I T C H  

N O T E .  A I S  L S B  

from advancing whenever the UNITS hfo digit is a 
one or a zero. When dialing 27.0 MHz, for example, 
the hfo frequency is 59 MHz, but when 28 MHz is 
dialed, the hfo advances to 60 MHz. This change in 
the most significant digit from 5 to 6 would normally 
advance the display from 27 to 38. The logic circuit of 
fig. 13 solves this problem. 

I - F  p 
I N  

switching diodes 
As previously explained, 1 N914 diodes are used for 

front end and hfo coil switching. This approach was 
found to be both simple and effective. It should be 
recognized, however, that the forward resistance of 
the diode hasa tendency to reduce the Qof the tuned 
circuits. To minimize this effect, the L/C ratio of the 
front-end coils has been made as large as possible. 
Fig. 14 shows the diode resistance as a function of 
forward current. Note that the resistance drops to 
about 6 ohms at a current of 40 mA, and any further 
increase in current has a small effect on resistance. 
Some simple calculations show that with a circuit 
capacitance of 20 pF at 28 MHz, if the loaded circuit 
Q is 50 without the diode, it drops to 23 with the 
diode; this both increases the rf bandwidth and 
reduces gain. It was found that Q and gain could be 
increased to acceptable levels if parallel-connected 
diode pairs were used with the 10-meter coils. 

The effect of the switching diodes is less pro- 
nounced on the lower bands (it is practically negligi- 
ble at 1.8 MHz). It is possible to control front-end 
gain so that it is nearly the same on all bands by 
adjusting the currents in the diodes. 

P M P L l F l E R  

1 6 5 0 k H z  

fig. 15. Diagram of the ssb mode 
select used in the receiver. This is I F I L T E R  
typical of the analog multiplexing 

G A I N  A D J U S T  
circuits operated from the front- 
panel. 

I 

mode-select circuitry 
The circuit of the ssb mode-select circuit is shown 

in fig. 15. This is typical of each of the analog multi- 

8 3 2 1  

plexing circuits operated from the front-panel mode 
switch. While only five outputs are used, the switch 
has &pole capability. 

-LK:t 

summary 

, ---? yi;.. 
I Z k  

The development of this programmable receiver 
was a much more formidable task than I originally 
envisioned. The receiver as it exists presently repre- 
sents a first phase effort, and much yet remains to be 
done in terms of refinement. The basic idea has been 
proven to be sound, however, and the result is a high 
performance breadboard receiver of advanced 
design. 

It is hoped this article will provide other experimen- 
ters with new ideas and incentives to try their hand at 
something radically new. Additional circuit details 
can be made available to those hearty experimenters 
who are interested in duplic;sting this receiver in part 
or as a whole. Please send me a self-addressed, 
stamped envelope for further details. Readers' sug- 
gestions and constructive criticism are welcomed. 
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super low=noise 
432-MHz preamplifier 

Construction of a 
low-noise bipolar transistor 

preamplifier which offers 
0.8 dB noise figure 

with 15 dB gain 

The heart o f  any successful moonbounce (EME) 
system is the low-noise preamplifier which precedes 
the receiving converter. On 144 MHz, an overall sys- 
tem noise figure of less than 1.0 dB seldom increases 
receiver sensitivity significantly because of the high 
sky noise temperatures of 300° to 4 0 0 O  K. On 432 
MHz, however, sky noise temperatures of l o0  to 20' 
K are possible; this means that decreasing the overall 
system noise figure below 1 dB significantly im- 
proves receiver sensitivity. 

Until recently the popular Fujitsu FJ203 and the 
Fairchiid FMT4575 bipolar transistors have yielded 
the lowest noise figures at 432 MHz - typically 1.25 
dB. The Texas Instruments MS2110, although not as 
well known, also produces noise figures as low as 1.1 
dB at this frequency. Shigeru Sando, JHIBRY, 
introduced an excellent 432-MHz preamplifier using 
NEC's V244 GaAs fet which opened the eyes of 
many moonbouncers.1 With its impressive 0.6-0.7 

'The device is manufactured by the Nippon Electric Company INECl in 
Japan and is being marketed by California Eastern Laboratories ICELI, Post 
Office Box 915. One Edwards Court, Burlingame, California 94010. Cost is 
$17 each in quantities of 1-9, decreasing to $15 each for quantities of 10-99. 

dB noise figure, it beat everything else at the noise- 
figure contests. However, its cost of $120 makes it a 
luxury for most amateurs. 

Recently NEC introduced a new bipolar device, the 
NEW580, which is rated at 0.8 dB noise figure at 500 
MHz. At  $92 each, it appeared to be a mighty com- 
petitor to the V244. Even better, the people at NEC 
came out with the NE64535 at a cost of only $17 in 
single quantities;' it is rated at 1.6 dB noise figure at 
2 GHz with an fT of 8.5 GHz. A t  500 MHz, the 
NE64535 has a rated noise figure of 0.8 dB. 

The NEW535 uses the same chip as the NEW580 
but is mounted in a less expensive hermetically 
sealed Micro-X package. This article discusses the 
design of a 432-MHz preamplifier that uses this 

Construction of the low-noise 432-MHz preamplifier, show- 
ing the placement of the stripline resonator. Output connec- 
tor J1 is to left; input SMA connector is partially hidden by 
the piston capecitor C1. 

y Al Ward, WB5LUA. RR2, Box 65A, 
cKinney, Texas 75069 
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device to obtain measured noise figures as low as 0.8 
dB. The original design was based on the more 
expensive NE64580, but identical results have been 
achieved using the NE64535. 

At the 1977 convention of the Central States VHF 
Society in Kansas City, Missouri, this preamplifier 
measured only 0.1 dB higher noise figure than the 
V244 GaAs fet entered by K2UYH; all other bipolar 
entries had approximately 0.3 to 0.4 dB higher noise 
figures. At 432 MHz, this decrease in noise figure 
over other bipolar devices results in a significant in- 
crease in receiver sensitivity. 

Since I was intrigued by the fact that Shigeru 
Sando was able to use a parallel tuned circuit on the 
input to his V244 preamplifier and still achieve a low 
noise figure, I decided to try something similar. I 
wanted to obtain a low-loss match for minimum 
noise figure and still achieve adequate selectivity so I 
wouldn't require an external cavity. 

The final design uses a parallel tuned circuit with 
capacitive coupling on the input (fig. 1). To minimize 
circuit losses I used a low-loss microstrip line rather 
than a lumped inductor. Resistive loading is used on 
the output and will be discussed later. I am presently 
using this preamplifier without an external cavity and 
have experienced no problems with intermodulation. 
Since the preamplifier is capacitively coupled at the 
input, greater rejection of unwanted signals will oc- 
cur below 432 MHz. When the preamplifier is adjust- 
ed for minimum noise figure at 432 MHz, 10 dB of 
rejection is typically obtained at 200 MHz, 26 dB at 
100 MHz, and 40 dB at 50 MHz. In all but the worst rf 
environments this should be adequate. 

At my location, for example, a broadband FJ203 
preamplifier cannot be used without a cavity, 
whereas the NE645 preamplifier has given no prob- 
lems at all (my location is within 15-20 km of fm and 
N transmitting antennas). If external filtering is re- 
quired, a cavity filter with 0.2 dB loss described by 
Joe Reisert2 will increase the noise figure to only 1.0 
to 1.2 dB, which is still a worthwhile improvement. 

design 
Lacking any sort of tables describing the optimum 

source impedance required for minimum noise fig- 
ure, I initially designed the input circuit for maximum 
gain using the published s parameters for the device. 
The input circuit was then optimized for lowest noise 
figure with a Hewlett-Packard HP-342A automatic 
noise figure meter. The resultant circuit uses a micro- 
strip line with a characteristic impedance of 70 ohms. 

An attempt was made to tune the output circuit to 
increase selectivity, but, as expected, completely 
stable operation was not obtained. As with most 

microwave bipolar transistors operated in this fre- 
quency range, maximum available gain is so high 
that oscillations are common. Stable operation of 
this device was finally achieved with resistive load- 
ing. This method of stabilizing 432-MHz preamplifiers 
was suggested in an earlier article on the FMT4575.2 
However, the selection of the 100-ohm collector re- 
sistor was not arbitrary; in addition to stabilizing the 
preamplifier, it also serves to provide a better match 
to the post-amplifier. Resultant output vswr of this 
preamplifier should be less than 2.0:l. When using a 
post-amplifier with a variable match at the input, no 
problems have been incurred in obtaining stable 
operation. 

While optimizing noise figure, I required some 

R 4  
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R.5 IN914 kg:,T O F  +12 R F C l  VOC IS  NOT 

INCORPORATEDI 

5 6 0 0  

RFCl  I" ,& 0 3 . . j  

, , 
INPUT 16 

J I  NE64.535 

OUTPUT 

TJ2 
d7 d7 

C 1 0.8-16 pF air variable (Jotianson 5200 series) 

C2 0.8-10 pF air variable (Johanson 5200 series) 

C3 1000-pF mica or ceramic disc (not critical) 

C R l  IN914 or lN4148silicon diode 

CR2 9.1 -volt zener (1 N757) 

FT1-FT3 470-1000 pF feedthrough capacitors 

J1 SMA coaxial connector 

J2 BNC coaxial connector 

L1 microstrip line 15 mm (0.6 in.) wide, 53 mm (2.1 in.) 
long, mounted 5 mm (0.2 in.) above chassis 

RFCl  0.39-fiH miniature rF choke 

fig. 1. Schematic diagram of the low-noise preamplifier for 
432 MHz; typical noise figure is less than 1.0 dB. The 
NE64535 transistor is manufactured by Nippon Electric Com- 
pany (NEC) and costs $17 in smi~l l  quantities. 

method of varying the dc bias conditions to deter- 
mine their effect on noise figure. The bias circuit I 
used allows optimization of both VCE and Zc for mini- 
mum noise figure by varying resistors R 2  and R5. 
This method uses both voltage feedback and a con- 
stant base current source to ensure dc stability.3 
(Bias circuit design using this arrangement is dis- 
cussed on page 39.) 

The data sheet for the NE34535 specifies VCE= 8.0 
volts at I c =  7.0 mA. It was found experimentally that 
minimum noise figure at 432 MHz occurs at a Vm of 
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support for one end of the microstrip line; the oppo- 
site end is soldered to the Johanson variable capaci- 
tor, C2. The input matching capacitor, C1, is sol- 
dered directly between the input connector and 
capacitor C2. An SMA-type connector is used on the 
input. Its small size and low loss make it a must for 
low-noise operation. A less expensive BNC type con- 
nector is used on the output. 

To facilitate direct grounding of the two emitter 
leads, I used two solder lugs bolted to the chassis to 
serve as tie points. The lugs are cut off so they stand 
up from the chassis about 3 mm (0.1 inch). This 
allows enough area to conveniently solder the emit- 
ter leads. Keep the emitter leads on the device full 
length. 

The leads on C3 and R1 must be as short, and as 
far away from the input circuitry, as possible to 
reduce any chance of feedback. If the preamplifier is 
built according to  the layout in fig. 3 no shield will be 
required between the input and output circuitry. 

When using a Minibox as an rf enclosure, be sure 
to scrape off any paint or any other nonconductive 
film that may be on the areas where the two halves of 
the enclosure meet. This is best done before assem- 
bly has been started, and is necessary to achieve a 
good rf-tight enclosure. Be sure to use all four 
screws supplied with the Minibox. 

operation 
Connect the output of the preamplifier to the post- 

amplifier or converter with a short section of 50-ohm 
coaxial cable. Terminate the input with 50 ohms. 
With + 12 volts powering the preamplifier, the total 
current drain should be 5 to 6 mA for lowest noise. 
The actual collector current will be about 1 mA less 
than the total current due to the current being drawn 
by resistors R3 and R4 in the bias circuit. At  the rated 
5 6  mA of current, V,-E will be 5-6 volts. Since the ac- 
tual collector current drawn from the power supply is 
a function of the dc current gain (hFE) of the device, 
the value of R2 may have to be adjusted slightly to 
achieve the desired amount of collector current. To 
date, all of the devices tested have achieved similar 
operating parameters and lowest noise figure with- 

fig. 4. Top view of the 432-MHz preamplifier showing the 
layout of the bias circuit. 

Top view of the 432-MHz preamp showing the layout of the 
bias resistors lsee fig. 41. BNC output connector is at far 
right; SMA input connector is to the left. 

out any modifications to the bias network shown in 
fig. 1. 

Optimizing the input network for lowest noise fig- 
ure is most easily done with an automatic noise-fig- 
ure meter, but precise tuning can still be achieved by 
using a weak-signal source or a simple noise genera- 
tor. Start with C l  at about half capacitance and then 
minimize noise figure with C2. Increase C1 slightly 
and then repeak C2 for minimum noise figure. Do not 
increase the capacitance of C1 past the point where 
minimum noise figure occurs. Overcoupling with C1 
broadens the frequency response of the preamplifier 
with no improvement in noise figure. Finally, peak 
the post-amplifier stage into the preamplifier for mini- 
mum noise figure. 

All devices I have tested so far have yielded noise 
figures between 0.8 and 1.0 dB; associated gain at 
minimum noise figure varies from 14 to  16 dB. With 
the added selectivity and lower noise figure obtain- 
able with this device, this preamplifier should make 
for a significant improvement in the reception of EME 
signals as compared with other bipolar devices pres- 
ently on the market. It also does a good job of chal- 
lenging users of GaAs fets at noise-figure measuring 
contests! After nine months of operating 432-MHz 
EME with this preamplifier, I am convinced that it has 
made a worthwhile improvement in the reception of 
weak signals. 
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superhet 
tracking 

calculations 

How to choose 
component values 

for tuning rf 
and local-oscillator stages 

in superhet receivers 

Superheterodyne receivers which have ganged 
tuned capacitors for simultaneous tuning of the local 
oscillator and signal frequency circuits require a 
special design approach. When such circuits are cor- 
rectly designed and adjusted, they are said to  
"track," meaning that each resonant circuit is cor- 
rectly tuned for any frequency setting of the 
receiver's tuning dial. Errors in tracking, if large 
enough, cause loss of receiver sensitivity. 

The following method of calculating component 
values for superhet tuning circuits is not new, but 
I've tried to reduce the procedure to its essentials. 
Interested readers who want to pursue the topic 
should review reference 1, which lists other works 
on the subject. 

the problem 
Fig. 1 illustrates what is to be accomplished. As 

the tuning capacitor is rotated, the receiver's input 
circuits must tune from the lowest signal frequency, 
f i ,  to  the highest signal frequency, f2 .  At the same 
time, the local oscillator (LO) must tune to a frequen- 
cy which is always equal to the signal frequency plus 
the intermediate frequency, the i-f being a constant 

fixed frequency. Although circuits can be designed 
so the LO frequency is lower than the rf or signal fre- 
quency, the method described here requires that the 
LO be higher than signal frequency.' 

Fig. 2 shows the component arrangements for the 
signal and oscillator tuning circuits. In the signal cir- 
cuit, CT represents the distributed capacitance of the 
coil, plus the minimum capacitance of the variable 
tuning capacitor, plus any fixed capacitance neces- 
sary to adjust the circuit. Capacitance CG is the vari- 
able capacitance of one gang of the tuning capacitor 
used for the signal frequency. CGmax is the difference 
between minimum and maximum values of the vari- 
able capacitor. If a variable capacitor section can be 
adjusted from a minimum value of 10 pF to a maxi- 
mum value of 365 pF, for example, then CGmax for 
that capacitor is 355 pF. 

Capacitor CTL in the oscillator circuit represents 
the distributed capacitance of the oscillator coil; its 
value is found by measuring the self-resonant fre- 
quency of the coil with a grid-dip meter; then, know- 
ing the inductance, the capacitance may be calculat- 
ed. In many cases, however, CTL will be so small, 
compared to the other circuit capacitances, that i t  
may be neglected. Cp is called the padder capacitor; 
CTc represents the minimum capacitance of the oscil- 
lator section of the tuning capacitor plus any capaci- 
tance needed for correct adjustment; CGo is the vari- 
able capacitance of the oscillator gang on the tuning 
capacitor. CGomax, used in the equations, is the dif- 
ference between minimum and maximum values of 
CGo. It is not required that the oscillator section of 
the ganged tuning capacitor have the same capaci- 
tance as the rf sections, but, for the equations here, 
its percentage of maximum capacitance vs, angle of 
shaft rotation should be the same as for the rf sec- 
tions. In other words, the rotor plates of the capaci- 
tor should all have the same shape. 

design equations 
Units for the following equations are microhenries 

for inductance, MHz for frequency, and picofarads 

*TO reduce problems with spurious signals, the local oscillator should be By Courtney Hall, WA5SNZ, 7716 La Verdura 
above the signal frequency. Editor. Drive, Dallas, Texas 75248 
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for capacitance. Equations are listed in the order in 
which they must be solved, so that values needed for 
a particular equation will have already been deter- 
mined. I t  is first necessary to define the signal and i-f 
frequencies, then make a few preliminary calcula- 
tions regarding their relationships. Also, the differ- 
ence between minimum and maximum values of the 
tuning capacitor sections must be determined; this is 
best done with an accurate capacitance meter or 
bridge. I am hesitant to accept vendor's ratings, 
especially when buying variable capacitors on the 
surplus market. 

f l  = minimum signal frequency 

f2  = maximum signal frequency 

~ntermediate frequency (i-f) Y- = ' 

Values of components for the signal tuning circuit 
may be calculated as follows: 

: I IGNAL C I R C U I T  O S C I L L A T O R  CIRCUIT  

r-r--1 

- _ GANGED T O G E T H E R  1 

fig. 2. Component arrangement in superhet oscillator and 
signal tuning circuits. In some receiver designs two or more 
identical signal circuits may be used for preselection. 

For geometrical-mean tracking, calculate: 

With the proper value of T determined, proceed as 
follows: 

example 
A receiver is wanted which will tune from 2.5 to 

For the oscillator circuit, there are two methods of 3.5 MHz, and the i-f is to be 0.455 MHz. To add a lit- 

calculation; one is for arithmetical-mean tracking, tle safety factor, it is decided to make the tuning 

and the other is for geometrical-mean tracking. range 50 kHz wider on each end. 

Arithmetical-mean tracking is probably best if the f i  = 2.4:; MHz 
receiver tunes a relatively narrow range of frequen- 

f2 = 3.51; MHz 
cies, while geometrical-mean tracking should be 
used if the receiver tuning range is large, such as fi = 0.41i5 MHz 

f2/f i  = 3. Again, some preliminary calculations are 
needed. For arithmetical-mean tracking, calculate: 3.55  A = - = 1 . 4 4 9  2 .45  

fig. 1. Block diagram show- 
ing the relationship of signal 
and LO frequencies in super- 
het tuning. ( I !  + I , )  T O  i f 2  + I , )  

M I X E R  

each section is measured to have a range of 10 to 365 
pF. Therefore 
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table 1. Results of calculations to prove validity of the CTL = 0 
design approach [see figs. 3 and 4). 

f 09, f 0,,-0.455 
(MHz) (MHz) 

4.0050 3.5500 
3.7812 3.3262 
3.5946 3.1396 
3.2994 2.8444 
3.0746 2.6196 
2.9054 2.4504 

fsig error 
(MHz) (Hz) 

3.5500 0 
3.3257 500 
3.1392 400 
2.8443 100 
2.6195 100 
2.4497 700 

The rf or signal section components may now be 
calculated: 

For proper alignment, and to allow for tuning out 
stray circuit reactance, the inductor should be slug- 
tuned, and CT should have an adjustable com- 
ponent. Remember also that the calculated value of 
CT includes the minimum capacitance of the variable 
tuning capacitor. With these things in mind, the rf 
tuning circuit could be designed as shown in fig. 3. 
The 10-pF minimum capacitance of the tuning 
capacitor, plus the 43-pF setting of the trimmer, plus 
the 270-pF fixed capacitor add up to the calculated 
value for CT of 323 pF. Distributed capacitance of the 
coil has been ignored, but its value can be no more 
than a few pF ad can be easily compensated for by 
slight adjustment of the trimmer during alignment. 
Arithmetical-mean tracking is chosen for the 
oscillator circuit because of the modest tuning range. 

Ignoring the distributed capacitance of the oscillator 
coil gives the following: 

f ( S E T  AT 431 

fig. 3. Design of the signal tuning circuit given in the 
example. 

Using these calculated values, the actual oscillator 
tuning circuit could be set up as shown in fig. 4. 

That takes care of the paper design, but is it cor- 
rect? To find out, I used the calculated values of the 
capacitors and inductors, then chose several discrete 
values for CG and CGo, the sections of the variable 
capacitor, and calculated the resonant frequencies of 
the rf and LO circuits for each value. Table 1 shows 
the results. 

For perfect tracking, each oscillator frequency 
minus 0.455 MHz should exactly equal the corre- 
sponding signal frequency. The errors are so small 

Tl l lMMER 10- 365 
(SET AT 281 

fig. 4. Design of the oscillator tuning circuit. 

that they can be attributed to rounding off calcula- 
tions in each step of the procedure; therefore, the 
overall method appears valid. 

remarks 
No allowances are made for effects of coupling the 

resonant circuits to other circuit components, which 
will certainly' have some impact. If the range of the 
adjustable components does not allow proper align- 
ment and tracking, then the values of some compo- 
nents may have to be slightly changed. The small dis- 
tributed capacitance ( C T ~ )  of the oscillator coil, 
which was ignored, causes slight errors in the calcu- 
lated values of the oscillator padder, Cp, and trim- 
mer, CTc, but Cp is SO large that the error is negligible 
there, and CTc may be adjusted to compensate for 
the error. 

Information on correct superheterodyne alignment 
techniques is available to amateurs elsewhere,2 but 
the design equations presented here have, in my 
opinion, been too long absent from contemporary 
amateur literature. 

references 
1. F. Langford-Smith, Radiotron Designer's Handbook, 4th edition, 1952, 
page 1002. 
2. William I. Orr, WGSAI, Radio Handbook, 20th edition, 1975, page 19.31. 
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k 
by.. 

CW signal 
processor 

A simple means 
for eliminating 

QRM from CW signals 
by using 

a phase-locked loop 
and audio oscillator 

By William B. Jones, W K G Z ,  5319 Northeast 
109th Street, Vancouver, Washington 98665 

Almost from the very beginning of ham radio, 
there has been interference. With varying degrees of 
success, numerous devices have been designed to 
combat this problem. Modern technology has pro- 
vided us with such things as narrow-bandwidth crys- 
tal filters, active audio filters, Q-multipliers, and 
acoustically resonant transducers, to  name just 
a few. 

There is another method of providing interference 
rejection for the CW operator, though it has been 
largely ignored except by a scant few. This involves 
the use of narrow-bandwidth, integrated-circuit tone 
decoders, or as shown in this article, the LM567. 

The LM567 is a phase-locked-loop tone decoder 
which can be made to respond to a tone anywhere 
from less than 1 Hz to approximately 500 kHz. For my 
use, the range is adjustable from roughly 500 Hz to 
1100 Hz. The bandwidth has been set to about 50 
Hz either side of the center frequency. In other 
words, if the LM567 is set to a center frequency of 
750 Hz, it will respond to  any signal from 700 Hz to  
800 Hz and ignore virtually all others. 

circuit description 
A CW signal from the phone jack of a receiver is 

fed to the 8-ohm winding of T I  (see fig. 1). This 
transformer presents a low-impedance termination 
for the receiver audio stage, as well as providing a 
voltage step-up for the input of the LM567. The two 
1N34A germanium diodes across the secondary 
limit the audio voltage to near the optimum value 
for the tone decoder. The three resistors and the 
capacitor connected to pins five and six determine 
the frequency range over which tones can be decod- 
ed. When a tone of the proper frequency is present 
at the input terminals, the output (pin 8) goes to  
ground and causes the LED to  light. 

The waveform at the output of the LM567 is some- 
times a little ragged, and, for that reason, it is fed 
through one half of a 7413 Schmitt trigger. This 
stage transforms the output waveform to a square 
wave with very fast rise and fall times and also per- 
forms the inversion necessary for the following 
stage. 

It wasn't until a prototype was constructed that a 
problem became known. The output of the tone 
decoder stays low for a few milliseconds after the in- 
put signal stops. The net result is to increase the 
"weight" of the keyed signal. That is, it decreases 
the spacing between code elements. To counteract 
this problem, a 1000-ohm resistor was connected 
between the output of the LM567 and the input of 
the 7413. Also, there is a 3.3yF capacitor from the 
input of the 7413 to  ground. This combination delays 
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the switching time of the 7413 after the tone decoder 
goes low. The end result is to restore normal weight 
to the keyed signal. The values specified were experi- 
mentally derived and may be adjusted to suit individ- 
ual tastes. The third stage is the familiar NE555 timer, 
wired as a keyed audio oscillator. 

In operation, a CW signal is tuned in on the receiv- 
er and the frequency control of the CW PROCESSOR 
is varied until the LED begins to blink in unison with 
the incoming signal. This indicates that the LM567 is 
tuned to the proper frequency and is decoding the 
CW being presented to it. Activating S1 will replace 
the live audio with the tone generated by the 555. 

It takes approximately 10 to 15 millivolts of audio 
from the receiver to activate the tone decoder. This 
corresponds to a rather weak signal (S3 to S4 would 
be a fair guess) in most receivers. Obviously then, 
the CW PROCESSOR is quite sensitive and does not 
take a "block-buster" signal to make it work. 

From time to time, you will encounter signals that 
shift frequency, fade into the noise, or become oblit- 
erated by stronger adjacent signals. As these situa- 
tions occur, the CW PROCESSOR will stop respond- 
ing to the signal, with the resultant loss of audio. The 
circuit shown in fig. 2 was added to automatically 
switch the output from the receiver back to the head- 
phones, after an adjustable delay. 

Once again, the NE555 timer is pressed into serv- 
ice, this time as a monostable multivibrator. The ad- 
dition of a single PNP transistor transforms the cir- 
cuit into a negative recovery monostable.1 If this 
circuit is incorporated into the CW PROCESSOR, S1 
will be replaced by the contacts on K1. 

It should be pointed out that if a relay with a 5- or 
6-volt coil is unavailable, it is quite permissible to sub- 
stitute one with a 12-volt coil and operate the second 
NE555 from the 12-volt supply line. The circuit per- 

8 O H M S  

3 9 k  

fig. 2. For periods when you experience loss of signal, this 
circuit will automatically switch back to live receiver audio 
after a suitable delay. If a relay with a 5-volt coil is not avail- 
able, the circuit can also be powered from + 12 volts. 

formance is identical in either case. Of course, the 
additional NE555 is not absolutely necessary to the 
performance of the CW PROCESSOR, but it does add 
a considerable amount of operator convenience. 
Whether it is included or not is entirely up to the in- 
dividual builder. 

construction 
Because everything is operating at audio fre- 

quencies, layout and construction are definitely not 
critical. My version was constructed on a printed cir- 
cuit board with hole spacings adjusted to suit the size 
of components on hand. Alternatively, perfboard 
and hardwired connectior~s could be used with 
equally reliable results. 

On the subject of parts and pieces, note that all of 
the necessary parts to build your own version of the 
CW PROCESSOR are listed in the Radio Shack cata- 
log. Reasonable amounts of latitude may be taken 

fig. 1. Schematic diagram of the signal processor. The 567 is a phase-locked loop which is configured to respond to tones from 
500 to 1100 Hz. The Schmitt trigger reduces the weighting effect caused by the output of the PLL remaining low after removal of 
the audio signal. Since the processor requires a + 5  volts, a simple 3-terminal regulator can be used to power the unit from a 12- 
volt line. 
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CW signal processor with the case removed, showing lay- 
out and construction. Relay is mounted on separate circuit 
board installed on top chassis rail; other circuit board is 
mounted on standoffs on bottom rail. 

with regard to parts values since few are critical. 
However the capacitors associated with the LM567 
and LM340 should be low-leakage types; tantalums 
are recommended as the best choice in this case. 

The enclosure was garnered from the local surplus 
emporium and is pretty much a one-of-a-kind item. 
Any box large enough to accommodate the parts 
will be suitable. In the early developmental stages, 

the CW PROCESSOR was operated with no enclo- 
sure at all and no problems were encountered. This 
would suggest the possibility of using a nonmetallic 
box instead of the more common aluminum cabinet. 

summary 
The CW PROCESSOR is not a cure-all for all QRM 

problems; it does have its limitations. For example, 
the 100-Hz bandwidth talked about earlier is valid 
only for signals not exceeding approximately 300 
millivolts at the input of the LM567. As is sometimes 
the case, you will be trying to copy an S5 signal with 
the CW PROCESSOR and an S9 signal only 200 Hz 
away will disrupt reception. Also, if you are trying to  
copy a heavily weighted CW signal, the CW PROCES- 
SOR will aggravate the situation unless an absolute 
minimum of signal is presented to the input. 

All things considered, however, using the CW 
PROCESSOR has been pure joy. Operator fatigue is 
greatly reduced by not having to listen to all of the 
garbage normally associated with ham band signals. 
It is amazing how well this device snatches a barely 
readable signal out of the noise and transforms it into 
the kilowatt-next-door category. Build one for your- 
self and see what a difference it makes at your 
station. 

reference 
1. Don Lancaster. TTL Cookbook. Howard W. Sams. Indianapolis. 1974. 
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birdie suppression 
in the Swan 160X 

The Swan 160X is a 400-watt PEP input transceiver 
for 160 meters. Unfortunately, it is no longer made. 
During its lifetime, there was little interest in the 160- 
meter band. Now, that interest is growing, the 160X 
is a prized piece of equipment for the "top band" en- 
thusiast. A few 160Xs are available second hand, but 
they are quickly snapped up and do not stay on the 
dealer's shelves for any length of time. 

A minor problem with the 160X is a birdie or cross- 
over product which falls in the passband of the 
receiver. It can be heard as a carrier, or heterodyne, 
at about 1834 kHz. Though not particularly loud, it 
can be very annoying when you're looking for a weak 
DX signal. 

An investigation of the mixing technique in the 
160X shows that the spurious signal is a result of un- 
wanted mixer products from the VFO and the carrier 
oscillator, 03. At spurious frequency of 1834 kHz, 
the carrier oscillator is at 5.500 MHz and the VFO is at 
7.333 MHz. The third-order product of these two fre- 
quencies is: 
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Birdie= 3f2- 2f1 

where, 
f = 7.333 MHz 

fi = 5.500 MHz 

or. 16.500- 1 4 . 6 6 6 ~  1.834 M H ~  

The birdie may be reduced to an amplitude by 
placing a trap tuned to 14.666 MHz in the output lead 
of the VFO. This is easy to accomplish since the out- 
put signal from the VFO appears at the accessory 
socket (J6) located on the rear apron of the 160X. It 
is merely necessary to  break the lead in the plug and 
insert a small trap as shown in fig. 1. The trap can be 
made up of very small components and mounted 
directly to the pins of the plug, which should always 
be in place when an auxiliary VFO is not used. (Since, 
to my knowledge, an auxiliary VFO was never built 
for the 160X, this is a moot point!) 

If a compression-type capacitor is used, the trap is 
easily adjusted by tuning the transceiver to 1834 kHz 
and adjusting the capacitor for minimum birdie 
response in the receiver. 

Bi l l  Orr, W6SAI 



I 8EMEMBEB WPE llf... 
. . . People wore highbutton shoes . . . Eisenhower was President I . . .  Hardly anyone opemted on 220 MHz 

TPL COMMUNICATIONS has kept up with the changes and now offers 
to the many 220 MHz operators a wide variety of amplifiers. 

I Model Power In Power Out 
*401 to 5W 30 to 45W * These models may 
401 B to 4W 30 to 45W be ordered with a 

*801 
220 MHz 8016 

5 to 5W 60 to repeater option 
I to 4 W  60to 90W 

*801C 15to30W 60to 90W 
*I301 5 to 15W 90 tol30W 
*1301C 15to30W 90tol30W 

See these and other fine TPL amplifiers at your dealer listed below. 
ACTION RADIO CW ELECTRONIC SALES CO. HAM RADIO OUTLET PORTLAND RADIO SUPPLY 
Ave. Pinem 1271 1401 Blah St. 5375 Kearney Villa Rd. 1234 SW Stark 
Caparra Terrace, PR 00920 Denver, CO 80202 San Diego, CA 92123 Poflland, OR 97205 
(809) 782-21 26 (303) 893-5525 (71 4) 560-4900 (5113) 228-8647 
AMATEUR RADIO SUPPLY E.I.S.C. 13754 Victory Blvd. RESCO 
6213 13th Ave. South 11305 Elkn St. Van Nuys, CA 91401 1506 Kanawha Blvd. E 
Seattle. WA 98108 Wheaton, MD 20902 (21 3) 988-221 2 Charleston. WV 2531 1 
(206) 767-3222 (301) 946-1 088 H.E.M.E.C. (304) 342-2470 

AMATEUR ELECTRONIC SUPPLY ERICKSON COMMUNICATIONS 217 W. Guiierrez St. SL.EP ELECTRONICS CO. 
4828 W. Fond du Lac Ave. 5935 Milwaukee St. Santa Barbara, CA 93101 Hwy. 441 - Franklin South 
Milwaukee. WI 53216 Chicago. IL 60646 (805) 963-3765 Otl:o, NC 28763 
(414) 442-4200 (312) 631-5181 HONOLULU ELECTRONICS (704) 524-7519 
AMATEUR RADIO CENTER HAM-BUERGER 819 Keeaumoku St. THE COMM CENTER 
2805 N.E. Second Ave. 68 N. York Rd. Honolulu. HI 96814 9624 Ft. Meade Road 
Miami, FL 33137 Willow Gmve, PA 19090 (808) 949-5564 Laurel, MD 20810 
(305) 573-8383 (215) 659-5900 LONG'S ELECTRONICS (301) 7920600 

ADIRONDACK RADIO SUPPLY HAM RADIO CENTER 2808 7th Ave. South TOWER ELECTRONICS 
185 W. Main St. 8340 Olive Blvd. Birmingham, AL 35233 24001 Alicia Parkway 
Amsterdam, NY 12010 St. Louis. MO 63132 (800) 292-8668 (local toll free) M~ssion Viep, CA 92675 
(518) 842-8350 (31 4) 9936060 (local) (800) 633-3410 (out of state toll free) (714) 768-8900 
B R f r S  2-WAY RADIO SERVICE (800) 3z5-3636 (toll free) MADISON ELECTRONICS SUPPLY TRACY'S ELECTRONICS 
2508 N. Atlanta Road HAM RADIO OUTLET 1508 McKinney 5891 Westcreek Drive 
Smyrna. GA 30080 2620 W. La Palma Houston. TX 77002 Fort Worth, TX 76133 
(404) 432-8006 (local) Anaheim, CA 92801 (713) 658-0268 (local) (817) 292-3371 
(800) 241-9961 (toll free) (71 4) 761 -3033 (713) 497-5683 (nights) TUFT'S RADIO ELECTRONICS 

999 Howard Ave. N & G DISTRIBUTING 209 Mystic Ave. 
Burlingame. CA 94010 4545 NW 7th St. Medford, MA 021 55 
(415) 342-5757 Miami. FL 33126 (617) 395-8280 

(305) 443-61 i 9 

COMMUNICATIONS INC. 1324 W. I ~ ~ T H  ST.. GARDENA. CA 90247. (273) 538-9874 

I Canada: Lenbrook Industries, Ltd., 1145 Bellamy Rd., Scarborough, Ontario MI  H 1 H5 
Export: EMEC Inc., 2350 South 30th Avenue, Hallandale, Florida 33009 
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30-M Hz preamplifier 

A low-noise preamplifier 
which maybe used 
to improve 10-meter 
receiver sensitivity, 

improve OSCAR 
communications, 

or extend 
Gunnplexer range 

The apparent sensitivity of many communications 
receivers seems to  fall off above about 25 MHz be- 
cause of the lower levels of external galactic and ex- 
ternal noise at these frequencies.1 When the 10- 
meter band is wide open, this isn't particularly no- 
ticeable, but when propagation conditions are mar- 
ginal additional sensitivity makes a big difference in 
DX performance. 

A receiver which has an adequate noise figure on 
20 and 15 meters may be marginal on ten; also, front- 
end circuits which have been optimized for the lower 
amateur bands don't always work as well as they 
should at  28 MHz. This is especially true wi th 
vacuum-tube rf amplifiers. Since 10 meters is open 
perhaps three years during the 11-year sunspot 
cycle, and then for only a few hours each day, it is 
understandable why the designers don't pay more at- 
tention to 10-meter performance. 

If you operate on the vhf-uhf bands and use your ' receiver as a tunable i-f, noise figure is extremely 
important because it affects the noise performance 
of your vhfluhf converter. Satellite communications 
can also be improved by better receiver sensitivity, 
and if you operate on 10 GHz with a Gunnplexer, you 

By James R. Fisk, W1HR. ham radio, Green- 
ville, New Hampshire 03048 
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fig. 2. Dc bias circuit for vhfluhf applications stabilizes col- 
lector current with voltage feedback through resistor Ra 
and maintains constant base current with RBI and RB2. A 
design example is given in the text. 

can double your effective range by lowering your 
system noise figure by 6 dB. 

30-MHz preamp 
The 30-MHz i-f preamplifier shown in fig. 1 is 

based on a design by engineers at Microwave As- 
sociates using low-noise npn silicon planer transis- 
tors." These transistors exhibit excellent noise figure 
vs current characteristics, which results in extremely 
low noise figure and wide dynamic range. The circuit 
provides 19 dB gain with a noise figure of about 1.1 
dB; compression of 1 dB occurs at an output of -7  
dBm. The 3-dB bandwidth of the preamplifier is 10 
MHz, and the input is designed to match the 200- 
ohm source impedance of the Gunnplexer mixer 
diode. Circuits for matching the preamp to 50 ohms 
are discussed later in this article. 

The noise figure of the Schottky mixer diode in the 
Gunnplexer is specified at 12 dB maximum, but many 
units are better than this. With careful design, proper 
impedance matching, and the use of an i-f preampli- 
fier with a 1.0 to 1.5 dB noise figure, some users have 
reported system noise figures well below 10 dB. This 
represents a significant increase in reliable com- 
munications range. 

*Microwave Associates transistors are available from G. R. Whitehouse, 
Newbury Drive, Amherst, New Hampshire 03031. 

bias circuit design 
One factor which is often overlooked in vhf circuit 

design is the dc bias network. At low frequencies an 
emitter resistor is often used to provide negative 
current feedback for dc stability. In low-noise vhf ap- 
plications, however (and this includes 28 MHz), the 
emitter bypass capacitor which is an efficient rf by- 
pass at the design frequency often introduces low 
frequency instability. Furthermore, any series emitter 
impedance, no matter how small, results in a de- 
gradation of noise figure and gain. Therefore, vhf cir- 
cuits which are designed for lowest noise or maxi- 
mum gain require that the emitter lead be grounded 
as close as possible to the transistor package to keep 
emitter series feedback to an absolute minimum. 

The transistor variable which has the most effect 
on dc stability is collector current. If you study the 
transistor's parameters, you'll find that gain and 
noise figure are the most sensitive to changes in 
bias, and both are stronger functions of collector cur- 
rent than of collector-emitter voltage, VCE. There- 

fig. 3. Suggested circuit for matching the low-noise pream- 
plifier stage to 50 ohms. 

fore, the ultimate goal in dc bias design is to stabilize 
collector current. The temperature-sensitive param- 
eters which affect collector current are the internal 
base-emitter voltage, VBI:; the dc current gain, 
hFE; and the reverse collector current, ZCBO. Nor- 
mally Z C ~ o  is expected to double for each 10°C tem- 
perature rise, but because of surface currents in uhf 
and microwave transistors, ICBo increases at a rate 
much less than this and can usually be neglected in 
vhf bias design. 

Fig. 2 shows a dc bias circuit which stabilizes 
VBE and hFE by using voltage feedback through RB 

fig. 1. Low-noise preamplifier has a noise figure of 1.1 dB at 30 MHz and 3 dB bandwidth of 10 MHx. Gain is 19 dB. Total current 
drain with a + 10 volt supply is 13 mA. All resistors are 114 watt carbon; bypass capacitors are !50-volt ceramics. 
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and a constant base current source from resistors 
RBI and ~ ~ ~ . 2  Not shown are the rf chokes which 
must be placed in series with the base and collector 
(RFCl and RFC2 in fig. 1). 

The design equations for this bias circuit are given 
in fig,. 2. First determine the available supply voltage 
Vcc, select the desired transistor operating point 
( VCE and Ic), and check the transistor data sheet for 
dc forward gain hFE. If hFE data is unavailable, as- 
sume h ~ ~ = 5 0 ;  this is a fair assumption for many . - 
vhfluhf transistors. To ensure a constant base cur- 
rent source, the voltage VBB is set at approximately 
three times the base-emitter voltage, VBE, or about 
2 volts for silicon transistors ( VBE= 0.7 volt). The 
current through RBZ is set at five times the base cur- 
rent IB. Since IB=IC/hFE, the current through R B ~  
is 51C/hFE. The current flowing through Re, is the 

fig. 4. Schematic and construction of a 4:l rf transformer for 

fig. 5. Full-size printed circuit layout for the low-noise pre- 
amplifier. 

30-MHz preamplifier in fig. 1 uses the nearest stan- 
dard resistance values. 

In the output emitter follower stage dc stabiliza- 
tion is provided by current feedback produced by the 
470-ohm emitter resistor; the input impedance of this 
stage is approximately 50 ohms. The emitter follow- 
er is used to drive a 50-ohm coaxial cable to the first 
i-f stage or front end rf amplifier. If the preamplifier is 
located very close to the 28-30 MHz rf stage, the 
emitter follower may be omitted. 

input matching - 
matching 200 ohms to 50 ohms. The transformer consists of 
18 turns sliahtlv twisted  air number28 (0.3 mm) enamelled Another important consideration in low-noise am- - .  
wire on a T-50-6 toroid form. 

sum of the current through RB2 plus base current or 
61C/hFE. 

The noise-figure curve at 30 MHz for the Micro- 
wave Associates 42001-509 transistor shows a rather 
broad minimum centered around Ic= 3 mA; hFE is 
about 90. With a 10-volt dc power supply, VcE is 
selected to  be 6 volts. Using the design equations of 
fig. 2 yields the following bias resistor values: RB= 
39k, RB2= 12k; RBI = 20k; and Rc=  1250 ohms. The 

plifier circuits is the design of the input matching cir- 
cuit. For the 42001-509 transistor the inout imoe- 
dance for optimum noise figure is 100 + j$ ohms at 
30 MHz. The input pi network (Cl, L1, C2 in fig. 1) 
transforms this to the 200-ohm source impedance of 
the Gunnplexer mixer diode. The output of the first 
stage is matched to the approximately 50-ohm input 
of 02 with C3, C4, C5, and L2. 

If you wish to use this preamplifier in a %-ohm 
system you can either modify the input matching cir- 
cuit or use a 4: l  rf transformer. A suggested %-ohm 

fig. 6. Component byout of the preamp clrcult board. Note that RFC1 Is mounted on the toll sldo of 
the board to prernnt coupling to RFC2. 
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input circuit is illustrated in fig. 3. Construction of a 
simple 4:l rf transformer which will match 200 ohms 
to 50 ohms is shown in fig. 4. 

construction and test 
. Fig. 5 shows a full-size, printed-circuit layout for 

the low-noise 30-MHz preamplifier; the component 
placement is shown in fig. 6. Note that the rf choke 
in the base circuit of Q1 (RFC1) is mounted on the 
foil side of the board; this is to prevent unwanted 
coupling to RFC2, which is located nearby. When 
winding the toroid coils, be sure to spread the wind- 
ings evenly over the circumference of the form. 

With slight modification the circuit board will ac- 
commodate the 50-ohm matching circuit of f ig. 3. 
L1 and C2 are soldered to the same circuit pads as L1 
and C2 in the 200-ohm matching circuit. C1 replaces 
the 1000-pF blocking capacitor; however, it may be 
necessary to drill new holes because of the wider 
spacing of the tabs on the variable capacitor. 

fig. 7. Mlnimum loss pad which may be used to match 200 
ohms to 50 ohms. Pad loss of 11.5 dB must be considered 
when making noise or gain measurements. 

Since most rf signal generators and noise-figure 
meters are designed for a %-ohm system, and the 
preamplifier is designed to match 200 ohms, you 
must take a 4:l impedance transformation at the in- 
put when tuning the preamp. You can use the 4:l 
rf transformer if you wish, or the minimum loss padf 
shown in fig. 7. This pad has approximately 11.5 
dB loss, which must be considered when making 
gain or noise measurements. 

For best operation the preamplifier should be ad- 
justed for minimum noise figure, but this is not pos- 
sible if you don't have access to noise-measuring 
equipment. Tuning the preamplifier for maximum 
gain will degrade noise figure slightly, but noise per- 
formance will still be better than that available with 
most 28-MHz receivers or 30-MHz i-f strips. 

' A  minimum 1- pad is a resistance wd which will provide an imp- 
dance match between unequal terminations with the smallest possible 
attenuation. 

references 
1. James Fisk, WIDTY, "Receiver Noise Figure, Sensitivity, and Dynamic 
Range - What the Numbers Mean." ham radio. October, 1975. page 8. 
2. Kenneth Richter. "Design DC Stability Into Y w r  Transistor Circuits." 
Microwaves, December. 1973. pagem. 
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"FRONT END" BY 

Features 
LOW Cost 
Hlgh Sensltlvlly 
Integrated Assembly 
Electronically Tunable 
Hlgh Rellab~llty 
Low Operallng Voltage 

THE GUNNPLEXER SYSTEM The 
fascination of amateur microwave IS unlque. Microwave sys- 

t ems  have an 'exotlc' ring to them. Until the appearance of 
the Gunnplexer, getting into microwaves required either a six 
foot rack of surplus gear or a friend on the inside of a micro- 
wave hardware supply company. The Gunnplexer has 
changed all of that; now you don't need any friends in the 
microwave business (in fact it may be better if you don't 
haveany prior microwave knowledge because the Gunnplexer 
pretty much throws away the book on standard microwave 
design practices!). 
Equally fascinating is the wide band capability of the micro- 
wave region. The 10GHz assignment has spectrum-space for 
11 1 simultaneous video (4.5 MHz wide) channels. Try that 
even using SSTV in the 20 meter assignment. 

The bottom line on microwaves is simply that it will do 
much more communicating than you might first suspect. 

TWO-WAY COMMUNICATIONS 
The primary application of Ihe Gunnplexer "front end" IS 

for 2-way communications. Two units, one a transmitter and 
the other a receiver down converter, are used with thelr car- 
rier frequencies off-set to provlde a reasonable IF (30 MHz or 
higher). Applications range from linking remote receivers to 
VHF repeaters, transmitting color video, llnking homemade 
computers, iullduplexmountain top DXing or over water duct 
DXing. A separate power supply and simple FM modulator 
must be provided; the MA-86551 (17 dB) horn antenna 
(shown here) is suggested. 

WHY A GUNNPLEXER? Amateur micro- 
wave communlcatlon 1s fasclnatlng and challen Ing Now 
with the revolutionary MICROWAVE ASSOCIATES $unnplexer 
front end this exot~c form of communlcatron IS ava~lable to vlr- 
tually anyone. And at an unbeltevably low cost1 

MA-87141-1 2 Complete Gunnplexer Transceivers 
(MA-87127-1, 15mW typical and 2 horn antennas 
MA-86551, 17dB) just $199.95 plus $2.00 shipping 
and handling. 

Send for our complete Gunnplexer Introductory Package 
VISA and Mastercharge Orders Welcomed. 

Exclusive distributor for MICROWAVE ASSOCIATES producls 
in the Unnedsrares and Canada. 
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clean Iocal=osciIlator chain 
for 1296 MHz 

An easy-to-build 
LO for 1296 MHz 

which can be optimized 
without a spectrum analyzer. 

Outputs are 
also available 

for 220 and 432 MHz 

Development of  a local-oscillator chain for 1296 
MHz which can be tuned up without a spectrum 
gnalyzer, yet has an acceptably clean spectrum, has 
been a long-time goal. I have built several LO chains 
which required the use of a spectrum analyzer and 
several hours of trimming to tune; when they quit in 
the midst of a contest, there was no recourse. This 
article describes a 1296-MHz LO chain which can be 
tuned up in a few minutes with minimal test equip- 
ment, including a tripler which needs no tuning. The 
spectrum analyzer photographs were taken after 
tuning was completed; it was not used during the 
tuneup procedure. 

What is an "acceptably clean spectrum?" Very 
simply, it is one which produces no birdies in the op- 
erating band. More quantitatively, the following cri- 
teria are arbitrarily defined: 

1. No spurious (not harmonically related) outputs 
2. Undesired harmonics of oscillator suppressed 
more than 40 dB 
3. Undesired harmonics of oscillator well 
separated (spacing more than 5% of output 
frequency) 
4. No harmonics near the i-f band 
5. Low noise content 

Now examine f ig  . 1A, the local-oscillator spectrum 
of a typical 432-MHz converter with a fairly low 
frequency oscillator, followed by two single-tuned 
transistor triplers. This coriverter has enough birdies 
so the band never sounds dead! 

The causes of the poor spectrum of fig. 1A are in- 
sufficient selectively, excessive multiplication factor, 
and inefficient multipliers. Increasing the oscillator 
frequency spaces the harmonics and eases the selec- 
tivity, or filtering, problem. However, a single transis- 
tor is still an inefficient multiplier; it would much 
rather amplify than multiply, so the output always 
has a strong fundamental component. (A tripler also 
has a strong second harmonic component). One 
solution is the use of idlers, but they make tuning 
very critical and usually add a tendency to parametric 
oscillations. Diode multipliers have the same prob- 
lems, but with added loss (transistor multipliers often 
have gain). 

A more effective solution is the use of natural 
multiplying circuits. A push-push doubler was des- 
cribed several years ago.l.2 This basic circuit was 
incorporated into both doubler stages of a 432-MHz 
local-oscillator chain; the resultant spectrum shown 
in fig. 1B. This system has worked beautifully for 
more than two years. 

Recently, a push-pull tripler was added to the out- 

By Paul C. Wade, WA2ZZF. 153 Woods Road, 
Somerville, New Jersey 08876 

42 october 1978 



fig. 1. Spectrum analyzer display of the 
local oscillator chain for a typical 432- 
MHz converter, A, showing the large 
number o f  undesired spurs. Other 
displays show the output spectrum of 
the local-oscillator chain described in  
this article. (Measurements made wi th  
Ailtech 727 spectrum analyzer at 10 dB 
per division.) 

A. Local-oscillator spectrum of a typical -MHz converter, 
after tuning for cleanest output with a spectrum analyzer. 
Horizontal scale: 100 MHz per division. 

500 MHz IMX) MHz 

6.  Output from the low-frequency multiplier chain de- C. 1152-MHz output from the frequency tripler for use as a 
scribed in this article. Output at384 MHz is approximately 20 local oscillator on 1296 MHz. Output is approximately 0.5 
mW. Horizontal scale: 100 MHz per division. mW. Horizontal scale: 200 MHz per division. 

D. Display of the 1152-MHz output showing the noise spec- E. Spectrum of output available from Jl is easily filtered for 
trum. Horizontal scale: 1 MHz per division. Contribution use as a local oscillator for 220-MHz equipment. Horizontal 
from spectrum analyzer is probably significant. scale: 100 MHz per division. 
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put to build a 1296-MHz local oscillator. The push- requires phase reversal only at the input, which is 
pull tripler had been a stumbling block because of easily provided by a trifilar wound transformer or a 
the requirement that the outputs, as well as the in- balun. If an untuned transformer was used at the 
puts, be 180° out of phase; the push-push doubler output, it would be a broadband amplifier rather than 

UIA 
C A 3 0 4 9 T  

01 
2N4124 

I 
01 

FERRITE 
BEAD 

1.2-4.2 pF air variable (E.F. Johnson 189-501-5) 

1.3-6.7 pF air variable (E. F. Johnson 189-502-5) 

0.02 ,tF (chip capacitor or very short leads) 

36 pF (chip capacitor or very short leads) 

IN4148 or IN914 silicon diode 

6 turns no. 24 (0.5mm) Formvar close spaced on 3/16" 
(5mm) coil form with green slug; tap at 1 K turns 

4 turns no. 18 ( lmm) tinned wire, 3/16" (5mm) ID, 518" 
(16mm) long; tap at 1 % turns (optional link: 1 % turns no. 
22 (0.6mm) insulated wire, 3/16" (5mm). installed near hot 
end of L2) 
40 nH printed inductance 

43 nH printed inductance 

60 nH printed inductance 

Q3,04 

RFC 

Tl .T2 

printed transmission lines. XI4 long at 768 MHz, Z, chosen 
to provide correct tuning inductance at 1152 MHz 

2N4124 

2N5109, MSC 80099, or equivalent (2N3866 usable with 
lower gain) 

2N5179 (case floating - case cut off flush with base) 

ferrite bead with 2 turns no. 30 (0.25mm) Formvar 

4 turns no. 30 (0.25mm) trifilar wound on large ferrite bead, 
p=900 (Ferronics 11-090-J; suggested replacements: 
Amidon FT-25, mix 43 or Amidon 801 ferrite bead. mix 43) 
3 turns no. 30 (0.25mm) trifilar wound on ferrite bead, 
p =  125 (Ferronics 21-030-K; suggested replacements: 
Amidon FT-25, mix 61 or Amidon 101 ferrite bead) 

RCA CA3049T 

78L05 

96 MHz third-ovenone crystal 

fig. 2. Schematic diagram of the 1152-MHz local-oscillator chain. Outputs are available for use on 432 MHz (cable A) and 220 MHz 
(Jl) .  Cable A is short piece of semi-rigid coax. Components marked with an asterisk may be critical or may need adjustment for 
optimum performance. Printed-circuit boards are shown in figs. 3 and 4. 
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fig. 3. Printed-circuit layout for the single-sided low frequency board (output at 384 MHz). 
Component placement is shown in fig. 6. Material is single-clad 1.5 mm (1116'7 GI0 circuit 
board. 

a tripler. The brainstorm which made this work was 
to use a rat-race coupler at the output. As used in 
this circuit, two input signals which are 180° out-of- 
phase at the resonant frequency combine at the out- 
put port, while other phases and frequencies com- 
bine in the terminating resistor. The rat-race is not 
critical so no tuning is required. 

The frequency tripler is followed by a printed- 
circuit filter made up of quarter-wavelength stubs; 
the output spectrum is shown in fig. 1C. For detailed 
descriptions of the rat-race and printed-circuit filter, 
see Howe's excellent book, Str~j~line Circuit Design.3 
Fig. ID shows the noise spectrum of the 1152-MHz 
output - none is evident down to the noise floor of 
the analyzer (on this non-optimum range for this 
measurement); fig. 1E is the output of the first 

doubler, at Jl, for use as a 220 MHz local oscillator, 
or for connection to a frequency counter. 

The major objection to push-push doublers and 
push-pull triplers is that two transistors are required. 
However, prices for usable vhf /u hf transistors have 
dropped to the point that they are available in the 15 
cents to $1 range. As an alternative, several matched 
transistors on the same chips can be bought as an 
integrated circuit. The single CA3049T used for both 
doublers costs $1.13 from a local dealer. While the 
prices of semiconductors have been steadily de- 
creasing, prices for capacitors and coil forms, 
needed for idlers and filters in conventional multi- 
pliers, have increased. 

Construction is straightXorward and requires no 
machining; all frequency-determining elements 

fig. 4. Active side of the double-sided 1152-MHz triplerlfilter circuit board. Unetched reverse side serves as the 
ground plane. Material is 1.5 rnm (1116'7 double-clad GI0  circuit board. 
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fig. 5. Construction of transformers T I  and Ti?. Turns are 
counted by the number of times the wire passes through 
the center. Wire is no. 30 to no. 34 (0.250.16mm) Formvar 
coated. T3 is similar except it consists of three turns. 

above grid-dipper range are printed. Printed-circuit 
layouts are shown in fig. 3 and 4. Component place- 
ment may be seen in the photographs. Transistors 
0 3  and 0 4  have their leads bent outward along the 
printed lines about 0.1 inch (2.5mm) below the case 
(the fourth lead, case, is cut off flush so the case is 
not connected) as shown in the close-up photo- 
graph. 

The trickiest part in building the LO chain is wind- 
ing transformers T I ,  T2, and T3. T I  and T2 consist 
of four trifilar turns on a large ferrite bead such as a 
Ferronics 11-090-J (@ = 900) as shown in fig. 5. All 

21-030-K ferrite bead (@=125). Transformer T2 is 
installed on the copper foil side of the board to mini- 
mize lead length. Cable A in fig. 2 is not installed yet; 
a temporary jack is installed instead. 

Tuneup is also straightfotward. Monitoring the 
power at J1, tune L1 and the trimmer capacitor 
across L2 for maximum output. Check the frequency 
with a frequency counter, wavemeter, or grid-dipper. 
It may be necessary to reduce the value of C2 for 
maximum output with different crystals. Roughly 0.1 
milliwatt is available from J1 with the small link. 

Stripline filter for the low-noise amplifier. The bolts through 
the board ensure an adequate ground connection at the end 
of the quarter-wavelength filters. 

windings are wound at the same time for a total of 12 
turns. The four turns are counted from the inside - Next, terminate J1 with 50 ohms and monitor the 
not the outside. Also shown in fig. 5 are the trans- output at L5 through the 120 pF capacitor (cable A 
former connections and how they are installed in the not yet installed). Adjust C3, C4, C5, and L2 trimmer 
circuit. Construction of transformer T3 is similar for maximum output (approximately 20 mW). If con- 
except it consists of 3 trifilar turns on a Ferronics venient, check frequency - if not, note capacitor 

+12-I4V 820 7ZW 

- .- .; 8 

n 

12" 

,. * *P 
- - 

-I" 

fig. 6. Component placement for the low-frequency multiplier board. Foil side is shown in fig. 3. 
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fig. 7. Component placement on the 1152-MHz triplerlfilter board. Foil layout is shown in fig. 4. Contrary to other 
component placement diagrams. this diagram is shown from the etched side of the board. 

rotor settings in the photographs. Of the three units 
I have built, the only one which did not proceed 
smoothly to this point had a defective IC section. 

Now either proceed to  the tripler or (optional) go 
back and fine tune the doublers. Small adjustments 
to  the coupling capacitors tapped off L1 and L2, to  
the output of the voltage regulator (vary the 330-ohm 
resistor), and to all previous tuning points may help. 

Finally, install cable A. Approximately 0.5 mW 
( - 3  dBm) should be available at J2. If the output is 
low, varying the voltage on Q3 and Q4 (set by CR3) 
may help. If the output is still low, wrap a small 
square of aluminum foil over the bare end of a Q-tip 
and poke around the stripline circuitry while monitor- 
ing the output; if it is working normally, nothing 
should produce a significant increase in output. 
However, if a balanced mixer" with variable dc bias is 
used, local oscillator powers as low as - 10 dBm will 
probably not significantly degrade the noise figure, 
if the mixer bias is set at the LO level to be used. This 
combination was the lowest noise-figure 1296-MHz 
converter measured at the 1977 Eastern VHFIUHF 
Conference. 

The printed stripline (technically microstrip) ele- 
ments, the rat-race and filter, were chosen partly for 
their non-critical nature. They have moderate in- 
herent bandwidth, so the output frequency could be 
shifted +5% with no changes. Conversely, the 
dimensions are not too critical. For example, the 

characteristic impedance of the rat-race is approxi- 
mately 66 ohms vs the design value of 70 ohms be- 
cause it was laid out using standard printed-circuit 
tape. For greater frequency changes, it is primarily 
the length of the lines, rather than the width, which 
changes. If major changes are contemplated, further 
research3.5 is suggested. 

This local-oscillator chain, together with a simple 
balanced mixer, provides a relatively easy way to  
listen on 1296 MHz; a varactor tripler would complete 
a basic station. Since there are no critical adjust- 
ments, it can be confidently built with moderate test 
equipment and skill, yet it has the stability and spec- 
tral purity required for an advanced station. Portions 
of the chain are usable for 220 and 432 MHz as they 
stand; the addition of a doubler to 2304 MHz is 
contemplated. 

references 
1. C. Andren, "Low-Cost 100- to200-MHz Doubler has 5 dB Gain. 
1% Distortion," Electronic Design, 1 September, 1970. page84 
2. D. E. Schmi-er, DJ4BG. "Frequency Multiplication With High 
Spurious Signal Rejection," VHF Communications, November, 
1971, page 248. 
3. H. Howe, Stripline Circuit Design. Artech House, Dedham, 
Massachusetts, 1974. 
4. P. Wade, W A W F ,  "A High-Performance Balanced Mixer for 
1296 MHz," OST, September. 1973, page 15. 
5. H. S. Keen, WZCTK, "Microwave Hybrids and Couplers for 
Amateur Use," ham radio, July, 1970, page 57. 
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WHERETHE HAM IS KING 

LET US QUOTE YOUR SPECIFIC NEEDS FROM 
OUR $2,000,000.00 AMATEUR GEAR INVENTORY. 

TEMPO 

TEN-TEC List 
Tritan IV 699.00 
Tritan IV Dig 869.00 
Century 21 299.00 
Century 21 Dig 399.00 
Also All Accessories 

VIBROPLEX 

WILSON List 
Mark II 229.95 
Mark lV 259.95 
1402SM 254.95 
1405SM 329.95 
1407SM 384.95 
Also All Accessories 

YAESU List 
FT-101 F 799.00 
FT.lO1FE 759.00 
FT-101 FX 699.00 
FL-21OOB 529.00 
FT-301 769.00 
FT-301 D 935.00 
FT-901 DM 1459.00 
FT-901 D 1259.00 
FT-901 DE 1259.00 
FL-101 649.00 
FR-101 D 749.00 
FR-101s 599.00 
FRG-7000 655.00 
FT-227R 349.00 
FT-225R 840.00 
FT-625RD 895.00 
Also All Accessories 

AEA List 
AD-1 Autodialer 129.95 

ATLAS List 
350 XL 1 195.00 
350 P.S. 229.00 
305 VFO 155.00 
DD6-XL Digital 229.00 
DMK-Deluxe Mobile Mt. 65.00 
210X 765.00 
215X 765.00 
Also All Accessories 

B&W 
COLLINS List 
KWM2A 3533.00 
32S3A 3250.00 
75S3C 3000.00 
516F2 440.00 
Also All Accessories 

DENTRON List 
MLA 25008 899.50 
160-10AT 129.50 
MT2000A 199.50 
MT3000A 349.50 
Jr. Monitor 79.50 
Also All Accessories 

lCOM List 
IC245 SSB 689.95 
IC380 480.00 
IC21 1 850.00 
IC701AC 1650.00 
Also All Accessories 

NPC 
WM NYE 

KENWOOD List 
TS820S 1098.00 
TS820 919.00 
TS520S 739.00 
TS700SP 729.00 
TR7400A 399.00 
VF0820 155.00 
VF0520 139.00 
SM220 329.00 
Also All Accessories 

MIDLAND List 
13-510 399.00 
13-513 499.00 
Also All Accessories 

R. L. DRAKE List 
T4XC 699.00 
R4C 699.00 
TR71DR7 1295.00 

165.00 MN4C 
MN2000 250.00 
Also All Accessories 

STANDARD List 
SRC146A 259.00 
C-6500 379.00 
Also All Accessories 

SWAN List 
3508 649.95 
350D 749.95 
7WCW 679.95 
Also All Accessories 

ANTENNAS ROTORS TOWERS 
ROHN TOWERS 

MOSLEY ~ 1 s t  
TA33 264.50 
TA33JR 197.85 
~ ~ 3 6  392.75 
CL.33 304.75 
CL.36 392.75 

MORGAIN List 
75-10HD 74.50 

CUSHCRAFT ALLIANCE List 
HD73 179.95 

HY-GAIN u-loo 69.95 

HUSTLER HY-GAIN List MORGAlN THGDXX 296.95 

MOSLEY TH3MK Ill 219.95 
TH3JR 144.50 

ROHN TOWERS HY QUAD 229.95 
WILSON 18 AVTIWB 97.00 

18HT 299.95 
ALLIANCE 
CDE 

Give us a try before you buy Call Jim Titus Toll Free 
and ask him to quote your requirements from this ad 

CDE List 
HAM Ill 194.93 
TPTX 349.95 
~ ~ 4 4  154.95 
BT-1 11 4.95 

WILSON List 
SY-1 274.95 
SY-2 219.95 
WV-1 79.95 
WRlOOO ROTOR 469.00 
W R ~ O O  ROTOR 149.95 



WHERE THE HAM IS KING FOR 0 ~ ~ ~ ~ 3 0  YEARS w 
PICK YOUR OWN PACKAGE 

KENWOOD KENWOOD YAESU 

TS-520s TS-820s FT-101 E 
160-10M TRANSCEIVER 160-10M TRANSCEIVER 160-10M TRANSCEIVER 

$739.00 $1 098.00 $799.00 

BUY ANY ONE OF THE ABOVE RIGS AT PRICE SHOWN 
AND SELECT ANY ONE OF THE FOLLOWING FOR $5.00 

DENTRON 
ALLIANCE - +  - 

Model 
43 Meter - d  

H D-73 ROTOR 160-10AT Tuner Value @ 9 
HEAVY DUTY, DUAL SPEED 

value $1 29-50 $1 25.00 
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WHERE THE HAM IS KING FOR 0 ~ ~ ~ ~ 3 0  YEARS 

s W 1  
PICK YOUR OWN PACKAGE i 

~* 

MIDLAND KENWOOD ICOM 
I 

I 

13-510 FM TRANSCEIVER TR-7400A FM TRANSCEIVER 16-245 FM TRANSCEIVER 
25 WATTS / 800 CHANNELS 25 WATTS / 800 CHANNELS WITH SINGLE SIDEBAND 

$399 $399 $689.95 

BUY ANY ONE OF THE ABOVE RIGS AT PRICE SHOWN 
AND SELECT ANY ONE OF THE FOLLOWING FOR $5.00 

DRAKE CES 
(* 

SEI 

e 

1525 EM 
TOUCH TONEm ENCODER MODEL 300 SPS-8 

MICROPHONE ACOUSTICAL PAD POWER SUPPLY 

value $49.95 value $49.95 value $79.95 
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evaluating 
noise sideband performance 

in oscillators 

Receiver local oscillators 
produce noise sidebands 

which degrade 
receiver performance - 

how good is the 
oscillator in 

your receiver? 
Here are some ways 

to find out 

Al l  oscillators produce noise sidebands which can 
degrade the performance of the equipment in which 
the oscillator is used. In receivers, noisy local-oscilla- 
tor stages produce reciprocal mixing products which 
cause blocking.l.2 For oscillators used in high-fre- 
quency or vhfluhf equipment, it's sufficient to meas- 
ure the noise sideband performance in dB/Hz 
between 500 Hz and 100 kHz from the carrier; a way 
of doing this is described in this article. Also dis- 
cussed is a method for determining local-oscillator 
noise sideband levels by measuring the receiver's 
blocking performance. 

Fig. 1 shows the test setup recommended by the 
National Bureau of Standards for measuring noise 
sideband performance between 500 Hz and 100 kHz 
from the oscillator carrier." A signal generator with 
extremely high spectral purity such as a crystal oscil- 
lator is used as a reference oscillator for a high-level, 
double-balanced mixer. The output of the oscillator 
under test is fed into the rf port of the mixer through 
a variable attenuator. The output of the double- 
balanced mixer is then connected to a waveform 
analyzer. 

A simplified block diagram of a waveform analyzer 
is shown in fig. 2. The signal to be analyzed is mixed 

I 'For a small modulation index, as in a hard-limiting oscillator there is no di- 
ference between fm and a-m nobe. 

By Ulrich L. Rohde, DJ2LR, 52 Hillcrest Drive, 
Upper Saddle River, New Jersey 07458 
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O S C I L L A T O R  1 / E ,--, 
d 

ANALYZER -- I E  p t 
O S C I L L A T O R  

F M  N O I S E  

O S C I L L A T O R  F-HTH YHTJ 
0 A - M  N O I S E  4 q p  Fioq 

fig. 1. Test setups recommended by NBS for measuring fm 
noise (phase fluctuations). and a-m noise [amplitude fluc- 
tuationsl. For a low modulation index, as is the case of a 
hard-limiting oscillator, there is no difference between a-m 
and fm noise. 

with a tunable local oscillator and the i-f output is 
applied to a narrow bandpass filter. In operation the 
frequency of the VFO is adjusted so the desired com- 
ponent of the input waveform is equal to the center 
frequency of the selective filter. Thus the component 
to be measured is fixed to a predetermined frequen- 
cy, is amplified, and measured at this fixed frequen- 
cy; other frequency components in the input wave- 
form are rejected by the narrow bandpass filter. Fig. 
3 shows the filter response curve of the Rohde & 
Schwartz FAT3 waveform analyzer which has an i-f 
at 80 kHz; the bandwidth is 4 Hz at the 3 dB points. 

To calibrate the test setup, the wave analyzer is set 
to full sensitivity, where zero equals 10 mV and - 80 
dB equals 1 pV. The oscillator to be analyzed is then 
set to a frequency 30 kHz from the crystal oscillator, 
and the variable attenuator is adjusted so that the 
double-balanced mixer output gives a full-scale read- 
ing equivalent to 10 mV. 

If an instrument with high dynamic range and a lin- 
ear dB scale is used, the attenuator can remain in the 
same position during the entire test procedure. 
Where limited dynamic range is available, the attenu- 
ator is set so at full sensitivity the instrument will indi- 

cate 1 pV on a quasi-linear meter, and the logarithmic 
display will be simulated later by taking readings from 
the attenuator. 

Now connect a frequency counter to the oscillator, 
and change the frequency either 1 kHz up or down 
from the original setting, which was offset 30 kHz 
from the crystal oscillator. Then reconnect the signal 
generator to the double-balanced mixer. The wave- 
form analyzer, which typically has three or four band- 
widths available, is set at 100-Hz bandwidth. Assume 
that the logarithmic display on the analyzer indicated 
- 60 dB when the original frequency was selected. 
This means that, in a 100-Hz bandwidth, the noise 
sideband voltage is 60 dB below the carrier. Since 
the noise sidebands are expressed in dB per 1 Hz 
(dB/Hz), a 20 dB correction factor must be added to 
the measured 60 dB because of the 100-Hz band- 
width; in this case the noise sideband performance is 
80 dBJHz. 

Practical experience indicates that an oscillator 
which exhibits 80 dB/Hz noise performance is not 
very good, so the crystal oscillator can be considered 
much better and its noise contribution may be 
neglected. 

sideband noise evaluator 
Commercial waveform analyzers with a built-in, 

double-balanced mixer, linear logarithmic displays, 
and wide choice of bandwidths are extremely expen- 
sive - as much as $30,000, - so few are in amateur 
hands. However, you can build an instrument with 
similar performance for less than $300 if you're will- 
ing to give up certain features: 

1. Choice of multiple bandwidth 

2. Extremely linear logarithmic scale 

3. Small i-f bandwidth 

The resulting instrument, which I call the Sideband 
Noise Evaluator, is no longer in the class of the wave- 
form analyzer which permits measurements from a 
few Hz to 60 kHz or more, but it's ideal for measuring 
the noise sideband performance of oscillators. 

A block diagram of the device is shown in fig. 4. 
The local oscillator must deliver + 17 dBm drive and 

ADJUSTABLE 

I N P U T -  

.--. 

B A L A N C E D  
-"- 

MIXER 
A M P L I F I E R  

I\ 
I V T V M I  

R E C O R D E R  
s X 

OSClL  L A T O R  

fig. 2. Simplified block diagram of a waveform analyzer. The frequency of the VFO is adjusted so the desired component of the 
input signal is mixed to the center frequency of the narrow bandwidth filter where it is amplified and measured. 
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the mixer must accept any frequency combination 
between 70 kHz and 200 MHz. This frequency range 
is sufficient to evaluate most oscillators used in radio 
communications systems. 

circuit description 
A feedback amplifier is used as a wideband termi- 

nation for the mixer and as a low-noise preamplifier. 
It also compensates for losses of the following crystal 
filter. While any i-f between 1 MHz and 10 MHz can 
be used for which suitably selective filters can be pur- 
chased, the chosen frequency of 5.695 MHz was 
based on the use of 125-Hz wide filters built by Sher- 
wood Engineering.' 

Two high-gain wideband amplifiers boost the sig- 
nal by about 80 dB and feed a second crystal filter. A 
post-amplifier is used to compensate for the second 
filter losses; a detection circuit drives an operational 
amplifier which in turn drives a meter and the agc in- 
put for the wideband amplifiers. 

Two wideband amplifiers are used in the circuit, so 
there is more than 120 dB of agc range available. 
Thus, the instrument should provide at least 100 dB 
dynamic range with the 125-Hz bandwidth filters. If 
you consider a sensitivity of 5 pV relative to 1 volt 
emf, this results in 120 dB1Hz resolution. 

Resolution could be increased 10 dB by using an i-f 
filter 1 kHz to 2 kHz wide, but it would not be possi- 
ble to make noise measurements closer than 4 kHz 
from the carrier. Therefore, the user must decide 
whether more than 120 dB dynamic range is 
required, or if it's more important to measure noise 
close to the carrier. In my opinion, close-in noise is 
very important because of the number of CW sta- 
tions which can be heard when receiver selectivity is 
set to 500 Hz; that's why I used the narrow 125-Hz 
filters. 

A complete schematic for the Sideband Noise 
-.--,r 

fig. 3. Response curve for the4Hz wide bandpass filter used 
in the Rohde & Schwarz FAT3 waveform analyzer. The 
center frequency is at 80 kHz. 

Evaluator is shown in fig. 5. The Mini-Circuit Labora- 
toriest SRA3H was found to be the ideal choice for 
the input mixer; a 2N5109 C A N  transistor with volt- 
age and current feedback both amplifies and pro- 
vides proper termination to  the mixer's i-f port. The 
5.695-MHz filters from Sherwood Engineering are 
designed for W-ohm input and output impedance; 
the Mini-Circuits 4:l and 16:l transformers provide 
correct circuit matching. 

The Motorola MC1590s which are used in the 
wideband amplifier are the perfect choice for this 
application.3 The gain of the stages is set by resistors 
R7 and R10, as discussed in the Motorola data sheet. 

The Texas Instruments 733 wideband amplifier IC 
compensates for the losses of the second narrow- 
band filter. The three diodes at the output of the 733 
act as a voltage doubler and provide suitable time 
constants and thresholds to feed an LM301 opera- 
tional amplifier. The 50-pA meter is shunted with 470 
ohms to limit the reading to  45 pA; for a full-scale 
reading this resistance value must be increased 
slightly. The two 10k resistors equalize agc distribu- 
tion to the MC1590 ICs. 

After this circuit was built, I found two problems 
with the Sherwood filters. First, the center frequency 
was off by 47 Hz; relative to a 6-dB bandwidth of 125 
Hz, the discrepancy expressed in per cent is unreas- 

'Sherwood Engineering. Inc., Dept. A. 1268 South Ogden Street. Denver. 
Construction of the Sideband Noise Evaluator showing the Colorado 80210. 
location of the printed-circuit board in  the Ten-Tec 
enclosure. The meter is connected to the circuit with two tMini.Circuit6 Laboratory. 2625 East 14th Street. Brwklyn. New Vork 
lengths of miniature coaxial cable. 11235. 
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fig. 4. Block diagram of the Sideband Noise Evaluator which may be used to measure oscillator sideband noise. A schematic 
diagram for the instrument is shown in fig. 5. 

onably high. Second, the insertion loss of the Sher- 
wood filters was substantially higher than expected. 
When this was discovered, the 2N5109 preamplifier 
circuit between the double-balanced mixer and the 
first filter was redesigned. The circuit of the new am- 
plifier is somewhat more complex (see fig. 6) and 
costs an additional $5, but has nearly 20 dB gain. The 
gain of the circuit can be adjusted by changing the 
value of the unbypassed 50-ohm resistor in the emit- 
ter circuit of the first 2N5109. 

Unfortunately, the circuit board in fig. 7 was 
designed for the single 2N5109 preamplifier (fig. 51, 
but it shouldn't be too difficult to  lay out a new PC 
board if you wish to use the improved preamplifier. 
This may be worthwhile because the improved pre- 

SIGNAL 
INPUT 

amp expands the instrument's dynamic range by 
almost 20 dB due to a substantial decrease in noise 
figure. 

calibration 
The Sideband Noise Evaluator requires no adjust- 

ments! I t  should be possible for amateurs who build 
this test setup to use it immediately without difficul- 
ty. Fig. 8 is a graph of output readings as a function 
of the rf input voltage (measured with a + 12.0 volt 
power supply). While the scale is not as linear as that 
available with a commercial waveform analyzer, the 
curve permits adequate resolution for most noise 
sideband measurements. 

If the two-stage preamplifier is used, however, 

fig. 5. Schematic diagram of the Sideband Noise Evaluator. Circuit operation is discussed in the text. The filters are Sherwood 
Engineering 5.695-MHz crystal filters with 125-Hz bandwidth. The4:l and 16:l transformers are from Mini-Circuits Labs. 
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fig. 6. Improved input preamplifier for the Sideband Noise Evaluator which has nearly 20 dB gain. Gain can be adjusted by chang- 
ing the unbypassed 50-ohm resistor in  the emitter of the first 2N5109. 

recalibration is necessary because of the higher gain. 
I recommend changing resistor R15 across the meter 
(fig. 5) to compensate for the increased sensitivity of 
the instrument with the improved preamp. 

crystal oscillators 
To obtain full use of the Sideband Noise Evaluator, 

I suggest you build a set of crystal oscillators. Funda- 
mental-frequency crystals can be purchased that op- 
erate between 400 kHz and 30 MHz in what is fre- 
quently called the parallel-resonant mode (which 

should more accurately be called the inductive 
mode). Fig. 9 shows a suitable low-noise crystal 
oscillator circuit with a wideband postamplifier that 
delivers the required + 17 dBm output level or slight- 
ly more. Any inductive-mode crystal between 400 
kHz and 30 MHz can be plugged into this circuit and 
give useful output without any adjustments. 

The frequency range between 30 MHz and 100 
MHz can be covered by a crystal oscillator which 
uses either a third- or fifth-overtone crystal. How- 
ever, the oscillators must be tuned. Various overtone 

fig. 7. Prlnted-circuit layout (above) and component placement diagram (below) for the Sideband Noisa Evaluator. Note that this ert- 
work is approximately 67% of full sire - a full-size PC layout is svailable from ham radio upon receipt of a self-addressed, stamped 
envelope. 
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1 0 1  x 
fig. 9. Low-noise crystal oscillator for operation from 400 
kHz to 30 MHz; output is +17 dBm. No adjustments are 
required. Inductors L1 and L2 are 6 turns, center tapped, on 
114-inch (6-mm) TC9 core. 

oscillator circuits have been described in the litera- 
ture, but the authors have not discussed either short- 
term stability or sideband noise performance. Prob- 
ably the worst and noisiest of all oscillator circuits 
places the crystal between the transistor base and 
ground (fig. 10). The reason for the high noise con- 
tribution is that this circuit severely degrades the Qof 
the crystal. The noise sideband performance is par- 
tially dependent on the circuit but is determined pri- 
marily by the Q of the resonator: an LC circuit, a 
high-Q cavity, or a quartz crystal, and the latter has 
the highest Qof  all known resonators. 

Fig. 11 shows a crystal oscillator circuit that can be 
used for third- and fifth-overtone crystals in the fre- 
quency range from 30 to 100 MHz, and delivers + 17 

dBm to the double-balanced mixer. This circuit com- 
bines the best possible noise performance with high 
output power and excellent stability.4 

The noise performance of the crystal oscillator cir- 
cuits of figs. 9 and 11 is better than 120 dB/Hz at 1 
kHz from the carrier, and 150 dB/Hz or more at 20 
kHz from the carrier. Because of their excellent noise 
performance, these circuits can be used as local 
oscillators without degrading receiver performance; 
very few oscillators and practically no frequency syn- 
thesizers achieve their low-noise sideband levels. 

measuring your receiver's 
oscillator sideband noise 

The easiest way to measure the noise sideband 
performance of the local oscillator in your receiver is 
to measure the "blocking" or reciprocal mixing. 
First, accurately calibrate the receiver's S-meter be- 
tween S1 and S9 + 40 dB using a signal generator 
and an accurate attenuator (a suitable band is 14 
MHz). For the signal generator I recommend a crystal 
oscillator which uses a 14-MHz crystal. 

Tune the receiver to the frequency of the signal 
generator and increase the input to the receiver so 
the S-meter reads S9 + 40 dB. Move the tuning dial 
10 kHz and note the S-meter reading; more than like- 
ly it will be S6. Assuming S9 is 100 pV emf (50 pV ter- 
minated), and each S-unit is exactly 6 dB, then S6 is 
approximately 6 p V  S9 + 40 dB is 5 mV, so the dif- 
ference between the two signals, for all practical pur- 
poses, is 60 dB. Since the measurement will probably 
be made with a 2.7 to 3 kHz ssb filter in the receiver, 
the conversion factor from 3 kHz to 1 Hz is about 35 
dB (10 log BWHz). Therefore, the noise sideband per- 
formance of the internal oscillator is 95 dB/Hz 

To fully utilize the low intermodulation capabilities 
available with high-level, double-balanced mixers in 
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fig. 8. Calibration curve for the Sideband Noise Evaluator shows rf input in dB relative to 1 volt emf vs indicated output current. 
To convert to dBlHz add 20 dB (because of 100 Hz filter bandwidth). 
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fig. 10. Popular crystal oscillator circuit that is very noisy 
because the Q of the crystal is severely degraded. This cir- 
cuit is not recommended for any application. 

modern communications receivers, the noise side- 
band performance must be at least 120 dB1Hz at 10 
kHz from the carrier. To meet this criterion, the noise 
sideband performance o f  the receiver LO in the 
above example must be improved by 25 dB. I recom- 
mend that every designer o f  high-frequency o f  
vhf luhf  receivers or local oscillators build a Sideband 
Noise Evaluator t o  ensure noise performance of at  
least 120 dB/Hz at 10 kHz from the carrier.5 

CAN BE WILT 
AIIOUNO CAJOZE 

IJPLICESJ 

fig. 11. Ultra low-noise crystal oscillator circuit which can 
be used with third- and fifth-ovenone crystals in the f r e  
quency range from 30 to 100 MHz. Output is + 17 dBm. 
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frequency synthesized 
local-oscillator system 

for the 
hig h-f requency 
amateur bands 
Design of a versatile 

frequency synthesizer system 
for high-f requency use 

which features 
exceptional spectral purity, 

10-Hz resolution, 
and low power-consumption 

This article is the first of a series which will 
describe a complete phase-locked local-oscillator 
system for amateur equipment with a single-conver- 
sion, 9-MHz i-f. The system offers performance 
which will meet the requirements of the advanced 
communication techniques of the 1980s - tech- 
niques which require frequency accuracy, stability, 
and calibration typically 100 times better than the 
best commercial equipment being sold today in the 
amateur market. This article describes the basic VFO 
synthesizer. Future articles will describe the phase- 
locked, %MHz BFO system, a universal phase-locked 
up-converter permitting operation on all bands, 160 
through 10 meters, and a variety of "acrobatic" tun- 
ing methods possible only wi th frequency syn- 
thesizers. 

frequency synthesizer accuracy 
With routine care, a home builder can put together 

a frequency standard which will hold to 1 part in 107 
under room-temperature conditions. I believe that 

By Raymond C. Petit, WGHM,  Post Office 
Box 51, Oak Harbor, Washington 98277 
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every amateur station should have such a standard. 
Our rigs today usually have several free-tuning oscil- 
lators, each one subject to calibration errors, drift, 
and other inaccuracies, and the usual use of the stan- 
dard is t o  ensure that these inaccuracies are held 
within acceptable limits. 

Most operators are satisfied if they are within a few 
hundred hertz. The typical digital readout which is 
used in place of a VFO dial resolves the frequency 
only to the nearest 100 Hz. Thus, even if the counter 
timebase and all the oscillators not being measured 
are perfectly on frequency, a +50 Hz uncertainty 
remains. To gain the very real 20-dB signal-to-noise 
level improvement possible with coherent CW and 
similar methods of radio communications now in 
development, the total frequency error must be held 
within 1 or 2 Hz. 

The only workable method of achieving this preci- 
sion in a variable-frequency system is to phase-lock 
every oscillator to the frequency standard. With this 
arrangement, proper setting of the standard auto- 
matically imparts the same accuracy to every other 
oscillator. 

The phase-locked frequency synthesizer is well 
established in the vhf-fm business, where its agility 
saves buying hundreds of crystals. When the channel 
spacing is 10 kHz and the width of the output fre- 
quency band is only a few per cent of its center fre- 
quency, the synthesizer is easy to build. The require- 
ments for a high-frequency synthesizer, however, 
are an entirely different story. Outputs must cover a 
wide range and 10 or 100 Hz "channel spacing" is 
required, but switching speed must still be very fast. 
Spurious outputs must be exceptionally low to pre- 
vent degrading the performance of wide-dynamic- 
range receiver designs. In addition, the synthesizer 
must be, like a VFO, easy to tune. Before going into 
the details of a practical circuit which meets these 
requirements, I'd like to discuss one problem which 
plagues most synthesizer designs. 

synthesizer noise 
All oscillators generate noise in addition to the 

desired signal. Such noise is usually classified into 
three categories: harmonics, nonharmonic discrete 
spurs, and phase noise. Harmonics are the easiest to 
eliminate. In applications where good harmonic sup- 
pression is required, a bandpass or lowpass filter at 
the output is usually sufficient. 

Nonharmonic spurs (parasitics) in oscillators are 
extraneous, unstable outputs at unpredictable fre- 
quencies. These are stopped by proper bypassing, 
shielding, and filtering in the design and construction 
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fig. 1. Block diagram of the basic synthesizer for high- 
frequency use. The VCO operates from 110 to 160 MHz; this 
same basic scheme may be used for a number of applica- 
tions in the range from 500 kHz to 16 MHz. Specifications 
for two hf synthesizers based on this system are given in 
table 1. 

of the circuit. In synthesizers there are several addi- 
tional sources of spurs: digital counter noise, mixer 
intermodulation products, feedthrough of an inter- 
mediate oscillator's signal to the output, modulation 
of a VCO by tiny amounts of the loop reference signal 
from the phase detector -- these all serve to tremen- 
dously complicate design:;. The presence of spurs in 
a receiver synthesizer's output produces birdies and 
the appearance of phantom signals in the i-f pass- 
band; the effect is very similar to that of inadequate 
image suppression. 

An ideal oscillator would concentrate all its output 
energy at just one frequency, the desired carrier fre- 
quency. Real oscillators behave as if they were mod- 
ulated by a broadband hissing noise. The result is 
that the oscillator's output energy is not perfectly 
concentrated at the carrier, but is smeared out above 
and below the carrier for Inany tens of kilohertz. The 
power level of this sideband noise typically dimin- 
ishes in direct proportion to its frequency offset from 
the carrier. 

If you had a super-selective bandpass filter with a 
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Construction of the frequency synthesizer showing the data 
input switches (right) and output ltop leftl. The 1 MHz TTL 
reference signal is connected to the circuitry through the 
coaxial cable. 

l-Hz passband and used this filter to measure the 
levels of this noise compared to the carrier, you 
would find that a well-designed vhf oscillator would 
produce sideband noise about 80 dB below the car- 
rier for a frequency 100 Hz separated from the car- 
rier, 100 dB below at 1 kHz, and 120 dB at 10 kHz. 
The total power level of uniformly distributed noise 
which reaches the detector of a receiver is directly 
proportional to the i-f bandwidth. Thus, if instead of 
a l-Hz filter you used a 2-kHz filter, the noise reading 
would be two thousand times, or 33 dB, worse: only 
88dB down at 10 kHz offset. 

It has been known for many years that oscillators 
produce this phase noise, but until recently oscillator 
noise was among the least of the designer's worries. 
The bad effects of this noise were nothing compared 
to the effects of mixer intermodulation and front-end 
overload! But today the situation has reversed. 
During the past few years we have seen spectacular 
improvements in the design of receiver front ends 
combined with an increasing interest in frequency 
synthesizers. But a phase-locked synthesizer requires 
a voltage-tuned oscillator, and to replace a variable 
capacitor with a varactor diode instantly increases 
the oscillator noise level by as much as 20 dB. So 
now instead of a - 88 dB noise level 10 kHz from the 
carrier, you have only - 68 dB. 

What does this mean in terms of performance? 
Assume you have a state-of-the-art i-f filter for ssb 
which guarantees suppression of at least 120 dB for 
signals 10 kHz away from the center. Theoretically 
you could listen to  a 1 microvolt DX station without 
interference from a carrier 10 kHz away which was 
100 dB stronger, or 100 millivolts. But instead, the 68 
dB noise from the oscillator can mix with a carrier 

only 70 dB stronger 10 kHz away and produce a hiss- 
ing noise which would mask the weak DX signal. 
This effect is called reciprocal mixing, and if a syn- 
thesizer signal is not free of noise, it can negate all 
the high-performance features of the high-intercept 
mixer and super i-f filters. 

Fortunately, there is a way to  improve the noise 
performance of a wide-tuning range VCO, and this 
method also gives us a synthesizer which can switch 
fast between frequencies while having very fine nar- 
row channel spacing. 

VFO synthesizer 
Two versions of the synthesizer can be built on the 

same circuit board. The first, or A version, covers 5 
to 6 MHz in 100-Hz steps. It provides coverage of the 
80 and 20 meter bands when used with a single-con- 
version i-f at 9 MHz. Version B covers a 500-kHz 
range in 10 Hz steps. It forms the basis for a three- 
loop local-oscillator system which covers all bands, 
160 through 10 meters, with the same %MHz i-f. You 
can build an A-version synthesizer and convert it 
later to version B simply by adding 3 components 
and changing the VCO coil. Table 1 gives specifica- 
tions for the two versions. 

Fig. 1 is a block diagram of the version B synthe- 
sizer. The design features low power consumption, 
very high spectral purity, fast switching, and rf out- 
put suitable for driving a diode double-balanced mix- 
er. The VCO covers 110-160 MHz in l-kHz steps, 
operating in a loop having a l-kHz reference frequen- 
cy. The VCO signal is divided by 100 to  yield an out- 
put from 1100 to 1600 kHz in 10 Hz steps; phase 
noise performance is 40 dB better than the VCO, and 
frequency switching seems instantaneous to the ear. 
A novel feature is the use of the divide-by-100/101 

table 1. Specifications for the hf frequency synthesizers. Figures for 
phase noise are minimums; typical measured values are approx- 
imately 10 dB better. 

version A version B 

Output frequency range 5.0-6.0 MHz 1.1-1.6MHz 

Resolution 

Output level 

100 Hz steps 10 Hz steps 

+ 10 dBm + 10 dBm 

Suppression of nonharmonic 
discrete spurs 70 dB 80 dB 

Phase noise, below carrier in 80 dB, 100 Hz 90 dB, 100 Hz 
1-Hz bandwidth, forstated 100dB. 1 kHz 110 dB, 1 kHz 
offsets from carrier 120 dB, 10 kHz 130dB. 10kHz 

Switching speed 30 ms 30 ms 

Data input requirement Parallel BCD. 10 volt CMOS levels, 4 
digits for version A. 5 digits for version B. 

Reference requirements 1-MHz sine or square wave, at least 1 
volts p-p; input impedance of reference 
input approximately 50 pF to ground. 

Power 12 volts dc, approximately 75 mA. 
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A L L  P U L L D O W N  

CR1 Dual varactor diode (Motorola MV104) T1 Broadband rf transformer (Mini-Circuits Lab T16-1) 

L l  6 turns no. 22 (0.6 rnrn), 3 rnrn (1 18) ID, tapped at 2 turns 
'A complete kit of parts for this syr~thesizer including the double-sided PC 

RFC 6 turns no. 28 (0.3 rnrn) on F754-1-06 ferrite bead board. data inout switches. and enclosure is available for $210 from Petit 
S1-S5 Miniature BCD 10-position rotary switches Logic Systems, Post Office Box 51, Oak Harbor, Washington 98277. 

fig. 2. Schematic diagram of a frequency synthesizer that provides outputs from 1.1 to 1.6 MHz in 10 Hz steps. Total power con- 
sumption is only 75 mA. All resistors are 114 watt carbon film or composition; all polarized capacitors are dipped tantalum; non- 
polarized capacitors are ceramics. A kit of parts is available from the author.* 
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fig. 3. Seven-pole Chebychev lowpass filters for use with 
the version A synthesizers. Both provide about 60 dB atten- 
uation at twice the cutoff frequency. 

prescaler in the programmable counter system. With 
this prescaler, comparatively slow and low power- 
consuming CMOS programmable counters operating 
at frequencies below 2 MHz can control a VCO oper- 
ating at 160 MHz without sacrificing the 1-kHz spac- 
ing between adjacent steps. 

The 1001 101 prescaler works as follows. Suppose 
the N counter is set to 1500 and the M counter to 
zero. The VCO locks at 150 MHz so the output of the 
prescaler is 150 - 100 or 1.500 MHz. Since N is 1500, 
the N counter output is 1 kHz as intended. Thus the 
N counter output represents 100 times 1500 or 
150,000 cycles of the VCO signal. A t  the end of each 
complete cycle of the N counter, both the N and the 
M counter are preset to the values given by switches 
S1 through S5. 

Suppose the M counter is now set to 01. The pre- 
scaler goes through 1500 complete divides as before, 
except that the first divide is by 101 instead of 100. 
The result is that the N counter output to the phase 
detector represents not 150,000 cycles of the VCO 
output, but 150,001 cvcles. Thus for any setting S - 
given to the M counter, the first S prescaler divides 
are by 101, and the remainder are by 100. 

The most significant digit of the N counter is a 4- 
bit binary counter instead of a decimal counter. 
Thus, the maximum count available is 1599 instead 
of 999. The offset adder, U11, is programmed by 
jumpers to cause the synthesizer to deliver output 
frequencies which correspond in an appropriate way 
to the settings of S 1. 

To build a version-A synthesizer, the inductance of 
the VCO coil is increased to resonate with the varac- 
tor at 55 MHz; U2 is omitted, and the base of 0 3  is 
connected directly to pin 8 of U1; U11 is omitted; 

U12 preset is set to binary 5, and S1 is omitted. S2 
then becomes the 100 kHz digit, S3 the 10 kHz digit, 
and so on. 

assembly and checkout 
If a fault develops in a PLL system, it is often diffi- 

cult to  locate because many faults all exhibit one 
symptom, the loop goes out of lock. By assembling 
the system one section at a time and then checking 
that section before continuing assembly, trouble 
spots can be quickly located. Here is the procedure 
l use: 

1. VCO and divide-by-100. Assemble the circuits 
starting at TPl, going through (11, 02, 03, U1, U2, 
and U3. Take a potentiometer of any convenient 
value from I k  to 500k and connect the slider to TP1, 

' 

one end to ground, and the other end to the 12-volt 
supply. With this you will be able to manually set the 
VCO control voltage to any value over its entire 
range. Apply power and check for at least 9 volts dc 
at the drain of 0 1  and 5 volts at pin 5 of U1 and pin 14 
of U2. Check for a TTL-level signal at a frequency 
below 20 MHz at TP2. Check for a TTL signal below 
2 MHz at TP3, holding TP4 at ground. Connect a 51- 
ohm resistor across the output terminals and check 
for an approximately 2-volt p-p squarewave across 
this resistor. Leave TP4 grounded. 

The following discussion assumes that the synthe- 
sizer under construction is the 1.1 to 1.6 MHz ver- 
sion. Set the control voltage to 2 volts and adjust L1 
by slightly compressing or stretching the coil until the 
output frequency is 1.1 MHz. Then bring up the con- 
trol voltage to 10 volts and check that the output fre- 
quency is approximately 1.6 MHz. (If you don't have 
a frequency counter, a standard a-m broadcast radio 
will work.) If the frequency isn't quite 1.6 MHz, 
stretch the coil slightly. 

If you are building the 5-6 MHz version, set the 
control voltage to about 6 volts and adjust the coil L1 
until the output frequency is 5.5 MHz. 

2. 1001101. Assemble the circ,uits U4 through U7, 
including the resistor network leading to TP9. Apply 
power and check for 5 volts at pin 5 of U4 and pin 14 
of U5 and U6. Connect TP9 to 12 volts. Observe a 
signal at TP5 which is identical to that at TP2. Check 
for the same signal inverted at TP6. Observe an ECL- 
level signal at TP7 which has the same frequency as 
the signal at TP3 except that it is at the lower logic 
level for one-tenth of the time and at the higher for 
nine-tenths of the time. Measure the signal at TP8. 
Then remove the connection from the power supply 
to TP9 and ground TP9; this should cause the fre- 
quency at TP8 to go down by 1 per cent. 
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3. Programmable counter. Assemble all the cir- 
cuits of U10 through U16, the BCD switches, and the 
jumper-wire programming for U11. Apply power and 
check for at least 10 volts on pin 14 of U10, pin 5 of 
U11, and pins 16 of U12 through U16. Set the control 
voltage for 6 volts and set the data input switches to  
values representing the center of the synthesizer fre- 
quency range. TP10 should show an extremely nar- 
row negative pulse at a frequency of approximately 1 

critical value, the TP12 voltage should be near zero, 
and vice versa. As you move the potentiometer back 
and forth over this critical value, the TP12 signal 
should abruptly jump from near zero volts to near the 
positive supply voltage and back. 
5. Closing the  loop. Remove the potentiometer 
from TP1. Solder in the 27k resistor and the diodes 
CR2 and CR3. Apply power and observe the voltage 
at TP12 with a VTVM or scope using a 10-megohm 

Bottom view of the doublasided PC board used for the high-frequency synthesizer. 

kHz. Adjust the control voltage over its entire range 
and check that this pulse signal frequency rises and 
drops smoothly with your adjustments, not making 
sudden jumps or disappearing. With a scope con- 
nected to  TP9, change the settings of S4 and S5 and 
observe a 1-kHz negative pulse, the width of which is 
proportional to the settings from 00 to  99. 

4. Reference divider and phase detector. Assem- 
ble the circuits of U8 and U9, including the loop filter 
except for the 27k resistor and the two diodes CR2 
and CR3. Apply power and check for at least 10 volts 
at pins 16 of U8 and U9. Connect the output of a 1- 
MHz frequency standard to the reference input ter- 
minal. O b s e ~ e  a 1-kHz pulse waveform at TP11. 
With St through S5 at the mid-frequency setting, 
observe the voltage at TP12 while varying the control 
voltage. When the control voltage is above some 

probe. The voltage should be at an intermediate 
value. Touch the VCO components with your finger 
and observe the voltage rise slightly. The output fre- 
quency of the synthesizer should now correspond 
exactly to the settings of S1 through S5, allowing for 
possible inaccuracies between the counter timebase 
and the reference oscillator used for the synthesizer. 

Remove the ground from TP4. When making large 
frequency changes, the output of the synthesizer will 
be interrupted for perhaps 0.1 second. Remove the 
signal from the reference oscillator and the synthe- 
sizer output should disappear and remain off until the 
reference oscillator is reconnected. When making 
frequency changes of 1 kHz or less, the output is not 
interrupted at all. The disable function insures that, 
if, for any reason, the synthesizer is not locked and 
stable, it will have no output. 

ham radio 
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DS1 Instruments Inc. 

Performance You Can Count On 

MODEL 3550W 
$149.95 

INCLUDES TCXO 1 PPM / 

MODEL 3600A 
$199.95 

INCLUDES OVEN TIMEBASE . .5 PPM 

The 3600A, 3550W and 3240HH Frequency 
Counters represent a significant new ad- 
vancement, utilizing the latest LSI Design . . . 
which reflects DSl's ongoing dedication to 
excellence in instrumentation, for the pro- 
fessional service technician and amateur 
radio operator. Before you buy a DSI instru- 
ment you know that the specification is. We 
publish complete and meaningful specifica- 
tions which state accuracy over temperature 
and sensitivity at frequencies you need. 
And we guarantee those specifications in 
writing. JOINTHE RANKS OFTHOUSANDS 
OF SATISFIED CUSTOMERS. PLACE 
YOUR ORDER TODAY AND B E T H E O N E  
ON FREQUENCY. 

ALL UNITS ARE FACTORY ASSEMBLED, 

DSI - GUARANTEED SPECIFICATIONS - MADE IN U.S.A. 

TESTED A N D  CARRY A FULL 1 YEAR WARRANTY. 
See Your Dealer 

n R  

NO EXTRA COSTS 
FREE ~htpplng anywhere In u s A 

Call Toll Free (800) 854-2049 DSI Instruments, Inc. &,Canad?, AI! ?the( co"nlr~es ~dd ,$ !000 ,  
Cn l~ lo rn~a  Res~denls, Call Collect (714) 565.R402 Strongest warranty ~n the counter lleld 

VlSP MC AMERICAN EXPRESS . CHECK . MONEY ORDER COD ONE YEAR Parts and Labor 
Sal ls lac t~on Guaranteed 7914 Ronson Road, No. G, San Dlego, CA 92111 . . . . . . . . . . . . . . . . . . . . . . . 
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MODEL C1000 lOHz to lGHz MODEL C700 50Hz to 700MHz 

AUTO ZERO BLANKING AUTO ZERO BLANKING $39gg5 AUTO DECIMAL POINT 

Accuracy . . .  that's the operational key to this rugged ad- 
vanced design Model ClOOO lGHz frequency counter . . .  a 
significant achievement from DSI. That's because you get 
. . .  .I PPM O0 to 40°C proportional oven time base. . .  Bu~ l t  
in 2508 preamplifier with a 60DB adjustable attenuator . . .  
x10 & xlOO audio scaler which yields .O1 Hz resolution from 
lOHz to lOKHz equivalent to 10 sec. & 100 sec.Gate Time . . .  
Selectable . I  & 1 sec. time base and 50 ohms or 1 meg ohm 
input impedance . . .  Built-in battery charging circuit with a 
Rapid or Trickle Charge Selector. . .  Color keyed h y h  quality 
push button operation . . .  All combined in a rugged black 
anodized (.125" thick) aluminum cabinet. The model C-1000 
reflects DSl's on going dedication to excellence in 
instrumentation for the professional service technician, 
engineer, or the communication industry. 

ALL NEW! All UNPARALLELED DSI QUALll iodel 
C 700 700 MHz frequency counter features PPM 
O0 to 40' C proportional oven time b; 30 preamplifier 
with a 60db adjustable at ~attery charger 
with a rapid or trickle ch; :ombined in a 
rugged (.125" thick) alur kes the C700 
ideal for the communicatio~~ I I I U U ~ U ~  W I U  tnufessional sew- 
ice technician. 

tenuator. 
arge selec 
ninum ca 
.. .-A. ..A. 

. .  ase .251 
Built in t 
:tor . . .  ( 
~binet ma 
. . --A 

TY! The n 
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3600A OWNERS: Up date your 3600A frequency counter to 
a C 700 includes, new back board. .2PPM proportional oven. 
25db preamplifier, rugged ,125'' thick aluminum cabinet, 
order 3600A-700. Unit must be returned to DSI factory for 
modification. 

DSI - GUARANTEED SPECIFICATIONS - FACTORY ASSEMBLED - MADE IN USA 
I 1 1 Praoortlonal Oven 1 50Hz I 75MHz 1 500MHz 1 Number I Size 1 1 

Model 

C70O 

- All Units Are Factory Assembled, Tested And Carry A Full 5 Year Limited Warranty - 

I I I I I I I 
, " . " I d " , , "  , 

NO EXTRA COSTS 
FREE Shipping anywhere in U.S.A. 

8. Canada. All other countries. Add 10%. ............................................. 

Frequency 
Range 

50Hz to 700MHz 

: Strongest warranty in the counter field. : 
Satisfaction Guaranteed. 

............................................. 
See Your Dealer 

OR 
Call Toll Free (800) 854-2049 DSI Instrvments, Inc. 

California Res~dents. Call Collect (714) 565-8402 
VISA. MC AMERICAN EXPRESS CHECK MONEY ORDER COD 

7914 Ronson Road, No. G, San Dlego, CA 92111 

4 H  x 

Model C 700 $299.95 
3600A-700 Factory update (3600A only) 

Includes Labor & Re-Calibration $124.95 
Model C 1000 $399.95 
Opt. 01 1.3 GHZ (C1000 only) $ 99.95 
Opt. 02 .05 PPM 10MHz Double Oven 

oO to 50°C Time Base (C1000 only) $129.95 
Opt. 03 20 Hr. rechargeable 

Battery Pack $ 29.95 
Ant. 210 Telescopic AntJBNC Adapter $ 9.95 

- -  - 
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- 
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second generation 
reciprocating 

An updated version 
of the reciprocating detector, 

which can be used 

in solid-state receivers 
with high-f requency 

i-f strips 

During the past three years I've had many 
requests for revisions to the reciprocating detector 
circuit' so that it can be used directly at high frequen- 
cies. Here's an updated IC design that can be used at 
frequencies up to 20 MHz. 

background 
Early attempts to directly use the RD above 5 MHz 

required very careful circuit layout to reduce or elimi- 
nate inter-circuit coupling, and in particular to main- 
tain the correct phase relationship required in the 
feedback loop. Also, the detector portion operated 
as a half-wave rectifier. A current-regulating source 
had to be adjusted to cause the signal diode to oper- 
ate at a level just below conduction, so that at fre- 

The "reciprocating detector" was designed by R.S. Badessa at 
M.I.T. The RD features a carrier-synthesized reference signal and 
requires no external bfo. The circuit offers advantages over conven- 
tional detectors in that i t  adjusts its bfo level automatically in pro- 
portion to the average signal level received. First introduced in ham 
radio in March. 1972, the RD has gone through several metamor- 
phoses. The version presented here uses ICs and can be used in 
modern receivers using semiconductors. Also included is a design 
for a 10.7-MHZ ssb filter for single-passband receivers. Editor. 

detector 
quencies above 5 MHz the diode and its circuitry 
ceased to perform uniformly. Result - a badly dis- 
torted detected signal. 

Despite the distortion, in some cases the circuit 
performed well enough for signal identification. But 
much was to be desired. A cure for individual cases 
was to adjust the bias level for the current-source 
diode until it just conducted on noise. In most cases, 
with a tube receiver that produced i-f signals to the 
RD input exceeding the saturation level of the com- 
plete circuit, a clipped response occurred. Single 
sideband signals then became unmanageable 
because of widely varying signal levels that couldn't 
be controlled by the agc systems in older tube 
receivers. 

The original circuit was designed to be used in 
receivers such as the Collins 51 S1 and Drake R4A, 
which have highly selective dual or adjustable filters 
in the receiver i-f passband. In the 51S1 receiver the 
i-f output was fed to the RD through a cathode fol- 
lower; the maximum output level could not exceed 3 
volts. The application using the Drake R4A employed 
enough attenuation through the coupling to the orig- 
inal product detector output transformer to preclude 
saturation. 

An updated design, which uses ICs, allows the R D  
to be incorporated into more modern receivers. 
Models of the new circuit have been made for 10.7, 
16, and 20 MHz. Test models were constructed using 
point-to-point wiring. Later models used PC boards. 

circuit description 
The circuit consists of W o  amplifier chips, IC1, 

and IC2 (fig. 1). These are monolithic wideband 
amplifiers with frequency response between 10 kHz 
and 20 MHz. These chips are 10-lead devices in TO-5 
cans. A third rf amplifier, IC3 is a balanced differen- 
tial amplifier using an internal constant-current 
source, which eliminates the orignal problem caused 

By Stirling Olberg, WISNN, 19 Loretta Road, 
Waltham, Massachusetts 021 54 
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+275-300V 
POWER SUPPLY 

ALTERNATIVE POWER SCHEME 

.. - 

SCOPE 

10.7 MHz SINGLE SIDEBAND FILTER 
FOR SINGLE-PASSBANCI RECEIVERS 

\,"[!: SHORT t 2 0 . ,  

OUTPUT 

rn 
fig. 1. Schematic of the reciprocating detector MKll using r77 ~ l o o u  

ICAN w BE INPUT R" u p  To  
wideband-amplifier ICs, (A). Also shown are an alternative socrn LWI IZ FTI  

power scheme for receivers using a high-voltage dc supply, 
(Bl, a test setup for adjusting the filter, IC), and a schematic 
for a 10.7-MHz ssb filter, ID). SOURCE FOLLOWIIR 

by the biased.half-wave rectifier. This amplifier oper- 
ates from 0-100 MHz. This wideband response allows 
the circuit to work in the same manner as the original 
current source for the detector and as the reciprocat- 
ing switch. These two functions are improvements 
over the old circuit. The dynamic range improvement 
alone is worth the effort. 

Tracing the signal through the circuit, we see that 
a capacitive input circuit couples the rf signal into IC3 
input. The capacitive coupling isolates any direct cur- 

rent that might be superimposed on the rf signal from 
the i-f ouput circuit. The input signal is then applied 
to a phase-shift network, then to one set of inputs of 
IC1 and IC2. These three inputs are then provided 
with a signal path that's essentially in series with the 
reference signal, or beat frequency similar to a con- 
ventional product detector. 

The reference frequency is generated by filtering a 
portion of the received signal through a narrowband 
crystal filter, FLI. The push-pull output of this filter 
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receiver uses filters to select sidebands, then only 
one crystal, set in the i-f passband center, will be 
required. 

fig. 2. PC-board layout for the updated reciprocating de- 
tector. 

feeds this signal into the balanced inputs of IC2 and 
IC3. We now have the circuit reference by virtue of a 
carrier-controlled feedback loop. The feedback loop 
response time is determined by the slow recovery 
time of the narrowband filter; therefore, noise pulses 
are reduced or eliminated. 

IC4, an op amp, is an audio amplifier. The 
received-signal audio envelope is taken from the 
input filter, FL1, then applied through two lowpass 
filters to the 741 IC. This amplifier audio gain is estab- 
lished by the feedback resistor (51 k). This value may 
be changed for a higher or lower level; however the 
gain will overdrive the first audio inputs of most com- 
munications receivers. A 20k trimpot at the audio 
amplifier output allows gain control. 

The RD will work in any receiver if its i-f matches 
that of the RD reference filter. For best results, nar- 
rowband i-f filters offering high selectivity are a major 
requirement. Many receivers use dual filters offset by 
the correct dispersion to allow either sideband to be 
selected by switching in  the appropriate filter sec- 
tion. Others use adjustable filters to obtain the same 
effect. I-f passband circuits using single filters, as in 
many of the older tube receivers, also perform nicely. 
With 1.8-kHz filters, however, only one side can be 
used unless the reference or beat frequency is dis- 
placed to center the signal in the filter. The older 
reciprocating detector circuits didn't provide for this 
problem. 

Circuitry to show how a filter can be constructed 
for upper/lower sideband selection for use in  
receivers with single passband filters, incorporating 
three crystals, is shown in the filter circuit. If your 

construction of a 
10.7-MHz RD filter 

The filter used in an RD is not a complicated 
device. It has a shape factor similar to that of the old 
variable crystal filters. It's not a wide passband filter 
because it's used to select the beat-frequency signal. 

On a Micro Metals T50-2 toroid core wind 14 turns 
of 0.2 mm (no. 32) enameled wire. Secure the wire 
so it won't become loose. Use tape or nylon string. 
Make sure the coil leads are at least 30 mm (1-112 
inches) long and are scraped clean of insulation. 
Next, fold a 30-cm (12-inch) length of the same type 
wire in half. Twist this pair of wires until you have at 
least eight twists per 25 mm, or 8 twists per inch. 
(This is called a bifilar pair.) 

Now, using the bifilar pair, wind on the same form 
a three-turn winding and secure it. This coil should 
be wound in the area not used by the previous wind- 
ing, but it isn't important that it be exactly placed 
or spaced in this area. Next clean off each of the wire 
ends; then, with an ohmmeter, identify each coil 
separately. They will be used to complete the con- 
nections identified in the filter drawings as C, C', D, 
and D'. 

After each winding has been identified, the ends 
opposite each other can be connected to provide the 
center-tapped winding signified as C' and D in fig. 1. 
This toroid will contain three coils. Now, on a second 
core of the same type, wind two eight-turn windings 
of the bifilar pair and scrape the four ends. Again, 
with an ohmmeter, identify each coil. These ends 
can be designated A, A', 6, and 6'. 

Mount each coil on the PC board as shown (fig. 2). 
If you're not using the board, rriount the coils about 
30 mm (1-112 inches) apart. Don't tighten the coils 
yet. Next, mount the crystal between each toroid, 
then wind a single turn of 0.2 rnm (no. 32) enameled 
wire on each toroid, terminating one end of each coil 
on a crystal terminal or the switch, whichever the 
case may be. The other two coil ends should be con- 
nected together. 

If your receiver has selectable sideband filters, a 
single crystal will be required. If not, then wire i t  as 
shown in the filter diagram (fig. 1) and include all 
three crystals. In this case, a selector switch must be 
used at the filter location. If this is the case, connect 
the link ends from the two coils to the appropriate 
switch contacts. Reed switches can be used and pro- 
vide excellent low-loss control. 

The filter components are for 10.7 MHz but will 
work at 9 MHz with different crystals. The compo- 

70 october 1978 



nents can be juggled to work around that frequency 
range. Lower frequencies will, of course, have a 
higher inductance value. 

The crystals can be purchased from any of the 
.manufacturers currently advertising in most of the 
amateur magazines. It's best to use fundamental-fre- 
quency crystals mounted in an HCG/U holder, with 
wire leads to make soldering easy. This doesn't pre- 
clude other types of holders or pin-mounted crystals; 
however, some of the alignment procedures will be a 
little more difficult, particularly if pressure-type hold- 
ers are used. 

. checkout and test 
Connect a signal generator and scope or rf volt- 

meter through terminating resistor R as shown in the 
test setup. Set the indicator to a high sensitivity and 
the signal generator to a high output level. Carefully 
tune the signal generator across 10.7 MHz. An indi- 
cation with a very sharp upswing in level will occur 
when passing through crystal resonance. Carefully 
adjust the signal generator to the peak of the up- 
swing. Then, with an insulated screwdriver, adjust 
the 9-35 pF capacitors for future increase. The scope 
sensitivity and the signal-generator output level will 
have to  be reduced as the resonance of each coil is 
reached. Frequent readjustment of the signal genera- 
tor will be required to keep i t  centered at crystal 
resonance. As the adjustments proceed you'll notice 
that the sharp increase at the crystal frequency will 
become easier to adjust. 

If a three-crystal unit is to be constructed, make 
these adjustments at the passband center or with the 
a-rn crystal in the circuit. The other two crystal fre- 
quencies are as sharp as that of the a-m resonant fre- 
quency and will be within the inductor resonant 
frequency. 

To use the RD in the ssb mode with a single i-f 
passband filter, it won't be necessary to offset tune 
the receiver. Simply use it as you normally would. It's 
like having a crystal controlled bfo - simply switch 
in the appropriate crystal. 

RD construction 
The reciprocating detector is simplicity itself to  

construct. Attention to component placement is sim- 
ilar to that of any high-frequency device. The filter 
leads can be connected, after filter adjustment, to 
those points shown (fig. 1) that are alphabetically 

fig. 3. Component placements for the reciprocating detec- 
tor circuit board. 

shielded and too long, it can detune the i-f stage to  
which it is connected. So a short signal path is 
required, or an emitter or source follower will be 
required to reduce these effects. 

The choice of how the audio is routed is up to you. 
It can be connected as shown in the references or 
used with an external amplifier. Since the output 
level is in the 100-millivolt level, it can easily drive an 
external amplifier. 

power supply 
Power requirements for the new RD are further 

simplified. The older unit required a dual balanced 
supply source, but this unit requires a single 12-volt 
supply at 40 milliamperes. The RD supply can be tak- 
en from the receiver supply filter output if it's 12 
volts. Or you can use a higher-voltage supply, such 
as found in a tube reciver, if you use the alternative 
supply scheme shown in fig. 1. 

I will be pleased to  hear from anyone who has used 
the RD and will communicate with all who write. 
Please include a self-addressed, stamped envelope 
with your letter. 

reference 
1. Stirling Olberg. WISNN. "Reciprocating Deteclor." ham radio. March, 
1972. pages32-35. 

marked. Use leads as short as possible. 
A slight tweaking of the filter might be required 

bibliography 

after ifs installed in the receiver. Use care as to the Olbe'g. Stirling. WISNN. "5.MHz WWV Receiver." hamradio. November, 
1972. pages44-49. 

length of the lead to the RD rf input. This is a two- Olberp. Stirling. WISNN. "Reciprocating Detector Converter," ham radio. 
way street: if the lead is too long, external pickup can September. 1974. pages ~1.63. 

cause interference to the hf i-f stages; if the lead is ham radio 
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. . . provides a foundation 
for an expanding series of acces- 

sories designed to please 'ram 

Novice 1 ctra. 
any hi 
to Ama -- 

am ... 1 
teur EI 

The TS-520s transceiver provides full transmit and 
receive coverage of all Amateur bands from 160 
through 10 meters. It also receives 15.0 (WWV) to 
15.5 MHz and another 500-kHz range of your 
choice in the auxiliary band position. With the op- 
tional DG-5, you have a large digital frequency 
readout when transmitting and receiving, and the 
DG-5 also doubles as a 40-MHz frequency counter. 
The TS-520s includes a built-in AC power supply, 
and, with the addition of the optional DS-1A DC- 
DC converter, it can function as a mobile rig. It 
features a very effective noise blanker, RIT. eight- 
pole crystal filter, 25-kHz calibrator, front-panel 
carrier level control, semi-break-in CW with side- 
tone, built-in speaker, heater switch, 20-dB RF 
attenuator and easy phone-patch connection. RF 
input power is 200 W PEP on SSB and 160 W DC 
on CW. Carrier suppression is better than -40 dB 
and sideband suppression is better than -50 dB. 
Spurious radiation is less than -40 dB. Receiver 
sensitivity is 0.25 pV for 10 dB (S+N) / N. Selectiv- 
ity is 2.4 kHz at -6 dB/4.4 kHz at -60 dB and. 
with the optional CW-520 CW filter, is 0.5 kHz at 
-6dB/1.5 kHz at -60 dB. 
;ee your local Authorized Kel 
iformation, and a super deal 

iwood De 
1 

,aler for n 

.,. ..,, < ? "  -< .,"w;.- - 

FO-520s TV-502s TV-508 
A great station. . .at an affordable price! The TS-520s with its companion 
accessories. . . including two new units. The AT-200 antenna tuner provides a 
versatile tool in any station. The other is the TV-502s. Kenwood's 2 meter 
:ransverter for SSB and CW operation from 144 to 146 MHz. 



Features: 4 MHz band coverage (1 4 4  to  1 4 8  MHz) 
Automatic repeater offset capability on  all FCC 

authorized repeater subbands including 144.5 - 
145.5 MHz Simply dial receive frequency and 
radio does the rest. . . simplex, repeater, or reverse. 

STILL f HE SAME FINE, TIME PROVEN RIG. BUT Same features on any of 11 crystal positions-Trans- 

NOW WITH THE SIMPLE ADDITION OF A PLUG-IN CRYSTAL, mit/Receive capability on  4 4  channels with 11  
crystals . Operates all modes: SSB (upper and 

THE TS-700SP WILL BE ABLE TO UTILIZE THE NEW lower), FM, AM and CW . readout with 
REPEATER SUB-BAND (144.5 to 145.5 MHz) "Kenwood Blue" digits Receiver pre-amp. Built-in 

STILL FEATURES ALL OF THE FINE AlTRIBUTES OF THE VOX Semi break-in on  CW . CW sidetone All 

TS-700S: A DIGITAL FREQUENCY DISPLAY, RECEIVER solid-state AC and OC capability. 1 0  watts RF out- 

PRE-AMP, VOX, SEMI-BREAK IN, AND C W  SIDETONE. OF put On ssB, FM* cw * watts '' AM . ' watt FM 
low-power switch 0 .25  pV for 1 0  dB (S+N)/N 

ITS ALL VFO SSB/CW sensitivity 0.4 pV for 2 0  dB quieting 
CONTROLLED.. ENWOOD QUALITY THROUGHOUT. F M  sensitivity. 

TS- JOOSP 
1 0  watts RF output on  SSB. FM, CW 
AM 1 watt FM low-power switch C 
dB (S+N)/N SSB/CW sensitivity 0.4 pV tor L 
quieting FM sensitivity. 

rl 3 wat 
1.25 pV f i  - ... - 

The I s r w d P  sham mtn 
the matching VFO-700s 
and SP-70. Also shown ia 
Kenwood's new MC-30 
noise cancelling hand held 
microphone. HS-4 
headphone set and the 
MC-50 dynamic 
microphone. 

TRIO-KENWOOD C O M ~ U N I L ~ I  l3NS INC. 
11 11 WEST WALNUT/COMPTON. CA 90220 



digiratt PLL2 
- dual demodulator 

terminal unit 

Continuing in the 
digiratt series, 

the P L L ~  demodulator 
uses dual phase-locked loops 

to help eliminate 
loss of signal due to fading 

Phase-lock loop terminal units have been around 
in various forms for several years. As a means of 
receiving RTTY signals inexpensively, they are cer- 
tainly worth considering. The one common draw- 
back to PLL terminal units is that they decode only 
half the available information present in the RTTY 
signal. Many comments have been made by ama- 
teurs over the years that this fact really isn't a draw- 
back at all, because there are only two possible 
states that the RTTY signals can be in at any one time 
and the absence of one condition indicates the exis- 
tence of the other. 

There is, however, an occurrence known as selec- 
tive fading which can completely eliminate one half 
of the RTTY signal while leaving the other intact. If 
you happen to be tuned to the particular tone which 
fades out, you'll find your printer ceasing to operate 
until the tone returns. 

PLL terminal units have several good points. 
Among these are: 

1. They will follow a drifting signal until it leaves 
their passband. 

2. Since they are inherently frequency selective, 
they do not require passive input filters. 

3. They are not expensive. 

It follows then that if a means could be found to 
use PLL circuits to decode both RTTY signals (mark 
and space), the overall usefulness of the terminal 
unit would be improved. 

The original Digiratt PLL terminal was an attempt 
to design a low-cost vhf terminal unit and AFSK gen- 
erator.' I received letters from all over the world 
which led me to believe that there is a large amount 
of interest in a simple means of decoding RTTY sig- 
nals. The Digiratt PLLZ is the direct result of those 
letters and is presented here as one possible ap- 
proach to the need for such a unit. 

The Digiratt P L L ~  is composed of two identical 
tone demodulators, using the 567 phased-lock loop. 

y John Loughmiller, KBSAT, Route 1, 
ox 480C, Borden, Indiana 47106 
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AUDIO 
F R O M  
F I L T E R  

DECODER 
' "A  " 
OUT 

L - 6  DECODER "8" v c c p A c E  DECODER " 8 " 

OUT 

fig. 1. Schematic diagram of the 567 phase-locked loop used 
as a demodulator. In  this case, t w o  567s are used; the first 
wi l l  demodulate the space signals while the second is for 
the mark frequency. 

A two-stage active filter is included, and may be 
switched into the circuit ahead of the PLL inputs in 
order to detect low-level signals. Additionally, a very 
novel logic circuit, which has the capability to re- 
generate missing information during selective fading, 
follows the PLL portion of the terminal unit. 

circuit description 
The description of the PLL circuits themselves can 

be found in the original Digiratt article; this unit uses 
the same decoder circuitry. Decoder A (see fig. 1) is 
tuned to the mark frequency of 2125 Hz, with de- 
coder B tuned to the space frequency (2295 Hz). The 
A decoder capture frequency is slewed low and the 
B decoder slewed high so that there exists an area 
from approximately 2190 Hz to  2220 Hz where 
neither PLL will conduct. The exact procedure for 
accomplishing this operation will be covered in the 
alignment section. 

SELCOMP is a name the author has given to the 
logic responsible for the SELective fading COMPen- 
sation which is part of the Digiratt P L L . ~  The sche- 
matic diagram is shown in fig. 2. In order to under- 
stand its operation, two separate conditions will be 

explained, normal full-signal operation and opera- 
tion under "no space" conditions. 

Normal. A low-going mark signal is buffered by U5A 
and then sets the RS latch, U6. The output from the 
latch causes the multiplexer, US, to select its pin 5 
input. The mark signal then appears at the base of 
01, the selector magnet driver circuit. A subsequent 
low-going space signal will reset the RS latch, caus- 
ing the multiplexer to select the pin 6 input. Since the 
space input from the decoder is a low true signal, it 
is inverted by U4. Therefore, the output from the 

F R O M  
 DECODER^ 
" 8 " 

NORMAL 

GNDO 1 1 m I 
fig. 2. Under normal conditions. the multiplexer switches 
between the mark and space signals. I f  either signal is lost, 
the logic wi l l  continue t o  use the remainin2 signal as the 
drive for the selector magnets. The Q and Q outputs from 
U8 allow you t o  use either normal or inverted data. The 100 
Vdc for the selector magnets comes from the power supply 
shown i n  fig. 5. 

multiplexer will be low for mark and high for space. 
Also, the complement signal from the multiplexer 
can be used to provide for normal and inverted 
signals. 

N o  Space. Now, assume that space data is lost. 
When this occurs, the RS latch will never reset and 
the magnet driver will receive only mark data. If mark 
data is lost, the selector lnagnet is driven by space 
data because the RS latch is never set and therefore 

C I  
0 1  R 7 

5 4 h  

C R I  
IN914 

AUDIO 
OUT 

fig. 3. Schematic diagram of the2-stage active filter. Using an LM3900. this filter provides 23-dB gain, w i th  a designed center fre- 
quency of 2210 Hz. Al l  resistors are 114 watt, 1 per cent tolerance. C1 and C2 are polystyrene capacitors. 

october 1978 75 



the multiplexer always looks at the incoming inverted 
space data. 

Because of this logic scheme, selective fading is 
greatly minimized. There is one condition which the 
logic will not correct, and that is a selective fade 
during a 22 ms character element. In other words, if 
a single bit is lost there is very little any simple sys- 
tem such as SELCOMP will do for the problem. 

Fortunately, such rapid selective fading is relatively 
rare. A much more common occurrence is printer 
noise or external impulse type noise, which your re- 
ceiver's noise blanker will generally handle. 

The active filter, as shown in fig. 3, is a two-stage 
device with a gain of approximately 23 dB and a Q 

of 25. The center frequency is 2210 Hz. For the read- 
er who wishes to  design his own filter, the formulas 
are included in the appendix. 

Unfortunately, the use of an active filter, and its 
added performance, is offset due to the rather large 
additional cost of 1 per cent resistors. 

The back-to-back diodes, across the audio input, 
are required to prevent front-end overloads. These 
diodes should be used if the active filter is not built. 
In that case, the diodes are connected across the 
common feed point. 

construction 
Construction of the P L L ~  is straightforward, with 

i 

fig. 4. The circuit board for the PLL2 is shown in A, with the parts placement diagram shown in B. 
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the entire circuit mounted on a single printed circuit 
board." A copy of the printed circuit board and its 
parts placement are shown in fig. 4. The cabinet, 
which housed the prototype, measured 15 x 29 x 
9 cm (5-718 x 11-318 x 3-1 12 inches). t Use shield- 
ed audio cable from the input connectors to the cir- 
cuit board. For difficult RFI problems, you can apply 
O.Ol-aF capacitors at the Vcc pin of each IC. 

alignment 
The Digiratt PLL2 should be aligned as follows: 

1. Apply a 2125 Hz, 1-volt, p-p sinewave into the 
audio input of the unit. 

2. Adjust the decoder A until the mark-indicating 
LED illuminates. 

3. Change the audio input to 2295 Hz and repeat 
the procedure for decoder B. 

4. Reset the audio source for 2190 Hz and adjust 
decoder A until the mark LED goes out. 

5. Reset the source for 2125 Hz and verify that 
the mark LED illuminates. 

6. Again reset the source to 2190 Hz and verify 
that the mark LED goes out. 

When the above conditions can be met, the mark 
portion of the circuit is aligned. 

Decoder B is adjusted in the same manner, using 
2220 and 2295 Hz. If you now sweep the frequency 

'A complete kit of pars is available from Circuit Board Specialists. Boa 969. 
Pueblo. Colorado81W2 for $31.10. The circuil boardalone costs $7.50. 

tAvailable from Radio Shack - RS270-282 

In the foreground is the RY generator board (hem mdio, 
January, 1978). From left to right. Prototype PLL twin 
decoders end Sel-cornp logic, low voltage supply, 100 VDC. 
100 rnA loop supply is on the extreme right. 

F ,  

l l 0 V  
SEC I2 6 V  
1 T  31 

fig. 5. Power supply for the Diglratt PLL.2 When mounting 
the LM309Ks. ensure that an adequate heat sink is provided. 

from 2050 to 2350 Hz, the mark LED should illuminate 
at 2125 Hz, remaining on until 2190 Hz. A t  2220 Hz 
the space LED should light until you reach 2295 Hz. 
Between 2190 and 2220 Hz, neither LED should be 
be on. 

summary 
The Digiratt PLL2 is not the ultimate terminal unit, 

however the builder can expect very satisfactory 
results from it in all but the most adverse conditions. 

The following persons have been most helpful to 
me over the past year or so during which I have been 
designing the various Digiratt projects: Don Smith, 
W9EPT; Bernie Holtman, W4GO; and Gus Bezy, 
K9FUI. 

appendix 
Design equations for a two-stage, bandpass filter using an LM3900 
Norton amplifier.2 

R I .  R4,  and Rfi = z 5  - 
6 . 2 8 3  X F<, X C, 

where F" = center frequency in Hertz 

C ,  = chosen value in Farads 

C1.  C 2  = Any convenient value 

These equations will yield a two-stage filter with a gain of 23 dB 
and a Qof 25. Use 1 per cent resistors. 

references 
1. John Loughmiller. W B Q A W .  "Digiran - urn AFSK Generator and 
Demodulator." hem radio, September. 1977, page 26. 
2. "The LM3900,'' Linear Applicarions. Volume I, National Semiconductor 
Corporation, Santa Clara. California. 1976. 
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there's a world of difference 

lhlF transceiver- 



OMNI-THEALL-INCLUSIVE. Because OMNl has it all. Designed to 
give you every advantage. every capability. whatever your operating 
specialty. Designed to give you new conveniences and new levels of 
performance. Designed to give you the world of Amateur Radio with a 
world of difference-the OMNl world of unique features. An unusual 
combination not found in any other. 
FUNCTIONAL STYLING. The "look" you requested. "Clamshell" 
aluminum case clad in textured black vinyl. Complementary nonreflective 
warm dark metal front panel. Extruded satin aluminum him bezel and l i l t  
bail. Convenient controls. Fully shielded. And everything in a larger. 
easier-to-use size: 5'b''h X 14'.1"w X 14"d. 
TOTALLY SOLID-STATE. Sharing the TEN-TEC heritage of solid-state 
design leadership with its companion wanxeivers. the highly successful 
540/544. OMNl has all the advantages of proven solid-state 
technology-reliabiliry. long life. cool performance, better stability. 
8-BANDS. The world now and in the future. OMNl coven 160. 80. 40. 
20. 15. and 10 meters now Icystals included for all present Amateur 
bands. 1 8-30 MHz). And i t  has convertible 10 MHz and "AUX" band 
positions for the future. 
BROADBAND DESIGN. Permits changing bands withour tune-up. 
without danger of out-of-resonance damage to the final stage. 
ANALOG OR DIGITAL READOUTS. OMNI-A features an analog dial 
witti 1 kHz d~a l  markings. OMNI-D has 0.43" LED readouts with the 5 
most significant in red and the 11th in green to show 100 HZ increments. 
BUILT-IN VOX AND PTT. Smooth VOX action with 3 easy-to-adjust 
front panel controls. PTT control is available at both front and rear panel 
jacks; an external microphone switch may be used. 
BUILT-IN SQUELCH. Unusual in an hf rig. hut handy for tuning or 
monttoring for a net or sked. 
BUILT-IN 4-POSITION CW/SSB FILTER. 150 Hz bandwidth with 3 
selectable skirt contours for optimum CW reception. 
8-POLE CRYSTAL FILTER. 2.4 kHz bandwidth. 1.8 shape factor. 
SEPARATE MODE SWITCH. Permits usingall filters in any mode. 
2-SPEED BREAK-IN. Switch to "fast" or "slow" receiver muting to 
acc<,modatc~ ntiy [,and condition or mobile operating. 
2-RANGE OFFSET TUNING. Switch-select the 25 kHz range for 
off~irequency I)X work or the ?0.5 kHz range for fine tuning. 
OPTIMIZED RECEIVER SENSITIVITY. Ranges from 2 uV on 160 m 
to (I.:{ LIV on l o  m (10 dB S+N/NI to achieve ideal balance between 
dynamic range and sensitivtty. 
GREATER DYNAMIC RANGE. Typically exceeds 90 dB to reduce 
possible overload from nearbv stations. Also includes switchable 18 dB 
Pl l l  d~ode attenuator lor add~r~onal overload prevennon 
WWV RECEPTION. On ttie 10 MHz band gw~tch pontton 
FRONT PANEL CONTROL OF LINEAR/ANTENNA BAND- 
SWITCHING. ~ u i l i a r y  bandswitch terminals on back panel lor 
siniulmneour control of external relays or circuits with the OMNl 
bandswitch. 

BUILT-IN PHONE PATCH JACKS. Provide interface to speaker and 
microphone audio signals for phone patch connection. 
BUILT-IN "TIMED" CRYSTAL CALIBRATOR. In the OMNI-A a 
pulsed 25 kHz calibrator desensitizes the receiver and provides an 
automatic 5 to 10 second "on" time for easy two-hand dial skin 
adjustment. 
BUILT-IN ZERO BEAT SWITCH. Permits placing your transmitted 
stgnal exactly on the listening frequencies of CW stations. 
BUILT-IN SWR BRIDGE. The " S m e t e r  electronically switches to 
read SWR every time you transmit to provide a continuous antenna 
rhurk -. . - -. . . 
FRONT PANEL MICROPHONE AND PHONE JACKS. 
ADJUSTABLE AUTOMATIC LEVEL CONTROL. For setting output 
power level from low power to full output. for retaining low distortion at 
desired drive power to linear amplifier. 
SEPARATE RECEIVING ANTENNA CAPABILITY. Rear panel 
swttch and jack connect receiving sectton to common antenna or separate 
receiving antenna. Also acts as receiving antenna by-pass when used with 
Instant break-in linear amplifiers. 
BUILT-IN ADJUSTABLE SIDETONE. Variable pitch and volume. 
DUAL COMPRESSION-LOADED SPEAKERS. Larger sound out- 
put. lower distortton. no external speaker needed 
POWER INPUT. 200 watts when used with 50 ohm load Proven. 
conservatively~rated. solid-state final amplifier design with full warranty 
for first year and pro-rata warranty for 5 additional years. 
100% DUTY CYCLE. Ideal for R m .  SSTV, or sustained hard usage. 
PLUG-IN CIRCUIT BOARDS. For fast. easy field service. 
POWER. Basic 12 VDC operation for convenient mobile use; external 
supply required for 117 VAC operation. 
OPTIONAL ACCESSORIES. As all-inclusive as OMNl is, there are a 
few options: Model 645 Keyer. 243 Remote VFO. 248 Noise Blanker. 
252M Power Supply. 

Model 545 OMNI-A $899 Model 546 OMNI-D $1069 
Experience the world of difference of OMNI. see your TEN-TEC 
dealer or write for detolb. 

TEN -TEC , wc. 
SEVIERVILLE. TENNESSEE 31862 imr ,* u, + 

t Receiver RESONATE wntrol lor pcak senstbvlty 9 Comblnat~on ALC control and NOISE BLANKER onloll swllch 17 VOX DELAY control 
2 Recetver Dual Range OFFSET TUNING control lor OH-tlegueng 10 DRIVE control lor final slage I 8  VOX ANTI.TRIP control 

work 11 SOUtLCH con~blnatkon on on smtch and mnlrol 19 1 I-Portllon RAND SWITCH 
3 ZERO BEAT swtch rpong-loaded. momentary conlan I 2  4 Poslllon SELECTlVlrVswrtm to1 SSB and CW 20 MICROPHONE lack h8-I tnput 
4 6-Dlp4 LED FREOUENCY READOUT lor 100 Hz accuracy 13 l-Pos$tlon MUD€ sw~lCh. aulomal~c SSB Normal. Rwerse. CW 21 HEADPHONES lack 
5 OFFSFT TUNING LED ~ndocates OT smtch s on and Lock (key down1 22 RECEIVER OFF-SET TUNING SWITCH 3-posct!oo Max-Mm-MI 
6 MAIN TUNING KNOB. big, easy-l0.gnp wth lntegnl solnner 14 Comblnat~on "ush-pull POWER smtch and AUDIO LEVEL control 23 V O X P T T  SWITCH 
7 AUTCMATIC LEVEl  CONTROL LED lnddutes ALC-rqlon operation 15 Comblnaoon N F  ATTENUATOR onfoll smtch and mnlrol 24 OSK ltull Qr~sk-8nl SWTCH 7-poslton Fasl-Slow 
0 Comhlnatton S and SWR METER smlcner automat~cat~ 16 VOX GAIN control 
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preamplifier 
for frequency counters 

Discussion of the 
design requirements 

for a counter preamplifier, 
which in addition to 

high sensitivity 
and input impedance 
also exhibits frontend 

overload protection 

Frequency counter design has been greatly simpli- 
fied since the introduction of the lntersil 720717208 
and the recent 7216126 integrated circuits. Several 
designs have appeared in ham radiolt2 which make 
use of the 720717208 chip set with simple preampli- 
fiers. Since a frequency counter's performance is 
largely limited by the preamplifier used to condition 
its input signal, this stage should receive significant 
attention during the design phase. 

Such a preamplifier should have high input imped- 
ance, much like that of an oscilloscope vertical ampli- 
fier. It should also have enough sensitivity to permit 
the use of a XI0 oscilloscupe probe for minimum 
circuit loading, even at high frequencies. The pream- 
plifier should be able to handle large input signals 
without overload, necessitating some form of input 
attenuator. Since the 7208 is a 5-MHz counter, the 
preamplifier should have a 50-MHz bandwidth for 
use with a prescaler. For proper counting of low-fre- 
quency signals with slow rise and fall times, the pre- 
amplifier should make use of a Schmitt trigger with 
hysteresis to prevent multiple triggering. A lowpass 
filter is also useful for counting noisy low-frequency 
signals. 

preamplifier design 
One method of achieving the high input imped- 

ance is to use an fet input stage followed by a broad- 
band integrated circuit amplifier for high sensitivity. 

By Paul Kranz, WICFI, Mettacomett Path, 
Harvard, Massachusetts 01451 
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. 

V H F  INPUT 

TO PINS 9.10.12, AND13 

HF OUTPUT 

- 0 - 5 V  

RI 7 

CIZ 

VHF OUTPUT 

IN914 IN914 

T Z O  1 I 

fig. 1. Schematic diagram of the high-sensitivity 0-50 MHz preamp and vhf prescaler. Input sensitivity ranges from less than 5 
mV at 1 MHz to about21 mV rms at 50 MHz. Note that the 733 uses the 14-pin DIP package. The filter (S2l is used to ensure accu- 
rate counting while measuring noisy low-frequency signals. 

Overloading of the fet input stage can be prevented 
by a diode limiter and an attenuator. Since there are 
a variety of TTL integrated circuits available with 
Schmitt trigger inputs, one of these devices can pro- 
vide the hysteresis and also the TTL signal condition- 
ing. With the Schmitt trigger operating correctly, 
enough gain can be added ahead of it to provide sen- 
sitivity into the low-millivolt region. 

The circuit that resulted from this approach ap- 
pears in fig. 1. I've also included the vhf preamplifier 
and prescaler discussed by K4JIU. 

The hysteresis and TTL signal conditioning are pro- 
vided by a 74S132, which has a worst-case hysteresis 
of 0.8 volts. Therefore, I needed a preceding voltage 
gain of at least 100 to attain a sensitivity of a few mil- 
livolts. A 733 broadband amplifier seemed to be just 

fig. 2. Circuit board layout for the preamp: bottom of board, right; component side, left. 
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the device, since it will provide a voltage gain of 400 
to approximately 40 MHz. 

During the breadboard testing, I found that the 733 
would break into oscillation whenever I connected a 
XI0 oscilloscope probe to  its output. I was able to  
eliminate the problem by connecting a small resistor 
in series with the probe, thus reducing the capacitive 
probe loading on the 733 output. For this same 
reason, it seemed like a good precautionary measure 
to include some resistance between the 733 output 
and the 748132 input. I chose R1 1 to  be as large as 
possible and yet provide for proper sinking of the 
748132 input current by the 733 output under worst- 
case conditions. 

The fet buffer amplifier, composed of Q1, Q2, and 
03. has the high-input resistance and low-input 
capacitance necessary for an oscilloscope-type in- 
put. In this stage, Q2 is a current source which offers 
several important benefits. First, it provides a high- 
source impedance for Q1 so that its voltage gain is 
nearly unity. Second, it serves as an active current 
sink to  pull down the base of Q3 on negative-going 

fig. 3. Parts placement diagram for the high-sensitivity pre  
amplifier. 

half cycles of the input signal. Lastly, it provides a 
measure of temperature compensation so that the 
maximum signal swing is available over a wide range 
of operating temperatures. 

A significant reduction in the input capacitance of 
an fet preamplifier can be obtained by driving the in- 
put transistor's drain in phase with the input signal. 
This technique, implemented by C3 and R4, virtually 
eliminates the drain to  gate capacitance of 01, thus 
reducing its input capacitance by as much as 5 pF. 

I spent most of my design time on the components 

fig. 4. Input sensitivity curve for the counter preamplifier. 

in the gate circuit of Q1. These components control 
input capacitance, input resistance, overload charac- 
teristics, and lowpass filtering. At  low frequencies, 
and for small signal amplitudes, the input circuit con- 
sists of only R1. The gate bias current is supplied by 
CR1, CR2, and R2. As the low-frequency input signal 
increases in amplitude, CR1 and CR2 begin to con- 
duct and form a 100-to-1 voltage divider between R l  

., and R2, thus limiting the 0 1  gate voltage. Lowpass 
filtering is provided by R l  and C2, which have a 16- 
kHz corner frequency. With high-frequency input 
signals, C1 compensates for the input capacitance of 
the Q1 gate components and keeps the voltage gain 
of the stage roughly constant. The price paid for this 
is the unavoidable lowering of the input impedance 
of the preamplifier as frequency increases. The 
R1-R2 attenuator rapidly loses effectiveness as the 
input frequency increases above 1 MHz. Again, this 
is due to the shunting effect of C1. An input attenua- 
tor, R3 and S1, solves this problem so that it is possi- 
ble to  connect as much as 60 volts rms directly to the 
counter input at 5 MHz and still obtain correct count- 
ing of the input signal. Without this attenuator, the 
preamplifier would saturate at 3 volts rms input at  
frequencies above 10 MHz. 

construction 
A printed circuit layout and component assembly 

appear in figs. 2 and 3. The two-sided printed circuit 
board contains the high-frequency preamplifier as 
well as the 500-MHz prescaler. Short conductor 
lengths and liberal use of bypass capacitors have 
kept the circuit stable and free of oscillations in the 
four preamplifiers which have been assembled. 

Theattenuator switch and filter switch are designed 
for printed circuit board mounting and may be diffi- 
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maximum input signal for proper counting (attenua- 
tor off) as a function of frequency. The maximum 

l m L  
BUFFER low-frequency input of 140 volts rms is limited by the 

114-watt dissipation of R1. At high frequencies, the 
wl-pUr input buffer will overload when the Q1 gate voltage 

reaches 10 to 15 volts pk-to-pk. Counting errors will 
occur when this level is exceeded. The input attenua- 
tor, to a point, helps relieve the overloading. How- 
ever, as 50 MHz is approached, the input impedance 
due to C1 is only slightly greater than 100 ohms. The 

fig. 5. Equivalent circuit for the input of the preamplifier. At maximum input at 50 MHz would therefore be ap- 
signal levels up to 50 mV rms, the amplifier has an equiva- proximately 9 volts rms. 
lent input impedance of 4 megohms shunted by 10 pF. 

conclusions 
cult to procure. However, there is no requirement 
that they be mounted this way. Actually, a decrease 
in input capacitance may be obtained by mounting 
them off the printed circuit board. 

In order to reduce the input capacitance, C20 was 
mounted between T3 and the input BNC connector. 
A 1.5-megohm resistor may be connected between 
T3 and T4 to standarize the input- to one megohm 
shunted by 10 pF. 

The preamplifier will require approximately 70 mA 
from the + 5 volt supply and 40 mA from the - 5 volt 
supply. 

performance 
The only adjustment needed to get the preampli- 

fier operating properly is the setting of the sensitivity 
potentiometer, R8. The adjustment is easily accom- 
plished by applying a 30 to 50 MHz signal to the pre- 
amplifier input and adjusting R8 for a steady pulse 
train out of the 748132. The signal can then be 
reduced and R8 readjusted. This process should be 
repeated until the adjustment of R8 produces maxi- 
mum sensitivity. 

A plot of the input sensitivity of the preamplifier 
appears in fig. 4. The sensitivity remains constant 
from a few Hz to 5 MHz and then begins to increase 

This preamplifier, in conjunction with the K4JIU 
counter, performs admirably as an inexpensive labor- 
atory frequency counter. The input impedance and 
sensitivity of the preamplifier worked out in practice 
to be as the design predicted and certainly adequate 
for most measurements. However, one thing did sur- 

fig. 6. Maximum signal levels for an input impedance of 
lOOk ohms and 33 pF. 

to 21 mV rms at 50 MHz. 
prise me, the effect of input capacitance in lowering 

I measured the input impedance from these thresh- 
the input impedance at high frequencies. Although 

old levels UP to 50 mV rms and found it to be equiva- the preamplifier,s input impedance is no worse than 
lent to megohms shunted by pF' An equiva'ent the typical input impedance of an oscilloscope, it still 
circuit of this input is shown in fig. 5. presents a very low impedance at 50 MHz. 

As the input amplitude increases above 50 mV 
rms, the diode attenuator begins to lower the input 
impedance so that at amplitudes greater than 300 mV 
rms the input impedance is determined by R1, C1, references 

1. John H. Bordelon, KAIIU, "Simple Front Ends for a 500-MHz Frequency and R2. It is possible to design an input network such 
counter,,, hamradio, wge30, 

that the input impedance at higher frequencies is still 2. Holton E. Harris. WIWP. "Sim~lii ina the Digital Freauencv Counter," . . 

very high, but it would suffer from the lack of prOteC- ham radio, February 1978, page 22. 

tion afforded by this design. Fig. 6 is a plot of the ham radio 

october 1978 83 



twin-diode mixer - 
a new 

microwave mixer 
A new microwave mixer 

using two diodes 
and half-wavelength lines 

yields an approximately 
6 dB noise figure 

This article describes a new microwave mixer, 
unique in that it has few parts and does not require 
boards or complicated metalwork. You can build it in 
a minimum of time, and with confidence of having a 
good mixer when you're done. The 1296-MHz model 
to be described has a 6.4 dB noise figure including a 
1.2 dB i-f noise figure. Other features include the 
following: 

1. A very low local-oscillator power requirement 
of -3dBm 

2. The local oscillator frequency is half that nor- 
mally used 

3. No dc return is necessary 

I 4. There is no tuning 

1 5. There is high isolation between all ports 

1 mixer theory 
A diagram of the ideal mixer is shown in fig. 1. The 

ideal filters pass currents only at the rf or i-f frequen- 
cy, with the switch toggled at the normal LO fre- 
quency, frf-f$ Thus, energy from an rf source is 
converted to the i-f and delivered to a load at the i-f 
port. There is no energy lost in the mixer, and the 
receiver's noise figure is that of the i-f. 

In a real mixer, the switch takes the form of a diode 
which is turned on and aff by the local oscillator. 
However, the diode is never a perfect open or short 
circuit, and as such will absorb some energy. Losses 
also occur in the circuitry surrounding the diode; the 
total loss depends in a complicated way upon the 
mixer circuit, the pump level, and, to a lesser extent, 
the diode itself. All high-performance mixers attempt 
to achieve the conditions of the ideal case shown in 
fig. 1. 

Mixer performance can be characterized by the fol- 
lowing equations: 

Tssb = (LC- 1) TO (1) 

Tdsb = ( L c -  2, TO (2) 

By Jim Dietrich, WABRDX, Post Office Box 
208, Mulvane, Kansas 671 10 
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1 s  Y*r FlLTEll 26 UIIn FlLlER 
r-----1 r-----1 ssb mixer 

fig. 1. Diagram of the ideal mixer operating at  1296 MHz. The 
switch will toggle at a 1268MHz rate, causing the 1296-MHz 
i n ~ u t  to be converted to 28 MHz. 

where 

T,b is the ssb mixer noise temperature 
To is the physical temperature of the mixer in 
degrees Kelvin. 
Tdsb zi the double sideband mixer noise 
t emperat ure. 

Note that eq. 3 requires an input signal at the i-f 
frequency to  directly measure conversion loss. The 
loss going the other direction is generally different. 
The loss of a dsb mixer is never less than 2, since i-f 
energy is equally converted to signal and image fre- 
quencies. However, as shown by eq. 2, the noise fig- 
ure is not limited to 3 dB. 

Eq. 2 is complicated by the problem of measuring 
the dsb mixer noise figure. The equivalent ssb noise 
performance in terms of the indicated noise figure is 

where 
Fm is the measured noise figure. 

For example, if the meter indicates 4 dB for a dsb 
mixer, the ssb noise figure is actually 6 dB, not the 7 
dB obtained by simply adding 3 dB to  the indicated 
noise figure." This common mistake introduces sub- 
stantial error for low noise figures. For each type mix- 
er, ssb system noise temperature is given by the fol- 
lowing: 

Component mounting configuration at the rf end LO porn. 

dsb mixer 

TSYS= (LC - 2) TO+ LcTiy+ 2Ta,, (6) 

twin-diode mixer 
An alternative to using a single diode is to  use a 

pair of parallel-connected diodes, of opposite polari- 
ty, and pumped by a local oscillator at one-half the 
normal frequency. Each diode is turned on once dur- 
ing the LO cycle, 180 degrees apart, and both are off 
when the LO voltage is zero. Thus, a pair of diodes 

c-€N cmmm 
"FsE I , B C U  14-,,8-, "ERE 

I 
t # 6  <m14.,/Zm) 

fig. 2. Schematic diagram of the twin-diode mixer. The half- 
wavelength lines are 5 mm 13/16 inchl wide and mounted 1.5 
mm (1116 inchl above the ground plane. Ensure that the line 
on the right is connected to the ground plane, while the one 
on the left remains open. Since the local-oscillator frequen- 
cy is approximately onbhelf that of the input rf, the ground- 
ed half-wavelength line will look like an open circuit to the 
LO port and also like a low impedance to the rf port. L l  is 3 
cm (1 inch) no. 28 AWG (0.3 mm) wire; K is 15 turns no. Z 
AWG (0.2 mm) wire wound to a diameter of 1.5 mm (1116 
inch). 

pumped at 634 MHz performs identically to  a single 
diode pumped at 1268 MHz. 

Fig. 2 shows a full-size mixer circuit for 1296 MHz 
which takes advantage of the frequency relation in 
the twin-diode scheme. On each side of the diode 
pair is a half-wavelength line at the rf frequency, and 
thus a quarter wavelength at the local oscillator fre- 
quency. A t  each frequency, an open circuit exists at 
the respective port, with a short on the opposite side 
of the diode pair. This ideally gives total isolation be- 
tween the ports. The i-f and local oscillator ports may 
be dc or ac coupled, but the rf port must be capaci- 
tively coupled so that it presents an open circuit to 
the i-f. The bandwidth of the mixer is about 20 per 

'Wl lh F ,  equal to 4 dB. converting to a ratio w ~ l l  yield 2.5 
lonttloKlo4/10= 2 5). Using th~s number in eq. 4 produces a noise figure of 
6dBIIOl0g~~12.2 5 -  111. 
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fig. 3. Test setup for _g= 
the mixer conversion AWAL VZCR 

loss end isolation 
measurements. All 
pons are terminated 
in 50 ohms. ? KY -3  $an Y, 

cent, so line lengths as well as component values are 
not critical. 

mixer evaluation 
The mixer was tested by measuring the noise fig- 

ure and also by measuring the actual conversion loss. 
The results were in good agreement. The conversion 

where 
LC = the conversion loss 6 d B  = 4 

To = the mixer operating temperature 297K 

Ti./ = a 1.2 dB  i-  f noire figure 92K 

The single sideband noise figure is 

Addition of a good input filter should lower the 
conversion loss to  3 to  4 dB and thus give an overall 
noise figure of 5 dB or less. However, care must be 
taken to keep filter losses low or else this improve- 

- - 
loss test setup is shown in fig. 3. The input level was 
- 30 dBm f 0.1 dB at 28 MHz. This level was used 
because more signal causes undesired higher-order 
products in the output, and less signal is difficult to 
accurately measure. The LO level is - 3 dBm, which 
was found to be optimum both in the conversion loss 
and noise figure measurements. The spectrum analy- 
zer was calibrated for absolute level at 1296 MHz so 
that the overall accuracy of the conversion loss 
measurement is k 0.5 dB. 

Fig. 4 shows the output as observed on the analy- 
zer. All LO harmonics are 37 dB down ( - 40 dBm) 
from the input at 634 MHz. The desired signal and its 
primary image are both 6 dB ( -  36 dBm) below the 
28-MHz input level. Other responses are down 
enough that they can be neglected. 

As can be seen, the device is indeed a double-side- 6 6 4  116R 2 5  f< 

F@~O"CW.,  Y", 

band mixer, so that ssb receiver noise temperature is fig. ,,. Mixer output as observed on the spectrum analyzer. 
found from the following: The local oscillator was 634 MHz et -3  dBm. The ZRMHz i-1 

input was at -30 dBm. The output levels ere read directly 
in dBm. 

ment will not be obtained. In view of the fact that the 
mixer, as described, is probably better than most in 
use today, I haven't taken time to  build a filter. 

summary 
In this article I have presented a new mixer config- 

uration for use at 1296 MHz. The circuit can be used 
at higher microwave frequencies by simply scaling 
the half-wavelength lines. The device exceeds the 
performance of most available doubly balanced mix- 
ers by producing a 6.4 dB noise figure, nearly 40 dB 
isolation between all ports, and an LO requirement of 
only - 3  dBm. In addition, the LO frequency is one- 
half that normally required, a most attractive feature. 

A brief review of mixer theory, including noise per- 
formance, was presented to give a better under- 
standing of twin-diode mixer operation. The noise 
relationships can be used to properly characterize 

View of the microwave mixer showing overall layout. Built 
receiver system performance using the twin-diode 

on 3 mm 1118 inch) aluminum this mixer used brass shim mixer or any other ssb or dsb mixer. 
stock for the lines. BNC connectors were used at all pons. ham radio 

86 october 1978 



HOLDER TYPES 

lnternatlonal 
Crystal Manufacturing Co., Inc. 

guarantees 
every crystal against detective 
materials and workmanshlp for 
an unllmlted tlme, when used In 
equipment lor whlch they were 
specifically made. 

CRYSTAL TYPES 
(GP) for "General Purpose" applications 
(CS) for "Commercial" equipment 
(HA) for "High Accuracy" close temperature 

tolerance requirements 
International Crystals are available from 70 
KHz to 160 MHz in a wide variety of holders. 

WRITE FOR INFORMATION 

INTERNATIONALCRYSTAL MFG. CO., INC. 
10 North Lee. Oklahoma C ~ t y .  Oklahoma 73102 

4051236-3741 



DSI OFFERS THE BEST OF TWO WORLDS . . .  
An ilnprecendented DSI VALUE . . .  in a high 
quality, LSI Design, 550 MHz frequency counter 
kit. And, because it's a DSI innovation, you know 
it obsoletes any competitive makes, both in price 
& performance. The basic 550 MHz counter & time 
base are factory assembled, tested and burned-ln. 
The problems of bad LEDS, IC's, capacitors, are 
a thing of the past with DSI QUIK-KIT@. But you 
can take pride in assembling the power supply, PC 
mounted selector switch, input connectors, and the 
final mechanical assembly of your 550 MHz 
counter, into its' handsome cabinet. GO WITH THE 
LEADER.. . BUY A DSI FREQUENCY COUNTER 
KIT. SAVE TIME & MONEY AND BE ASSUREQ 
17 WFLL \NOR< THE FIRST TIME. 

VISA . MC 

SEE YOUR LOCAL DEALER : ~ ~ ~ ~ ~ E ~ ~ ~ ~ ~ ~  
OR COO 

CALL TOLL FREE (800) 854-2049 
C ~ l t f o r n s  Resldenls. Call Collect (714)  565-8402 

DSI INSTRUMENTS, INC. 
7914 Ronson Road No. G. San Diego. CA 921 11 

SPECIFICATIONS 
Time Base TCXO 1 PPM 65" to 85" F 
Frequency Range 50HZ to 550MHZ 
Resolution 1HZ to 55MHZ, lOHZ to 550MHZ 
Gate Time 1 second - 1/10 second 
Sensltivity 25MV 150 & 250MHZ 75MV 550MHZ 
Display Eight 1/2-inch LEDS 
Input Two SO239 Connectors 
Power 6C-Size Batt.. 15HR, or 8.2VDC to 14.5VDC 
Current 150 Ma standby 300 Ma operational 

3550 KIT INCLUDES 
*Pre-assembled, tested counter board 
*Case, power supply. connectors, hardware 
*Built-in prescaier & preamp 
*Gate Light - Automatic Zero Blanking 
*Automatic Decimal Point 
*One to two hours assembly time 
*One Year Warranty on all parts 
*All new parts - not factory seconds or surplus 

3550 Kit.. ........................... $99.95 
T-101 Telescopic Antenna.. . . . . . . . . . .  3.95 
AC-9 Battery Eliminator.. ............ 7.95 
Cigarette Lighter DC Adapter ........ 2.95 
TEAMS: ordrrt 10 u S nna Canndn, add 5'ato moxlmurn olS10 W prror0t.r 
lo,  *hlpnlnq, hondl~nq ond 1n9urnnt:n 10 " 1 1  nlhiir co~in!r<cs.orJd I6ii.oIlolal 
~ l r d * . ~  Calmlornco RP9#dml'l ndrl S*r S t ~ l e  SalP* Tar  



two=meter preamplifier 
for handitalkies 

A simple, two-meter, 
one-transistor preamp 

is used to overcome 
the lack of 

receiver sensitivity 

Does your 2-meter HT suffer from the lack of 
receiver sensitivity? A simple single transistor preamp 
can do wonders, especially if you use an external 
power amplifier while operating near the repeater 
fringes. One problem that frequently arises is that 
they can hear you, but you can't hear them! 

I have a Regency HRT-2 hand-held, which I also 
use mobile with a Heath HA-201 10-watt amplifier 
located in the trunk. After a few months of opera- 
tion, I became annoyed at the received signal drop- 
out and static near the fringe of the repeater covei- 
age. My friends all told me my transmitted signal was 
excellent - full quieting into the repeaters; I tried a 
1/4-wavelength whip in the center of my car roof, 
and finally a 518-wavelength whip, but to no avail. 
The noise and breakup persisted. 

The HRT-2 has a receiver sensitivity of 0.7 pV for 
20 dB of quieting, quite adequate in the city and 
compatible with the 2-watt output of the transmitter. 
However, as a mobile unit with 10 watts of output 

capability, the 0.7 f l  sensitivity leaves much to be 
desired. A preamplifier seemed to be the solution. 

I 
I simple preamplifier 

There are a variety of circuits available for two 
meter-preamplifiers, but I wanted to keep it simple, 
low cost, and fairly compact, so it would fit inside the 
case if possible. Also, I felt it would be desirable to 
increase the receiver sensitivity from 0.7 pV to about 

fig. 1. Schematic diagram of the wideband rf amplifier. Only 
the portion to the left of the dotted line is used. All resistors 
are 114 watt. and all capacitors are disc ceramics. 

0.1 or 0.2 pV, typical of most high-quality mobile 
radios; this meant a gain of about 17 dB. Another re- 
quirement was that it be broadband, so that tuning 
for each repeater would not be necessary. The last 
requirement was that it have the capability of being 
switched into the circuit during receive and switched 
out during transmit without .the need for relays. 

By Herbert L. Bresnick, WBZIFV, 16 Creek- 
side Drive, Honeoye Falls, New York 14472 
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fig. 2. Schematic diagram of the Heath 2-meter amplifier (A) and the changes made to incorporate the receiving preamplifier (81. 
Power for the preamp can be obtained from the 13.6 volt line. 07 and D8 are also added to the existing circuitry. 

A <- L L e  
I 

07  DB 03 04 
I 
I 
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A search through the literature revealed that all of 
these requirements would be tough to meet in one 
circuit. However, a simple and inexpensive wideband 
rf amplifier was found1 which met most of the origi- 
nal objectives (fig. 1). Two transistors were used in 
the original circuit, but in my case only one was used 
with a gain of 14 dB. Although tuned circuits are 
recommended for improved selectivity, the amplifier 
was built up as a broadband unit to  see how it would 
work. When externally connected to the HT the 
results were excellent. Clean reception was now pos- 
sible with all the local repeaters, including two that 

(TO H T I  

- -. - -  - - - -  
OUT IN 

previously were extremely noisy, and there was no 
evidence of overloading from undesired signals. 

R O  ANTENNA) 

- -- 

construction 
The next problem was how to wire i t  into the HT. 

After a quick look inside the case, it appeared to be a 
major task to dismantle the entire set. And the 
thought of upsetting the rf circuits or breaking other 
connections was disgruntling. 

A search for solid-state switching circuits did not 
reveal any that would be compact enough to fit in- 
side the case. Suddenly, it occurred to me that the 

I PRElMP 
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answer was inside the Heath power amplifier. I t  
already contained a solid-state TR switching net- 
work, a quite clever one at that. I decided to place 
the preamp within the power amplifier, since all the 
required connections were right there. 

The Heath 10-watt power amplifier is a single, rf- 
switched transistor. The amplifier is automatically 
coupled to the circuit as soon as one watt of signal 
appears at the input. A pair of switching diodes then 
conduct, routing the signal to the transistor. When 
the HT is switched to receive, the diodes no longer 
conduct, and the received signal is passed through 
two 114-wave transformers to the receiver. A pair of 
switching diodes at the junction of the two trans- 
formers provide a short circuit to ground during 
transmission, preventing any rf feedback. 

To connect the preamplifier, it was merely neces- 
sary to break the center connection beween the two 
114-wave transmission lines, insert the preamp, and 
add another pair of switching diodes to the input of 
the preamp, leaving the existing pair at the output. 
The revised circuit is shown in fig. 2. The additional 
diodes were obtained from Heath, and are IN4149 or 
equivalent. The 12-volt supply for the preamplifier 
was obtained from a convenient tie point in the 
HA-201. The preamp was mounted by its own leads, 
as close as possible to the coiled transmission cables, 
with connecting leads kept as short as possible. 
Mounting did not seem to be critical. However, I 
would recommend using plastic tape or other insulat- 
ing material between the preamp and the case to pre- 
vent accidental shorting. 

results 
The results have been gratifying. Received signals 

are now clear and free from static and breakup at dis- 
tances over 40 kilometers (25 miles) from the repeat- 
er sites. A slight readjustment of the HA-201 power 
amplifier was necessary to  compensate for the 
capacitance effects of the added circuit, but there is 
no evidence of power loss with a wattmeter connect- 
ed before and after the modification. 

This solution may not work everywhere, particu- 
larly if there are strong nearby signals. If this should 
be a problem on some repeater frequencies, it may 
be possible to add a switch to short out the preamp 
when it is not needed. A little experimentation before 
modification of the HA-201 will probably determine 
the best arrangement for your own location. 

references 
1. Randall Rhea. WB4KSS. "General Purpose Wideband RF Amplifier." 
ham radio. April. 1975. page 58. 
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I I with exclusive Dual-Speed Control! 1 , 

1 
I 

For antennas up to 10.7 sq. ft. o f  wind load area. Mast 
support bracket design permits easy centering and offers 
a positive drive no.slip option. Automatic brake action 
cushions stops to reduce inertia stresses. Unique control unit 
features DUAL-SPEED rotation with one five-position switch. 
SPECIFICATIONS: Max. wind load bending moment-10,000 
in.-lbs. (side-thrust overturning); Starting torque - 400 in.- 
Ibs.; Hardened steel dr~ve gears; Bearings -loo-%" diam- 
eter (hardened); Meter - D'Arsonval, taut band (back- 
lighted). There's much, much more - so get the whole story! -------------------- 

HD-73 HEAVY-DUTY 
ROTATOR 

I 

I I Mail this coupon for complete details! I 
I I 

Send me complete details on the new HD-73! 1 
I j FS! Gin me the name of my nearest dealer! I 

NAMF 

ADDRESS 

CITY 

STATE ZIP 

, I A NORTH AULRIC IN  PHILIPS COMPANY I 
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Incredible.. . 

Incredible, that's the word people are using to SPECIFICATIONS 
describe the CF50 frequency counter. Why? Simple, Frequency range: 5 Hz to 65 mHz. 600 mHz with CT-600 
the CF50 isan achievement in design: exceptionally Resolution: 10 Hz @ 0.1 sec gate. 1 Hz @ 1 sec gate 
low in cost, compact, easy to use and unmatched in Readout: 8 digit. 0.4" high LED. direct readout in mHz 
performance and reliability. Accuracy: adjustable to 0.5 ppm 

Features of the CF50 include: easy pushbutton Stability: 2.0 ppm over 10" to 40" C. temperature 
operation, fully automatic decimal point positioning. compensated 
quality shielded metal case, and dependable LSI Input: BNC. 1 megohm/20 pf direct. 50 ohm with CT-600 
circuitry. Full eight digit readout allows resolution 
to 1 Hz at 65 mHz. 10 Hz at 650 mHz, and the decimal 

Overload: 5OVAC maximum, all modes 

point is always correct. Input protection to 50 volts Sensitivity: less than 25 mv to 65 mHz. 50-1 50 mv to 
600 mHz 

insures against accidental burnout or overload. And. 
the best feature of all istheeasy assembly. Clear, step Power: 110 VAC 5 Watts or 12 VDC @ 400 ma 

by step instructions guide you to a finished unit you Size: 6" x 4" x 2", high quality aluminum case. 2 Ibs 

can rely on. ICS: 13 units, all socketed 

Use the order blank below or call us direct and CT-600: 600 mHz prescaler option, fits inside CT-50 
order yours today! CB-1: Color burst adapter, use with color TV for extreme 

accuracy and stability, typically 0.001 ppm 
CT-50,60 mHz Counter Kit $89.95 
CT-50 WT, 60 mHz counter, wired, tested 159.95 
CT-600, 600 mHz prescaler option , ------------------ 

1 
lor CT-50, add 29.95 I Ramsey Electronics 1 

I Box 4072 716-271-6487 . . 

I Rochester, NY 14610 
m] - I 

I 
'='.I I 

ACCESSORIES 
I 

DC probe, direct input, general purpose type $1 2.95 I 
Descrlploon 

I 
I auantity 

Prtce I 
High impedance probe, does not load circuit 15.95 1 
Low pass probe, used when measuring audio 15.95 1 

I 
I 

High pass probe, reduces low freq pickup 15.95 1 I 
VHF flexible rubber antenna. BNC connector 12.95 1 I 

Shipping. handling. insurance $5.00 1 
Color burst adapter. for calibration. high accuracy 14.95 1 

typically 0,001 ppm accuracy, stability I N.Y state residents, add tax I 
I Total I 
I I ramsey eleclrmnics 1 Name I I 

PO. Box 4372 Rochester NY 1461 0 
I Address' I 
I city S t a t e 7 i p  I 

(71 6) 271 -6487 ~---------------------i 



You've requested it, and now it's here! The CT.50 frequency counter 1 k i t  has more features than counters sel l~ng lor twice the price. Measur 
ing lrequency IS now as easy as push~ng a button. the CT.50 will auto- 

) matfcally place thedeclmal p o ~ n t  ~n all modes, glvlng you qulck, rellable 

, readings. Want to use the CT-50 mob~le? No problem. 11 runs equally as 
1 well on 12 V dc as 11 does on 110 V ac. Want super accuracy? The CT-50 

uses the popular TV color burst treq. o f  3.579545 MHz lor time base. Tap 
off a color TV w ~ t h  our adapter and get ultra accuracy - ,001 ppm! The . CT-50 offers prolesslonal qual~ty at the unheard of price o f  $89.95. 

Order yours today1 
CT.50.60 MHzcounter kit .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $89.95 

CT.50 WT. 60 MHz counter. wired and lested . . . . . . . . . . . . . . . . .  .159.95 
CT-€00.600 MHz  res scaler o ~ t l o n  lor CT-50. add. . . . . . . . . . . . . . .  .29.95 

SPECIFICATIONS 
Sensitivity: less than 25 mv. 
Frequency range: 5 Hz to 60 MHz. wpically 65 MHz 
Gatetime: 1 second, 11 10 second, with automatic decimal point 
positioning on both direct and prmate 
Display: 8 digit red LED .4' height 
Accuracy: 2 ppm. ,001 ppm with TVtime basel 
Input: BNC. 1 megohm direct. 50 Ohm with prescale option 
Power: 110 V ac 5 Wans or 12 V dc @ 0.4 Amp 
Size: Appror. 6" x 4" x 2.. highqualityaluminumcase 

Color bunt adapter for ,001 ppm accuracy 

CB-1. k i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $14.95 

petitor's kludges and t ry  one o f  
oursl Features: jumbo .4" digits. 

Polaroid lens filter, extruded aluminum 
case available in  5 colors. quali ty PC boards 

and super instructions. A l l  parts are included, n o  
extras t o  buy. Ful ly  guaranteed. One to two  hour. 
assembly time. Colors: silver. gold. black. bronze. 

CLOCK KIT 
6 digit 12/24 hour 

w a n t  a clock that  
looks good for your 

livina room? Foraet the corn. 

," ---. . , .. 
Clock kit, DC.5 . . . . . . . . . . . . . . . . . . . .  $22.95 
Alarm clock. DC.8. 1 2  h r  only . . . . . . . . . .  24.95 
Mobile clock, DC-7 . . . . . . . . . . . . . . . . . .  25.95 

. . .  Clock k i t  w i th  10 min  I D  timer. DC-10  25.95 
Assembled and tested clocks available, add 

VIDEO TERMINAL 
KIT $149.95 

. , ' . . $0  , ,. " . , . , . , 
3~7~33:,,',~,'~',,::,~:,,':,:~Y:,,:~,~:~~:~:~'~~ .......... '..." ....... " .................. ""' .......... '.. .", 
:,::'.:::.,';I., :~~"."?.:,:..::,~:?:,~~ .'A:? , ,  

CHEAP CLOCK K I T  $8.95 PC B W . ~  
O C 4  F p r l ~ r r s  Ow; no! 22.95 
.6dlgml 4" LEO nnclude Ilo.lrd Transformer 
• I? ur 24 lolmar or tranrlarrnrr $1 49 

TONE OECOOEll K I T  
A r"m",. 8. 9 ,,. ,,., ,,,,., <,,, ,%,"",,,PC " ,,." 
F*",,,<*s .,,,C\%8C.! I , ,  .,,l,,,,,.d,,, ,,.-,"en<" 
'*me r''''c ' ' " " ' ' ~ ' ~ ' " n ~  -6' " '"''"1 j''. 

: ~ ~ ? A ' ~ ~ ~ > ? # ~ ~ ~ ~ ' ' ? ~ < ~ ' ? ~ ~ , ~ ~ ~ ~ ~ ~ ~ ? ~ ~ ~ ~  
1," 1' '""'"" '."L"'~'.'"""'""' """'"" 5 

:%I:"K,~. ro 1 . . . . . . . . . . . . . .  -85 

CAR ohm speaker. 
Complete Kit. BN.9 ................ $4.95 

CLOCK KIT $27.95 1- 
FM WIRELESS M I K E  KIT 

. . . ~ ~ .  - .,", ,,.- c"",,", ....... ".". ........................ ,.,,." "" ...I.....j.... ?" ..... w..... ... ". Il<r ....... /"+ ...,... ,,,,. ... ,1,,. 

,.. .">, ..*tl.. ............................... 11 .".̂ ....... ... 8,- . 5 ,  " .  ............................ .. .......... . ,  .........I...... ,.1* ..... a / . . . . .  ".. I.......... ............, .... 
. , .  .,, ,.., ......... ".....,. ,, ................ .." ...,... ... 
",,,., <,,,. ,.~.w,. .,.,-, 
1113?,., . ., 
.,,,I,,. 6," ,.,,, , ,,., .,.,, I.., C ,  

. 
: 3.) ,a,, ",, , + ,,.,, ,,, -a u ......." ,,,, c , ,  , 

.....................,...I. ".... . l U ~ ~ ~ , H ~ ~ ~  uses any lype of mike. Runs on  3 to 9 V. Type 
I ,  ,.Il",. I,",, , ,  ..L D( DC 

Transmit up to 300' to any FM broadcast radio, ..... -.....a . G I .  ..-. ".... FM-2 has added super sensitive mike preamp. ........................... ............... .:>,**.. I.II,\I..,l. ...... . .  . . 
.,~,,* ,.," ...................I..1 I., .,,",1.> I.I,"III.."l*I".~I 

I............1 ...... ............I..l...... ".. 
1 ." ..,.. *,.r., r i r  , I  ' 2 , " -  I.. ,  I,, I l  < " l  C l n .  M L O R  ORGANIMUSIC LIGHTS 

SUPER SLEUTH AMPLIFIER 
A super-sensitive amplifier which will pick UP a 
pin drop a! 15 feet1 Great for monitoring 
baby's room or as a general purpose test 
amplifier. Full 2 watts of output, runs on 6 to 
12 volts, uses any type of mike. Requires 845 

- ... 

See music come altvel 3 different lights flicker 
with music or mice. One light f w  lows, one f a  
the mid-range and one for the hlghr. Each 
channel individually adlustable, and drives up 
to 300 watts. Great for parties. band music. 
nite clubs and mare. 

600 MHz 
PREECALER 

Extend the renpe a1 your 
E O Y I I I ~ ~  1 0  600 MHz. Woflrs with 

CALENDAR ALARM CLOCK 

~ h s  lnrnous RE cl.8rr c power ~ , : ~ , c , ' r ~ f ' ~ ~ ~ ~  w ~ ~ ~ v ~ ~ ~ ~ ~ n " ~ , ' ~ ~ e n ' , " , ~ ~ ;  
emu now nvaqlobla mall o r ~ t a t  Four FEATURES 
Wnlls on for 30 Watts out. 2 #n for 15 
out. 1 ~n for H out. ~ncrsd8bla value. *""'"'"~ '' """"" "' ?'+40''' F"""" 

.r ...... ,", Y .... " ...... .,"" .C," ............ " 

. . . . . . . .  
55 75491 .50 7R19 Y 89 UJT 2 ~ ~ 6 4 6 t v b e  a. 

al l  coun~srr.  err than 150 rnv 
*ens#llv8ly SDPCL~V :lo or 1W 
Wlred. tntad.  PS 18 . 859 95 
K I T .  ps l n  . . . .  84495 

Comb... ....I. 111111.1.1 m w  *>WI" W" 
r,,*l V~,,.~,I. .(LI w , l t r  ?mma and .ri n t ~ r  *, I *,.in rO mv t,unr-ir!.onpvv"I.l,*.ng 
ad -,It <,,e KC, (-3 ,!d"'4~#,""' R*,">*.% 

.............. 
HP7730. . 1 2 5  Produces upward and domward wail char- 

acteristic of police siren. 5 watts audio output. 
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complete u,th all uarrr. lnstructtonr 
and details on T R rrluy. Case no! 
onrluded. 
Camp~eteK~~. PA 1 . . . . . . .  52295 

REGULATOR TRANSISTORS LINEAR 
51 49 M R F  738 3 W  V H F  911.95 5314CIock $2.95 555 5 .50 78MG 

89 NPN 2N3I104 tvDe 10151 00 74500 3 5  556 .75 3WJk 
99 PNP IN3906 TyDe 1015100 745112 .75 566 1.49 3MH 

1.49 340K 12 2 99 NPN Power Tall4O.V 315100 744 7 .79 567 
7473 3 5  1458 .50 7ROB .89 PNP Power Tab40W 315100 
747'. r , ~  I FD D R I V E R  7R12 a* 8 9  F E T  MPF 102 woo 3152.00 

A great atternion gatta which alternately 
flashes 2 Jumbo LEDs. Use for name badger. 
buttom, or warning type panel lights. Runs on 
3 lo 9 volts. 
ComplaaKit ..................... 4 9 6  

POWER SUPPLY KIT 

-- ~ - ~ - ~. ~~~~ ~ 

, .  4 ......I....... rnnl .n... . l . .  .I,.* .""'*. ' ' . '  ,," *'"' ' " , "  " " "  "'." 
,, .,,. ,..~. 
* ........ sw.95 

Complete Kit. ML-1 ................ $7.85 
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general coverage using 
the Collins 75s receiver 

A recent article in QSTl detailed a 
relatively simple and inexpensive 
method for extending the frequency 
coverage of the 75s-1. However, this 
particular method did not allow for 
proper operation of the receiver, 
especially with regard to transceive 
operation, since the correct tuned 
circuits for the preselector, rf, ampli- 
fier, and crystal oscillator circuitry 
are not necessarily selected. The 
method I've employed for some 

NEW SWITCH 71 

fig. 1. Schematic diagram of the change to 
the 75s-series receivers to permit general 
coverage while still maintaining transceiv- 
er capabilities. The two additional sockets 
are mounted on a small metal bracket 
above the present crystal bank. 

months does allow for split or trans- 
ceive operation, is somewhat more 
flexible, and requires only a slight 
modification to the receiver. 

An aluminum bracket is drilled to 
accept two crystal sockets and a 
miniature spdt switch. One socket 
accepts HC-17/U, and the other, 
HC-6/U crystals. The bracket is 
secured to the left side rail over the 

existing crystal sockets. The dimen- 
sions of the bracket allow its right 
side to rest on the tops of the crystals 
in sockets 1, 2, and 3E, providing 
more rigidity. 

The switch is mounted with the 
handle pointing leftlright for instant 
recognition of NORMAL or GENERAL 
COVERAGE. Two solder lugs are at- 
tached under the socket nearest the 
switch for coax braid connections. 
The coax lead that normally goes 
from V3B-, pin 2, to the arm of S lA,  
was broken at the V3 side and passed 
through the hole near the front panel 
to the new switch. A new piece of 
coax is run from the switch to V3B. 
The rest of the wiring is done with 
hookup wire. Attachment t o  the 
common point of the sockets may be 
made at crystal socket 3E. 

With the switch in the NORMAL 
position, the 75s-1 operates with the 
standard compliment of crystals. In 
the GENERAL COVERAGE position, a 
properly chosen crystal may be in- 
serted and with the band switch 
selecting the proper frequency range, 
operation outside the amateur bands 
(or extended 10-meter coverage, for 
instance) is accomplished. The band- 
switch position is especially impor- 
tant when operating the receiver in 
transceive w i th  the 32s series 
transmitters. A similar modification 
could be made to the transmitter, 
although this has not as yet been 
attempted. 

Paul Pagel, N1FB 

reference 
1. Vernon L. Gibbs. W4JTL. "An extended Fre- 
quency Range for the Collins 75s-1." QST, 
October, 1977. 

new product detector 
for the R-4C 

As mentioned in a previous article,' 
the product detector in the Drake 
R-4B and R-4C leaves room for im- 
provement. The present design al- 
lows the audio to leak back into the 
last i-f stage, from where it is de- 
tected, causing the AGC to vary at an 
audio rate. To correct this error we 
developed a reasonably simple prod- 
uct detector which eliminated the 
problems. Unfortunately, as stated 
in the article, the main disadvantage 

+ I4  VDC 

PC 
BOARD 
PA 0 

fig. 2. Schematic diagram of the TL442 
product detector. All components are 
mounted on a 4.5 x 4.5 cm (1-314 x 1-314 
inches) piece of 100-mil Vector board. The 
resistor and capacitor in the 14-volt line 
provide some additional filtering and also 
drop the voltage down to approximately 
11.8Vdc. 

of the MC1496 was the high number 
of external components. 

I n  recent correspondence w i th  
Howard Sartori, W5DA, he sug- 
gested another device which has 
also proved suitable as a product 
detector, the TL442 from Texas In- 
struments. As seen in  fig. 1, the 

'A parts package for this product detector is avail- 
able from G. R. Whitehouse, Newbury Drive, Am- 
herst, New Hampshire 03031. 
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circuit is extremely simple, yet pro- 
vides essentially the same perform- 
ance as the MC1496." 

To begin installation, it is first 
necessary to remove Drake parts 
CR2, CR3, C83, C84, and R60. Next, 
the wires connecting the output of 
TI1 and the printed circuit board are 
removed. The 0.01 FF coupling ca- 
pacitor to be installed should con- 
nect between the transformer pins 
and the IC socket. There shouldn't 
be any connections on the circuit 
board for either the BFO of i-f inputs. 
Completing the installation only re- 
quires that the IC, socket, and asso- 
ciated components be mounted on a 
small piece of 100-mil Vector board 
and mounted in the same location as 
the MC1496 version. All other con- 
nections can be made according to 
fig. 1. 

Audio output is slightly higher 
than a stock R-4C. The combination 
of R61 and the original 0.05 pF bypass 
capacitor provide the proper high- 
frequency rolloff. In this configura- 
tion, and also in the original, the 
product detector will accept a 20 dB 
increase in signal level before it over- 
loads. 

As an addendum, several people 
have reported an audio oscillation 
problem after incorporating the 
0.0015 pF capacitor referred to in the 
original article. We've found that 
this can be cured by inserting a 
4700-ohm resistor in series with the 
added capacitor and also connecting 
a 0.01 pF capacitor across the head- 
phone jack. 

reference 
1. J. Robert Sherwood, WBQJGP and George B. 
Heidelman, KBRRH, "Present-Day Receivers - 
Some Problems and Cures," ham radio, December, 
1977, page 10. 

Rob Sherwood, WBBJGP 
George Heidelman, K8RRH 

Sherwood Engineering 

Table 1. Diode p 
for the TR7500. 

frequency P1 

146.16 0 
146.19 1 
146.22 0 
146.25 1 
146.28 0 
146.31 1 
146.34 0 
146.37 1 
146.40 0 
146.43 1 
146.46 0 
146.49 1 
146.52 0 
146.55 1 
146.58 0 
146.61 1 
146.64 U 
146.67 1 
146.70 0 
146.73 1 
146.76 0 
146.79 1 
146.82 0 
146.85 1 
146.88 0 
146.91 1 
146.94 0 
146.97 1 
147.00 0 
147.03 1 
147.06 0 
147.09 1 
147.12 0 
147.15 1 
147.18 0 
147.21 1 
147.24 0 
147.27 1 
147.30 0 
147.33 1 
147.36 0 
147.39 1 
147.42 0 
147.45 1 
147.48 0 
147.51 1 
147.54 0 
147.57 1 
147.60 0 
147.63 1 
147.66 0 
147.69 1 
147.72 0 
147.75 1 
147.78 0 

~rogramming information became apparent, however, that dial- 
ing up the commonly used frequen- 
cies could be, for this operator at 
least, hazardous while driving 
because of the need to watch the fre- 
quency read-out dial while changing 
channels. 

Users of the TR7500 should be 
aware that the transceiver has forty- 
four preprogrammed channels - all 
ARRL band-plan frequencies between 
146 and 148 MHz, including all 
repeaters, and simplex frequencies. 
However, the transceiver also offers 
six blank channels, which are designed 
to be user programmed, by use of a 
diode matrix, for frequencies not 
included in the preprogrammed 
sequence. These frequencies must be 
on standard 30 kHz centers. Com- 
plete instructions for programming 
these additional channels, are in the 
transceiver operating manual. 

The thought occurred to me that 
regular channels could also be pro- 
grammed into the blank channels, 
rather than having to dial them out in 
the regular sequence. A review of the 
circuit and the programming instruc- 
tions lead to a simple exercise in 
binary numbering, and a complete 
programming table was worked out. 
With this information, the six blank 
channels were quickly programmed. 

The plan has worked out very nice- 
ly. The six channels are programmed 
for three repeaters, and three simplex 
frequencies, which completely 
handles local driving requirements. 
While driving, a quick glance identi- 
fies which of the six channels the 
radio is set on, with subsequent 
changes made by feel. Of course, any 
of the other regular channels is imme- 
diately available, simply by dialing up 
the appropriate channel in the normal 
manner. 

Table 1 shows the complete diode 
programming instruction for all chan- 

preprogramming the 147.81 
1 1 1 0 1 1  nels from 146.16 MHz to 147.99 MHz. 

147.84 0 0 0 1 1 1  Note that the columns are headed by 
Kenwood TR7500 147.87 1 0 0 1 1 1  

147.90 0 1 0 1 1 1  
designators PI through P6, as used in 

A Kenwood TR7500 was recently 147,93 1 1 0 1 1 1  the diode programming instructions 
obtained for mobile usage, and has 147.96 0 0 1 1 1 1  of the operating manual. 
proven excellent for that purpose. It 147.99 l o l l 1 1  Bob Locher. W9KNI 
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I WE KNOW YOU WANT 
I THE VERY BEST! 
A 111 a nlarkct alrt!otly over crowclr!cl by  othc!rs, all features of Iho "BEST" - a11(1 a few extra, including 

making clairn to  being "THE BtST',  we knew we our one year warranty and a tol l  free 800 number 
had to  be bettcr.'COMMUNICATOR I our 6 channel, answered b y  other hams who speak your lanquaqe. 
3 watt handheld. and COMMUNICATOR II nur 800 

a channel synthesired 25 war! ~ i ~ o l ~ i l e  offer all the PACE COMMUNICATOR - THE VERY BEST! 
1 

I 

.~ - 
3 1' 

:I - 
I --I 

--:! - ,  
- 

pace - CDMMUUlClllOll 
A M A T E U R  PRODUCTS G R O U P  PATHCOM INC. 24105 SOUTH FRAMPTON . HARBOR CITY.CA90710 
' ~i,:nrnunt~~lu! I w , l  I,? ava~1.1lile n the la11 Comrnuwcalor 11 15 8" 5 1 ~ h  lot rmmedlale shlpmenl 

NEW . . . . . .  Coaxprobe*. . . . . . NEW 
Coaxial RF Probe for Frequency Counters and 

Oscilloscopes That Lets You Monitor Your 
Transmitted Signal Directly From the Coax Line. 

$9.95 Only 
plus .50 postage 

FINALLY! A RF PROBE that lets you connect USE IT ON 2 METER RIGS TO ADJUST 
into your coax cable for frequency FREOUENCY. The CoaxProbe* has a range 
measurements and modulation waveform of 1.8 lo 150 mhz. 
checks directly from the transmitter. MONITOR YOUR MOOULATION 
JUST CONNECT THE CoaxProbe* into WAVEFORM. With an oscilloscope of prop- 
your transmission line and plug the output er bandwidth, you can check your moduia- 
into the frequency counter or oscilloscope. lion for flat-topping, etc. Ideal for adjusting 
Insertion loss is less than .2db so you can the speech processor. 
leave it in while you operate. NOW YOU CAN MONITOR SIGNALS when 
A NECESSITY IN ANY WELL-ORGANIZED connected to the dummy load. eliminating 
HAM SHACK. the CoaxProbe' eliminates unnecessary on-the-air radiation. 
"lerry-rigglng" and hassles when tapping AVAILABLE FOR THE FIRST TIME TO 
into the coax line is desired. AMATEURS. Try it for 10 days. If not 
A SPECIAL METHOD OF SAMPLING sal~sfied. send it back for refund (minus 
keeps output relatively constant with a wide shipping charges). 
variation of power. Power Output of 8 Watts Order today from: 
gives .31v out. while 800 watts will give 
1 . 8 ~  out. (rms 3-30 mhz.) 2000 watts PEP Coaxprobe CO. 
rating too! 
'Trademark of CoaxProbe Co for rf sarnpllng devlce 

P.O. Box 426, Portage, MI 49081 
1978 by CwxProne co Dealer Inquiries Invited 

shows prelcres an each country . . . DX zones. 

RADIO AMATEURS GREAT CIRCLE CHART OF 
THE WORLD - from the center of the United 
Slales! Ful l  color. 30" x 25". Itslmng Great Cir- 

Francisco (L Los Angeleo. 
RADIO AMATEURS MAP OF NORTH AMERICA! 
Fu l l  color. 30" x 25" - ~ncludes Central Amer- 

Sss your favorite dealer or order direct. 

96 october  1WE More  Details? CHECK-OFF Page 142 



BIRD 43 Wattmeter plus slugs, in  stock, prepaid freight. 
BENCHER keyer paddles in slock 539.95: chrome 549.95 

NEW! EXCITING! BREAKTHROUGH! 
YAESU FT 901 DM 

Transceiver & Accessories 

FT 901 DM 
SpeakerlPatch 
CW Filter 
FV-901 VFO 

Y A W  : . -KENWOOD 
F7001 DM TSI1208E m TsKw 
W225 TRWOA 
-&W, Al#COMhR, EIO ALPHA 

~ R O ' V ~ F  ONE PLUS 

FT.3010 + Free FP301 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $935 I FT-301 + Free FP301.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $769 
. . . . . . . . . . . . . . . . . . . . . .  I YAESU FT.9010 serles.. Call for Ouote 

MICROWAVE MODULES MMT 432.285, . . . . . . . . . . . . . . . . .  $259 

I F9FTTONNA antennas: 144116 el 
UPS Pald 

. . . .  $65.95 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9119 OSCAR ,563.95 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  JANEL Pream~sOSA.5.. $41.95 
TECHNICAL BOOKS: AMECO. ARRL. Sams, TAB. TI. R~der. 

. .  Radlo Pub.. Callbook. Cowan. TEPABCO, many others .cal l  
HAM X ROTOR (New Model) Turns 28 sq. I t .  o f  antenna. 

. . . . . . . . . . . . . . . . . . . . . . .  LISI $325. In stock.. YourPrlceS249 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CDE HAM.III.. 1129.00 

SWAN METERS: WM 6200VHF Wattmeter . . . . . . . . . . . . .  $49.95 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SWR 3 Mobile $9.95 

TELEX HEADSETS: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  in  stock 
CETRON 5728 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,527.95 ea. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RAYTHEON 5728 524.95 
ADEL nlbbllng tool. $6.45: punchS3.50 
CABLE 5132". G.strand, soft.drawn guy cable. For mast or 

light tower.3C loot. 
BELDEN COAX CABLE: 9888 double shield RGB foam coax. 

100% braid. s u ~ l a b l e  lor  direct bury 39C 11.. 8237 RG8 
21C 11. 8214 RG8 foam 25 t l f l . .  8448 8-wire rolor cable 
16C I t . .  8210 72 o h m  k w  t w i n l e a d  $191100 I t . .  8235 
300 ohm k w  twinlead 5121100 It.. Amphenol PL-259. 
silverplated 59C. UG175 adapter 19 t .  PL-258 db i  female 
$1.00. BNC lemalechassls mount 59C ea: 

. . . . . . .  BELDEN 14gaugecop. stranded antenna wire. SS/l00 I t .  
TIMES 'h" foam hardllne60Cflt.. . . . . . . . .  Connectors $15.00 en. 
718" Foam Hardiine 1.50 11. . . . . . . . . . . . .  .Connectors $25.00 ea. 

. . . . . . . . . . . . . . . . . . .  KESTER SOLDER 1 Ib. 60140. ,062. $6.50 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  LEADER GDM LDM815.. 589.95 

MALLORY 2.5PJlWOPIV epoxy diode. . . . . . . . . . . . . . . .  .19C ea. 
,001 MFD 20KV CAP.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .$1.95 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  GE recelving tubes. .50% o f t  list 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE6146B,8950.. S7.95ea. 

. . . . . . . . . . . . . . . . . . . . . . . . . .  SWAN 750CW + Free PSU.3 $675 

I 
ETO - ALPHA 

Buy The Best First! 

I Full Power + C.C.S. Ratings. 

- - -  --- 

TERMS: Al l  prlces FOB Houston Prlces sublect to chanQe wllhoul notice 
All llems Guaranteed Some #terns sublecl to prtor sale Send letterhead lot 
Amateur dealers prlce l l s t  Texas resldents add 5 ' 0  tax Please add 
posta~e esttmate 

I 16 ELEMENTS - F9FT - 144 MHz 

% I The 'Tonna' You've been 
hearing about 

17.8 dBi SWR 1.2:l 
1441146 MHz Wt. 4.4 kg. 

50 ohms Horiz.lVert. 
length 6.4 rn. FIB ratio 22 dB 
Horizontal aperture 2 x 16" ( -  3 dB) 

Vertical aperture 2 x 17"(- 3 dB) 
Side lobe attenuation 60 dB 

ELECTRONICS SUPPLY, INC. 
1WSMMtNNEY HOlmOW, T W  77QW 
71 alMaa2m N W  7laf1114OM 



products 
Drake R-7 receiver 

The new Drake R-7 receiver is 
presently in the design and prototype 
stage, with first shipments scheduled 
for early 1979. Preliminary specifica- 
tions are listed in table 1. The 
receiver is 100 per cent solid state, 
fully synthesized with a permeability 
tuned oscillator (PTO) for smooth 
tuning. I t  has continuous tuning from 
0-30 MHz, and offers both a digital 
readout and an analog dial. 

As with the Drake TR-7 transceiv- 
er, the R-7 receiver features up- 
conversion to  a first i-f at 48 MHz; a 
special high-level, double-balanced 
mixer provides a high intercept point 
and strong signal handling character- 
istics. The receiver uses a full set of 
bandpass "window filters" that  
operate from 30 MHz, through VLF, 
to zero MHz. This permits perform- 
ance in the MFJLFJVLF range that is 
very similar t o  that i n  the high- 
frequency range. As a result, external 
VLF preselectors or converters are 
not required. 

The bandswitch selects various 
groups of window filters and deter- 
mines the frequency limits of each 
range. Any 500-kHz segment within 
these limits is selected by simply 

depressing the UP or DOWN push- switch operates independently of 
buttons until the desired segment is these filters, and can select either a 
reached. Tuning within the segment special new synchro-phase a-m de- 
is accomplished by the PTO, which is tector, or the product detector. Ex- 
connected to the main tuning knob. cellent international a-m shortwave 

A 10-dB, pushbutton-selected pre- and broadcast band reception can be 
amp can be activated on all ranges realized w i th  the low-distortion 
above 1.5 MHz. This preamp im- synchro-phase a-m detector. 
proves the overall sensitivity from ap- The third i-f operates at 50-kHz and 
proximately 0.5 ~LV to approximately features a tunable i-f notch filter for 
0.2 ~LV. As wi th any rf amplifier, heterodyne rejection. The notch 
however, its use lowers the intercept depth is approximately 40 dB. 
point by approximately the same Extremely flexible selectivity com- 
amount as its gain. Therefore, pre- binations may be realized by the 
amp use should be limited to weak 
signal environments for best overall 
front-end performance. 

The second i-f of the R-7 operates 
at 5645 kHz, and the selectable 8-pole 
crystal filters operate in this range. A 
choice of 300 Hz, 500 Hz, 1800 Hz, 
and 4.0 kHz filters are available, in ad- 
dition to the 2.3-kHz ssb filter. Any of 
these filters may be selected from the 
front panel with a 5-position switch. 

proper choice of an 8-pole crystal 
filter, notch adjustment, and posi- 
tioning of the passband tuner, which 
is also employed in the R-7 receiver. 
The passband tuner is full range and 
enables the operator to properly set 
the passband position, in relation to  
the selectivity filter, for any mode 
continuously from RTTY to CW or 
any sideband. Various positions of 
agc, from OFF to  SLOW, are also 

It should be noted that the MODE availablefrom thefrontpanel. 

table 1. Preliminary specifications for the new Drake R-7 communications receiver. 

Frequency coverage 0-30 MHz with DR-7 digital readout general coverage board; 
0.5 MHz 

0.52.0, 2.53.0, 3.54.0, 4.5-5.0, 7.0-7.5. 14.0-14.5, 21.0- 
21.5. 28.529.0 MHz withwt Aux-7 (Aux-7 adds any eight 
500-kHz segments from 0 to 30 MHz) 

Frequency stability Less than 100 Hz drift after warmup 

Readout accuracy Analog dial: better than f 1 kHz when calibrated to nearest 
marker 

Digital: 15 ppm f 100 Hz 

Sensitivity 1500 kHz -30 MHz) 0.5 or less for 10 dB tS+ NIIN on ssb and CW; 0.2 &V or 
less with preamp turned on 

2.0 pV or less for 10 dB (S + N)/N on a-m (30% modulation); 
1.0 pV or less with preamp turned on 

(Preamp not operational below 1.5 MHz) 

(0-500 kHz) 2.0 pV or less for 10 dB IS+ NllN on ssb and CW; 1.0 &V or 
less for 10 dB (S + NjIN on a-m 

Selectivity Same as TR-7 (ultimate selectivity greater than 90 dB) 

A9c Same as TR-7 
lnterrnodulation Intercept point at +20 dBm, minimum; two-tone dynamic 

range, 95 dB 

Image end i-f rejection Greater than80 dB 

Audio output 2.5 wan with less than 10% TGD into4-ohm load 

Powar supply 1101220Vac50/60 Hz or 11-16Vdc 

Dimensions Same as TR-7 
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The R-7 will transceive with the 
Drake TR-7, and these functions are 
pushbutton controlled. The R-7 also 
has a unique antenna switch/toroidal 
splitter .so that both the R-7 and the 
TR-7 may be used on the same anten- 
na for simultaneous dual receive. This 
will be a boon to DXers who wish to 
monitor an out-of-band DXpedition 
and the in-band pile-up at the same 
time. The antenna selector also per- 
mits alternate antennas to be used on 
the receiver and a main antenna on 
the transceiver, or vice versa. The 
alternate antenna may also be split 
between the two units. 

The receiver features receiver in- 
cremental tuning (RIT), so that the 
receiver frequency may be varied in- 
dependently of the transmit frequen- 
cy when operated in transceive with 
the TR-7. As with the TR-7, the digi- 
tal readout in the R-7 may be used as 
an external counter to 150 MHz. 

The receiver's built-in power sup- 
ply operates from either 12 Vdc or 
1201240 Vac. The styling, color, and 
size of the R-7 matches that of the 
TR-7, and either the internal speaker 
or an external MS-7 speaker may be 
used. Further information and prices 
will be available from the R.L. Drake 
Co. by the end of 1978. 

Racal RA6700 receiver 

The Racal RA6700 is a fully syn- 
thesized, tunable, solid-state com- 
munications receiver designed for all 
modes of reception over the frequen- 
cy range of 15 kHz to 30 MHz. The in- 
ternal synthesizer provides single- 
knob frequency control that allows 
rapid tuning across the complete 
frequency range with the feel and 
smoothness of a VFO, while retaining 
the accuracy and stability of the in- 

1 K w  CW, 3 K w  PEP input. 
For dipoles, inverted Vees, 

beams, quads. 
De~endab le .  Takes 

temporary overloads in 
stride. 

Specify 1:1 or  4:l ratio. I 
Model 1 K $22.50 

2 K w  CW,  6 K w  PEP input. 
Far more rugged than any 

other balun made for 
amateur use. 

Specify 1 :1 or  4:l ratio. 

Model 2K $42.50 

2 K w  CW, 6 K w  PEP input. 
Our heavy duty balun wi th 

mounting bracket for 2" 
mast or boom. 

Specify 1 :l or  4:l ratio. 

Beam Balun $47.50 

Only Palornar Baluns Have A l l  These Features 

RF toroidal core for highest efficiency. 
Teflon insulated wire. 
Stainless steel hardware. Won' t  rust. 
Epoxy fi l led case. Waterproof. 
Wideband 1.7 to  30 MHz.  
Whi te  case to  reflect the sun. 
Lightning protection bui l t  in. 

Free brochure sent on  request 

How many l ightweight baluns have you burned out 
already? Install the balun that wi l l  stay u p  there working 
year after year. 

To order, add $2 shippinglhandl ing. California residents 
add sales tax. 
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your 
MOST CALLED 

NUMBERS 

at your favorite 
Amateur Radio Dealer 

Look for This Display at 
the Finest Radio Dealers 

everywhere and dis- 
cover why present 

AD-1 owners are 
so proud of 

their new 
Auto Dialers. 

UP TO 18 TELEPHONE or control numbers retrieved wi th  a 
one or two  key punch. 

AUTOMATIC RE-DIAL of  last number manually dialed. 

SAFE AUTOPATCH CALLS even in heavy traffic. 

10 NUMBER RAM easily programmed in moments f rom the 
keypad. 

OPTIONAL PLUG-IN 8 NUMBER PROM custom-programmed 
by  factory is available for $4.95. A Prom Order Card is packed 
wi th each AD-1. 

PROGRAMMABLE TONE-LENGTH AND DURATION ensures 
accessing virtually any repeater having strict t iming require- 
ments. Ask any veteran autopatch user and he wil l  tell you that 
this feature is an absolute must! 

EASY INTERFACING with virtually any amateur transceiver 
using the coil cord provided. 

CRYSTAL CONTROLLED TIMEBASE assures high stability 
over a wide temperature range. 

MADE IN  U.S.A. 
Al l  t hese  features  a n d  m o r e  are possib le thanks  to t h e  ex-  
c lus ive AEA 197701 MOS Mic rocompu te r  Chip. (OEM in- 
quir ies invited). 

ADVANCED ELECTRONIC APPLICATIONS, INC. 
P.O. BOX 2160, LYNNWOOD, WA. 98036 
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ternal frequency standard. In addi- 
tion, the operator can select either a 
100- or 10-Hz tuning rate, with the 
separate MHz control knob, per- 
mitting rapid changes from one end 
of the frequency range to the other. 

The RA6772 incorporates the very 
latest techniques in mixer and signal 
path refinements to  produce im- 
proved dynamic range and to  reduce 
intermodulation products, reciprocal 
mixing, cross modulation, blocking, 
and spurious responses to  a degree 
that exceeds the capabilities of any 
other general-purpose receiver cur- 
rently in production. The basic re- 
ceiver will accommodate six i-f fil- 
ters; two may be asymmetrical ssb 
filters with either 3- or 6-kHz nominal 
bandwidths. Provisions are also avail- 
able for additional filters if the stan. 
dard 300-Hz, 3-kHz, and &kHz fil- 
ters are not adequate. During CW 
reception, the internal BFO provides 
f 3 kHz tuning range. 

The receiver is ruggedly construc- 
ted to permit operation under ex- 
treme conditions. Yet the internal 
layout permits easy access for serv- 
icing, all components being acces- 
sible without the use of extension 
leads or adapters. The rear panel 
contains all input and output con- 
nectors, with many internal connec- 
tions making possible the use of the 
receiver as the basis for a more so- 
phisticated receiver system. 

To enhance receiver versatility and 
flexibility for communications, sur- 
veillance, and direction-finding ap- 

I plications, a number of options and 
variations are available. In addition to 
the normal modes of reception pro- 
vided in the basic RA6772,.additional 
units can be added within the receiver 
to permit reception of ISB and FSK 
signals, along with AFC operation. 
When configured for teletype, one or 
two machines may be directly con- 
nected to the receiver without the 
need for external power supplies. 

The RA6700 receiver series is well 
suited for single- or multiple-receiver 
systems, with numerous options and 
configurations possible. As an ex- 
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ample, the RA6774 can be controlled 
by a computer, or, as in the case of 
the RA6780, by either local or remote 
manual control. For additional infor- 
mation; contact RACAL Communi- 
cations, Inc., 5 Research Place, 
Rockville, Maryland 20850. 

Sherwood Engineering 
crystal filters 

Sherwood Engineering has recent- 
ly expanded still further its already 
extensive line of high-performance 
crystal filters. To complement their 
filtersfor the Drake R4C, they've now 
added a 2.1-kHz a-m fi lter (CF- 
2.1KI8AM) which plugs directly into 
a normal a-m filter socket. This 8-pole 
ladder filter, which can be used to re- 
place the normal 4- or &kHz filters, 
exhibits a - 6dB bandwidth of 2.1 kHz 
and is 3.6 kHz wide at the -60 dB 
point. 

To help you take advantage of the 
extensive filter capability that can be 
obtained by using the full line of 
Drake-type filters, Sherwood Engi- 
neering is now offering a custom- 
made, dual function switch for the 
front panel of the R4C. This switch, 
which replaces the present AGC 
switch, makes it possible to  switch 
each filter from the front panel. In 
addition, the new concentrically 
mounted AGC switch provides five 
AGC positions, instead of the original 
four (off, fast, medium, and slow). 
This offers the operator the option of 
incorporating an additional AGC 
speed for greater time-constant flex- 
ibility. The switch itself does not 
replace the Sherwood Engineering 
relay kits, but is offered as an alter- 
native to the normal toggle switches. 

In addition t o  filters for the Drake 
R4C, Sherwood Engineering is also 
manufacturing the CF-350/8, a 350- 
Hz CW filter for use with the TR4, 
TR4C. or the TR4Cw. This 8-pole 
filter has a shape factor of 2.431 (as 
compared with the 4:1 factor for the 
normal 500-Hz filter supplied in the 
TR4Cw), yet it is easily installed in 
many TR4s in less than two hours. 
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CUSHCRAFT 
IS THE FM 
ANTENNA 
COMPANY. 

Cushcraft manufactures the world's most 
complete line of quality antennas for 
amateur VHF FM repeater servlce including 
h ~ g h - g a n  mul t~slernent  vertrcal beams, 
stocked colllneor arrays, 518-wavelength 
m o b ~ l e  whips, half-wavelength Rlngo" 
vertlcols, a n d  the world-famous Rlngo 
Ranger", which features stacked vertlcal 
half-wavelength elements for 4 5 dBd 
omnldlrect~onal galn Whether your favorite 
repeater 1s next door or across the state. 
Cushcraft has a VHF-FM antenna whlch is 
exactly engineered to your needs 

&- UPS SHIPPMLE 

In Stock With Dealers World Wide PO Box 4680, Monchester N H 03108 - 
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Model lSW - 0inour.l Synthaizsr-Filter with Tona-Top 
the, 8 'D" Cells - Lrtl Ihtleriar 186.Wppd. U.S. 

Modal 1501 - Rsquira y w r  12 to I5 volt DC lnplt, lW mo. 
n m .  iintsrn~l rcgulmim) 189.Wppd, U.S. 

Well Trmrbrms, IIN AC supply r d d  01 12 volts, 350no. 
fol vu wilh Model 1501 or . . . $4.95 

I GET sEnm WAN IW HZ rrFrcilvr srLrcrlvlrv ON cw, A srLtcrAsLr Nolst BANDWIDTH OF 16s THAN 150 HZ 
PLJS PfRIPhERAL HEARING IN BINALRAL SOUND . . . ALL WITHOUT LlSTlNlNG THROUGH THE TINKLING ROAR 
OF A &ARROW-BAND FILTER OR FUSSING WIT* SELECTIVE SOLELCH SYSITMS. . . EXPERIENCE THE BINAJRAL I 

1 FUNCTION ON SIDE 8AND VOICE . . . Jurr connecl to y w r  receiver's headphone M 1p.oka j ~ k  ad plup in two 8 Ohn 1 

I 
.pek.r~ ~rnrngd rtneo fmhion . . . ddltimal jock pmri&d 01 l a c r  parer to pmtesl ywr #.no h a d s o .  

In HR mogmin. orticln m Nobv.'75 ond Nw.'76 . . . h k  fw rur note en listanin. with bimurol and la.-1- nptms 

HILDRETH ENGINEERING BOX 60003 SUNNYVALE CA94088 

(WAND HOLDING?. . . LET 

DATA SIGNAL put rings on p u r  fingers . . . 
rn 

]with our SUB-MINIATURE ENCODERS 

The world's smallest hand-held goes hand-in- 
hand with the world's smallest, lightest and 
least expensive T-T Pads. 

MODEL SME - Smallest available Touch Tone Encoder. Thin. 
only .05" thick, keyboard mounts directly to  front of hand. '. 

' held portable, while sub.rniniature tone module fits Inside. 
Thls keyboard allows use of battery chargers. Price $29.00. . 

1 with your choice of keyboards. SME (less keyboard) $24.00 , 

or, SME 

MODEL DTM - Completely selt.contained miniature encoder 
for hand.held portables. Only 5/16" thick. Three wire con- 
nection. Automatic PTT keying opt~onal. With our choice of 
keyboards. Prlcs OTM - $39.00, DTM-PTT - S49.k. 
.Touch.Tone is a registered trade name of ATLT. 

. . .  A n d  Bells on Y o u r  goes 

with our AUTOPATCH - Ready to go! 

- 
A Complete Autopatch facility that requires only a repeater 
and a telephone line. Features include single-digit access/ 
disconnect, direct djaling from mobile or hand-held radvos. 
ad,ustable ampll f ien for transmitter and telephone audio, and 
tone.burst transponder for acknowledgement of patch dis- 
connect. 
RAP-2W P. C. Card 
RAP-200R Rack Mount 

Be sure to ask about 
our new keyers and CW 
memory for CW buffs. 

2403 COMMERCE LANE ALBANY, GEORGIA 31707 

912-883-4703 

For the TR4Cw, installation can be 
accomplished in less than five 
minutes. 

Other new products include 350-Hz 
CW filters for both the Kenwood 
TS-820 (CK-35018) and the Signal 
One (CS-35018). Each is a custom- 
made, 8-pole ladder filter which ex- 
hibits a 6160-dB shape factor of 
2.43: 1. Both are direct replacement 
filters which can be installed in 
minutes. The CS-35018 has a lower 
insertion loss, in many cases, than 
the hard-to-find deluxe factory CW 
filter. 

For the CW operator who wants 
the best, Sherwood Engineering has 
developed a 125-Hz CW filter for the 
new Drake TR-7. This filter is ex- 
cellent for the high selectivity 
demanded during DX and contest 
work. The new filter will mount 
directly on the TR-7 filter board. Or, 
for the person with both Drake CW 
filters already installed, a plug-in filter 
board can be obtained to add the ad- 
ditional flexibility afforded by incor- 
porating all filters. 

For complete details and price in- 
formation on all products, contact 
Sherwood Engineering, 1268 South 
Ogden Street, Denver, Colorado 
80210. 

Alliance heavy-duty 
rotator 

The HD-73 Heavy-Duty rotator, 
combining wind- and ice-resistant 
features plus two-speed rotational 
control never before incorporated 
into a unit of its size and perform- 
ance, is offered by the Alliance 
Manufacturing Company Inc., of 
Alliance, Ohio. 

Designed especially for the serious 
amateur who wishes to increase his 
capability with in-tower or mast- 
mounting option, the HD-73 features 
a unique dual-speed control with one 
five-position switch. It provides a 
one-minute-per-revolution speed for 
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rotating over an extended arc, and a 
slower speed permitting pinpoint ad- 
justments for the best signal on re- 
ceive and transmit. 

Improved automatic brake action 
not only simplifies positioning, but 
also reduces risk of antenna damage 
by sudden stops that impose high 
inertial stress on antenna, tower, and 
rotator. 

Designed to move antennas with a 
maximum of 1 square meter (10.7 
square feet) of load capacity, the HD- 
73 develops a wind-load bending 
moment capable of withstanding the 
most severe prevailing wind condi- 
tions. Icing, another weather hazard 
for rotators, is overcome by the heav- 
iest hardened-steel pitch-gear teeth 
of any rotator in its size and price 
range. The consistently high per- 
formance of the unit in all weather 
conditions is enhanced by a factory- 
installed lubricant that withstands 
temperature ranges of +49 to 
- 2g°C ( + 120 to - 20OF). 

The HD-73's 20-volt ac, capacitor- 
operated, split-phase, reversible 
motor and its transformer are doubly 
protected by fuse and thermal pro- 
tectors against shorts, possible con- 
nection error, and prolonged opera- 
tion. No voltage on the motor or 
leads exceeds Underwriters Labora- 
tory safety limits. 

The meter, a dc, D'Arsonval, taut- 
band type, is calibrated in bold 
S-W-N-E-S lettering as well as with a 
degree-graduated scale for full 360° 
position recording. The voltage sup- 
ply for meter indication is solid-state 
regulated to assure accuracy regard- 
less of wide line-voltage or load 
variation. The bar switch permits 
dual-speed rotor control with utmost 
accuracy and fingertip ease. 

The power required is 117 volts 
ac, 60 hertz. The mast mounting 
size range is 35 mm (1-318 inch) to 
63 mm (2-112 inch) O.D.; it requires 
a six-conductor cable. Total shipping 
weight of the rotator with two pairs 
of brackets and control box is 7.7 kg 
(17 Ibs). 

CUSHCRAFT 
IS THE HF 
MULTIBAND 
ANTENNA 
COMPANY. 
\ 

\ \ 
ATB-34. Three Bond 

20 meters. 

I_ 
Cushcraft manufactures a full range of high- 
frequency antennas which are performance 
engineered for the most discriminating amateur. 
For the amateur who demands top performance 
in a multiband Yogi beam there's the 
incomparable ATB-34 three-band beam for 
broadband. high-gain coverage on 10.15 and 

And for the Amateur with limited antenna space 
and budget who wants reliable, multiband 

radio communications there are three Cushcroft 
multiband verticals to choose from: the three- 

band AN-3 for 10. 15 and 20: the four-band 
AN-4 for 10, 15.20 and 40 meters; and the AN-5 

for low VSWR five-bond performance from 80 
through 10 meters. lr 

Cushcraft high-frequency antennas are quality Aw-4, 
engineered for top performance; they are often 

imitated, but never duplicated. 

6- UPS SHIPPABLE 

In Stock Wtth Dealers World Wide PO. Box 4680. Manchester. N. H. 03108 
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CENTRAL NEW YORK'S FASTEST GRO 

- - - -_  .9 . -,  .. 
I . . . 8 .  

See your nearest Alliance Distribu- 
tor, or write to Alliance Manufac- 
turing Company, Inc., Alliance, Ohio 

-. . . . . - . . - . . . 
' Featur~ng Y a ~ s u  I r  rlrr,. Atlas. Dentron. Ten-Tec. Swan. Regency. Standard. Tempo. 

44601. 
KLM. H y - G a ~ n  Mosley. Larsen. M~dland.  W ~ l s o n .  Southwest Techn~cal Producls. Tr~stao 
Towers. MFJ. KDK, and M~crowave Module. We Servrce everythrng we sell '  Wrl le or Call 
lor a ouote YOU WON'T BE D~SAPPOINTED compact amateur 

A compact new 1-watt, Zmeter 
handheld amateur fm  transceiver is 
now available from Standard Com- 
munications Corp. of Carson, Cali- 
fornia. This transceiver, designated 
C-118, is approximately the height 
and width of a dollar bill, and permits 
the user to transmit up 600 kHz, 
down 600 kHz, or receive and trans- 
mit on the same frequency with just 
one crystal. This provides 18-channel 
capabiliw with only six crystals. 

The C-118 also incorporates a built- 
in capacitor microphone and LED 
status lights for CHANNEL BUSY and 
TRANSMIT. Also included at no addi- 
tional charge is a BNC connector with 
flexible antenna, provisions for an 
external dc power supply, and ear- 
phone. It has a frequency range of 
144-148 MHz and comes equipped 
with one crystal for operation on 
146.94 simplex and 146.34194 MHz. 
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To obtain a free copy of the C-118 
data sheet, write Standard Communi- 
cations Corp., P. 0. Box 92151, Los 
Angeles, California 90009. 

500-watt rf transformer 

Palomar Engineers has a new 
broadband rf transformer. It matches 
vertical and mobile antennas to  50- 
ohm coaxial cable. Impedance values 
of 8, 12.5, 16, 22, 32, and 50 ohms 
can be selected by a convenient 
switch. 

The transformer is mounted in a 
die-cast aluminum case 10 x 12 x 
5 mm (4 x 5 x 2 inches) fitted with 
UHF (SO-239) connectors. The rf 
ferrite toroid core is wound with tef- 
Ion-insulated wire and is rated at 500 
watts in continuous commercial serv- 
ice. Operating frequency range is 
1-30 MHz (1-10 MHz below20ohms). 

Price is $35 plus $2 for shipping in 
the United States and Canada. For a 
free descriptive brochure, write to  
Palomar Engineers, Post Office Box 
455, Escondido, California 92025. 

Stolen Equipment 
STOLEN: June 30. 1978. Rochester. NY from KZDHA. 2. 
meter transceiver. KDK model FM144.10SXRll Serlal 
L5870. Scanner adapter attached to above. Amateur 
Wholesale Eleclronlcs. FMSC-1, no serlal #. Amateur 
Wholesale Electronics Touch Tone Pad. Model FMTP.1 
I1 lendered lor trade, sale, or service, please notlly: 
KZDHA. A. C. Peed. L86 Monteroy Road. Rochesler 
14618 or Brlohton Police Depl.. 2- Elmwood Ave.. 
Rochesler. N.Y. 14618. 
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CUSHCRAFT 
IS THE VHF-UHF 
ANTENNA 
COMPANY. 
Cushcrotl preclsron engrneered VHF/UHF Yogi beams 
have become the standard of comporision the world 
over fo r  SSB and CW operation on 6 meters through 432 
MHz. Built by skilled craftsmen from the best available 
materials. these beams represent that rare combination 
of high electrical performance. rugged construction, 
and durability. 
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Cushcrott's Quad Arrays for 144, 720. ornotr:~ir ~CIIYIIY annve 'ij Mk41 w h ~ t t i ~ t  
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DRAKE 
OWNERS 

Please note that our Las 
Vegas Repair facility is being 
closed in early September to 
allow staff personnel to 
return to our main plant in 
Ohio to help meet the fan- 
tastic demand for the TR-7 
and other exciting new 
Drake products. 

The need for a western 
factory service center has 
been reduced in recent 
months as our western deal- 
ers have expanded their 
service capabilities. 

R. L. Drake Co. 
540 Richard Street 

Miamisburg. Ohio 45342 
Phone 513-866-2421 

Telex 288-017 

CURTIS 804: 
retires with 
h 

but I( 
at ou 
NEW ARS! 
Aw75 M.m 71 on. wls IYL '75. Am IYL '77.71 ........ *8044-3; IC,PCB.Saket.Manual. 24.95 

*8044.4; SemCKH.. ................ 54.95 .. *8045; M m c  ~ t y w O r + A - C N p  K.. 59.95 . *8045-1; K,PCB.RFO,Sockas,Manurl.. 89.95 
. *8047; Mesugm Memaryon-A-CMp K.. 39.95 .. *8047-1; IC.PCB,RAM.SW~~S.M~~UJI. 69.95 

IaU S1.75 n I b r s  k walm md hm-I 

TEST EQUIPMENT 
All equipment listed is operalbonal and 

uncondttoonally guaranteed. Money back 11 no1 
sat8sfied. Prices listed are FOB Monroe. 

. . . . . . .  HP120B 450kHz gen pur scope .S215 
HP170AlUSMl4Ol 30mHz scope with 

. . . . .  reg horiz, dual trace vert plugs .475 
Meas Mod 00 Stand sig gen 

.......... 2~400MHz with calibattn.. ,225 
............. Quantech 303 Wave Anal ,445 

Tek565 Dual beam lOmHz scope 
less plug tns 13series). . . . . . . . . . . . . .  ,625 

TekSBS BOMHz gen pur scope less 
plugin ............................. ,645 

URM2S Stand Sig t e n  IOkHz-MMHz 
c a l ~ b  altn . . . . . . . . . . . . . . . . . . . . . . . . . .  ,225 

For complete listol all test equipment 
sendstamped. sell addressedenvelopc. 

GRAY Electronics 
P.O.Box 941, Monroe, Mich. 48161 

Specializing inused test equipment 

I ~ u g G d .  encased piastic with Price $19,95 I 
ST) ....... 
I s m . . . . .  
I S  mdmd 

r-78OET) 
,--- .-- . 

EK-430; CMOS Kepr* (~1171 a - 124.95 Adjustable frequency FreQ set at 
K.440A: Insttuetokcpr' IUN" ,224.95 

'm .IM b s h  - (98-250 Hz), Lower SleJzra 
. C*...... S m  4000 Ham Computer IS Excellent staMlity 

CurtisElectm Dev~ces ,  11tc. /Iny 1415) Wd.3136 Send t w  more into 
B014090. Mountain Vlaw. C194040 



BE PREPARED FOR CYCLE 21 
GET HY-GAIN'S NEW LONG-JOHNS 

"THE STACKABLES" 

5 Element Maximum 
Performance Monoband Beams 
for l O , 1 5 ,  and 2 0  meters 

W i t h  sunspot cycle 21 now in the upswing, you should be prepared for the DX available on the 3 top HF bands, 
if not, our new "Long-Johns" are for you. The new 5 element "Long-John" monobanders are ideal for the serious 
DX'er. Each utilizes Hy-Gain's unique Beta-match for optimum power transfer. Also each antenna uses taper- 
swaged tubing for minimum wind load and maximum strength. For maximum durability each "Long-John" uses 
Hy-Gain's rugged boom-to-mast clamp. 

Specifications: 
Order Number 
Model Number 
Gain 
Front-to-back ratio 
SWR [at resonance1 
Impedance 
Power rating 
2:l VSWR Bandwidth 
Longest Element 
Boom Length 
Boom Diameter 
Turning Radius 
Surface Area 
Wind Load at 80 mph 
Maximum Wind Survival 
Mast DIA Accepted 

377 
2 0 5 B A  
11.6 dB 
2 0  dB minimum 
Less than 1.5:l 
50  ohms 
Maximum Legal 
400  KHz 
36  %" 
34' 
2" 
25' 
9.0 sq. ft. 
230 Ibs. 
80 rnph 
1 7/4" to 2%" 

12.0 dB 
2 0  dB minimum 
Less than 1.5:l 
5 0  ohms 
Maximum Legal 
500 KHz 
24 l/2" 

2 6' 
2" 
1 7'/2" 
5.2 sq. ft. 
133 Ibs. 
I 0 0  mph 
1 1/4" to 2 112" 

12.0 dB 
2 0  dB minimum 
Less than 1.5:l 
50  ohms 
Maximum Legal 
1.5 MHz 
1 8V2' 

24' 
2" HY-GAIN ELECTRONICS 
15' 8601 Northeast Hwy 6 
3.9 sq. ft. 
100 Ibs. 

Lincoln, Nebraska 6 8 5 0 5  
100 mph (4021 467 -5321  telex: 48-4324 
1 1/4" to 2'/2" 
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Headquarters 
Dozens of Distributors offer you a selection 
of YAESU products. Some might even quote 
you a slightly lower price. But-no one can 
serve you better than Clegg when you 
choose any item from YAESU4 extensive 
product line. Because: 

1. We have YAESU products in stock. 
2. We know YAESU products inside 

and out. 
3. We service all YAESU products. 

If you are considering upgrading your sta- 
tion with a new YAESU FT901-or an FT- 
225RD-or an FT301-or merely a YAESU 
clock-call us TOLL FREE today 
YAESU and Clegg guarantee your satisfac- 
tion with the product and with the service. 

Call Clegg TOLL FREE 1-(800)-233-0250, 
for YAESU or any other requirement for 
your station. 

Comrnun~cations Corp. 
191 1 Old Homestead Lane 

Lancaster, PA 17601 

f \ 
Toss 80 and 40 meters 
in your briefcase. 

only 
$79.95 

Kantronics 8040-B Receiver 

Itweighs about a s  much a s  a loaf of bread! 
The Kantronics 8040-8 CW receiver 

measures 3"x5"x?"(HWD) and tuns on two 9 volt 
transistor batteries. It's small enough to fit in your 
briefcase. light enough to take on a hiking trip and sen. 
sitive enough to pick up signals at a microvolt. 

Now you can copy code from 3.650 to 3.750 MHz on 
80 meters and 7.050 to 7.150 MHz on 40 meters 
almost anywhere you have room for a pad and 
pencil! A simple dipole brings in armchair copy on both 
bands. 

Check with your dealer about the 8040-B, or order 
direct from our address below. 

WKANTRONICS 
,!, ., , .w r.d %m 

The L q h t w q h l  Chomps 
I.r , - , .rr~ Kmrr l n 4 4  b b -  ,3><".12 2 5  
il.. .i.," ",.A \Ixm ihv .l"h "d mnn "h*% 

1 

I .- ~ 

Address - I . Slale- - -- ZIP - - 

I thsentenne 
epecialiete co. I 

I 
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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! 
O ~ I I  s,ilc-b and s c ' r v ~ ~ e  111~111 u ~ I I I  t31- h<~l>l>y IO LISSIL .~  yo11 Answers to common R l T Y  questions .rrr fv;lturcd 
111 vnur choll-c ( 1 1  RTTY equlpnlent. . ~ n s w c ~ r q u r s t ~ c ~ n ~  In Ihv center f ~ d d  of our new ;~~n.itcwr r'ldlo catalog. 
,~t>rrut RT7-Y. .111d 1,rovlde asslst,,nc-v I I  prol>lrrns d o  Such q i ~ e s ~ ~ o ~ i s  Lls "Wh.11 d o  I need": "How d o  I hook 
,lrlsr. In .1dd111on, all HAL,>mateur RTTY eq~~ll>tnr~nf ~t up'?". and " W ~ , I I  freque~nc~es d o  I use?'' <ire dls- 
ni.lnr~;~ls c.1n Iiv l>urch;lsed for $10.00 c,nch lor C I ~ I  cussed. Tc~chn~cal points roncerniny RTTY pulses. 
,~tiv,lncr look (,ippl~c,~I>le to fultlrt. ~>\lrrtl;~sc. of th<lt FSK and AFSK. and high-tones vs low.tones are  
~111111.  c.overed. 

\ ~ ' I I I V  ~cxl.lv IOI HAI.'S 1 3 c 8 u .  r ,~ ! . , l~q .~ l~d  K77Y gu~dr~~ndd~.;i-~)ut~r hnw much lun H T T Y I ~ I ~  1 ~ .  

HAL COMMUNICATIONS CORP. 
&IX 365 
Urbana. Illinois 61801 
217.367-7373 

For our Europi+in i usforners 
we HAL equlpmrnl dl. 

l+< I \ !a , t  & ,, 11,$*&!8m,,*.r 
I t  C'  l,>!,,,',l, <. l4,..,3,,,. 
1'181111.11.k 2 ~ , 1 ~ . 1 1 1 ~  I I . IT~#/~ .~~  Z~(.,l#.rl 
H.rI,,, 5 i t . ~  L ,,I l l l r m l l l b r l  

\ 
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@ @ K.V.G. by I 
I CRYSTAL FILTERS and DISCRIMINATORS 

9.0 M H z  FILTERS 

I 
XF9.A 2.5 kHz SSB TX $35.20 
XF9.B 2.4 kHz SSB RX/TX $47.75 
XF9.C 3.75 kHz A M  $51.40 Export 
XF9.D 5.0 kHz A M  $51.40 
XF9.E 12.0 kHz N B F M  151,40 Inquiries 
XF9.M 0.5 kHz CW (4 pole) $35.95 Invited 
XF9-NB 0.5 kHz CW (8 Dole) $63.95 I . . .  
9.0 M H z  CRYSTALS (Hc25/u) Shipping 
XF900 9000.0 kHz Carr ier  $4.15 
XF901 8998.5 kHz USB $4.15 $1 .so 
XF902 9001.5 kHz LSB $4.15 
XF903 8999.0 kHz BFO 14.15 per filter 
F 0 5  Hc25/u  Socket Chassis .50 
FOG Hc25/u  Socket P.C. Board  .50 

VHF and UHF FILTERS 
ELIMINATE I M D  "BIRDIES" 432 M H z  PSf432 539.95 

I FROM YOUR RECEIVER. 1296 M H z  PSf1296 $39.95 
CLEAN U P  YOUR TRANS- 1691 MHz PSf1691 $52.45 
MITTER OUTPUT. Sh ipp ing  $3.50 I 

432 MHz SSB TRANSVERTERS 
Use your llr Tfanrcelwr an tllc 432 Mtlz band wllh the addition of the 
MMt432 litiear Tranrvrrter. The MMt432 opcrater on all modrs; SSB. CW, 
AM FM. I t  coc!tatss BOTH the lhnesr tra!lrnl#l up-converter and the rc- 
c t l i e  down.converter. An  internal PIN diode T/R connects lo your Trans- 
relver T/R lone. The MMt432 is FTlOl and similar HF rig compatible. Add 
the 70/MBM48 MULTIBEAM and operate direct into OSCARS 7 & 8. 
Write for application note. 
Specificattons: 
Output Power 10 W PEP 
D r i r ,  10 Meters '/ W max 
Receiver N.F. 3.a dB lyp 
Receiver gain 30 dB lyp 
Prime P w r r  12 V D.C. 
Shipping: $3.50 
MMt432-28 f 257.50 MM1144-28 $197.50 
MM1432-50 265.00 Also Available: 
M M t 4 3 8 - A N  $275.00 FMt440-146 $154.95 
MMt432-144 $319.95 QMt432-144 $154.95 

ANTENNAS (FOB CONCORD. VIA UPS) 
144-148 MHz J-SLOTS ~ ~ - - - -  ~ ~ 

8 OVER 8 HORIZONTAL POL. +12.3 d a d  D8/2M 
8 B Y  8 VERTICAL POL. DOIPM-VERT. $!?% .. . 8 8 TWIST 8XY/2M 147.65 

4 8  EL. GAlN -1-15.7 d B d  70/MBM4B 
8 8  EL. GAlN 4~18.5  d B d  70/MBM88 

UHF LOOP Y A G l S  
2 6  LOOPS GAIN +20 d B i  
1250.1340MHz 1296-LY 
1650.1750 MHz-1691-LY 

I 
~~ ~ 

Send 30c (2 stamps1 for full details of KVG crystal products and all 
your VHF & UHF equipment requirements. 
Pre-Sclrctor Filters Amplifiers SSB Transverlrrs 
Vararlor Triplrrs Crystal Filters FM Transwrlen 
Decade Pre-Scalers Frequency Meters VHF Converters 
Antennas Oscillator Crystals UHF Converten - I 1  

International, Inc. 

New Low Price! 
2 Meter Portable 

G.E. MASTR PR 36 
132-150 MHz - 5 Watts 

ALL SOLID STATE 
with Ni-Cad Battery 

Rea. 

Vehicular Charger 4EP63A ( s o l d  only with "n;;) $25. 
A.C. Charger ( s u b j e c t  toavailability). ............... $25. 
Speaker/Mike Type EM36 ....................... $1 5. 

IS KING OVER 30 YEARS 

11 DEALERS WANTED 11 
Hamtronics. Inc. is a stocking distributor for 
all major lines of Radio Communications 
Equipment, parts and accessories. 
If you are presently in the electronics sales 
and service business, and have experienced 
difficulty in maintaining proper inventory to 
serve your customers or if you are contem- 
plating going into your own business, we may 
be able to solve your problem with our large 
inventory. 
For more information fill in coupon below and 
mail today with your letterhead or Tax Exempt 

I I A  DIVISION OF TREVOSE ELECTRON 

1 409:3 R R O W N S V I L L E  ROAD TREVOSE. PA-19047 I 
r - 
( Business Name 

I Street 

I City. State Zip 
I 
I 

I Telephone No. I 
1 T a x  E x e m p t  No. 1 
1 Name, Title I 
L------------------J 
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ATLAS 210x/215x 
5 BAND - 200 WATT - ALL SOLID STATE HF SSB CW TRANSCEIVER 

Don't let its small size, and light weight fool 
you . . . the Atlas 210x/215x is a top notch 
performer, with all the power and 
performance that you find in rigs twice as 
big, and costing twice as much. And none of 
the others have as many superior features as 
our little Giant Killer, regardless of their size. 
ALL SOLID STATE DESIGN. 
200 WAlTS PEP. 
NO TRANSMITTER TUNING. 
5 BANDCOVERAGE, 
(210x covers 10-80 meters, 
215x covers 15-160 A 
meters). 

z2 RADIO INC. 
.!I 1 Vla Del Monte Oceans~de. CA 971154 

rn PLUG-IN CIRCUIT BOARDS. 
SUPERIOR SELECTIVITY, with exclusive 8 
pole crystal ladder filter. 
EXCEPTIONAL IMMUNITY TO STRONG 
SIGNAL OVERLOAD AND CROSS 
MODULATION. 
SLIPS IN AND OUT OF SPECIAL MOBILE 
MOUNTING BRACKET OR AC CONSOLE 
IN SECONDS, with connections for DC 
power input, antenna jack, and mic jack 

Phone (714)  433 1983 
Specla1 Customer Servfce D~rect Lfne 

(774) 433-9597 

MADE IN U.S.A. 
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' ALL-MODE VHF ' 
f amplifiers ' 

SWR 
\ 1 Power Meters 

115V1230VAC OPERATION ( 'OMl1ISATION 

FOR BASE STATION & REPEATER USE S\VKI F1EI.I) 
STKIS( ;T I I  METER 
5lcasurch S\VK till 11' 

3: 1. or Iiighrr. >Ic lrr  
has scnsili\'c nlrlvP- 
mcnl ullrl casy-rcetlillg 
t w ~ ~ c o l o r  srulc. 5'0 
sccnraey. 5 2  IIII~IS 
irnl>ctlat~cc. SO-2BI) 
Ccnlulc cc~axiul c~,l l- 
ncrctlrs. 6" hill11 x 2" 
mirlc x 2%" dcc.11. 

F A N  KIT 
>11,1lcl SWH-X1114.95 

M I N I  S\VK METER 
Slrtall sizc makes this 

a N o  Power  Supply Needed h Illuminated Panel Me te r  the 11erCcc.1 l i lo'~ilc #)r 
ixh-lal~lc ntrlcr. Stnsi- 

a AM-FM-CW-SSB-RlTY * Internal TIR Swi t ch  live mcl r r  \vilh easy- 
a 60dB Harmonics h Fully Protected tn-rcucl t \ v f ~ - c ~ ~ l o r  
a 60dB Spurious Q + 1 3V13A Accessory Socket scslc. PICII*I c l isr  
a Heavy Duty  Design n U.S. Manufactured I-S/H" x 2-1/H" x .-.$ 

FCC Type Accepted Mcdsls also available. Pans 80.81.83. 21 !W. 5lodcl S\VR-Il 
* 

- 1111.95 i 
YL. CANKIT 

100.L-UaC* IUM OUINI W.0.Y M O W  - w 

W0 lU14aMHZ 10 15W 75WW 216rUOr178mm 11 7ka1281Dsl NO 831600 
W1 144 148MHz 1-3W 7590W 216xUOr178mm 11 7tpl26Ibs1 NO 4349 W 
V1W 144148MHI 815W 170MOW 216~330.178mm I 3  5kglXlbsl  C W b F M  11638W 

'V350 lW~l.IRMH1 10mW 3504WW 432.3Y)x178mm 202L"l451bal YES 187500 
Vl3OB 220 225MHz 10 15W 70R5W 216r330.178mm 11 7L"I261bsl NO 832900 

D 

Vl35B 220-225MHz 25~35W 140 ?BOW 216r330x178mm 1 I 7ky,2Rlhal C W b F M  046900 
POlVI:K/SWR/I:.S. 5IETER 

1 - - - - - - Flci~srtrcs S\VH an<l l,cl\vcr 1111 0-10 
F110 FAN KIT. I ISVAC 135rl35x50mm 1 Lo12 Zlbnl - 0 33 00 
F220 FAN KIT. 230VAC 135~135~50mm 1 kg 12 2 1bsl - 8 33 W 

atttl 0- 100 watt rilrtycs. Grrc~cl 1111 

R M  1 l9lNCH RACK ADAPTOR 4E3x3r178mm 1 k ~ I 2 2 l h s l  - O X W  I<#  22.5 511 11. filr S\\'H f t l l l~ l i<m. 1111 
.- 

OTHER FREOUENCIES AVAILABLE ON REQUEST. 
11, 148 >Ill? l i ~ r  110wcr f t~nct ior~s. 

'AvallsblaahaSs~lember 1.1978 

CALL FMNK KALMUS - WAISPR 
:\rctlracy: 5% on S\!'U. 10'3, crlt 

pr,\r,cr Tclllcti,,ns. 2" x 4%" x 21 4". 

>11xIcl S\VU-C WB6.05 

RF POWER LABS, INC. 
- ~ =  - 

11013.118lh P lue  N E.. Klrkl.nd. Washlnplon 98033 - Tale~hons (?OBI822 ,251 . TELEX No 32 1042 
LAPS 

I 

DITAI. \II:'I'I'.K S\VK I i K I D G E  
She\\,.; O L ! I ~ I ~ B I  ~,owc.r i l ~ t t l  rzflcc.lt.~l 

Frcqvrncy Cnunlel pn\\.cr s ~ n ~ t ~ l l i ~ ~ ~ r ~ r t ~ s l y .  ('itn IIC 
"IF-OUT IHQ-I1 d,nal. ~ o n n r t o l  hms 
to.. S" ,1" .oc*., "lDlOI*  ,"lo .I..' Pmrcalrrs Ampl~firrr usrd us rel i rcnrc ~x,\\.cr nlctrr. 
r,#len ,,~..I~C raor 10 r r res  C-.. Marker 8 Peakim Frequency 
PL 750 PIUS un I..,u,P. D . . D C ~  ~..p. Staadards !no. Wide sclllc. casy-10-reall 
"'a. ,,,,~"'!\ il., in l f l l l t l lvnl  .nrlullr" Generators 
G ~ ~ . ~ ~ , ~ ~ . ~ ~ ~  A ,  alrhvr or ~ 4 %  Catala) nlctcr faccs. 1)11t11 mr lc rs  lnukc 
0 st.. ld ronl""nml, In..l.,lo.. I I I ' P .  

Fairland, OK 74343 u l i l c ~ ~ t ~ l i  ltlttcr u~!jttslntc111s (I SII~I~I. 

BUDWIG MFG. CO. PO .ox 9714 norno.., cr 91065 1-3752 GCIOII tIiro11qI1 175 511 11. >fay I>c 
left in-I~IIC 1111 111 2.000 \ v d t l ~ .  

>11~1irl S\VU-1) W29.95 

Barry Electronics . . . Cell ('21:j) 376-5887 to order 
COD trr wi th  V1S.4 or sf. (' . - -- 

Your One Source for Amateur Radio Gear ,.:,,<I - -- - -- . - 

,I,,,<. - ~ - 

FEATURING: ANTENNA SPECIALISTS sillllr - A -- -- - - 

Yes, we have ATLAS E-Z WAY 5crr~7 ~ -- - - - - 

ElMAC Tubes BIRD HY-GAIN STANDARD I.II, - ~ ~- 

&Chimneys, COLLINS 
and YAESU +t i l lc  % , I ,  - 

Replacement Tubes CUSHCRAFT KDK SIO~~I. dc.tr,.d. 
in stock! DENTRON $2 ,,,,,, I,\r ,,,,I<, I..,III' rL. .~,I,I c.Ly 

Repair lab DRAKE MOSLEY l'lw. I,.,, 51 1 1  , # I ,  lb<.~tI X 

on premises. E ~ M A C  NEWTRONICS 

BARRY ELECTRONICS 512 BROADWAY 
NEW YORK. N. Y. 10012 

ILIL 
ELECTRONIC! 
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I --- T o g  RANDOM WIRE ANTENNA TUNER I 
All band operatlon (160-10 meters) with 
any random length of w k .  200 watt 
output power capability-dl work with 
virtually any transceiver. Ideal for port- 
able or home operatlon. Great Tor apart- 
m e n t ~  and hotel rnnms-slmply nln a 
wire lnslde, out a window, or anyplace 
available. Efnaent tomld Indudor for 

k small size: 4-1 /4* x 2-.7/Wx3",and negll- 
gible I t~.Bull t- lnnwn tune-uplndlcator. 
SO-239 connector. XttmcUve hn>rvz 

. nnlshcd enclns~~re. 

only 

SST T-2 ULTRA TUNER 
Tunes out SWR on any coax fed antenna as well as random 
wires. Works great on all bands (80-10 meters) wlth any 
~ R U ~ R C ~ V ~  Up 200 H=& pDwm OUmt 

Inrreaeea ueable bandwidth of any antennaTunes out SIVRon 
mobUe whip, from Lnslde your car. 

 use^ emdent torold inductor and specially made capadton, 
for small sk :  5-l/4" x 2-1/4" x 2-1/2". Rugged yet cornpad. 
Nqllglble llne I-. Att+actfve bronze flnlshed encloci~ire. 
SO-279 amx connrdors are used for transmitter Input and 
cnarr fed antennas. Convenient blndlng posts urc pmvided for 
random wire and grnund connedons. 

I 

Mobile Impedance T-sformer I 
SST T-3 

1 Matches 52 ohm coax to the lower Impedance ofa mobile 
whip or vertical. 12-posiuon switch -4th tap, spread 
between 3 and 52 ohms. Bmndband from 1-30 IrW.. Will 
work with vlrtually any trancrelver-.300 watt output 
power capability. SO-239 connectors. Torold inductor fnr 
small sl7,: 2-3/4* x 2 x 2-1/4". Attractive bn)rv. nnlsh. 

.,I -. rI "' '" " -,,". 

-, 
L 

only $29.95 
849.95 -In- and tested 

- 

1- GUARANTEE 
- -~ 

All SSI.'ploduds are gumanteed for 1 year. ~n;tl(Gtlo< 
they muy be returned uqthln 10 days for a full refi~ncl( less 
nhlpping) If you are not satlsfled for any rearnn. Ileuse 
add X2 for shipping and hancillng. Calif. rmldents, plea.. 
add sales tax. COI) orden, OK by phone. 

SST A- 1 VFIF Amplifier Kit 
1 watt Input glvm you 15 watta outpnt amow the enthe 
2 meter band without re-tuning. Thls easy-to-tmtld kit 
(appmx. 1/2 hr. assembly) Includes eveq.thing you need 
for a complete ampllner. All top quality components. 
Complble  udth all 1-3 wan 2-meter trnncrelven. Short 
and open pmtected-nnt damaged by hlgh S\%'K. 

Klt includes: 
Etrhed and drl1le.d G-10 epoxy snlder plated baud. 
Ileat sink and mountlna hardware.i\ll commnents- ~ ~ - 
lncludlng pre-wound a)lls. 
Top qualle TRW KF power tratmlstor. 
Cnmplete a ~ ~ e m b l y  lnstructlon with details on a 
carrier cprated T/R switch. 
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the W6TOG " 
RECEIVER MODIFICATION KIT 

INCREASES S E L E m  T!+520WT . . . . . . . . $27.50 
IMPROVESSENSlllVW TS520SKIT . . . . . . . 32.50 
LOWERS INTERNAL NOISE TS-820 & 820s KIT . . 34.50 
COMBATS BLOCKING FROM LOCAL SIGNAL FT-I01 SERIES KIT . . 32.50 
IMPROVES NOISE BLANKER OPERATION FR-101 SERIESKIT . . 34.50 

EXPLICIT INSIRUCnONS MAKE MODIFICATION A CINCH 
*WELL KNOWN DXer Wm-l OVER 300 COUNlRlES CONFTRMED. 

I IT'S MAGIC-IT'S "MAGICOM" I 
I PROCESSOR MODIFICATION KIT I 

I IMPROVES AUDIO PUNCH lMPROVES PROCESSED SPEECH QUALI'W 

Converts T-20 speech praressor from RF compressor to RF dipper I 
The "MAGICOM" RF procenor module provides up to 6db increase m output with 
smooth. ckan. nondistorted audio and more penehation for those pile.ups. Price $27.50 

ENDORSED BY W 6 T m  AND BIG GUN DXem WORLD WIDE 

Ipi,FO W ERS ".-.." " 
Ham Modal  7-140 ( HIGHEST QUALITY 

iI MADE IN A L U M I N U M  

I + TELESCOPING 
(CRANK U P )  

+ GUYED 

I t TILT OVER MODELS Hj 

FM CHANNELS IGZZS . SINGLE KNOB CHANNEL S t l E C l l O N  

146.01-41 IY t l i f 2  111Sb4I 111.81111 
ISWY In.nn I~J.LI..OJ III.U.I( 
I46 07 .hJ l46.a.u I6lS.W 141.81.21 
146 1010 146.11.91 1a16%01 147S.10 
I46 1) t l  I46 YU 141 11 11 ll11h13 
14611.16 1461717 1871% 5 l 8 l Z I  
IaI,.i, I r m m  ia i r r ln  Iunn 
nus: h w l a i n ~  I*plu c h n &  
n aka p-nd in lh.ntlrh: 
14643 14655 141 48 
14646 14658 1 0 5 1  
14649 14742 141 54 
I 4652  141 45 141.57 

~ U I P k o r ~ r h r a  

Instrument 

Barllelt 11 60103 
ond - VlPl5optlon(s) a1 $3.50 each. 

C a l l  t.rrln.1 - r h r k w m - o t d * ~  

P lm. rhmrp .q  VI I&lhnk.Annirord I 

CB General 
CB standard Cornrnunicatlon 

rn 2 meter Industry 
Scanners Marine VHF 
Amateur Bands M~cro processor 

crystals 
easy B 

to BANKAMtRlC~RO 

charge 
S ~ r m  10 lor our laresl  caralog 

Wrtl? or p h o n e  lor m o r e  delarrs 

2 4 0 0  Crystal D r ~ v e  - Ft Myers Florlda 33901 
I 1 all phones ( 8 1 3 )  936-2397 



The revolutionary Swan 100 MX: 100% new, 100% solicl state, 
100'70 portable from home station to mobile! 

Introducing a superb "get up and 
go" transceiver, superbly designed 
lor l00"io mobility ant1 control, a s  
only new Swan space-age tech- 
nology could do it! 

100% solid state 100 MX: the 
cornpact H I :  unit you can take 
seric>uslv -anywhere you choose 
to operate. 

At home, sct into Swan's unique 
nc\v style-coordinated station. 
with riratcltirtg antenna tuner and 
powcr SLI pply. 

Or on the ro:td - it's easy to 
relocate 100 MX. Instantly. Just 
two sirr~ple connections on the 
hack panel: snap out, snap i n . .  . 
and run! 

100% improved audio quality: 
home or mohilc, transmit or 
rccei\,c. 100 MX electronics cut 
through SSt3 sound barriers - 

producing a natural clarity 
reported comparable to AM! 

Your most-wanted extras, 100% 
built-in: like noise blanker and 
VOX. I.ikc a presclcctor ro opti- 
mize sign;tls. Like a real RF GAIN 
control, and CW sidetone. 

Swan ir~cludcs thc KITcontrol 
(f 1.5 kHz) you'd like too. Plus. 
for stability, a permability tuned 
oscillator with IKc rcildout. 

A powerful package, delit'cring 
a mininlum 100 watts PI~Poutpi t t  
on all hands. 10-80 meters. 

Setting a 100% new state of art: 
100 hlX ;and our  m;ltchcd-station 
units. Re:tdy for check out today at 
\tour S\van dealer, the first rnajor 
bre;tkthrough in Stvan's new pro- 
gram dctlic;ttcd to changing the lace 
- itnd pcl.forrnance -01 ham equip- 
ment 100"L.. . inside and out! 

Swan 100 MX: 6849.95 
)\.latching Po\ver Supply PSU-5: 

8179.45 
Matching Antenna Tuner ST-3: 

$169.95 
, > , , . I , , , , , ,  .,,,I, , I  ,,.,., ,! .,,,I,,,, .,,, I, \ . ,#,  $1, 4, < 

r------------------------- 7 
~I'll..,\~ , , , < I ,  1,111 \pl.c, ',I, 5 ,  ,.,,, \ , , I 1  , ,rrr.  I 

l O ( t  \ i . Y  t,s>,,,c ,,,t>I>,l~. ,r,,',."~,v<~r 
I 
I 

I I 
I I : ~ ; . l n l t .  I 

I 
I 
I \ c l c l r r \ <  

I 
I 

I I 

I c t!, -~ I I 
I I 
I Sl.81r L I P  - I 
I HAM 10178 1 
L-------------------------A 



SINGLE SUPPLY. ( 4 l o  28VDC). 

IL-1 OPT0 ISOLATORS 
BY L l T R O N l X  6 P IN DIP 

SHAFT WlTH A U D I O  A M P  W I T H  O N L Y  O N E  
SET SCREW. ADDlTlClNAL TRANSISTOR AND A 

MANUAL.. 5 to 9VDC 

2N3569 NPN EPOXY 1W 

741 OP AMP 8 PIN DIP 

723 VOLTAGE REG 14 PIN DIP 

MPS6530 NPN HOUSE U 

725 OP AMP LOW NOISE HOUSE # 

220 MFD @ 25VDC 

TCA430 QUAD OSCILLATOR llspecs 

2N608 PROGRAMMABLE UNIJUNC- SOU/ 
TlON wlspecs 

A tun EASY kj t  to assemble that emltr an ear 

NO C.0.D 'S 

120% AIRMAIL) U.S. FUNDS ONLY. Will f ~ t  lnrlde standard aircraft instrument case. 

- - - - - - - - - - 

116 october 1978 More Details? CHECK-OFF Page 142 



flea market 
RATES Non-commercial ads 1 0 ~  per 

word; commercial ads 60e per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one f r e e  Flea Market 
ad (subject to our editing). Repeat inser- 
tions of hamfest ads pay the non- 
commercial rate. 

COPY No special  layout or ar- 
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include f u l l  name and 
address. We reserve the right to reject un- 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness o f  material limited to cor- 
rected ad in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 

MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup 
presslon accessories. Literature, Estes Engineering, 930 
Marine Dr., Port Angeles, WA 93862. 

HAPPY BIRTHDAY1 Now ten years fighting N I .  The RSO 
low pass filter. For brochure write: Taylor Communica- 
tions Manufacturing Company. Box 126. Agincourt, 
Ontario, Canada MIS 384. 

UNLIMITED VHFlUHF EQUIPMENT Is at Radios 
UNl imi ted.  From transverters t o  special ized 
transceivers, from mobile whips to E-M-E arrays. Plus all 
accessories. Authorized dealer for top manufacturers. 
(Also all your needs from 160 to 10) RUN In, wrlte or 
phone - Radios UNllmited. 1760 Easton Avenue, 
Somerset, New Jersey 08873.201-469-4599 - Hours 1 to 
8 Mon-Fri; 10 to8 Sat. - 
ELECTRONIC EQUIPMENT HOTLINE Is a new classlfled 
advertlslng newsletter for buying and selling profes- 
sional. industrial, and surplus electronic equlpment. 
Subscrlptlons SWyear, ads 50tlword. Prepublication of- 
fer: $1 off subscrlptlons and 20% off all ads postmarked 
by October 1, 1978. Electronic Equipment Hotline, P.O. 
Box 4768, Panorama City. CA 91402. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Rsdlo Austria Ham Radio Holland 
Katln Ueber MRL E c l r o n ~ s  
Postfach 2454 Postbus 88 
D-7850 Loerrach NL-2204 Delft 
West Germany Holland 

Ham Radlo Belgium 
Stereohouse 
BrusseIses1eenweg 416 

Ham RadioItaly 

8-9218 Gent 
STE. Via Manlago 15 

Belgium 
1201 34 M~lana 
Italy 

Ham RadioCanada 
Box 114. Goderich 
Ontario, Canada N7A 3Y5 Ham RadloSwiherlaod 

Karln Ueber 

Ham Radlo Europe POJtfaCh 2454 

Box 444 0-7850 Loerrach 

S-194 04 Upplands Vasby West Germany 
Sweden 

Ham Radro France Ham Radlo UK 
Chrlstlane Mlchsl P 0 Box 63. Harrow 
F-89117 Parly Middlesex HA3 6HS. 
France England 

Ham Radlo Germany 
Karin Ueber Holland Radio 
Posttach 2454 
D.7850 Loerrach 

143Greenway 

West Germany 
Greensode, Johannesburg 
Republtc 01 South Atrlca 

CANADIANS: 1,000,000 surplus electronic parts. Hun- 
dreds of fantastic bargalnsl Good deals on Yaesu 8 
Icom. Free catalog. ETCO-HR, 183G Hymus Blvd., Pointe 
Claire, Quebec H9R 1 E9. - 
BUY.SELL.TRADE. Send $1.00 for cataloa. Give name. 
address and call letters. Complete stock ojmajor brands 
new and reconditioned eauioment. Call for best deals. 
We buy COlllnS, Drake. ~wanietc.  SSB (L FM. Associated 
Radio. 8012 Conser, Overland Park. KS 66204. 
91 3-381-5900. 

PORTA PAK the accessory that makes your mobile really 
portable. $67.50 and $88.00. Dealer inquires Invited. P.O. 
Box 67, Somers, Wisc. 53171. 

FREE CATALOG of new merchandise. Resistors, 
capacitors. IC's, semiconductors, and more. Send to: 
Key Electronics, Box 3506H, Schenectady, New York 
12303. - 
MOTOROLA HT220, HT200, and Pageboy service and 
modifications performed at reasonable rates. WA4FRV 
(804) 3204439, evenings. 

AUTHORIZED DEALER for DenTron. KLM, Larsen, Bear- 
cat. etc., Big Catalog 201-96:'.1695 Narwid Electronics, 
61 Bellot Road. Ringwood, N.J. 07456. - 
RECONDITIONED TEST EQUIPMENT tor sale. Catalog 
5.50. Walter, 2897 Nickel, San Pablo, Ca. 94806. 

TELETYPEWRITER PARTS WANTED: for all machines 
manufactured by: Kllenschmidt Corp., Teletype Corp. 
and Mite. Any quantity, top prices paid send list for my 
quote. Phil Rickson, W4LNW. Rt. 6. Box 1103G2, 
Brooksvllle, FI. 33512. 

VERY In.ter-esl.lng! Next 3 issues $1. " T h e  Ham Trader", 
Sycamore, lL 60178. - 
QSL CARDS 5001$10.400 illustrations, sample. Bowman 
Printing, Dept. HR, 743 Harvard, St. Louts, MO 63130. - 
HOMEBREWERS: Stamp brings component list. CPO 
Surplus, Box 189, Braintree, Mass. 02184. 

ELECTRONIC BARGAINS, CLOSEOUTS, SURPLUS! 
Parts, equipment, stereo, industrial, educational. Amaz- 
ing values! Fascinating Items unavailable in stores or 
catalogs anywhere. Unusual FREE catalog. ETCO-012, 
Box 762, Plattsburgh. N.Y. 12901. SURPLUS WANTED. 

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 11/16 perf. tape 
$17.50 FOB. Atlantic Surplus Sales. 3730 Nautilus Ave., 
Brooklyn, N. Y. 11224. Tel: (212) 372-0349. - 
THE "CADILLAC" of QSL'sl Samples: $1.00 (Refun- 
dable) - W5Y1, Box %1171.D; Garland, Texas 75040. 

TELETYPEWRITER PARTS, gears, manuals, supplles, 
tools, torolds. SASE list. Typetronlcs, Box 8873, Ft. 
Lauderdale. FL. 33310. N4TT Buy parts, late machines. - 
EXCLUSIVELY HAM TELETYPE 24th year, RlTY Journal, 
articles, news. DX. VHF, classified ads. Sample 356. 
$3.50 per year. 1155 Arden Drive. Encinitas, Calif. 92024. - 
MANUALS for most ham gear made 193711970. Send 
only 2% coin for list of manuals, postpald. HI. Inc.. Box 
H864, Council Bluffs, lowa51501. 

QSL FORWARDING SERVICE - 30 cards per dollar. 
Write: QSL Express. 30 Lockwood Lane, West Chester. 
PA. 19380. - 
RECEIVE PARTS LISTS regularly for 541yr. Surplus Parts, 
P.O. Box 7057. Norfolk. VA 23509. 

WANT UP.TO.DATE INFORMATION? Radio-Hobbyist 
Newsletter Issued every 2 weeks. Only $5.00 year. W5YI, 
Box 1171.D, Garland, Texas 75040. 

€2 deals are the best1 Try me and see for Yaesu, Drake, 
KLM, Swan, Cushcraft, DenTron. VHF Eng, ICOM, CDE, 
Hustler, WllSOn and more. Call, see or wrlte WOU. Bob 
Smith Electronics, RFD 3, Hwy 169 (L 7, Fort Dodge, IA 
50501. (51 5) 5763886. 

THE MEASUREMENT SHOP has usedlreconditloned 
test equipment at sensible prices; catalog. 2 West 22nd 
St., Baltimore, MD 21218. 

WANTED: COLLINS SlS-1 CABINET. W9JUV. Box 406, 
Glenvlew, IL60025. - 
AMATEUR MICROPROCESSOR EXPERIMENTERS: 10 
MHz * 20 ppm Coldweld crystals. 1 ppmlyr. 32 pF. Co 6 
pF. $4.25 ea. postpaid. Savoy Electronics, Inc., P.O. Box 
5727. Ft. Lauderdale, FL 33310.3055651333. 

AUTHORIZED DISTRIBUTOR F9FT Antennas, 
Microwave Modules, RIW Products' new tandem reflec- 
tor, 19 element, 432 MHz Yagl - Radio Cllnlc - N2MB 
(formerly WAPBIT) 212-327-4952. 

UHF POWER MODULE 
' -?.430-450 MHz  - Factorv 
'& New, leading manufacturer: kyc 2 0 0  Mi l l iwa t ts  inpu t  a t  

430-450 MHz will get 12  Watts output. 
Input Voltage is 13.6 Volts DC. No tuned 
circuits required. Hook-up supplied and 
all units tested before shi ment. 

l l o . 0 0  ea. ppd. 

Highest auality E. F. John- 
son Trimmer Caps. Hard-to- 
find P.C. board mount. 
.5-11 mmfd. No junk. 
90c each; 10  for $7.50 ppd. 

In-Line Fuseholder - Complete with 5 
Amp fuse. 50c ea. ppd. de- 3 

XTAL Socket - Standard 
I @ HC-6 style 10c ea. ppd. 

Vertical Mount Trimmer Pots 
- All highest quality. No 
junk. 100 - 1000 - 2000 - 
5000 - 10K - 20K - 25K - 
50K - 250K - 500K Ohms. All 
have thumbscrew adjust. 
Your choice 5 for $1 .OO ppd. 

Transformer - 1 1 5  
VAC Primary. 12  Volt 
AC 200 mA Secondary. 
PC board type. 

$1 .OO ea. ppd. 

Mini-LEOS - Factory New - Color red. ,-e-* 15cea.ppd. 

Germanium Diodes - 1N34A. Factory 
New - full leads. 12c ea. ppd. 

1N914- IN4148 Type diodes - full 
leads. 10c ea. or 100 for $8.00 

6 foot AC Line Cords. 2 conductor heavy 
duty. Color white. 40c ea. ppd. 

SUPER-BUY - 5000 mfd. @ 
40 volt electrolytic cap. factory 
new and complete w/all hard- % ware. $1.35 ea. ppd. 

1000 volt PIV 2 amp diodes .10 ea. 

88  mHy unpotted toroids 5 for $3.50 

SO239 Coax Fittings. . . . . . . . . 5 0 c  ea. 
PL259 Coax Fittings . . . . . . . . . 5 0 c  ea. 

Transformer: 11  5V AC Primary, Secon- 
dary 17-0-17Y @ 7 Amps. We tested 
and find good for 10  Amps intermittent 
duty. Ideal for 2M rigs! $8.00 ea. ppd. 

ALL  ITEMS PPD USA 

SEND STAMP FOR LIST O F  BARGAINS 

PA  RESII)ENTS A D D  6% SALES TAX 
FONE 412-863-7006 
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SLEP SPECIALS 
RADIO RECEIVERS, T R A N S C E I V E R S  
R.390/URR Rccetver, t~fines 500 kHz lhru 30.5 
MHz, dagital lan~ng, dual RF, audio fillerr. 19" 
rack niolinl 115V/bO Hz 5495.00 
R . ~ ~ O A / U ~ R  Receiver, tunes 500 kHz thru 30.5 
MHz, d#g#lal lulling, mechanical fillers, 19" rack 
mount 115V/60 Hz 5595.00 
R . ~ ~ ~ / u R R  VLF Receiver, tunes 15 kHz thru 1500 
kHz, 19" rack mount, d ig~lal  lunlng, 115V/6O H1 

5550.00 
HAMMARLUND SP-6OOJX Receiver tunes 500 kHz 
thru 54 MHz. 19",rack mount, 115fj60 Hz 5375.00 
R.388/URR Rece~wr mjlolary version of the 51J-3, 
lunrr 500 Hz to 50.5 MHz, 19" rack nrounl. 
115V/60 Hz 137500 
R-392/URR Receiwr tunes 500 kHz thru 32 MHz, 
d!gtIal luntng mecl;anical filters in cabinet sfre 
11IhH r; 14b I 11"L, taker $0 rolls DC . 5 
amp5 to operate. 5275.00 
URR.13 Rrcewrr, luneablc UHF, 225.400 MHz. 
Used to monitor military and satell~le frquenc~rs. 
In Cab8nel 115V/60 Hz 5175.00 
COLLINS ~ W M . Z  Xcvr w/516F-2 pwr sup. 5900.00 
NEMS-CLARKE 1432 Telemetry Rece~ver, 215 lo  
260 MHz FM p h a ~  lock loop decter. By remov- 
MI9 stops,' ca8l'operale 15 to 260 MHz or farther 
by using a converler. A fine lab rcur. 5165.00 
COLLINS RT-594/ARC-38A Alrcraft Transceiver. 
2.0 lhru 25 MHz synthesized channels 35 250 
(20 preset) 100 i a t l s  PEP SSB, FSK, AM; CW, 
rue 24"L ; 15%"W x ~.I/."H, wight 65 Ibr., 
rcquircr 28 von DC power supply. 5145.00 
MOOEL VOX.2 Trchs~ral Malertal Corp. Varoable 
Frequency O ~ c ~ l l a ~ o r .  Tuneablc 2 thru 64 MHz 
own ronlrolled, 115V/60 Hz ~ 8 5 . 0 6  
TEST EQUIPMENT 
COLLINS 4i9T.2 VOR/ILS Signal Generator. 108- 
135.9 MHr and 329.3 - Z35 MHz, oulpvt ligr. in. 
cllrde VOR, LOC, gl~drslopr & 1000 CPS. Operated 
28 VDC port. or bench pwr source. 5225.00 
TS.5104 Stgnal Generalor mll~tary Wrsloll of 
HP6080. 10.420 MHz, AM, CW, pulse, burll.~n 
c a l ~ b ~ l o r .  5425.00 
75-497 URR Signal Generator 2.400 MHz 0. 
100.006 r~~~crouoltr, calibrated 6utpu1, 400, ~ O O O  
Hz nodalatloa. 5225.00 
AN/URM.25 Signal Generator 10 kHz tliru 50 
MHz AMICW MOD 400 & '1 kHz RF output 
0-2V'. OR 0 . i ~  lrom precision 50 dhm slop at- 
te~~ualor. 5285.00 
AN/URM.26 Signal Generator. 4.405 MHz in 6 
basdr, 400 6 1 kHz MOD, atlenuator variable .1 
UV lo  .1V 5350.00 
SG-12 FM Signal Generator 20.100 MHz In  5 
band, RF output .5UV to :SV, devnation 0.100 
kHz 8; 3 ranges, internal mcdulations S185.00 
SG.3 FM Sagola1 Gcnerator, 50.400 MHz In 3 
bands, RF oatput .1 to .1V, variable 50 ohnl al- 
lenualor, dev~at~on 0-150 kHz ~n 3 ranges, inlerllal 
m~duIat#on. 5385.00 
HEWLETT PACKARD 612A UHF Signal Generator. 
450.1230 MHz oulpul .lUV lo  .5V, modulalion 
0.90". ~n tc rn i l  400 and 1 kHz. S650.00 
M E A S ~ E M E N T S  MODEL 658 Signal Genrralor. 
75 kHz lhru 30 MHz, cal8brated oulpul, IullY 
metered 19" rack molllll 115V/60 Hz 5175.00 
~ ~ 4 1 0 0  VTVM mearure'AC/RF voltages 0.300V 
RF lo  700 M ~ Z ,  rerlstance to 500 MEG ohms 
OC 0.1 KV 595.00 
HP416A Ratio Meter mtawtes reflection co- 
effic~rnt ol a Imd, S W ~  and response of an RF syr 
lem forward 6 reverse 519s. automaltcally. 5145.00 
HP205AC Audto Osr,llalor, range 20 Hz to 20 kHz, 
tn~ t l t  50, 200, 500. 600 ohms, IWO meters Wlth 
allcnu.rtors. 5165.00 
HP400D AC VTVM measurer AC voltages from 1 
MV lo 300V in 12' ranges, frequenry response 10 
HI lo  4 MHz 585.00 
HP430C. tnleasures power .1 MW to 10 MW In 
5 ranqcr to 10 GHz 560.00 
HP415BR VSWR Indicator and Amplifier used for 
prccjrr VSWR lrveasurenlenls and a null' amplifier 
10, bridge appl~catloos. 585.00 
GENERAL RADIO 916AL lmpdance Bridge, range 
50 kHz lo  5 MHz, "leasurer resistance 0-1000 
ohm5 and reactance 5000 ohms at 1 MHz $285.00 
BOONTON 250A RX Meter, measures RGL,  a *If 
contatr~ed bridge, range 500 kHz to 250 MHz In 8 
vanqc~. 5375.00 
TEKTRONIX 545A Osrilloscope, DC lo  33 MHz 
with dual trace CA plug-on. 5550.00 
TEKTRONlX 535 Oscilloscope, DC l o  15 MHz wllh 
type "L" far1 rose, high gatn plug-in. 5350.0; 
TEKTRONIX 525 Teler#sio$! Waveform Monolor, 5 
CRT. Ured to monjtor broadcart v~deo wavrformr. 

5185.00 
TS.1379A SPECTRUM ANALYZER. rang? 0.30 
MHz I,! 6 bands 5" CRT display, 8 sweep wtdths 
Iron! .15 lo  30'kHz, sweep rate 1 rec l o  10 sec, 
has tart sweep mode lor rapid tuning. D !lamtc 
range 60 dB, solid state. 5L5 .00  
KAY ELECTRONIC 154C Solid Slate Wide Band 
Swecp Orcillator. 50 kHz to 110 MHz Wwlh PM 
7650 pulse marker pluPln. 537500 
All equtpnlent shop tested. Satislaclion Guaranleed 
or motry relanded. Send check, Marler Charge or 
VISA, FOB Otto, N. C. N. C. resndents add 491 
sales tar. Phon 1704) 524-7519. 

--En= --=c-orwxc- 8-0 
P. 0. Box 100, Highway 441, Dept. HR-10 

Otto, North Carolina 28763 
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RADIO MUSEUM NOW OPEN. Free admlsslon. 15.WO 
pieces 01 equipment lrom 1850 telegraph Instruments to 
amateur and commerc~al transmillers of the 1920s. Ama. 
teuc slatlon W2AN. Wrile for ~nlormation: Anl~que Wi re  
less Assn . Maln St.. Holcomb. NY 14469. 

TEST EQUIPMENT CATALOG llstlng used Tektronlx. HP 
and GR equipmenl at bargain prices. PTI. Box 8899. 
Whlle Bear Lake. MN 55110. Price $1 00 refundable with 
lorst order. - 
STOP LOOKING lor a good deal on amateur radlo equip 
men1 - you've found it here - at your amateur radio 
headquarlers in the hearl 01 the Midwest. We may not 
have a toll free number but we'll save you more in the 
long run! We are lactonl.authorized dealers for Ken. 
wood. Drake. Yaesu. Colllns. Wllson. Ten.Tec. Atlas. 
ICOM. DenTron. MFJ. Tempo. Regency, Hy-Galn. 
Mosley. Alpha. CushCralt. Swan. and many more. Write 
or call us today for low quote and try our personal and 
frlendly Hoosler sewlce. HOOSIER ELECTRONICS. P.O. 
Box 2031. Terre Haute. lnd1ana47802.(812)2381456. 

NEW CONCEPT - Novice instructional package. theory 
tape 6 study malerial. Complete license study package. 
$17.95. General study package. $19.95. MARI. 1320 
Canary Drive. WeslColumbia, SC 29169. 

COMMUNICATIONS ENGINEERS - SENIOR TECHNI. 
ClANS 23-36K alter sir monlh apprenliceship. We have 
openings lor highly competent self molovaled proles. 
s~anals with In depth knowledge 01 analogue and digllal 
C~~CU~IS and proven "hands on'' lroubleshoollng ablllly. 
YOU will have lull respons1bltlly tor maintenance o l  com- 
plex shipboard commun~cations. eleclron#cs navlgalron. 
and compuler systems and handle all shnps communlca. 
llons. A second class FCC radiotelegraph llcense Is re- 
quired. If you lack Ihe FCC llcense but are otherwise 
qualdlned we can tram you. Oulstandtng vacatlon and 
IrlnQe benefits. Submil resume I" conlldence lo: Radlo 
Offtcers Unnon. Alln: IME. 70 Hudson Streel. Rm. 710. 
Hoboken, New Jersey 07030 or telephone(201)65%7370. 

TR.7. IC.701, TeaTec 544. IC211. Mldland 510. Mark II. 
KDK, WE.8W. MLA-2500. VHF One.Plus. IC280 ... and on. 
and on. Shopping price? Better drop us a card or call us  
lor our low, low cash quote. The Comm Center. Inc.. 
Laurel Plaza - Rts. 198. Laurel. Maryland 20810. 
Telephone(3011792-0600. 

WANTED - Radio transcrlplion dlscs. Any 5120 or 
speed. Larry. WFIZ .  Box 724. Redmond. Washington 
98052. 

SIGNAL ONE: CX.78 mint condition $995. Have match- 
inn roeaket. CW Illler. soare linals. documentation OluS 
man;extras W3JW. 4513 Mountain Road. Pasadena. MD 
21122 (301H37 0171 

SELLING OUT COMPLETE STATION. Brand new 
HW.lO1, all accessor!es, much more. SASE lor  Ilst. R. 
Broomfleld. Route 269. Lebanon. Conn. 06249. 

COLLINS R392 USERS GROUP now lormlng. Contact 
Ian H. Grant. 49 Silverslone Drive. N905. Rexdale, 
Onlario. Canada M9V 3G2 

WILL PAY $25.00 TO ANYONE who can give me a dem- 
onsfration 01 Hal. Info-Tech. or Microlog in Morse mode. 
W200K. Tracy Dlers. 58-14.84lh Slreet. Elmhunt. N.Y. 
11373,Tel. 1212)651.2798 

- 
n PROGRAMMABLE sa C A ~ c u u r o R .  Mint. $85. See 
HR. May, p. 45. WD4GRI. 1907 Lodgepole Ave., N. 
Augusla. S.C. 29841. 

FOR SALE: 18 DIgIt Touch Tone Convener Regeneralor. 
Factory built Data Signal DCR-71. NEVER USED. Tesled 
on  bench and works perlectly. Llke New. Cost $325. Sell 
lor $210 lncludlng shipping. Leo Wilson. Rt. 4. Box 1851. 
Hunlsville. AL3Y103; Phone(205P81-2028. 

SLOW SCAN ROBOT MODEL 70 monitor. Model 61 view. 
linder, Model 80 Camera. Drake T4XC. R4c. L4 Linear, 
TC.2. TC-6. SC-2. SC.6. CC-1. Power Supply. Calibrator, 
W - 4 .  ZEA W.4. AC-4. MS.4. Sell as complete stallon. 
Wlll not ship. Preler youeramlneand pack uponiy 11 your 
bud Is accepted R. Leal. PO. Box 202. Dabel Branch. 
Dayton. Ohlo45420. No telephonecalls Lellersonly. 

.- 

SHACK CLEANOUT1 NOVICES: Heath HR.lSBO receiver. 
HS.1661 speaker. SBA.104.1 noise blanker. S2W. HW.100 
wllhCW Illter. AC power supply, $150. HG.108 VFO. $40. 
George fl i t ter. WBBEPE. (216)368-3738 (days): 
(216)3684923(nlphlsl: (21617254394 (weekends). 

.- 

PC BOARDS FROM YOUR 1:l ARTWORK 40( per square 
nnch plus $ 1 W lor poslage an0 handllng I1 drllled lr per 
hole. Please specify. Screen printing and screened com. 
ponenl layouts available. Send lor quole. Reserve rlghl 
to refuse any no" acceptable arlwork. SP Enterprises. 
RT. L5. IAt. Sterllnp. KY. 40353. 

-. - 
LABORATORY GRADE 12V POWER SUPPLIES at ham 
prices. SST antenna tuners. Catalog. SST Electronlca. 
P.O. Box 1. Lawndale.CA90280. (213)3765887. 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan- 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
S 29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available in KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

1952 Clinton St.. B u f f a l o .  N. Y. 14206 

THIS IS IT 
i3im 

M O D E L  1411 1 I t i  111 I N E '  

RF DIRECTIONAL WATTMETER 
w ~ t h  VARIABLE RF 

SIGNAL SAMPLER - BUILT IN 
IN S T O C K  F O R  P R O M P T  D E L I V E R Y  

A U T H O R I Z E D  D I S T R I B U T O R  

lE!&l 
a s s o c i a t e s  

115 B E L L A R M I N E  
R O C H E S T E R ,  MI 4 8 0 6 3  

CALL TOLL FREE 
800 - 521-2333 

IN M I C H I G A N  3 1 3  - 3 7 5 - 0 4 2 0  
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The world's most popular 
2 meter amateur hand-helds 

111 now are even better ... 
with the miniature-sized 

Wilson 
25 watt MARK II and 4.0 watt MARK IV 

amateur hanckhelds 
Wilson hand-helds have been known world-wide for 
exceptional quality and durable performance. That's 
why they have been the best selling units for years. SPECIFICATIONS 

Range: 144-148 MHz BNC Antenna Connector Now the American made Mark Series of miniature 6 Channel Operation .3 Microvolt Sensitivity for 
sized 2 meter handhelds offers the same depend- - Individual Trimmers on 20 dB Quieting 

ability and operation, but in an easier to use, more TX and RX Xtals Uses special rechargeable 
Rugged LexanQ outer case Ni-Cad Battery Pack 

comfortable to  carry size. . . fits conveniently in 9 Current Drain: R X  15 m~ Rubber ~ u c k  and one pair 
the palm of your hand. Like i t s  size, the price i s  TX - Mark 1 1  : 500 m A  Xtals 52/52 included 

TX - Mark IV: 900 rnA Weight: 19 oz. 
also the smallest on the market. 12 KHz Ceramic Filter and including batteries 

10.7 Monolithic Filter incl. . Size: 6" x 1.770" x 2.440" 

To obtain complete specifications on the 10.7 MHz and 455 KHz IF Popular accessories available 

Mark II and Mark IV, along with than 50 dB below carrier 

Wilson's other fine products, see 
your local dealer or write for 
our Free Amateur Buyer's 
Guide. 

Illustrated is Wilson's 
BC-2 Desk Top 

I, - 4  
I. ~ .3 

Battery Charger 
shown charging the 

/ :. cm 
Mark Series Unit or the 
B C 4  Battery Pack only. 

Electronics Corp. 
4288 South Polaris Avenue P. 0. Box 19000 Las Vegas, Nevada 89119 

P,,~,., .,... , I,~c,I,cJ~,o~. . , , I , , V ~ ~  I" rnanr* r.ltno.it .lo~lc. Telephone (702) 739-1931 TELEX 684-522 
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WOO SOFTWARE - Learn and pracllce copylng CW and 
transmit usino your mlcrocomDuter. Full DrWram docu. 

I PO BOX SO23 
RIVIERABEACH, FLORIDA 33404 

[305) 848-8236 I 

Course. 53.95 p o s t p a l d u ~ ~ .  Introductory oller.  om-vli 
Publ~callons. Box 215. Sherman. ILBZTXU. 

TELETYPE EOUIPMENT AND PARTS Model 33 KSR and 
many parts lor sale cheap. Lee Zanteson WABFPO. 
(213)7924909. 

COLLIN'S FILTERS. $45.00 EACH. F455D.31 and 
F455H80. Latter essllv adaoted to 75A-4 receiver. CenC 
lied checkor money drder  e en Hager WKO. Rl 1. Box 
186. Burton. WA98013 - - 
CERTIFICATE lor Droven IwBwav radlo contacts wllh 

~e l~opwe l l . ~ .~e lper .~ .0 .6ox3%.~7s~0~ack lngen  11: 
- 

RrrY - N51A PLL Owmodulator WIT 128.95 pod. Parla 
klt lncludlng board 119.95 ppd. SASE lor Inlo. Nat Sllrc 
nette Electronics. Tavares. FL 32778. 

Amateurs In all ten USA call arias. Award sullable l o  
lrameand proven achievements added on request. SASE 
brings TAD data sheet lrom W6LS. 2814 Empire. Bur- 
bank. CA 91504. - 
OLD TELEPHONE WANTED, Handled uprlghl wlth ol 
wlthout dial. Also Old sorlno susoended mike & Old Ksv. 

S lW FINDER'S FEE FOR YOU [even 11 llndsr la seller) 101 
lead to Item made by J J Duck Co 11 I buy S M  lor lead 
to crowstool glass 1e.eQrapn baltery I1 t buy DI A E 
R~chmond. 7B09 SW 4th Am.  Port and.OR97219 

L- 2 . - 
CABLE 

. . . . . . . . .  ,I, 101" hl *YI" *.ld yl. S*?." . . . . . . . . . . . . . . .  nu roar: r 0.~~8s al.,d ~ m .  . . . . . . . . . . . . . . . . .  n.m "DDI," .,,.no*( C.",., lm.. s . . . . . . . . . . . . .  mow. 2 ~i w ~ ~ c r n  on .un end.. rm 
. . . . . . . . . . . . . . .  "0.. 3 11 .IPL>~* a .am .m 3 XI 

"On. l " .IPLI.P on ..C* end . . - . . I U  
. . . . . . . . . .  " O n .  I 2  n .,PL7IP." .m .m 4.4. . . . . . . . . . . . . . .  " O n .  $4 n .,PL>,9 on .m. . . . . . . . . . . .  7 8 4  

0"" m*. .,,li,l..l,C >m <I s 

FOR SALE: MAKE OFFER Sony Belamax 917200 KdO 
Tapes ICOM IC.211: Drake FS4. R4C. T-4XC. AG4. MS4, 
7075 Filters. Noise blanker. Alronlcs Code Reader. 
Heathklt phone patch~weather statlon. Conar 4M) tran8. 
500 receiver. Jerry Bayless. 316 S. Delmar. Decatur. IL 
(21 7)428-8218. - 
SlW EICH OR BEST OFFER? New Atlas 220CS (21OX 
power supply). National HRO M, coil sets. TEK MIA .  Dw 
mont 303A. Want 2M FM. Hustler RM20S. 40s. M02. 
Reid W6MTF. 2701 Durant. Apt. 8. Barkelay. CA94704. 

- 

CALL PINS 3 llnes 1.114 x 3.114 $1.55 each. Call - Flrsl 
Name and Club. Colors black, red or blue wllh whlle let- 
ters. (Catalog) Arnold Llnzner. 2041 Linden Streel. 
Rtdgewood. N.Y. 11227. - 
I WOULD LIKE TO TRADE my Western Data Systems 
8502 based computer lor an SSB xmtr. SSB xcvr, or 2- 
meter FM xcvr. WBbWDI. P.O. Box 2%. MI. Shasla. CA 
m 7 .  - 
HAM RADIO MAGAZINES - VOI 1 No. 1 through today 
(complete ssl) In HR bindera - Mlnll S225 or Ira& lor 
model railroad brass. Steve Hyell. 1440 Royal St. 
GeorQe. Napervllle. ILM)540. 

Coming Events 
OCTOBER 1 - Talk-In WR4ADH - 146.Y146.84. Nwlh 
West Georgla ARC Hamfest Falrgrounds. Rome. GA 
WA4IBI Scott Lomax. (404)2782581. 

COPPER WIRE 
tw .w 

.I4 -80 .nnn*.d lC0 .ma8 

MICHIOAN: R.A.D.A.R. The Repealer Assoclallon of 
Downrlver Amateur Radlo Is holdlng Its 2nd annual swap 
8 shop on Sunday. Oct. 22,1878 al Kennedy High School 
in Taylor, Michigan. Located on Norlhllne Rd. East of 
Telegraph Rd. (U.S. 24). Admission S2.W. For inlo write 
R.A.D.A.R. Inc.. P.O. Box 1023. Southgale. Michigan 
48195. - 
MASSACHUSEllS: Hamoden County Radlo Assocle 
lion's annual Ham and Electronic Equlpmenl auctlon, 
Friday. October 6. Feeding Hills Congregational Church. 
Feeding Hills. Doors open - 7PM - Auctlon 8PM. For 
Inlo Larry Soltz. WBlWH.(413)5678707. 

MARYLAND: The Foundallon lor Amateur Radlo's an- 
nual Hamlesl. Gallhersburg Falrgrounds. Galthersburg. 
Sunday, Oclober 8. Flea market. fwd,  exhibits, ladles 
end chlldren's proprams. Picnic grounds and free park. 
lng. Fee: 12.00, flea market Space 15.03 each, commer- 
cial 115.M) each. Prereglstrallon required prior lo  Oc- 
tober 4. Talk-ln provided. For info Ron Levin. W3GBU. 
802 Greenview Court. Relstertown. MO 21136. 
(301)8331816 

- 
NEW VORK: LIMARC Hamfesl, lsllp Speedway. Isllp 
Avenue (Rl. ill), Islip. Long Island. October 15. Gate 
opens 9:30 AM. Admission: 11.50. Ladles and children 
under 12 tree Sellers and exhlbllots spaces 13.W each. 
Llmarc luneup clinic lbrlnp your own power cord). Talk. 
In 148.2Y85 or 52. For lnlo. Hank Wener, WBZALW. 53 
Sherrard St., East Hllls. NY 11577 - (516)484-4322 even- 
lngs or Ken Denston. WBZRYC (518)37%6463 evenings. 

COLLINS & MORE 
Ham Gear 

Collins 31284. Sla. Cntl.. rd., exc. $250 
Collins 31285. Vfo Console. exc. $550 
Collins 32S3. Transmitter. rnd.. exc. $850 
Collins 75S3B. Ham receiver, vy gd  $695 
Collons 75A4. Hani  recelvcr. vy gd  $425 
Collans 5151. 2-3OMHz rcvr Specbal 
Co l l~ns R.388/51J3 recenver, vy  g d  $425 
Hammar lund SP.600JX, rcvr $395 
Collins CP-1 Crystal Pack $195 
Racal 6217E. .5-30MHz receiver Spec~a l  
New R390A rcvr avail. Cal l  for quote. 
Collins 31284 Console, rnd.. new. orrg. 

box $325 
Collins 3051 Linear. wing. excellent $1695 
National NCL 2000, 2kW Linear. exc. $550 
Johnson 2kW Matchbox w/swr meter $225 
Collins 302C3 wattmeter. vy g d  $175 
Collins 75S2 h a m  receiver, vy g d  '6450 
Coli#ns 32S3 ham transmitter, vy gd  $450 
Vaesu FTDX.570 transceiver, vy gd  $475 

Test Gear 
Boonton Radio 2251, 10.500MHz sig. en., 

l ike new $475 
HP-ZOOCD wide.range oscil lator $175 
HP-ZOZH 54-216MHz AM/FM slg. gen. $695 
HP.608D 10420MHz sig. gcn. $550 
Power Designs 

f 605. 6VDC. 500mA, lab. p / s  $60 
61210 I2VOC. 10A. lab. p/S $95 

~ c a s u r e k e n l s  Mod. 658. LFsig. gen. $325 
260A Q-meter, crc. $450 
~ o d e l  80. 2-400 MHz  sig. gen. $350 

Tek 465 portable 'scope, excellent $1650 

We stock good, used equipment lrom Collie, 
Drake, Heatll and other manufacturers. Hundreds 
of !ell iirms also ava~lable. Call for specific re- 
quirements, or 

write for free ca ta log .  

DAMES COMMUNICATION SYSTEMS 
201-998-4256 

10 SCHUYLER AVENUE 
NORTH ARLINGTON. N. J. 07032 

All equipment sold checked 
a n d  r e a l i g n e d  
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radiz 
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x t  all 
iary nam antennas are 

going to become victims of 
bad weather. 

But Shakespeare's 
d new line of two 
r and HF antennas is 
hing but ordinary. 
We're new to the ham 
Let, but we've been 
ing marine and mili- 
antennas for 26 years. 
4nd t hose 26 years have 
ht us how to make a 
antenna that'll 
 bout anything 
Ire can dish out 
Look at our 57( 
,ectional VHF t 
Ma, for examp;,. 
Its radiating elements 
 on-ferrous brass and 
er, the finest practical 
:rial available fc 
ivity and corrm 
tance. Surrouno~~l~ LIIC 

rne a 
exce 

too. 
chan 

- 
take 
Mother 

)r con- 
;ion 
A:-- 4L.A 

1 snow 
..,A 

the 
s ask 

is your 

.." " 

And you don't have 
LU worry about radials 
breaking off, because the 
5705 doesn't have 

But it does have xvc r l  
vertically polarized and 
phased 1/2 wave elements. 
stacked in colinear array. 

And you can get o p  
tional style 5709 reflector 
that blocks out unwanted 
coverage in one direction 
and gives you an addi- 
tional gain in the opposit 
direction. 

And here's an n- 
portant piece of intorma- 
tion: the 5' retunei 
at our fact perate 
in all ~ ~ V ~ I U I I I I I G I ~ ~ S .  So 
you will never ha1 
have it retuned. 

Our full ham ~ I L ~ I U I ~  

line is featured in our nev 
catalog: The Complete 
Wrks of Shakespeare. Ar - 7 , -  

s. For f~ 

705 is p 
ory to c 
.#.-....a- 

any. 
- . - - -- . - - 

other in 

you hat 
-. 

~ting elements and electrical components is a catalog 
h, flexible fiberglass shield. A shield that give! for it. 
~ntenna the strength to withstand wine- :- Just drup a line at Shakespeare, klectronlc 
;s of 120 miles-per-hour. and Fiberglass Division, Department C, Post 
me  fiberglass keeps out rain, : Office Box 246, Columbia, South Carolina 29202 
So the antenna's radiation patrern wo Or call National Sales Manager John Hughe 
ge, no matter how bad the weather. L ~ E A U  or (803) 779-5800. 

I 
JA - 
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6 GOOD REASONS r6 : 'Q; : ! ;~~~O:1~:F~L11 i1X  
1 1 )  ILIO .. COMI'I I T I  U I  I ,  ( 2 )  rnsv ASSEMBLY. 131 COM- 
P L E T I  LY 1 NCL t ISE  D I N  M C r A L  CABINE 1. ( 4 )  I C  SOCKETS 
U S E D  T H R O U G H O U T  FOR I ~ A S Y  T T L  R E P L A C E M E N T  (5) EASY 
O N  Y O U R  P O C K I  T BOOK.  A N D  (6) N O  CXPENSIVE C H I P S  TO 
REPLACE I L X A M P L E  - I F  Y O U  LOSE A DECODER.  L A T C H  O R  
DRIVER I N  A HAL.TRONIX COUNTER.  T H E  AVERAGE COST 
OF R E P L A C E M E N T  O F  T H E  LOW-COST T T L S  I S  L E S S  T H A N  
$1.00 C X C L U D I N G  T H E  PRE.SCALE CHIP .  I N  S O M E  O F  T H E  
N E W E R  C O U N T f R S  N O W  B E I N G  M A R K E T E D  B Y  M Y  COMPF.  
T l T l O N  THEY A R E  U S I N G  T H E  EXOTIC  S I N G L E  C H I P  A N D  
W O U L ~  COST Y O U  C L O S E  T O  $ 3 0 0 0  T O  REPLACE).  T H I S  I S  
S O M E T H I N G  Y O U  S H O U L D  CONSIDER.  

ANALOG-DIGILAB 
KIT $139.50 

D E S I G N E D  BY HAL.TRONIX 
A N D  
R.  E . T .  S .  E L E C T R O N I C S  

. . 
OF 

R U G G E D  C L A S S R O O M  USE. 

FOR THE RADIO AMATEUR, STUDENT, EXPERIMENTER OR DESIGNER 
SPECIFICATIONS: OUTPUT VOLTAGES: +5V +12V -12V. USABLE CUR 
RENT: 750mA 9b Requlalmn at 500mA: 0.2~/.. Short-circuh l imfted at 1.0 
amp; Thermal dverload protected. Power requnremhts: 117VAC, 6OHZ. 40  Watts. 
Function Generator: Frequency range: 1HZ to 100 HZ In 5 bands. Amplltudc 
adjuruble from 0 to 10 VPP. DC offset adlustable from 0 to 10V. 
Waveforms: Sine square triangular and TTL Clock. TTL Clock 0 l o  +5V 
Ievcl, 200 nr r i b  and f i l l  time. Frequency determined by Function Genera- 
tor. Output impedance 1.2K ohm. 
Most of a l l  i t . 5  easy to const ru~l  and service. PC boards a n  pndrilled, 
plated thru 'and solder Romd. O n r  1000 units sold l o  schwls. 

FROM HAL-TRONIX 

~,,..u,uou A L A R M  C L O C K  K I T  for home rarrlper RV, or held-day urc. 
Operater an-12.uolt AC or DC and has tts'own b0:Hz time base an the 
board. Complete ~ 8 t h  a l l  elcc;ro818c companrnlr nrld two.piece, prc-drilled 
PC boards. Blurd laze I *  r 3". Complete with speaker and swltchps. If 
operated on DC, there is nothing more Lo buy. 

. . . . . . . .  P R I C E D  A T  . . .  $16.95 
Twelur-volt AC line cord for those who wish to  op ra te  the clock from 
110-"011 AC. 

Fets clock care advertised bclow. 
s2'50 

BY POPULAR DEMAND - we are continuing to otter 

with any purchase o f  $99 or more from ad or 

flyer, a Fairchild clock module FCS-8100A 
(suggested retail price $20). 

 LOO^ at these Summer Specials 

6-DIGIT CLOCK 
1 2 / 2 4  H O U R  
Kll CONSISIINti OF PC G1O 

PRE-DRILLED PC BOARDS 1 CLOCK CHIP. 
6 FND 359 READ-OUTS. 13 TRANSISTORS. 
3CAPS. 9RESISTORS. 5 OIOOES. 3 PUSH. 
B U ~ T O N  SWITCHES POWER TRANS. 
FORMER AND INSTRUCTIONS INCLUDED 

BE BY K I T S  
WHERE YOU HAVE TO BUY EVERYTHING 
EXTRA. 
P R I C E D  A T  $12.95 

COMPLETE KITS: CONSISTING OF 
EVERY ESSENTIAL PART NEEDED 

MAKE 'OUNTER 'OM- 
PLETE.  H A L - 6 0 0 A  7 -D IG IT  
COUNTER WITH FREOUENCY 
RANGE OF 600 
FEATURES TWO INPUTS: ONE 
FOR FREOUENCY AND ONE 

FREOUENCY~ 
MATIC ZERO SUPPRESSION. TIME 
BASE IS 1.0 SEC OR 1 SEC GATE 
WITH OPTIONAL 10  SEC GATE 
A V A I L A B L E .  ACCURACY 2 

-001%, UTILIZES CRYS- 
TAL 5 PPM. 

COMPLETE KIT. . .$A. . .  $129 

HAL-JOOA 7 . 0 1 ~ 1 ~  COUNTER 
WITH FREOUENCY RANGE OF 
ZERO TO 300  MHz FEATURES 

INPUTS ONE FOR LOW FRE. 
OUENCYANOONEFORHIGHFRE- 
OUENCY. AUTOMATIC ZERO SUP' 
PRESSION. TIME BASE IS 1.0 SEC 
OR SEC GATE 'ITH OPTIONAL 
10 SEC GATE AVAILABLE. ACCU. 
RACY + .OOI%. UTILIZES 10- 
MHz CRYSTAL 5 PPM. 

KIT. .. $d' . 's109 

HAL-504 8-DIGIT COUNTER WITH 
FREOUENCY RANGE OF ZERO TO 
50 MHz OR BETTER. AUTOMATIC 
DECIMAL POINT. ZERO SUPPRES. 
SlON UPON DEMAND. FEATURES 
TWO INPUTS ONE FOR LOW FRE- 
OUENCY INPUT. AND ONE ON 
PANEL FOR USE WlTH ANY IN- 
TERNALLY MOUNTEDHALTRONIX 
PRE.SCALER FOR WHICH PROVI. 
SlONS HAVE ALREADY BEEN 
MADE. 1.0 SEC AND .1 SEC TIME 

ACCURACY ' . O O l i .  
UTILIZES 10 -MHz  CRYSTAL 5 
PPM 

.. .. COMPLETE KIT.  $fi. S109 

..,....... ........ , ,.. ,..,, , , 
ATTENTION RADIO CLUBS"WO . . . . . . . . . . . . . . . . . . .  1 s t  r n , . . ~ ~ .  

For club or grwp proiccts, reqllrrt 
FREE ~nformation about our DIS. 
COUNTS on any of the HAL- 
TRONIX kits. D~rcountr range from 
10-25°/0 depending upon the quan  
l i l y  needed. 
We arp experienced in  S ~ P P ~ Y I ~ ~  kits 
in  volume quantities l o  ahwls ,  
laborat~r~es clubs and common 
interest grdups, Ndbody beats HAL. 
TRONlX quallly and price. Just 
t r y  us and see for yourself. 

ATTENTION RADIO CLUBS 
For club 01 qrouppro~e~ls I ues1 FREE 
~ntormnl~on aboul our OIS~UNIS on 
any 01 the HAL TRONIX  IS ntscounts 
range lrom 1025%. oepena8ng uwn  
the quanrlly needw 
We are experienced In supplymq h8ls In 
volume quanl~trer lo schwlr lawra. 
lor~er .  clubs. and common-inleresl 
groups Nobody bealr HAL.TRONIX 
quallly an0 price Just Iry us and see lor 
you!self 

FROM 
HAL-TRONIX 
DELUXE 12-BUTTON TOUCH- 

TONE ENCOOER KIT ut<l~z8np Iha new 
If.'.! i?li~, c n o  Prov~oes DOlh VISUAL 
Aa1 au1i10 ~nalcaltonr' Comes vlln 11s 
ow,> IWO lone dnOdlled aluminum cabl~ 
net Measures only 2'/a r 3'h" Com. 
plete wltn Touch lone pad, board. 
cry5131 rnlp and a11 necessafy compo- 

PRICE0 nenlr lolln!sh AT . . . . . . . . . . . . .  the kit $29.95 
For those who wish 10 maunl Ihe encotler 
111 n nana held ""81. the PC ba rd  mear- 
"rer ony 9 / 1 6  i 1%" lhts panlal kt1 
wllh PC bMld. CrySIdl. ChlP and Cum. 
ponenr% 

. . . . . . . . . . . . .  PRICEOAT. -114.95 

PRE-SCALER KlTS 
....... HAL 300 PRE S19.05 

iPre.drllle0 GI0 board and all 
componenrsl ..... HAL 300 NPRE $24.85 
(Same asabove but wtlh prmmpl 

....... HAL 800 PRE $34.95 
( h e  01lled GIO board ana all 
cmgonenlsl .... HAL 800 NPRE .S39.05 
(Sanlr rr  a D m  bul wlth prmmp! 

S P E C I A L . - d u e t o  
OVERSTOCK (whilotheylast!) 
F A I R C H I L D  FND.70 
cumnion calhode readouts (can 
replace FNO-359 same pln.0~1) 
My. R l c s  arch Amount 

10 40c 14.00 
100 35c 35 0 0  
500 30c 150 00 

1000 25c 250 00 

HAL-TRON IX 
PO BOX 1101, SOUTHGATE, MI 48195 

"HAL" 
PHONE(313) 285.1782 

H A m D ~ s E y  SHIPPIWGIWFORMATION: 
ORDERS OVER $15 00 WILL BE SHIPPED POSTPAID EXCEPT ON 
ITEMS WHERE ADOIIIONAL CHARGES ARC REOUESTEO ON 
ORlltRS LESS THAN St500 PLEASE IN(.LUOE AO01110NAL 
$1 00 FOR HANDLING AN0 MAlLiNt CHARLIS SEND SASE FOR 
FREE FLYER 

L 

CLOCK CASE A v a i l a b l e  and w i l l  fnt any one o f  the a b o v e  c l o c k s  
R e g u l a r  P r j c e  $6.50 But O n l y  $4.50 when bought w i t h  c l o c k  . . .  

60-HZ TIME BASE 
c ~ Y ~ l A L  r l ~ c  BASE Klr WILL ENABLE 
MOST ALL DIGITAL CLOCKS T O  OPERATE 
FROM 12 vDC LOW PROFILE UNIT, EASY 
3 WIRE HOUKUP ACC 2PPM ADJUST- 
ABLE 
COST ONLY $4.95 EACH OR 2 FOR $9 00 - OR ONLY s450  
CHASE. 

10-MHz C R Y S T A L S  
HI.QUALITY CRYSTALS. DESIGNED 
FOR FREQUENCY CONTROL AND 
ELECTRONIC 'IME 
FACTOR 5PPM MEETS OR EX. 
CEEDS MIL-C-3098 SPECS. MAOE 
ESPECIALLY FOR HAL-TRONIX 

~ ~ l ~ N ~ ~ j  OR 2 FOR f10.00 

WATCH FOR FUTURE 0 0 ANNOUNCEMENTS OF 
NEW HAL-TRONIX KITS - 
ON THE WAY: 

POCKET-SIZE FREQUENCY COUNTERS 
CAPACITANCE METERS 
FUNCTION GENERATOR 

O I ~ T R I ~ U T O R  FOR A P PRODUCTS, INCORPORATED 

S U P E R  S T R I P  
SS-2 ~ 9 2 3 2 5 2  
P R I C E  $17.00 



I-POLE =-Hz FILTER FOR SIGNAUONE TRANSCEIVERS SlmDO @f ~&#%? 1 
Finally! Superior 8-Pole CW Selectivity for 
Drake TR4, TR4C, T R 4  Cw 
m HZ n .s aw wz .r - elm mu ~a *c-,- - M. ~ l r n ~ ~  w .I 
II.C. INI~ 1. YII " I *  - M. r( m " I  - CI- l lmm %,a, rnZdJ-= 
mmwnclqllc 110110 

At Last! Superior 8-Pole CW Selectivity for - 
Kenwood TS820 
UlnlMll LC,lS I" I* r Ci,Oll S ~ O N A L T O I ~ D S  3% H. . ~ t l  sm H,. - All f ~ l t e r s  conta~n 
CUI. OUU Y. .r -lr llrl 11- 16- S O .  CI lllu Cm * 6m "1 n 
-,,ma ., enrn C* ,.A* ~ t m m  speckally-treated hgh-Q crystals 
600 Hz 6-Pole First-IF Filter for Drake R4C ShEPHlOOd Endrmrina k 
8"" m ..,..y r*.,,,",. LC."..,." ca* n n p , h a a  -.I ,.rrn-m, 

a 

*.r .larw tm .nm- - Dr , i l m  ~lrnn m - -1 9,- --MW 
1 2 6 8  South 0;den St. 

,N -- n,* or,R ,n,"ab.,n,m --,,,m,m ~ m O l . . n > , ~ l l l n & a r  
C S I O U S  a a ran,- ,n 3- rr*r & nC -1- lo m.n - -111.1 Denver .  Colo 80210 
Ce-a .Bm ,cn...ll,m.,, .,>m (303) 722-2257 
125 Hz 8-Pole Second-IF Filter for Drake R 4 C  Money back 11 n o t  s a t l s f l e d  
III Y.-s-,~.I IRIWI.I ~ X L U ~ C Y ~ ~ O R Y  I O * V O . O X ~ ~ - ~ - - ~  -.dw Add $3 per order rhlwbnq. 
M C l a m  hn am ,m Da 4"s - u b e  llln m a Ya L.<r mm dl* 

1 ,I,.., *",, WE. ,.,, ,, .,.C mo ""4 i. .*,n uao l,,,." nn- .," -, mua b" 
56 msnea I l r  

Orlu rul.,n -urm r., -a -88 -2" -I,,," to  ,ra- mi- p#".mnn 

mk 
nu. aCr,~. I,I,- -L., m t, ,C CF m a  slam Dealer hqu~neswelcome 

I The only thing you need to know about Quartz Crystals is 
: I 

+ Best Delivery plus Emergency Service with Guaranteed Delivery 

+ Highest Quality with gold MIL-C-3098 Process 

* Ask for Sentry Technology Manual 

And, order Toll Free 1-800-654-8850 

1 CRYSTAL PARK 
CHICKASHA. OKLAHOMA 73018 

NATIONWIDE 

FOR ALL LEGAL AMATEUR 
TRANSMITTERS. 

TRANSFORMERS 
Amer ican  made, 115V Pro. Al l  p$xl. f@ 1 
12V 1.2 a m p  $2.84 ea. 
12V 3 a m p  $4.48 ea. 
12V. I/, a m p  f o r  P.C. $1.66 ea. 
36VCT. 1A; I4VCT. 400Ma $4.20 ea. 
44VCT. 1A; 6.3V I/, a m p  t a p  $3.47 ea. 
48VCT. 1A. 6.3V. I/. a m o  t a o  53.46 ea. 

6.3V. 1 a m p  shielded $1.80 sa. 

UNPOTTEO TOROIDS - Center tapped., 
8 8  M H V  . 5 o r .  5/12.95; 9 or.  - 5tS3.49 
44 M H V  - 51S3.95 
3000 M F D  Capac&tors. O 3 0  Vol ts 

*9 
1 -  n,. x 7'' - qOr a*. o r  3152.25 - - . - . .. - . . . - -. - - , . 
NEW - L I N E  CORDS - U S  - 7 A .-. . 

6' - E l k  - 50c ea. 4111.50 ppd. 
8 '  - Gray - 6 0 r  ea. 4111.90 ppd. 

EDGEVIEW METERS 2 5 0  ,,a 'S' METERS 
NEW - $2.65 ca. 3117.25 ppd. 

<,& 0 ,  t.81 l ' ~ ! l l ~ t ~ ~ L  I ,mn 1 <>\I < c>UlltCT \\ l l ~ ~ ~ ~ ~ ~ l  111~ ~ . I L ' ~ I ~ I C C  <lf IPJVIC P C I ~ U ~ L I ~ . ~ ~ C C  
" C h ~ c k  the features we have that some other low cost counters don't have." 

.All Metal Cabinel S e n s , t ~ v ~ ~ v  1 0 M V m 6 0  MHz .completely Auto Dsclmal P08nt 
0 8  ~ i g i t  4" LED Display 01  15V or 1ZV Orloration .Selactlbls Gate Times I 1  sec & .l w c l  
~ l n p u t  Cable Included .push eut ton Controls .Rulll-in Plesmp l o ~ l l o n s l !  
.12V Input Jack .Gate Llghl .Crystal Ttma Bare I 1  ppm afrar cal I 

72081. 600 MHZ Kt1 . . $149 9 5  7208A Asrelnbled . 5199 9 5  

1 OPTIONS. . . . 011 Portable wlN8-Cad 8att.r~ 18u t l tm Chargarl . . . . . . . . . S39.95 
n-r rrusr.d nvcn I1 oom 0 to 6O0CI $39 95 03) nandle . . $ 5  0 0  -1 - I "- - , - -  - - 

, 1041 8uo11 ~n P r e ~ m p  10 MV 8 150 MHZ s l o o o  W && 



WE'RE CELEBRATIM - WITH SUPER DEALS FOR YOU! 

KENWOOD 
TS-820s 

YAESU 
FT-227R 

KENWOOD 
TS-7OOSP 

KDK 
201 5R 

TEN TEC 

- 
DRAKE 

PANASONIC RECEIVER 

WILSON 
MARK IV 

I 

"OVER 50 BRANDS IN STOCK" 
KENWOOD YAESU KDK DENTRON WILSON MFJ SWAN DRAKE LARSEN 
TEMPO KLM BEARCAT B & W ARRL PUBLICATIONS MOSLEY REGENCY ASTATIC 
CUSHCRAFT MICROLOG HAM KEY CDE PIP0 lCOM TEN TEC PANASONIC 
DAYBURN INSULATORS BIRD AMECO HUSTLER CALL BOOK SAXTON ALLIANCE * COMPLETE RADIO SERVICE SHOP + 
- FAST EFFICIENT SERVICE -WE REPAIR ALL BRANDS - 

-ALL WORK GUARANTEED - AMATEUR EXTRA! FIRST CLASS LICENSES - 
- SEND US YOUR DEFECTIVE EQUIPMENT U.P.S. COLLECT - 

- FREE SHIPPING BOTH WAYS IF WORK IS DONE- 
- MOST REPAIRS DONE AND SHIPPED WITHIN 7 DAYS - * OUR FINE REPUTATION SPEAKS FOR ITSELF * 

"YOU SHIP IT - WE FIX IT" 

* NEW AND USED EQUIPMENT - "Get on our used equipment mailing list" - * TRADES WELCOME - "The best allowances anywhere" - "We buy good used SSB gear" - * FREE CATALOG - "Prices of a / /  major manufacturers" - 
a phone call away" - 

Call or write for r-1 I- 
your super quote today! 

THOMAS COMMUNICATIONS- "Near ARRL Headquarters" 
95 KllTS LANE, NEWINGTON, CONNECTICUT 06111 

OPEN M0N.-FRI. 10-6 THURS. 10-8 P.M. SAT. 10-4 
EASY DIRECTIONS: Rt. 15 South - 2  blocks past McDonald's (Berlin Turnpike) 
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SPECIAL OF THE MONTH 
11 KENWOOD Kenwood's TS-700SP 11 

I Deluxe All-Mode Two- 
Meter Solid-State Trans- 
ceiver now covers the 

new repeater sub-band. I 
11 SPECIFICATIONS: 1 I 

FREQUENCY RANGE: 144-148 MHZ 
MODES: USBILSB, FM, AM. CW 
INPUT POWER: 13 VDC or 115 VAC 
FUNCTIONS: PTT. VOX. Serni.Breakin CW with Sidetone 
POWER OUT: 10 Watts RF on ssB. FM. cw I - 

3 Watts AM 
1 Watt FM - Low Power Switch 

RECEIVER: 0.25 MV for 10 dB (SBN)IN SSBICW 
0.4MV lor 20dB Quleting FM I I 

LIST PRICE: $729.00 
YOUR SPECIAL D E A L . .  . 

BUY A TS-7OOSP AND GET A BIRD 
MODEL 43 WATTMETER FREE I 

A DIVISION OF TREVOSE ELECTRONICS 

1 4033 BROWNSVlLLE ROAD. TREVOSE, PA-19047 I 

ronics Ir 
0. Box 5727, Fort Lauderdale, Florida 33310 

05/563-' 
uolity QII ? 1937 

FT-227 "MEMORIZER" 
OWNERS: SCANNER KIT 

Selectable sweep width (up to full band) 
Scans only the portion of band you select 
Scans at the rate of 200 kHz per second 
Switch modification on mike allows you to 
scan past, or lock on, any occupied 
frequency 
Complete kit with detailed instructions 
Installs inside rig; no obtrusive external 
connections 
Rig can easily be returned to original 
condition whenever desired 
Scans to preset limits and reverses 
Automatic bypass of locked frequency in 
3-1 /2 seconds unless you press lock-on 
switch 

Kit $34.95 preassembled and tested $54.00 
add $1.50 postage and handling 

Also available: Scanners for your IC-22s; 
$29.95 kit; $39.95 assembled 

DEALER INQUIRIES INVITE0 

AED F] ml ELECTRONICS - 
750 LUCERNE RD., SUITE 120 

MONTREAL, QUEBEC, CANADA H3R 2H6 
TEL. 51 4-737-7293 
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( At Your Seruice . . . I 
IF YOII'RE INTO C0MPUTE:RS. TRS-NO CONVERSION KIT I THIS 1s THE REST PART $190 (31% 1 i 
Econoranl ,~~>vrnorlv* ;xrt. k % ~ < r n r ~  ~hrouqh#>tll Iha. 

industry lor ra~l~.tl~ilil! and tht. slltlity to rn;ttc with 
all S 100 hoar mrcnlramrs . . . itnd ~hyy'rc thq. hal:trrlr 
10 use in your c.nn,puter. W r  n l f r ~  Itilly slntir 
dcr i~n. full hulit.ring, h i ~ h  sprotl'lov pnwrr pnrls. 
inrt.llirrn1 mt,ch>tnnr;al drrirn, nml an pnviithle 
rvpetiiion lor q~~~ t l i t y .  '. 
Thrss hoards nrr nvnilablc in :3 brmr: mnkit (with 
r o ~ k r t r  and hvpnr. raps prc-snldrrcd in plnrrl. 
mx~cmblrd nnd tested, itnd qu.lllird under the Ccr- 
titird Sv~trm.  Component* prnxr.ctt. ('S(' hoard. 
.re arr~ml~lrcl. t$.rtcvl. uar~riarllvt.cl In run a1 .I Mlli.. 
ht~rnt.d en b,r ?(Ill ha$ora. and st,rt;ml nurnh.rc<l. \Vr  
errhiln~p lnul r~pn t r l  Ihc honr<l i l  lnllurr occurs 
wthtn on? yrar o l  lnvnire ~lntv. I , .  

OUR CURRENT BEST SELLER: 

I 
I I 16K ECONORAM I V "  

$279 unkit :\.%C,,IILI..~I 5." I I'SC, S U 4 .  

1 (:urrt.nt unrlvr 2000 mi\: manual wr i te  

I OUR TOP OF THE LINE: : 24K ECONORAM V I I "  
$445 unkit A ~ ~ c ~ ~ n h l ~ d S l H S ,  CSI' $605, 

I A fu l l  It,ntorl rlenae mrmory  wi th  current 
I undpr 2000 mA. ( :on l i~ura t inn as two  I K  
I anri two  XK hlacks, w i th  indrpendent wr i te  : prot r r t  for each hlock; use wi th  or without 

phantom lines; and provision l o r  two unused 
1 uuaiifiers. 

tlnwradr vnnr !I( 'I'ltSHII nl;tinlramr with our Con. 

rmn. iMan? rlr:tlvrr imd~ltliannlly rp ,or( ustny thvw 
rhlpn lo  rxpnnrl menlory tn AI'PL.~.:.;~. W e  bark up 
thrrr  oarts with I w a r  rarrantr. 1 

: Need9 onlv 1 2 ~  oc and 3 tlrne-settino sw~~chcs  :: i lor &&al~on iR biai .  truck, van, car, or  home. 4 i3 
1 digit, 0.3" green llourescent d~splay with bl~nkrng 11 
m colon. When wlred I" car. d ls~ lav  turns 011 when . . i l gn l l l ~n  1s 011 Accurate la  + ' b Z  second a day ii 
I thanks l o  built in crystal tirnebase. II 

Fbnally . . here is a clock lhat 1s simple to build. I 
looking, ond at our price. inexpensive. I 
111.~111111.1.111-111 J, - 

RF TRANSISTORS I 
YZNRFl 2GH2 power Iransistor. Pd rnax 3.5W. : 

Poul mlnlmum 1OW. Ptn 310 mW, elflclency 30%. I 
Stmllar lo  RCA 2N5470. 14.85 I 

XZNRFZ 2 GHI power Iranslslor. Pd rnax 8.7W. 
Poul mrn 25W. Ptn 300 rnW. elllciency 33%. 1 
Stmtlar lo  RCA TA8407 $5.85 I 

XZNRF3 2 GHz power Iranslstor. Pd rnax 21W. I 
Poul mrn 5.5W. Pin t25W. elllcfency 33%. Similar I 
10 RCA 2N6269. $8.95 I 

UzNRF4 2 GHz power translstor Pd max 29W . 
Pout 7 5W. Pin 15W ell$clency 33% ~ a c t o i  I 
selected orlrne 2N6269 1 7  95 I 

TERMS *,I,, S I  IO oroers under 115 COD o r ~ ~ e r n  OK :.,In I 
s!,,.,., ;I~I,I~PII l o r  UPS C ~ I  re$ add rate.. , . a x  I 
VISA' iMd~.lerrh.trp~'  oiclrlscall our 24 bout RnswPlln<I >Cr 
r ~ r .  a1 11111 581.0638 Thank you lor soar bualn+rs I 

RTTY for ALL Systems d 

I Y- ELECTROCOMm "SERIES 400" 1 
FREQUENCY SHIFT CONVERTERS 

Profess~onal ly engineered for outslandtng systems IS assured by  matched I~ l te rs .  pre- 
performance. s tab~ l~ t y .  and r e l ~ a b ~ l ~ l y .  the clston llnear detectors, baud rate selector. 
Electrocom' Models 4 W  and 402 add new blas cornpensalton, and seml-dlverslly clr- 
dlmenslons of compa l t b~ l~ t y  between r a d ~ o  cu t t r y .  O p e r a t ~ o n  IS enhanced  b y  a C R T  
and tetetypewrtter systems Manufaclured t o  mon i l o r .  au los ta r t  w l l h  so l l d - s ta l e  m o t o r  
hlghest qua l~ t y  standards-an Electrocom sw~ tch ing ,  antlspace. markho ld .  EIA/MIL 
l radl t ion for  nearly two decades-these u n ~ f s  output voltages, and a constant current loop 
are Ideal lo r  rnllltary. government. commer- supp l y  I n  add l l l on ,  var lous opt l0nS a re  
ctal, ctvll defense and amateur appllcallons available tnc lud~ng rack mo t~n l t ng  and polar 
The Model 400 f ront panel dlgltal knob a c c u  current output. 
ralely selects shorts u p  to 1000 HZ.. whlle two Wrlte or ca l l  11s lo r  complete prodticr de-  
such knobs o n  the Model 402 Independently l a ~ l s  a n d  specrl~catrons. Learn why Electro- 
set the mark and space trequenc~es Bo th  corn' "400 Converters are des~gned  not 
models may also b e  preset w l th  any tone palr o n l y  l o r  l o d a y s  c o m m u n l c a l l o n  env l ron -  
between 1000 and 3200 Hz. menl. but t ~ l l ~ m a l e l y  lo tu l l ~ t l  RTTY reqlllre- 

O o t ~ m u m  ~ e r f o r m a n c e  wtth FSK or AFSK ments for vears lo come 

THEY WORK 
AS GOOD AS 

BENCH POWER SUPPLY- 
5 to 30 VDC ADJUSTABLE 

I \ 1 . 1 1 ,  <,I- 
tltt. .lrt I( ti~~1t1.1101 

\ l ~ ~ ~ i ( l i ~ i g  11,~1lttr1~\ at 
l o w  (01t 

. \, ..., t,,, . 1 ,  , I1 . 1 *,,,, rt,,,,,,,, < ,,,,.,,, 

. Y  ,.,,.,I,,,,, , . ,,. ,,, . 1, ,,,,,.., 1 ,,\,, ,,.,,, l',,., ...,, '*, 
1 , , , , I  ,,, ,,,,I I ,.,,, .*I ,,,, 1 1  ,I,,,, 1 1,,,,1111 ,,,,, . lk I,,,, l',,,,. I \b?,, .\., ,,,,, , ,,.,,,. , 

An honest value dt 548.50 
Prepaid UPS anywhere in USA 
(Please Inclucle Street Address) 

Harper-Stanley Co. 
305 University Tower Bldg. 

Little Rock, Ark. 72104 , 
J 

COPY SATELLITE. PHOTOS. 
WEATHER MAPS. PRESS1 

I The Fax Are ('leer on our lull 911P 1 1 8 1 - 2  wndel 
recorders These commerc~albm#l#lary unrts now avall- I 

I ableat ourolus orlcas Learn haw to copy wllhaur FREE 1 

:,; . ,  .. I ,. 1 ,  .. ,"<I : l , .  1 1 . 0 1 1  1181111. 
r.,.l p r ~ ,  $,i e . v ~ . t  t , n  U 5 Mlllldry 5°C- 
I ~ ~ , , , a c , ~ i l ~  r,n Ci,il,r,s equtpmi'nt 
or Irarl, W r  llay Ire~ght Call collecl 
now lor our high otter 201 440-8787 

SPACE ELECTRONICS CO. 
dtv 01 M8lltary Eleclron8cS CofP 

W e  h a v e  the worlds l a r g e s t  se lec-  

tion of synthesizers for rece ivers ,  

transmitters a n d  transceivers. For 
complete details see our 113 page 
a d  in the April 1976 issue of this 
m a g a z i n e  or call or write for addi- 
t i o n a l  information. Phone orders 
a c c e p t e d  between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 
196-23 J A M A I C A  A V E N U E  

HOLLIS, N. Y. 11423 



..10O"C.. Dt SOYNO Ices1I)C" I-..-<U,, 

TELEX. 
C / i Y * , , * I I  n l I I I U L .  / * I  

Lightweight Headphones MRUUNE 

$1 25 00 
Elements ITable 11 2-30 MHz 45 00 
Elements (Table ll 25 1WO Mnz 38 00 

Carrvlngcale lor Model 43 & 6 slemanlr 2 7  50 
Carrvono case lo r  12 element. 1 7 00 

READ RF WATTS DIRECTLY1 I S p ~ i f v  Type N or SO239 eon- - nector.1 0.45 - 2300 Mnr. 1~10.000 Warts +5%. low insation VSWR 
- 1.05. Unmuslled economy and fle~nl?illty. RUV only the elment l r l  

HTC-2 covering vour Prnent lrsauencv and power needs, add extro ranpm 
HFC-9f HMC-2 ........, ...... 

...* "a, kt,, *, . , I  
,,,, , ...........,... ,.. later if your rsauirsmwlsexpand. ....... ... .... ..I.# .........I........ ..n. " I< ..........I...j... ................ ,,,"'. . ".. ,,." ,,,.,. ,.... n. ......... ",-% I...<. ,,", ............ I", , ,  . *? ",,.. *..,. 1, ..,. 1 -, ,,., 

/ %  . / / 1  . 7..".1..... .. * ........ ..,,. ,.., 1 1  ., .,# ,..," s .I ...r... .,,/ 
> s  , , , ,  ,, , . , r  ST,,' *: , " .,.,,. , 

, , " , 1 .  , .*I, ,*: I .I , , , I /  ... L . &  .....% * * .  8 .  ..... ,..,. ".,,, ., ., 
,,,,?, 

0.- 4c.t.a. NO 1111,081 58.95 
o-ncaua. NO l s m r n r  513.85 0mw4C't'a.N0 'n5m'S22.MI 

Mobile Microphones 

~~1 a. a,, /a. , ,.. , .L.YOYdll,( .,.,..,, .,,.. -,", ,.em. 1111% cII.lt, , . ."- Y .......... ,, ...... . , , .  ,)., .% ..........I.1........ r U  , . . . . . .  I.I.,- ,.., dl / .,.,l Id . , l  , TWO METER CRYSTALS 

I.........., ...,..... ... t...~......... v,,,,,, ......... w. ,-, Standard ! lcorn I Hea thk l l  1 Ken I Clegg I 
1N. n.< ,," 1 ," .............. ,",. I.......... n ,".. . , ..... , ,  , ,, , , .  i .  ,. Regency I Wllson I V H F  Eng. I Drake I 

,1,,.1.11"119 n ,,*..lrn,. ,"-I" Moto ro la  HT 220 - and others'  

S 19.95 C b r - O m  4 0Yw No 13373-3 
rroCom I L W  ,.D.Es. 

CLrn 4 C.La. H. li15m.am 
(iw-0'- ev uum *. 62111m2 LIFETIME GUARANTEE! 

529.95 (42.95 
r,oCan 
U-m. m b or ",oh # W n n  

Now Only $7.00 Per Pair! 
016.1 9 CICa. Ua 61IYlOm 

MakeIModel  X m ~ t  Freq. 

PO 
Special Headsets 

Liphlweighl Headsel _wobile ..FM,. 

CL .:::Em .................. ............ 
.. " ........,. 1. _* I ..Dn..n. . 
1 ................ 

559.95 
Om- 4 CmYW M &13.0*2 

Oon,t 
 he N.E. ARRL c ~ ~ ~ ~ ~ ~ ' ~ ~  

569.95 At 
ceautiful Sheraton B~~~~~~~~~ 

~ ~ ~ ~ ~ ~ ~ ~ ~ h ,  Mass. Oct 14-15th' 
Dual Muff HeadphonesIHeadsets GIANT FLEA MARKE~! 

................. . . . .  CM.1320 Hsadsal 

-. \ \  C-1320 Headphone 
m* , , 

' . .  I .  " 8 .  ' .,,,,. .,, # , , , I ,  / 'Z",", 

.7c, :,, o',r, ,?: c ,% Call 
1 

,,.lr81.1il,,.1 1, ( l i . . . 1 . . . .  .. I 
.... hem. b" C4I.W ...... NO ( O M 0 1 2  .#rl....$.##.. ......‘. I 

539.80 I 
I 

Zip- I 

I,.,.ln.dc, ...\i).l...l.. ..I. 

1 
.... 

*Crb,. 11,11 I.,. Ill,l,~.l; , is  
.,.,,t ,.. I ....................... 

"1  8 .a - ,w :.v.. <. " Old*, PI" c."W 
NO Sl2W-050 1 .......... I 

O l e ?  by C.l.lop No 
01210031 

I 
528.30 

1-1 Check enclosed u Visa 1 1  Master Charge 
I 

1 J American Express 
I 

........ ............ CM-610 Headsel 
...I I...., 

I 
L .................... ... .......... 

" 
1 ..... ......... 

5 t l  , ,  i i i , , , :  

.............. Ofdsr b* C.l.log 
I 

59.95 No 69830Wl 0.d" bvC.t.1~ Signature 
No 6lOIoa. 

I 
SWLdlO Headehone 
, . .,m.,,.,  , ,., , . ,  S E N D  F O R  F R E E  CATAMG! I 

Omcr b(r Catabg s 11.w NO Ol830002 Radio Electronics I 
I 200,H. Mystlc Avenue I 
I M e d f o r d ,  Mass. 02155 1 

PC- I00 Headohone I 
(61 7) 395-8280 

r, , . ,  , , , / ,  . .I. 
I 

........ . :".,l . . . . . . I .  I ................ 
r , l l " . . >  :..,I . . , .  . ...... 1 .  

I M a s t e r  C h a r g e  V i s a  A m e r i c a n  Express I 
, < :  

L :.,..t. ,,,,. , 8 ,  I Minimum $3.00 shipping R handling f o r  ALL orders. I 
. , . .  1. . 

Ordm bv CII#ID. Orda? br Cmlnlog No 02753OM I Prices FOB M e d f o r d  Mass. (Mass. - I 
NO 03510-010 9 ' 5~6.95 516.25 residents add 5 %  sales tax )  L , , , , , - - , - - - - - - - 
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Wnat can you ca when two slngle rlaeband slynals overlap' A s!mple. less expenswe but ellecllM alternalrve is lo sup 
At aresent "01 much ~n mosl older sets I1 YOU are LOII~CIIY olement the er~sl#np SSB lllter tn your trlea and-Ieslad 918s- 
tuned lo one sbpnal and an adjacent one c&es on, hls high: 
or low-lrmuency componenls will be wlthon your passband. 
and whtle you are not able lo read hfm you w ~ l l  surely 
know he 8s Inere 
Many 01 Ihe newer receivers seek lo solve this owrlap prob- 
lem by provd~nq conllnuwslq varubk 1.1 bandwtdlh or pass- 
band shctting - Wth d~ l lsu l t  lo adapt lo ex#sl#np designs 
So, you can solve your problem by buylng a new set' Not a 
pledsdnl prospect at today's prlces 

I o l  L S ~ Q O L I  dual a We s* Id w x a  ~seasv and w r m  1s Ine 
aadot.on ( n m  0, n Ine t.!.rel ol a scons shal l  CH I !el 
S ~ e r l  an a' Inr rldnoaro or rnaro l~ l le l r  1SSB or CWI Is 
achieved by ll~pplng a sbngle mlncature toggle swllch whlch 
can usually be mwnted In an exlst~np hole 
Our complete line ol tllters s llslec below All unlls are $50 
except as ~ n d w t e d  Prcesare Ilkely lo rise Bslter buy n m  

VlSA 6 MASTER C H A R G E  ACCEPTED 

Fnln~ USKI Cmmf No.01 Em6 Ndes 
RII No YF lor Fmq hnz. P a r  Wdth 

311250 CW 3179 3 8 250 Hz Sharpunlllor OX and conlest work 
, , 31H500 CW 3179 3 8 500 Hz Use lnstead ol slanaard 600 Hz unll 

O 3tF600 CW 3179 3 6 600 Hz Sameas standard XF 3OC unll 140 
6 31Hl 8 SSB 3180 8 I 8 u H z  FornarrowSSB 

31H2 4 SSB 3180 8 2 4 kHz SubsllluletorXF 30A(6poIe)lnearlyun1t 
vl 31F6 0 AM 3180 6 6 OuHz SameasslanaardXF 308untl. $40 

)IOM WITCHING BOARDS 
~srmit easy mounting 
* I ~ O L I  at n ~ l  o' L O  lo IWO crqs 
1 t 1 ~ 1 1  01 an, I ~ D P  n add iron 10 
.IOIP 10s wncn In? mao~tdttrrer 
rOv8des space These boards wlll 
CCOmmWale any ol Ihe t~llers Its(- 
a and other lypas planned lor the 
,lure To avold error when order. 
l g  speclly tllter number deslred as 
,ell as rtg w11h which II IS 10 be 
sed Complele lnslructcons SPEC- 
:Y Set Wllh whlCh bMld 16 10 w 
red $15 wllh purchase ol an 181 
!r $20 wlthoul llller Alrmall i p i i  
IS C Canada Overseas add $1 

3 
m 89H250 CW 8999 3 8 250 Hz Sharp unll lor OX and conlesl work 

7 5 89H500 CW 8999 3 8 500 Hz Use lnslead 01 standard 600 Hz unll 2 t 9 0 ~ 1  8 SSB 9000 8 I 8 knz For n a r r o u ~ ~ ~  
SOH2 4 SSR 9000 8 2 4 kHz For use ln s~eech Drocessor 

R g: 33H250 CW 3395 0 250 Hz Sharp unll tor DX and contesl work 
8 v, 3 3 ~ 4 0 0  cw 3395 8 400 HZ use lnslead 01 s~anaara 500 HZ unit 
o ? 1 33H1 8 SSB 3395 8 1 8kHz For narrow SSB 

8 8 ~ 2 5 0  CW 8830 7 8 250 Hz Sharp unit lor DXand conlesl work I S aan4m c w  a u o  8 400 Hz use tnsud. stanaara 500 HZ untt 

I.'. 
..... 

1 sec. 150 MHz 
T h e  N e w  M o d e l  C T R - 2 A  S e r l e s  C o u n t e r s  a r e  d e s l g n e d  a n d  built to t h e  h i g h e s t  s t a n d a r d s  
to f u l f i l l  t h e  n e e d s  of c o m m e r c l a l  c o m r n u n l c a t l o n s ,  e n g i n e e r i n g  l a b s  a n d  s e r i o u s  e x p e r i -  
m e n t o r s .  W i t h  a n  a c c u r a c y  of + . 0 0 0 0 5 %  ( o v e n  o p t i o n )  t h e  C T R - 2 A  c a n  h a n d l e  t h e  m o s t  
c r l t l c a l  m e a s u r e m e n t s  n n d  IS a b o u t  h a l f  t h e  c o s t  of o t h e r  c o m m e r c i a l  c o u n t e r s .  

I f  y o u  n e e d  a r e l i a b l e  c o u n t e r  a t  a n  a f f o r d a b l e  p r i c e ,  t h e  C T R  - 2 A  i s  t h e  a n s w e r .  

r B u ~ l t - ~ n  Pre-Amp 10mv @ 150 MHz r Per~od Measurement (Optional) 
8 D l g ~ t  .3" LED D ~ s p l a y  Input Dtode Protected 

r H t g h  Stab~l t ty  TCXO T ~ r n e  Base 12V-DC Operat~on ( O p t ~ o n a l )  

But l t -~n VHF-UHF Prescaler Oven Controlled C r y s t a l  (Optional) 
r Autornat~c Dp Placement 2 . 5  pprn 
r TCXO Std i 2 pprn Selec t~b le  Gate T ~ m e s  - 1 & 1 sec. 

500 M H z  K i t  C T R - 2 A . 5 O O K  . . . . . . . . . . . . .  $ 2 4 9 . 9 5  
5 0 0  M H z  A s s e m b l e d  C T R . 2 A - 5 0 0 A  . . . . . . . . . . .  3 4 9 . 9 5  
1 G H z  K i t  C T R - 2 A - 1 0 0 0 K  . . . . . . . . . . . . . . .  3 9 9 . 9 5  

. . . . .  l G H z  A s s e m b l e d  C T R - 2 A - 1 0 0 0 A  . . 5 4 9 . 9 5  

. .  O P T I O N S . .  

0 2 )  O v e n  C r v s t a l  $ 4 9 . 9 5  0 5 1  10 sec. T i m e  B a s e  $ 5 . 0 0  
0 3 )  .43" L E O  10.00 0 6 1  P e r i o d  15.00 
0 4 )  1 2  V - D C  10.00 0 7 1  H a n d l e  10.00 

D A V I S  E L E C T R O N I C S  636 Sher~dan Or., Tona., N Y .  14150 716 

QUARTZ CRYSTALS 

Q ' I N  A HURRY" 

SINCE 1970 

CRYSTALS AVAILABLE FOR: 

CB - Synthesizers 

Amateur - HF, VHF, UHF 

Industrial 

Scanner 
Marine - LB & VHF 

Conversion Crystals 
Special Attention to R & 0. 

Micro-processor Types. 

DISCOUNTS AVAILABLE TO 
DEALERS & MANUFACTURERS 

CALL "BONNIE" FOR 
PRICES & DELIVERY 

V l S A  & M A S T E R  C H A R G E  - c r e d i t  c a r d s  a c c e p t e d .  m m 

E 
CAL CRYSTAL LAB, INC. 

1142 N. Gilbert Street 
Anaheim, CA 92801 

(714) 991-1580 

ALIGNMENT 
Alignment and check ou t  of  
your tronsmitter or receiver b y  
our FCC licensed technician. 
Xmitters checked for hormon- 
ics, chirp, etc. Fost service ond 
profession01 work. Only  $ 1 5 
plus shipping. Send rodio with 
check i n  r eusab le  ca r t on  
(insured) or $1  extra for new 
carton to: 

Wolverine Radio 
PO. Box 426 

Portoge. Mlchigon 49081 

f * 
DON'T KEEP 

A GOOD ANTENNA DOWN 
,>,,.,, ...........,.. .......I 1s". 

wnn mr,~! mc.wx> .s.> .............: *,. w + , n ~  nr r n ~  ARC 
1 ,xntrt>nlv.%.rran .,rn,l~ 

THE JOYSTICK VFA 
IVB- he4 ant) OM.\ k n  .tRiIl. ,nilu-chilr4r**l( I- bee 
~~MIUI  m aa wmr in) ths, lii i t   nth am mem m M 
BChSWI 
I ( X * r o l g b n g r ~ r n a r l 1 R d m v r A 1 Y I 1 a m n a m n p m  
O111ilrUlR u m h  ORP onles* R 

SYWEM 'A' $84.00 
1 M W P E  P hlor FWc.lvlnponly 

SYSTEM 'J'L110.00 
6mW P F P &lo# Improve6 0 Factor AMn 

bJ mn*corl -5,  i l  . ~ r , i  ,.r,,lrm 1 r O r r i e . l u h n ~ ~ r n  
m e w  i 6*rr ,  ~ . , ~ , ~ , ~ n ,  drlri h** : r *~  wl~in. ir lw-~ 
I" wwc r*lu. yr., s n ~ W V  or m > a r ~ !  r u u r  omsr 
- MaNnnnrgn Vlrr e.,z*.,er~uarO " r h n *  rr a* Il7 ,.urn 

P A R T R I D G E  (HR) 
E L E C T R O N I C S  LTD 

~ ~ C L D  Bmtdslaln. Kent. Eng1.M 0 3 ~ ~ .  

\ 
Tcl 0843 62535 

I 



You're just a few digits away from 
name brand radio equipment - 
AT DISCOUNT PRICES! 

YAESU DENTRON TAYLOR E.T.O. ALPHA 
KENWOOD HY-GAIN SWAN VHF ENGINEERING 
DRAKE MOSLEY TEMPO BERK-TEK CABLE 
ICOM CUSHCRAFT TEN-TEC CONSOLIDATED TOWER 
STANDARD Wl LSON MIDLAND SAY 
EDGECOM HUSTLER CDE SHURE 
KDK LARSEN AUTEK TELEX 

plus many more 

1~00-22&4097 CALL TOLL FREE FOR 1.800163416227 

ANTENNAS 
HY-GAIN MOSLEY CUSHCRAFT HUSTLER W I LSON 

TH6 DXX CLASSIC 33 ATB -34 4BTV SYSTEM 1 
TH3MK I l l  CLASS1 C 36 ARX-2 66- 1 44A SYSTEM 2 
18 AVT/WB TA-33 A-1 47-20T RM-75s 

Ham I I I - $1 25.00 

. I . I . m  LOOK! 
HOURS: Monday - Friday 8 a.m. - Midnight 

Saturday 8 a.m. - 8 p.m. 
Sunday Noon - 8 p.m. 

SAME DAY SHIPPING ON MOST ITEMS 

We carry all major lines of antennas 
at DISCOUNT PRICES BANKAMERICARO 

call for quotes: 14il00-228-4097 I 
More Details? CHECK-OFF Page 142 october 1978 131 



Ham Radio's guide to help you find your loca I 
Alabama HAM RADlO OUTLET 

999 HOWARD AVENUE 
BURLINGAME, CA 94010 
4 1  5-342-5757 
Visit our stores in Van Nuys 
and Anaheim. 

RAY'S AMATEUR RADlO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

LONG'S ELECTRONICS 
2808 7TH AVENUE SOUTH 
BIRMINGHAM, AL 35202 
800-633-3410 
Call us Toll Free to place your order QUEMENT ELECTRONICS 

1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

Illinois 
AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL 60540 
312-420-8629 
"Amateur Excellence" 

Alaska 

RELIABLE ELECTRONICS 
3306 COPE STREET 
ANCHORAGE, AK 99503 
907-279-5100 
Kenwood, Yaesu, DenTron, Wilson, 
Atlas, ICOM, Rohn, Tri-Ex. 

-- - 

TOWER ELECTRONICS CORP. 
24001 ALICIA PARKWAY 
MISSION VIEJO. CA 92675 

ERICKSON COMMUNICATIONS, INC. 
5935 NORTH MILWAUKEE AVE. 
CHICAGO, I L  60646 
312-631-5181 
Hours: 9:30-5:30 Mon, Tues, Wed, 
Fri; 9:30-9:00 Thurs; 9:OO-3:00 Sat. 

714-768-8900 
Authorized Yaesu Sales & Service. 
Mail orders welcome. 

Arizona Colorado SPECTRONICS, INC. 
1009 GARFIELD STREET 

- -  

HAM SHACK 
4506 A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Serv~ng all amateurs from 
beg~nner to  expert. 

-- - 

MILE-HI COMMUNICATIONS, INC. 
1970 SOUTH NAVAJO 

OAK PARK, I L  60304 
312-848-6777 
Chicagoland's Amateur Radio 
leader. 

DENVER, CO 80223 
303-936-7 108 
Rocky Mountain's newest 
ham store. Lee Tingle K@LT 

- 

Indiana 
KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
We service what we sell. 

- - 

Connecticut HOOSIER ELECTRONICS, INC. 
P. 0. BOX 2001 
TERRE HAUTE, IN 47802 
812-238-1456 
Ham Headquarters of the Midwest. 
Store in Meadows Shopping Center. 

KRY DER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, IN  46815 
219-484-4946 
We service what we sell. 10-9 T, 
TH, F; 110-5 W, SAT. 

AUDIOTRONICS INC. 
18 ISAAC STREET 
NORWALK, CT 06850 
203.838-4877 
The Northeast's fastest growing 
Ham Dept. dedicated t o  service. POWER COMMUNICATIONS 

6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-6030 
Arizona's #1 Ham Store. 
Kenwood, Drake, ICOM & more. 

Florida 
AGL ELECTRONICS, INC. 
1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

-- - 

QSA 599 AMATEUR RADlO CENTER 
11 SOUTH MORRIS STREET 
MESA, AZ 85202 
602.833-805 1 
Eimac Distributor. New & Used 
Equipment, Parts - Surplus too! 

BOB SMITH ELECTRONICS 
RFD #3, HIGHWAY 169 and 7 
FT. DODGE, IA 50501 
515-576-3886 
For an EZ deal. 

AMATEUR RADlO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 

, The place for great dependable 
names in Ham Radio. 

California 
-- - 

Kansas C & A ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105 
P. 0. BOX 5232 
CARSON, CA 90745 
213-834-5868 
Not the Biggest, but the Best - 
since 1962. 

I MARC'S , CENTRAL EQUIPMENT CO., INC. 
18451 W. DIXIE HIGHWAY 

1 NORTH MIAMI BEACH, FL 33160 
305-932-1818 
See Marc, WD4AAS, for complete 
Amateur Sales & Service. 

ASSOCIATED RADlO 
8012 CONSER P. 0. B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy -- Sell - Trade 

-- --- - 
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METUCHEN RADlO 
216 MAlN STREET 
METUCHEN, NJ 08840 
201 -494-8350 
New and Used Ham Equipment 
WA2AET "T" Bruno 

RADIOS UNLIMITED 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
New Jersey's newest 
complete Amateur Radio center 

THE BARGAIN BROTHERS 
216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 
WEST TRENTON, NJ 06828 
609-88:3-2050 
A million parts - lowest prices 
anywhere. Call us! 

New Mexico 

ELECTRONIC MODULE 
601 N. TURNER 
HOBBS, NM 88240 
505-39'7-3012 
Yaesu, Kenwood, Swan, DenTron, 
Tempo, Atlas, Wilson, Cushcraft 

New York 

ADIRONDACK RADIO SUPPLY, INC. 
185 W. MAIN STREET 
AMSTERDAM, NY 12010 
518-842-8350 
Yaesu dealer for the Northeast. - 
GRAND CENTRAL RADlO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
212-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 

HAM-BONE RADIO 
3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
3 15-446-2266 
We deal, we trade, all major brands! - 
RADlO WORLD 
0NEID.A COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
3 15-337-2622 
New & Used ham equipment. 
See Warren K21XN or  Bob WA2MSH. 

Kentucky 

COHOON AMATEUR SUPPLY 
HIGHWAY 475 
TRENTON, KY 42286 
502-886-4535 
Yaesu, Ten-Tec, Tempo, DenTron. 
Our service is the BEST. 

Maryland 

THE COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
301-792-0600 
R.L. Drake, Ten-Tec, Icom, Wilson, 
Tempo, DenTron, Mosley, Cushcraft 

PROFESSIONAL 
ELECTRONICS CO., INC. 

1710 JOAN AVENUE 
BALTIMORE, MD 21234 
301-661-2123 
A professional place for amateurs. 
service-sales-design. 

Massachusetts 

TEL-COM, INC. 
675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
61 7-486-3040 
The Ham Store of New England 
you can rely on. 

TUFTS RADlO ELECTRONICS 
209 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 

Michigan 

ELECTRONIC DISTRIBUTORS 
1960 PECK STREET 
MUSKEGON, M I  49441 
616-726-3196 
Dealer for all major amateur 
radio product lines. 

RADIO SUPPLY & ENGINEERING 
1207 WEST 14 MILE ROAD 
CLAWSON, MI 48017 
3 13-435-5660 
10001 Chalmers, Detroit, MI  
48213, 313-371-9050. 

Minnesota 

PAL ELECTRONICS INC. 
3452 FREMONT AVE. NORTH 
MINNEAPOLIS, MN 55412 
612-521-4662 
The Midwest's Fastest Growing 
Ham Dealer. 

Missouri 

HAM RADlO CENTER, INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS, MO 63132 
800-325-3636 
For Best Price and Fast Delivery 
Call toll free 1-800-325-3636 

MIDCOM ELECTRONICS, INC. 
2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961-9990 
At Midcom you can try before you 
buy! 

Nebraska 

COMMUNICATIONS CENTER, INC. 
443 NORTH 48 ST. 
LINCOLN, NE 68504 
800-228-4097 
Kenwood, Yaesu, Drake and more 
at discount prices. 

Nevada 

COMMUNICATIONS CENTER WEST 
1072 RANCHO DRIVE 
LAS VEGAS, NV 89106 
800-634-6227 
Kenwood, Yaesu, Drake and more 
at  discount prices. 

New Hampshire 

EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, DenTron & Yaesu dealer. 
We service what we sell. 

Ne w Jersey 

ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 





T50 Six Channel, 2W Exciter Kit for 2M, 6M, or 

PI4 W W  124.95 
Deluxe vhf model for opp- Frequency Schemes Available: 
licationr where space permits. Linear Converter for SSB, CW, FM, etc. X V 2 - 1  2 8 - 3 0  M H z  = 5 0  - 52 M H z  

* A  froction of the price of other units X V 2 - 2  2 8 - 3 0  M H z  = 2 2 0 - 2 2 2  M H z  
X V 2 - 4  2 8 - 3 0 M H z  = 1 4 4 - 1 4 6 M H i  
X V 2 - 5  2 8 - 2 9  M H z  = 145-146  M H z  

MODEL RANGE X V Z - 6  2 6 - 2 8  M H z  = 144-116  M H z  

XV2-( ) T M N W E R l E R  KIT S59.95 
A25 OplknoI Cobinat for O r & P A  $20 

-ONLY 534.95 
including crystal 

MoDEL RF RANGE (MHz) I-F RANGE 
C432-2 432-434 
C432-5 435-437(OSCAR) 28-30 
C432-7 427.25 
C432-9 439.25 

A's For XV-2 Xmtg 

Converterr 150 Exciters, or any 2W Exciter ....................................... 
A9 Extruded Alum Co~/Connectorr $12.95 

L P A 2 - 1 5  K i t  1 5 9 . 9 5  
15W out (linear) or 20W (class C) Solid State 

T/R Switching Models for 6M, ZM, or 220MHz 

I., c n e c ~ ,  m . 0 .  

.......... 220 MHz, or com'l bands.. 169.95 
Optional xtol filter for 100 dB ad] chan 10.00 

Models for 6M or 2M RW UHF Receiver Kit for ony 2 MHz segrnenr of 
LPA 8 - 4 5  K i t  189 .95  380-520 MHz band.. ............... 189.95 
For 2M. 8-IOW in, 45W out m 

4E 716-6, 
ewnlngr or 

w. Persona 

r e d i t  ca r  

12.00 s h l  

! 
'OR FREE 
:E ORDER 

(Answerin 
for yoursol 
5 eastern tin 



We're Pmud of Our Flock! 

ALL MODELS ANDTABLE I ELEMENTS IN STOCK. 
WE ALSO CARRY OTHER BIRD PRODUCTS.. .WRITE! 

NEW PRICE $1 25.00 - - 
MODEL 43 

AUTHORIZED BlRD DISTRIBUTOR - DEALER INOUlRlES INVITED. 

We are also Dealers foc 

'"I. ".-."" 

SPECIALISTS IN HANDLING FOREIGN ORDERS 

ELECTRONIC EQUIPMENT BANK, INC. 
S16H MILL STREET. VIENNA. VA 2 2 1 8 0  CALL 703-9311.3511 

dOIN THE COSMIC QUEST! 
Subscribe now to COSMIC SEARCH and share the provocative 

arficles and latest news about mankind's most exciting venture, the 
search for intelligent life in space. Get COSMIC SEARCH starting with 
its first issue, out December 1 

a COSMIC SEARCH is forevelyone who has ever wondered about 
life in the universe. 

Featured in the first issues of COSMIC SEARCH are articles by 
RONALD BRACEWELL. JOCELYN BELL BURNELL. ARTHUR C. 
CLARKE. NORMAN COUSINS. FRANK D. DRAKE. CARL SAGAN. 
WALTER SULLIVAN and many other world-famous persons. 

Will communication be b radio, gravity waves or neuhino beams? 
Are there cosmic languages? dill long transmission times make uscosmic 
archeologists? These and many other questions are discussed in 
COSMIC SEARCH in a popular, authoritative manner. . Exclus~ve Intermews wl~h noted researchers, book reviews and an extensive book list for further reading 

are regular spec~al features of COSMIC SEARCH. 
COSMIC SEARCH award paperson SET1 topics by students and others under 30 willadd new talent. 

*COSMIC SEARCH is published 6 times per year. First issue January 1979. Out Dec. 1. 1978 

COSMIC SEARCH. Radio Observatory. P.O. Box 293. Delaware. Ohio 43015 Tel. 614-363-1597 

Single copies $2.50 ($15 a year). Subscription rate: $12 for 1 year, $22 for 2 years. 
SPECIAL PRE-PUBLICATION rate $10 for 1 year, $18 tor 2 years 

SPECIAL PREPAID PRE-PUBLICATION rate $8 for 1 year, $15 for 2 years .----------------------------, 
I Enter my subscription to COSMIC SEARCH, Box 293, Delaware, Ohio 43015 
I At special pre-publication rate: $10 for 1 year 13 $18 for 2 years o and bill me later. 

I 
At s ecial PREPAID pre-publication rate: $8 for 1 year $15 for 2 years U 

I 
I &eck or Money Order enclosed I; MASTERCHARGE L; VISA (BankAmericard) 
I 

I 
I 

I Account # MC Interbank # Exp. date I 
1 Name I 
I Address 

Zip 
I 

I City State I 

1,000's OF CRYSTALS 
*H25C Case Scanner Monitor 
4 0 . 7  Amateur Ham 
=2 Meter, CB, Standard 

BARBER TONE 
ENCODER 

FEATURES: . Crystal 
Controlled - 
Digilally 
Synthesized Tows. 

Low CMOS Current Logic. Drain @ 1 0 C  

RFI Immune 

16-Button Tactik Feedback 
Keyboard. 

Wi l l  Interface to Tranwcirerr Using Dynamic 
Microphones wllh Only Two W i m .  

Provisions for Three Wire Interface Are Provided. 

Gold-Plated Keybohrd Contacts Prwided for Max- 
imum Reliability. . Operaliw Voltage Range 9-18VDC. 

.Size; 2.1" x 2.1" x ,250" Without Car. 
2.1" x 2.1" x ,312" With Car. . 2 *  Square Velcro Available for Convenient 
Mounting . Dashboard - Sun Visor - Radio - etc. 

Tons Encoder 6.00 
Case 2.M) 

Velcro .SO 

NEW ! GOLDLINE AMP - 2M 
14 Watts In. 7.25 Watts Out .......... ... . U6.W 

Ohio Residcntr Add 4.5% Sales Tax 
Scnd Check or Money Order TO: 

WREN CO. 
8630 WINTON RD. 

CINCINNATI, OHIO 45231 
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DIODESIZENERS 
IN914 1 oov lOmA .05 
1 N4005 600v 1 A .08 
IN4007 1000~  1 A .15 
1 N4148 7 5v lOmA .05 
1 N4733 5 . 1 ~  1 W Zener .25 
1 N753A 6 . 2 ~  500 mW Zener .25 
1 N758A 1 Ov .25 
1 N759A 12v .25 
1 N5243 13v .25 
1 N5244B 1 4 ~  .25 
1 N 52458 15v .25 

SOCKETSIBRIDGES 
&pin pcb .20 ww .35 

14-pin pcb .20 ww .40 
16-pin pcb .20 ww .40 
18-pin pcb .25 ww .75 
22-pin pcb 35 ww '95 
24-pin pcb .35 ww .95 
28-pin pcb .45 ww 1.25 
40-pin pcb .50 ww 1.25 
Molex pins .O1 To-3 Sockets .25 
2 Amp Bridge 100-prv .95 

25 Amp Bridge 200-prv 1.95 

C MOS 
4000 .15 
4001 .15 
4002 .20 
4004 3.95 
4006 .95 
4007 .20 
4008 .75 
4009 .35 
401 0 .35 
401 1 .20 
401 2 .20 
401 3 .40 
401 4 .75 
401 5 .75 
401 6 .35 
401 7 .75 
401 8 .75 
401 9 .35 
4020 .85 
402 1 .75 
4022 .75 
4023 .20 
4024 .75 
4025 .20 
4026 1.95 
4027 .35 
4028 .75 
4030 .35 
4033 1.50 
4034 2.45 
4035 .75 
4040 .75 
404 1 .69 
4042 .65 
4043 .50 
4044 .65 
4046 1.25 
4049 .45 
4050 .45 
4066 .55 

4069174CO4 .25 
407 1 .25 
4081 .30 
4082 .30 

VIC 14409 14.50 
VIC 1441 9 4.85 

451 1 .95 
74C151 1.90 

9000 SERIES 

TRANSISTORS, LEDS, etc. 
2N2222 NPN (2N2222 Plastic . lo) .15 
2N2907 PNP .I5 

2N3904 NPN (Plastic - Unmarked) .10 
2N3906 PNP (Plastic - Unmarked) .10 

2N3054 NPN .35 
2N3055 NPN 15A 60v 
TIP125 PNP Darlington 

.50 

.95 
LED Green, Red, Clear, Yellow .15 
D.L.747 7 seg 618" High cam-anode 1.95 
MAN72 7 seg cam-anode (Red) 1.25 
MAN3610 'I seg cam-anode (Orange) 1.25 

MAN74A 7 seg c:o~-cathode (Red) 1.50 
MAN82A 7 seg c:om-anode (Yellow) 1.25 

FND359 7 reg aom-cathode (Red) 1.25 

1 

7400 .10 
7401 .15 
7402 .15 
7403 .15 
7404 .10 
7405 .25 
7406 .25 
7407 .55 
7408 .15 
7409 .15 
741 0 .15 
741 1 .25 
741 2 .25 
741 3 .25 
741 4 .75 
7416 .25 
741 7 .40 
7420 .15 
7426 .25 
7427 .25 
7430 .15 
7432 .20 
7437 .20 
7438 .20 
7440 .20 
744 1 1.15 
7442 .45 
7443 .45 
7444 .45 
7445 .65 
7446 .70 

7473 .25, 
74 74 .30 
7475 .35 
7476 .40 
7480 .55 
7481 .75 
7483 .75 
7485 .55 
7486 .25 
7489 1.05 
7490 .45 
7491 .70 
7492 .45 
7493 .35 
7494 .75 
7495 .60 
7496 .80 
74100 1.15 
741 07 .25 
741 21 .35 
741 22 .55 
741 23 .35 
741 25 .45 
741 26 .35 
74132 .75 
74141 .90 
741 50 .85 
741 51 .65 
741 53 .75 
741 54 .95 
741 56 .70 

LM380(e-lo PIN] .95 LM340T18 .95 
LM340T24 .95 
LM340K12 1.25 

9301 .85 95H03 1.10 
9309 .35 9601 .20 
9322 .65 9602 .45 

- T T L -  
741 76 .85 
74180 .55 
74181 2.25 
741 82 .75 
74190 1.25 
74191 .95 
74 192 .75 
74193 .85 
74 194 .95 
74195 .95 
74 196 ..95 
74197 .95 
74198 1.45 
74221 1.00 
74367 .75 

75108A .35 
75491 .50 
75492 .50 

74H00 .15 
74H01 .20 
74H04 .20 
74H05 -20 
74H08 .35 
74H10 .35 
74H11 .25 
74H15 .45 
74H20 .25 
74H21 .25 

7447 .70 1 74157 .65 

LM75451 .65 LM318 (Mini) 1.75 
LM320K5(7905)1.65 

. LM320K12 1.65 

74H22 .40 
74H30 .20 
74H40 .25 
74H50 .25 
74H51 .25 
74H52 .15 
74H53J .25 
74H55 .20 

LINEARS, REGULATORS, 

7448 .50 
7450 .25 
7451 .25 
7453 .20 
7454 .25 
7460 .40 
7470 .45 
7472 .40 . 

MICRO'S, RAMS, CPU'S, 
E-PROMS 

74H72 .35 
74H101 .75 
74H103 .55 
74H106 .95 

74 LOO .25 
74L02 .20 
74L03 .25 
74 LO4 .30 
74L10 .20 
74L20 .35 
74L30 .45 
74L47 1.95 
74L51 .45 
74L55 .65 
74 L72 .45 
74L73 .40 

1 74L74 .45 
74 L75 .55 
74 L93 .55 
74L123 .85 

74SOO .35 
74S02 .35 
74803 .25 
74504 .25 
74305 .35 
74808 .35 
74510 .35 
74Sll  .35 
74820 .25 

74161 .55 
74 1 63 .85 
741 64 .60 
74165 1.10 
74166 1.25 
741 75 .80 

LM709 (e,l4  PIN).^^ 
LM711 .45 

INTEGRATED CIRCUITS UNLIMITED 1S188 3.00 
702A 4.50 
!M5314 3.00 
M5316 3.50 
102-1 1.45 
102L-1 1.75 
114 9.50 
R16028 3.95 
MS 4044- 9.95 

380 8.95 
212 2.95 

7481 33 .40 
748140 .55 
7481 51 .30 
7481 53 .35 
74S157 .75 
74S158 .30 
74S194 1.05 
748257 (81 23) 1.05 

74 LSOO .20 
74 LSO 1 .20 
74LS02 .20 
74 LS04 .20 
74 LS05 .25 
74LS08 .25 
74 LS09 .25 
74LS10 .25 
74LSll  .25 
74 LS20 .20 
74 LS2 1 .25 
74LS22 .25 
74LS32 .25 
74LS37 .25 
74 LS38 .35 
74 LS40 .30 
74 LS42 .65 
74 LS5 1 .35 
74 LS74 .35 
74 LS86 .35 
74 LS90 .55 
74LS93 .55 

74S40 .20 
74S50 .20 
74851 .25 
74S64 .15 
74S74 .351 
748112 .60 
74S114 .6Ei 

etc. MCT2 .95 
8038 3.95 
LM201 .75 
LM301 .45 
LM308 (Mini) .95 
LM309H .65 
LM309K (340~-5385 
LM310 .85 
LM31 1 D ( ~ i n i )  .75 

NE555 .35 
NE556 .85 
NE565 .95 

NE566 NE567 1.25 .95 
8214 8.95 
8224 3.25 
8228 6.00 
8251 8.50 
8255 8.50 
8T13 1.50 
8T23 1.50 
8T24 2.00 
8T97 1.00 
21078-4 4.95 
2708 9.50 
Z8O 8.50 

74LS107 .40 
74LS123 1.00 
74LS151 .75 
74LS153 .75 
74LS157 .75 
74LS164 1.00 
74LS193 .95 
74 LS367 .75 
74 LS368 .65 

LM340K15 1 .:25 
LM340K 18 1.25 
LM340K24 1.25 
78L05 .75 
78L12 .75 
78L15 .75 
78M05 .75 
LM373 2.95 

LM320T5 1.65 
LM320T12 1.65 
LM320T15 1.65 
LM324N 1.25 
LM339 .75 
7805 (340~s) .95 
LM340T12 .95 
LM340T15 .95 

7889 Clairemont Mesa Boulevard, San Diego, California 921 11 
(7 14) 278-4394 (Calif. Res.) SPECIAL 

DISCOUNTS 
All  orders shipped prepaid No minimum Total Order Deduct 
Open accounts invited COD orders accepted $35 - $99 10% 

Discounts available at OEM Quantities California Residents add 6% Sales Tax $ loo - $300 15% 
All IC's PrimeIGuaranteed. All orders shipped same day received. $301-$1000 20% 

24 Hour Toll Free Phone 1-800-854-2211 American Express 1 BankAmericard I Visa / Mastercharge 

LM723 .40 
LM725N 2.50 
LM739 1.50 
LM741 (8-141.25 
LM747 1.10 
LM1307 1.25 
LM1458 .65 
LM3900 .50 



One Good Turn Deserves Another. .. 
LET US INTRODUCE YOU 

to the 

.$9sG' 
GO 

a l d a 1 03 4//8~/i0. State 

*@ 
~ 5 0  w atts 80-75,40,20 
sse~GvJ 

Totally 

'%bIe 3 1 / 4 " H  x 9 " W  x 12MnD 
8.25 Ibs 

For Only $495 you get ACCESSORIES: 
all these plus: Microphone $14.95 

Mobile Mount $3.95 
Receiver Sensitivity 0.5 m V  for Noise Blanker $39.95 
10 dB S +  NIN and 3 watts Calibrator $19.95 
minimum audio output - ideal Portable AC 
for mobile - and a drain of Supply W4.95 
only 5.5 watts - including Heavy-Duty AC 
meter and dial lamps. Supply $149.95 

Communications Specialists Serving Hams - since 1939 - 
ELECTRONIC DISTRIBUTORS, INC. 

1808 BEIDLER ST. MUSKEGON, MICHIGAN 49441 
TELEPHONE (616) 72&3196 TELEX 22-8411 

I 1) Mod* MU-270. Seme wtm TNC connec 
10, lo(W1tp0n 1405 S1O.W 11 I 

Group I l l .  12'1121 CI. \\I321 L h .tncl I\lill I i C  r l ~ ~ r n ~ d  
1h8, kau18lul 10 h.xrat C,IIILI rmy, h c c . ~ ~ ~ ~ ~  ol our prmdc in 
Amstcur Radio \Year thr. rln): ,,I , l tst~n<ti~n. lwr\nnal- 

C O M P L E T E  A S  S H O W N  wnh 90 71. R G 5 8 U - 6 2  ohm foodWns. and P L 2 5 9  sonn.stW. In~ul.torS. 3011. 
300 b. 1m.t dacron end supports, center connector wnh buln In Itghnlng .rrest.r and stmllc dIsch..ps - 
molded. sealed, womthsrproof, rc.on.m v.p. l " X 6 -  you lust swnsh to  band dolCod lw  exsollent worldwld. 
oocratlon - t r m n ~ m t t ~ ~ ~  and .oslarlnpl WT.  L E S S  T H A N  5 LBS. 

8 0 - 4 0 - 2 0 - 1 5 - 1 0  band. 2 Vap - 1 0 2  It. wnh  90 11. R G 5 8 U  - sonneeor - Mode l  9 9 B B U  . . ,149.95 
4 0 - 2 0 - 1 5  -10 bands 4 trap ---5411. wnh 90 ft. R G 5 8 U  soax - connestor - Model  1001BU. . ,548.95 
20-15-10 bands 2 tr.p-- 26 91. w n h  90 n. R G 5 e U  so.. - connector - Model 1 0 0 7 B U  . . . . 547.95 I 
S E N D  FULL PRICE FOR P O S T  PAID INSURED DEL. IN USA. (Cmnmd. Is SS.OO erv. l o r  ~ o s t .  a - 
clerls.1 - customs - etc.1 or ordm uslnp VISA Bank A m u l s u d  - M A S T E R  CHARGE - AMER. !x- 
PRESS.Gtve nvrnba and m i .  date. P h  1 - 3 0 8 - 2 3 6 - 5 3 3 3  9 A M  - 6 P M  week days. We sND In 2-3 day.. 
PRICES M A Y  INCREASE S O  - ORDER NOW A N D  SAVE1 All .nlenna. gumr.nteod for I year. Money 
k.?1 1.1.1 l Made In U S A  . FREE INFO.  AVAlLABlE  ONLY FROM. I 

THE RADIO AMATEUR ANTENNA 
HANDBOOK bv William I. Orr. W6SAI and 

Stuart 0. cowan, WZLX 
ORP-AH Brand NEW' One ol Amateur Radto's most nota- 
ble aulhors Bill Orr, W6SAl has comblned hls eftOrtS and 
knowledge w ~ l h  WPLX to prov~de you wtth a clearly writ- 
ten, understandable book on antennas All types 01 beam. 
quad, 'lorlzontal and sloping wlre antenna lnformatlon 1s 
~ncluded In t h ~ s  super volume Locallon declslons helght. 
ground loss. towers, rotors SWR meter readlng - 11 s 
all here In one greal book 148 Illuslrallons, charts and 
dlagrams A new b w k  you have lust got to read1 190 
pages Qt978  Softbound $6.95 

2-80 MICROCOMPUTER HANDBOOK 
by William Barden, Jr. 

021500 Ztlog Model Z 80 represents a microprocessor 
that has become extremely soph~st~cated and uselul lo 
many computer buffs Th~s brand new volume IS organized 
lnlo lhree secllons the Ilrst concentrates on hardware 
the second on soltware and the third on microcomputers 
bull1 around the Z 80 Thls handbook wtll provtde the cur- 
rent user and the prospective user wlth essenllal lnlorma- 
!Ion on the fasc~nat~ng technology 01 the Z 80 304 pages 

m t 9 7 8  Softbound $8.95 

LOG BOOK 
New from HRCB 
L HR-LB Here 1s the I~nesl  book you ve ever used 80 
blg pages ol clear, legibly ruled stock. all sp~ralbound lo 
Ile llal for easy wrltlng You II l ~ n d  room lor your enlrles 
on both sldes of each page, thus glvlng you twlce as much 
space and tor less cosl than the log book you are probably 
usrno now Thts 1s unquestionably Ihe best log book value 
anywhere 8.112 x 11 slze 80 pages 

Spiralbound $1 .SO 

RADIO ANGELS 
bv Paul Jerome Stack, WA6lPF 

OHR-RA Thls brand new excltlng book deplcls the he- 
r o ~ ~ .  glorlous eltons of Amateurs around the world serving 
thew lellow man durlng the llmes ol need Dar~ng rescues. 
emergency asststance and human compasslon all In one 
super volume Th~s book was over two years In the mak- 
Ing Get your lhrllltng copy now1 160 pages G 1978 

Softbound 34.50 

303 DYNAMIC ELECTRONIC 
ClRCUlTS by Frank Tedesch~ and 

Raymond Mclntyre 
07-1060 Complete clrcull descrlptlons, detalled 
schemallcs palls lhsts mod~t~cat~on lnslrucllons and eflt 
clent appl~catton Ideas - lhls new b w k  has clrculls lor 
nearly everyth~ng Appllcatlons lor aulomoblles, games 
hobbles electrone organs mustcal ~nstruments audlo and 
RF ampllllers osclllalors detectors electronic ttmerS test 
clrculls and compulers It you need a clrcull or Idea lhls 
book has got 11 308 pages (c 1978 

Softbound $6.95 

--- 
WESTERN ELECTRONICS Dspt A R - I 0  Kearnsy. Nebask*. 6 8 8 4 7  I 
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< .! Order ?+ - 
HR.LB order j . .- 

HR-RA : Y :  - - 

Order 
AR-HB 

. . . .  8 . - 

Send to: Ham Radio's Communications Bookstore, Greenville, NH 03048 , .  

. . . . . . . . . . . .  . . . . . .  OAR-HB 1978 ARRL Handbook .$4.95 0 2 1 5 0 0  2-00 M~crocompuler Handbook. 58.95 
. . .  . . . . . . . . . . . . . . . . . . .  ORP-AH Radio Amateur Antenna Handbook. .$6.95 OHR-RA Radlo Angels $4.50 A 

. . . . . . . . . . . . .  amic Electronic C~rcuils . . . . . .  $6.95 OHR-LB Log Book lrom HRCB. $1.50 [!I 

sed Total books checked , nel cost $ 
plus $1 .OO for shipping =TOTAL $ 

Acct. 
N a m e  

Address 1 1  
CALL TOLL FREE 

ookstore 800-258-5353 City State  Zip n 



One ne~ghbor sued hlm for lnterferlng w~th Lawrence Welk 
Another bled a complaint about that monstrosity ~n h ~ s  back 
yard - a tr~bander at 40 feet 

7,781 tangled with the law 
The K6SSS case 1s an example of what can happen to you 

these days No matter where you llve It IS hypothetical But real 
lawsu~tsare be~ng fought rlght now by people llke K50VC 
W2LTP WB7NOM W8NRM and W6UFJlN600 to namea few 
Last year nearly 8 000 unsuspecting hams and CB ers ran afoul 
of the law Sure they re taklng thelr fight to court- but they re 
loslngl Never mlnd that they ve got bu~ld~ng permlts for thelr 
towers Or that the FCC says thelr rlgs are clean Judqes are 
rullng agalnst them The alarmlng part IS that every su~t lost 
makes 11 that much eas~er to nall the next guy Prosecuting attor 
neys love to clte recent adverse dec~slons durlng a trlal 

Legal ammunition available 
Tile tragedy IS that sults are be~ng lost that could have been 

won But TVI/RFI and rower cases fall lnto a l~ttle known area of 
the law Unless your lawyer IS a spec~allst he could spend hun- 
dreds of hours researching court dec~s~ons And st111 not besure 
he s put together the strongest defense posslble It s expensive 
(expect to spend an average $4 000 to $8 000 ~f you re sued) 
And rlsky Whlch IS why we formed the non-proflt Personal 
Cornmun~cat~ons Foundatlon* To provlde your lawyer wlth legal 
ammunlt~on 

Who we are 
We re a handful of ham lawyers professors and judges (all 

volunteers) who wanted to help before 11 s too late We re putting 
together the flrst research library of personal commun~cat~ons 
and zonlng law And havlng brlefs written by the best legal bralns 
I ts all available to your lawyer For 10C a page We can t guaran- 
tee you Il w ~ n  Wecan ttry thecasefor you But~f youoryourlaw- 
yer contacts us, we II sure make sure you get a f~ght~ng chance 

Give us a fighting chance 
To be even more s~~ccessful ~n future battles we re bulldlng 

an arsenal of weapons to use ~n court For example, we re corn 
mlsslonlng a study by real estateexpertson theeffect of a back- 
yard tower on ne~ghborhood property values The prlcetag IS a 
stiff $1 1 000 But wlthout the study more cases will be lost And 
more dangerous precedents will be set 

We are wlnnlng But 11 takes money lo keep f~ght~ng You can 
help us f~ght by sendlng a check The ARRL d ~ d  Th~nk of us as 
your Insurance pol~cy agalnst a lawsu~t All checks are 100% 
tax deduct~ble 

Please act today We ve already got a late start 

'Non @rolll Cal rnetnhprsh~p corp P7nH OH5 

I Kenneth S. W~del~tz. WAGPPZ. Pres~dent 
Personal Commun~cat~ons Foundatlon' 
Suite 1504 1 1096OW1Ist11re Blvd 
Los Angeles. CA 90024 12131 478-1749 

I 
I want to glve you a flghtlng chance Enclosed IS my 100% 

tax-deduct~ble membership appl~catlon 
U L~fe member $250 Contrlbutlng member $100 
O Full member $25 Associate member $10 

I 
I All mcmtwr~ rrc c~vc our free l?q,cl.tl A l l  dnd nrwsleller I 

1 

I name call 

I 
I 

I address 
I 
I 

1 PCFX , , Personal Communications Foundation I 
I DefendinP the rights of hams I 

(space donated by the publ~sherl 



Handy Logging Area 

I Spinner Handle Available 
Case: 2x4": shaft % " x 3  
-'- Model TCZ: Skirt 2-118"; 

Knob 1.518" I 
I icy- ---f~~il ~ o d e l  TC3: Skirt 3"; 1 

IMPORTANT NEWS 
FROM YAESU 

This is to advise that early 
Yaesu advertisements for the 
NEW FT-225RD were incor- 
rect, i n  that they tend to 
indicate that the memory unit 
was included in the price 
whereas in fact it is an option. 
We apologize for this error, 
and hope this has caused our 
valued customers no incon- 
venience. 

VY 73, 
Yaesu Electronics 

I f  ~ISSI~IP let US know lour lo S I X  weeks 
belore you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule Just remove Ihe rnalllng label 
from t h ~ s  magazlne and affix below 
Then complete your new address (or any 
other corrections) In the space prov~ded 
and we II take care of the rest 

ham 
Allow 4-6 weeks for 
correction. 

Maqarine 
Greenville. NH 03048 

Thanks lor helping us to serve you better. 
r -  r - -  

AFFIX 

LABEL 

HERE 

I 

P S - 2 5 M  Power Supply 

. . 
V) 
(I) 

E! 
u - 

1 ($8.42 per Ib.) 1 K l t  ($7.25 per Ib.) . $164.95 

! 

I I I '7 / 

25 Amp regulated power supply with fold back current limiting, over 
voltage and transient protection. Also, output voltage and current meters 

You might find a cheaper power supply. but you can't find oneaswell 
built with top quality components. Other power supplies with lighter 
weight transformersand componentsare no match for the VHF engineer- 
ing PS-25M. I t  is rated at 20 amps continuous duty (not 10 amps). This 
power meansextra dependability and versatility when you need it. 

urn 
a 0  
3 
a 
C z 
(I) .. 

FEATURES SPECIFICATIONS 
a 0ver.voltage protection crowbar. Voltwe Output: 

Electrostat~c shleld for added transient adlustable between 11-16V 
s~ rae  orotectlon. Load Rmulation 

E' m a ,  
E G x I  

I 285 1 

a, s I 
" j I  

A ioldbick Output limiter operates for 
loads outride of the operating range. , isolation from ground. The circuit Is 
isolated from the case and ground. 
11 51220 volt input - 50160 cycle. 

' Units are factory wired for 110volt AC. 

i 50160 cycle power. A simple jumper wil l 
reconfigure the input for 220 volt AC. 

I 50160 c y c l ~ .  
: 1 Temperature range-operating 0 to  +55 C. 

Black anodized aluminum heatsink. 

z 

--.- --- 
2% from no load to  20 smps 

Current Output: 
25 smps intermittent 
150% duty cycle) 
20 amps continuous 

Ripple: 
50 rnV at 20 amps 

Weight: 
25 Pounds 

Size: 
12%" x 6%" x 7%" 

I 
I 
I 
I 
I 
I 

m c q r ,  ,_._ -_ _..,..._ _ _  c engineering 
Drvrsron of Brownron Flrcrronrcs Carp. 

320  WATER STREET / BINGHAMTON, N . Y .  13901 / Phone 607-723-9574 
Prices and specificarions subject to chanxe without norice. I Export prlms slighrly hixher. 



Advertisers l/ 
check-off 

... for literature. in a hurry- we'll 
rush' your name to the companies 
whose names you "check-off" 

Place your check mark in the space etween 
name and number . Ex: Ham Radio J234 

ABC - ni 
AED - 710 
Adv . Elect . A w l  - 677 
Aldelco - 347 
lllnance - 7 M  
A l u m  589 
A m  Elect . Supply ' 
Antenna S w  - 010 
Allsnloc Surplus - 644 
Atlas - 190 
Barrv ' 
B a u k n  - 017 
Budwlg 233 
Bullet - 328 
Butternut ' 
Cal C w m l  - 709 
Clegg - 027 
CcaxProba - 726 
Communtcationo 

Center - 534 
Camm . Spec . - 3P 
Casmtc 

Search . 
Crvsel Banking - 573 
Curtis Electro - 034 
Cushcraft - 035 
DSI - 656 
D a m  Comm . - 551 
Dames . Ted - 324 
Dae Signal - 270 
Davs Elect . 332 
DenTron - 259 
Drake ' 
E.T.O. ' 
Elecrrmom - 663 
Elec Dtsrr . - 044 
Elec . Equip . Bank - 288 
Foi-Tango - 657 
GLB - 552 
Godbwt - 647 
Grav - 055 

lcom - 065 
Inleg. Circulu - 518 
Int . C w m l  - 066 
Jamaco - 333 
Jan - 067 
J o m  - 628 

K e n w d  ' 
Larsen - 078 
Lono'r - 468 . 
Lunar . 577 
Lyle - 373 
MFJ - uU 
Mldk"" . ....... 
Palomr Eng . - 033 
Partrid* - 4x9 
Parhcom - 705 
Personal C m  . 
RF P-7 Labs - 802 
Rawl - 728 
Callbook - l W  
Radio World ' 
Ramoay - 442 
SST - 375 
S-F A . R . S . - 040 
Savw 105 
Securitran - 481 - 

Sentrv - 600 
Shakapsare - 729 
Shewood - 435 
Slep - 232 
S F c e  - 107 
Spectronim - 191 
Swettum In1 . - 108 
Standard - 109 
Swan- 111 
TPL - 240 
Ten-Tec ' 
Thomas Comm . - 730 
Trismo - 118 

Gregory ' Tuttr - 321 
Grmrp 111 A 701 VHF Eng . - 121 
Gull - 635 V.I.P. - 583 
Hal - 057 Vanguard Lebs - 716 
Hal-Tronix 254 Varian - 043 

H . R . Magazine - 150 Arsm . - 423 
Hamtronicr . NY - 246 Weonschanker - 122 
Hmntmnim PA . Western ' . . . .  
Harper Senley - 713 Whltehouse - 378 
Heslh - 060 Wllron - 123 
Henry - 062 Wolverrna Redm A 731 
Hlldreth - 283 Wren - 702 
Hy Gam - 064 Yawu - 127 

.Please contect this sdvertRer direcllv . 
Limit 15 inquiries per request . 

October. 1978 
Please use before November 30. 1978 

Tear ofi and mail to 

H A M  RADIO MAGAZINE . "check o f f  
Gre~nv i l l s  . N . H . mDU) 

NAME ......................................... 

CALL ................ 

STREET ............................... 

STATE . . . . . . . . . . . . . . . . . .  .ZIP. 

142 october 1978 
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nothing There's I 
like it H 

RADIO 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 listings . It lists 
calls, license classes, names 
and addresses plus the many 
valuable back-up charts and 
references you come to ex- 
pect from the Callbook . 
Specialize In DX? Then you're 
looking for the Foreign Call- 
book with almost 300, 000 
calls, names and addresses of 
amateurs outside of the USA . 

U.S. Callbook $14.95 

Foreign Callbook $13.95 

Order from your favorite electron- 
ics dealer or direct from the pub- 
ilsher . All direct orders add $1.50 for 
shipping . Illinois residents add 5% 
Sales Tax . 

RADIO AMATEUR 

Lake Bl~rf f .  111 60004 

ABC Communications . . . . . . . . . . . . . . . . . . . . . . . . . . .  la) 
AED  electronic^ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  126 
Advanced Electronic Applications .................. 100 
Aldelco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  112 
Allance Mlg . Company .......................... 91 
AlumT-rCo ................................ 114 
Amateur Electtonic Sunnk . . . . . . . . . . . . . . . . . . . . . . . .  122 
Antenna Spscielnm ............................. 106 
Atlantic Surplu= Salss . . . . . . . . . . . . . . . . . . . . . . . . . . .  126 
AtlasRsdio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 
Barry Ele~lronia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  112 
R H B a u m n S a l m C o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  141 
Budwtg Mfg . Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  112 
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Cal Cmml  Lab . Inc .............................. 133 
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CmxPro!mCo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
Communtwlions Cants r . . . . . . . . .  .. . . . . . . . . . . . .  131 
Communtwtions S w l s l b e  . . . . . . . . . . . . . . . . . . . . .  (Is . 59 
CmmlcSeareh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  133 
C v e I  Bsnhmg Smics  .......................... 136 
Cunls Electm Dsvica ............................ 106 
Cushcraft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101.103.105 
DSI lnstrumsnta . . . . . . . . . . . . . . . . . . . . . . . . . . .  S3.67.68 
D a m  Communications Svamna . . . . . . . . . . . . . . . . . .  120 

. . 
DrakeCo .. R L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
Ehrhotn Technological Opantiora .................. 143 
E ectrocom ndusnla 128 
E ectronlc Dst ldbtos 138 
Elsclron*~ Eou n m n t  Bank 136 

GLB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118 
GodboutElectroni m ............................. 1213 

................................ Grav Electronics 106 
Gregory E I ~ l r o n i m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110 
Grouplll Sala Company . . . . . . . . . . . . . . . . . . . . . . . . .  138 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gull Electronocs 117 
HslCommun~wt imCorp ......................... 109 

.................................... HalTfonm 123 
Ham Radio's Cmmunicstionr Bookstore . . . . . . . . .  158.139 
Ham flsd!oMsgazine . . . . . . . . . . . . . . . . . . . . . . . . . . . .  141 
Hamlronlcs . Inc. . Rochestar . NY . . . . . . . . . . . . . . . . . . .  135 
Hemtronnca . Inc .. T r w w  . PA ......... 48.49.50.110.126 
Harper-Senlev Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  128 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HeathCompany 33 
Henrv Rsdao S t o m  .......................... C m  I1 
Hlldreth Engonee" . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  102 
Hv Galn Electrontcs ............................. 107 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lcom 5 
Integrated Ctrcuim Unlimited . . .................... 137 
lnternal!onal C?pml . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 
Jameco Electron~cs . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  127 
JenCwels  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114 
Jo- . Marlin P . b A- . . . . . . . . . . . . . . . . . . . . . . . . .  120 
K Enterprl ~s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  112 
Kanlrontcs . Inc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
T n o ~ K e n w d C o m m u n i u ) I ~ ,  Inc . . . . . . . . . . . . .  7.72.73 
Lanen A n l e n ~ s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
Long's Eleccrontm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  144 
Lunar Electrontcs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1W 
LyleProducta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
MFJEnlerprt sss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Madison Electronic Supply . . . . . . . . . . . . . . . . . . . . . . . .  97 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PalamrEngln ssrs 99 
Psrtrdge 1HR) E la~ l ronM . . . . . . . . . . . . . . . . . . . . . . . .  133 
Palhcornlnc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
PenonaI Cammuniwttons Foundation . . . . . . . . . . . . . .  1.0 
RFPowsrLabr 112 
Rawl Communications. Inc . . . . . . . . . . . . . . . . . . . . . . . .  1 
Radm Amateur Call kc+. . . . . . . . . . . . . . . . . . . . . . . .  98.142 
RadtoWorld . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1W 
R a m w  Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . .  92.93 
S F Ameleur Radto Sewice . . . . . . . . . . . . . . . . . . . . . . .  114 
SST Electroni c. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  112.113 
SsvovElectront c9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  126 
Securttron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  134 
SentryManubcNting . . . . . . . . . . . . . . . . . . . . . . . . . . .  124 
ShakespeareAntsnnas . . . . . . . . . . . . . . . . . . . . . . . . . .  121 
SherwoodEngtneering . . . . . . . . . . . . . . . . . . . . . . . . . . .  124 
Slep Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118 
Space Electronm .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  128 
Specl!onlcs . . . . . . . . . . . . . . . . . . . .  120.124.128.134.138 
Spectrum I n t e r ~ t i o ~ I  . . . . . . . . . . . . . . . . . . . . . . . . . . .  110 
Swan Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115 
TPL Commun!catiom . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 
TenTec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78.79 
ThomsrCommuniwtiom . . . . . . . . . . . . . . . . . . . . . . . .  125 
Trlseo Touer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  122 
Tufts Rsdlo Electronics . . . . ....................... 129 
VHF Engineering. Div. of Brownian ................. 141 
Valley Instrumenl ProducO . . . . . . . . . . . . . . . . . . . . . . . .  114 
Vsngusrdlabs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  128 
Vartan . E ~ ~ B c  Division . . . . . . . . . . . . . . . . . . . . . . .  C m r  IV 
Webster Arsocrtes . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118 
Wamrchenker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124 
Western Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  138 
Whllehoure . G . R . EtCo . . . . . . . . . . . . . . . . . . . . . . . . . .  41 
Wllron Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 
Wolver8no Sete RsdioSupply . . . . . . . . . . . . . . . . . . . . .  133 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wrencampany 133 
Ysesu EleclroniaCwp .................... C m r l l l  . 141 



Rugged, Coo & Quiet 
When you buy an ALPHA linear amplifier you 

make a long term investment in dependable 
power and operating pleasure. 

You can take your ALPHA for granted - it will 
go on delivering that big, clean, maximum-legal- 
power signal no matter how tough the contest or 
how long the SSTV or RTTY QSO's. 

We strive constantly to make every ALPHA even 
better. I f  we can't improve it, we don't change it. 
DURABILITY? You get TWO YEARS of factory 
warranty protection with your new ALPHA . . . 
other manufacturers give you 90 days. 
CONVENIENCE? Every ALPHA is self-contained, 
compact, and smooth-tuning. All 76A - 374A - 78 
models can be shipped via economical, door-to- 
door UPS. 

VERSATILITY? The new ALPHA 374A delivers full 
legal power (in any mode) on all amateur HF 
bands WITHOUT TUNE-UP and with excellent 
efficiency. (On 160M you peak the output manu- 
ally; new FCC rules permit easy owner rnodifica- 
tion to restore full 10M capability, too.) 

The ALPHA 78 combines the best of everything: 
full instant CW break-in (QSK) and NO-TUNE-UP 
bandchange! And of course all ALPHAS substan- 
tially exceed every applicable FCC requirement. 

For detailed literature and fast delivery of your 
new ALPHA, contact your dealer or ETO direct. 
While you're at it, ask for a free copy of our brief 
guide, "Everything You Always Wanted to Know 
About (Comparing) Linears . . . But Didn't Know 
Whom to Ask." 

ALPHA - Sure you can buy a cheaper linear.. . But is that really what you want? 

10 Ehrhorn Technological Operations, Inc. 
P.O. Box 708 . Canon City, Colorado 81212 . (303) 275-1613 



~ W H N  I m 4 n n  
SWAN TB3HA 3 element tri-band beam A , ,  ,-,.- ,.,----,- --,;., 

I 
lvul cawlIIcqrlJ .~,,.e on all three bands. The heavy duty 

The heavy duty TB3HAfeatures: Gain 8dB Front to back TB4HA features: Gain 9dB Front to back 24-26 dB 
20-22 dB Boom length 16' Longest element 28 '2  Boom length 24' Longest element 28 It. 10 in. Wind 
Wind surface area 4 sq. 11. 10-15-20 meters. surface area 6 sq. ft. 10-15-20 meters. I 

I 
MAIL  ORDERS PO. BOX 11347 BIRMINGHAM AL  35202 S T R E E T  A D D R f S S  2808 7 T H  AVENUE SOUTH HIRMINGHAM ALABAMA 35733 

Remember. you can Call Toll Free: 1-800-633-3410 in the U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM ti1 5:30 PM, Monday thru Friday. 

I 

199.95 list price. Call tor quote. 259.95 list price. Call tor quote. 

I 

144 october 1978 More Details? CHECK-OFF Page 142 

SWAN WM-2000 
in-line wattmeter 
Frequency 3 5 lo 30 MHz. 3 scales: 
0-200. 1000 and 2000 watts. VSWR 
scale permlts readlng lrom 1.1 to 
3 1 Uses two SO-239 connectors 

64.95 Call for yours today. 

SWAN WM-3000 
precision PEAKIRMS 
wattmeter 
Read forward or reflected power 
wlth maxlmurn accuracy from 3.510 
30 MHz RMS readings available 
wlth the flick of a swltch Four 
scales from 0 to 2000 watts. 
Requires 117V AC power source. 

87.95 Call tor yours today. 

SWAN HFM-200 
SWR & power meter 
Frequency 18-30 MHZ. TWO power 
ranges. 0-20 and 0-200 Watts. 
VSWR 1 : l - 3 : l .  For  m o b i l e  
installation, directional coupler 
may be located separate from maln 
ind~cator. Meter is l~ghted for nlght 
use. 
49.95 Call for yours today. 
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sion-built communications rcbclvc 
lerage (500 kHz to 29.99 MHz) featuring: 

ICK 

OUS 

Drift Canceling Circuit a AC-DC or Internal Battery 
RF Attenuator a Hi Sensitivity 
Noise Suppression Circuit a Excellent Stability 
5 kHz Direct Dial Readout a USBILSBIAMICW 

a Ceramic I F Filters a Triple Conversion 

Completely Solid State Circuitry for Stable Trouble-Free Operation . Built-in Front 
Mounted Speaker . RF Attenuator for Reception of Local or High Powered 
Stations . Outstanding Frequency Stability through the use of Drift Cancellation 
Circuit (Wadley Loop) H Recording Output Jack provides Constant Output Level 
Regardless of Audio Volume Control Settings . 3-Position Audio Range Selector 
1. Normal (Broad) 2. Narrow (Hi & Low Cut Off) 3. Low (Hi Cut Off) Excel- 
lent IF Receiver for VHFIUHF Converters. 

YAESU ELECTRONICS CORP., 15954 Downey Ave., Paramount, CA 90723 (213) 6334007 
YAESU ELECTRONICS Eastern Service Ctr.,9812 PrincetonGlendale Rd.,Cinclnnati, OH 45246 



EIMAC's new Pyrogrid 
can run hotter 

so your transmitter 
can run better. 

No easier way to generate 50 kW 
for AM, FM, and VHF-TV service. 
The pyrolytic graphite grid in EIMAC's assures better tube 
newest tough tetrode, the 4CX40,000G, 
has triple the screen dissipation of earlier Available today for 
tetrodes. Which means: tomorrow's single 
I. A previous limiting factor in tetrode tube transmitters. 

design, screen dissipation, is virtually 
eliminated. For complete infor 

mation about the 2. Primary grid emission is eliminated. 
3. Secondary grid emission is eliminated, 

tough new EIMAC 
tetrode for tomor- 

improving linearity. 
4. Hot and cold spacing 

between grids remains 
constant, allowing closer 
spacing between ele- 
ments and improved 
performance. 

High gain, better reliability. 
With over 20 dB power 

- 
I 

-17 grid 4 ~ ~ 4 0 . 0 0 0 ~  linear am- 
tetrode can fol- plifiers, contact Varian, EIMAC Division, 
low a solid state 301 Industrial Way, San Carlos, CA 94070. 
driver, allowing a Telephone (415) 592-1221. Or any of the 
smaller, more effi- more than 30 Varian Electron Device 
cient transmitter. Group Sales Offices throughout the world. 

varian 



Share the Heathkit experience with your kids! 
S C S ! ) ~  for ! I ? ?  !>ic : > ; , $ , * I  

pm marrrrl r n m -  F p m P - P ~ t  

9 '  r - . . , - 
You'll f i n d  nearly 400 fun- f i l led kit 11's FUN to bu~~d- in  more 
b u ~ l d ~ n g  experiences both you and qu~tityloryour eleclronlcs 
your famlly can enjoy. There's ham d0llnr8l send tor Your 
gear, color TV's, slereo components. 
d lg~ta l  clocks, lest Instruments. tress- -7, 
ure flnders, compulers, per~pherals. 
and MORE-all w ~ t h  easy, step-by-step 
ins l ruct~on manuals. Share the Heslh 
experience-tl'll make your whole rela- f i  t ~ o n s h ~ p  ... a lot more special! 

[l Vf iT  Send me my personal copy of the newest 
d ,  Heathkit Catalog. I am not currently on 

your mailing list. 
Henlh Company. Dapl. 122460, Eenton Harbor. MI 49022 

NAME 

ADDRESS 

C I N  

STATE ZIP 
Ham Radio PC-129 

Start a worthwhile family hobby today! 



enjoy 1 orld's 
leading electronil 

it catalog.. 

'HE ALL-NEW 
IEATHKIT CATALOG 

~vearly 400 bulld-It-vourself 
kits that th 
can enjoy 

le entire ; 

- . . . - - ^end for your Ires GVIJY tuuay! 
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