


EVER WONDER 
IF YOU'RE WAMDERANG ? 
With a Collins 32s-3 Transmitter, you'll know 
you're locked on frequency. That's because 
the 32s-3 has Collins' stable PTO, plus crystal- 
controlled beat frequency and HF conversion 

( : o l A I , l  ss 
oscillators. 
Don't be a drifter. See your Collins distributor. 

COMMUNICATION /COMPUTATION / CONTROL 



With 'Patent Approved' Classic Feed ~ystem*  
You've been hearing about the Classic Feed System and 

i ts  phenomenal success in three-element configur- 
ations. Now-in response to repeated requests-this 

revolutionary new matching system, Balanced Capacitive 
Matching, has been incorporated into the original six- 

element configuration of DX-proven TA-36 to create the 
new Classic 36. This tri-band beam, rated for maximum 

legal power on lO,15, and 20 meters, features the Classic 
coax-fed balanced element for more efficient beam per- 

formance, increased bandwidth, and maximum gain. 

As the latest addition to the worldfamous Mosley Trap- 
Master line of amateur antennas, the Classic 36 offers: 
frequently-imitated, never-improved-upon Mosley T r a p  

Master Traps; automatic bandswitching b y  means of 
exclusively designed, high-impedance parallel resonant 
Trap Circuits; weather-tested Trap-Master construction. 

Satisfied TA-36 owners can convert their beams to the 
Classic 36 with new Conversion Kit (Model TA36KL36). 

The Mosley name is your guarantee: Mosley builds quality 
antennas and stands behind them. Write factory 

direct for complete specifications and performance data, 
including VSWR curves and gain figures. 

Dept. 181B 
*Pat. No. 3419872 

4610 N. L INDBERGH BLVD., BRIDGETON MO. 63042 
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6-M SIDEBAND NEW k"o"DZEL T I - 6  TRANscElvER 

Model TR-6 $5 9 9 9 5  Amateur Net 

COMPARE THESE FEATURES 

Full  coverage of 6 meter band plus MARS. 
Four IF band widths: 2.4 kHz upper sideband (supplied). 
2.4 kHz lower sideband. 6.0 kHz AM, 0.3 kHz CW, all select- 
able with front panel switch. 
Function switch selects product o r  envelope detector as 
well as built-in AM screen modulator. Compatible with linear 
ampllflers. 
No carrier balance or carrier insertion adjustment for AM 
or CW 
Shift carrier CW system for compatibility and versatility. 
Ultra-stable linear VFO. 600 kHz in one range. 1 kc read- 
abl l~ty. 
Built-in PTT, VOX. ANTI-VOX, 100 kHz calibrator. 
ALC prevents flat-topping. 
Ample metering provisions with two meters. For ALC. S- 
Meter, Transmitter Plate Current, Relative RF Output. 
RV6 External VFO allows split-frequency operation. (RV3. 
RV4 usable) 
Fast or slow AGC for receiving. For meteor scatter work. 
selectable from front panel. 
Ultimate receiver front end performance using FET's. Less 
than l / lOpV required for 10 dB S I N  ratio on SSB. 
Input and outputs provided for Drake TC-2 or other 2-meter 
transverters. All switching done internally wlth band switch. 
300 watts CW and PEP input. 
6JB6 final tubes eliminate replacement problems. 
Extra input and output jacks for converters and/or out- 
board receivers. Permits monitoring of more than one fre- 
quency s~multaneously. 

Model 9NB Plugin noise blanker aaesory: $95.00 

See your distributor o r  write for free brochure: 

R. L. DRAKE COMPANY 
Dept. 449.540 Richard St., Miamisburg. Ohio 45342 

Exclusive Features 
Greatest Value 
Unmatched Pehmance  

GENERAL SPECIFICATIONS 
SIZE. 5H," high lo',:" wide 16%" deep (plus 
feet 'and knobs).' WEIGHT: 15% Ibs. 
FREQUENCY COVERAGE: 49.4 to 54 o MHZ (crys. 
tal5 supplied for 49 9 to 51.1 only). 
VFO DIAL CALIBRATION: 1 kHz divisions: dial 
accuracy is within .-I kHz. 
CALIBRATOR: 100 kHz calibrator built in. 
FREOUENCY STABILIM: L& than l o o  HZ over- 
all dr~f f  per hour after 15 minutes warm-up; less 
than 100 Hz for lo0. supply voltage chanRe. 
SPLIT FREQUENCY OPERATION: Xmt and Rcv Ire. 
quenries may be separated by up to 600 kHz by 
use of the RV.6 or FF-1 accessories. 
MOOES: SSB. AM, and CW. 
POWER SUPPLIES: Drake AC.3, AC-4. DC-3. DC.4 
or DC-24 
TUBES AN0 SEMICONDUCTORS: 19 tubes. 7 bi- 
pol.lr and 3 f~eld effect transistors. 12 diodes. 

RECEIVER SPECIFICATIONS 
SENSITIVITY: Less than 1/10 microvolt for 10 db 
S 4 N/N ratio a t  2.4 kHz band width. 
SELECTIVITY: 6 dB bandwidth 2.4 kHz with USB 
f~ltpr prov~ded. Accessory filters available for 
LSR. AM (6 kHz) and CW ( .3  kHz). 
AUDIO RESPONSE: 400 to 2800 Hz at 6 dB. 
INPUT: 50 ohms unbalanced. 
OUTPUT: 4 ohms to speaker or headphones. 
AUDIO OUTPUT POWER: 2 watts at 1096 HD. 
AVC:  Output variation less than 3 dB for 60 dB 
input change. Fast attack. Release time select- 
able. 
MANUAL GAIN CONTROLS: RF aln control sets 
lhr~shold for AVC. AF aain confrol. 
DETECTORS: Swltch on front panel. Product de. 
tprtor for SSB and CW Envelope detector for AM 
NOISE BLANKER: On.off sw~tch for accessory 
nolw blanker on front panel. 
INPUT: 13 9 to 14 5 MHz receivln~ input/output 
l a c k  for converters and/or outboard I F  receivers 

TRANSMITTER SPECIFICATIONS 
POWER INPUT: 300 W PEP on SSB. 300 W PEP on 
AM. 300 W CW (5096 maximum duty cycle). 
OUTPUT IMPEDANCE: 50 ohms nom. unbalanced. 
2.1 max. S W R  Adlustable loadlng. 
MODES: SSB (USE provided. LSB with accessory 
f~ l t r r l .  AM (controlled carrier system), CW (semi- 
break in. Sldetone). 
AMPLlFlEO AGC: Prevents flat-topping. 
C A R R I E R  INSERTION AN0 SHIFT: Automatic on 
Ahr and CW,  shifted carrier CW system. 
V O X  AN0 PTT: VOX and Anti-VOX built.in. 
AUDIO RESPONSE: 400 to 2800 Hz at 6 dB. 
40 dB SIOEBANO SUPPRESSION above 1 KHz. 50 
dB carrler supDresslon 
DISTORTION PRODUCTS: Down 30 dB minimum 
frnm PFP Iovol . ". ..... 
MONITORING AND METERING: Final plate current. 
ACC actlon. and relative output can be read on 
meters. S~detone for keyed CW. 
14 MHz OUTPUT: 13.9 to 14.5 MHz output for 
Orak? TC.2 and other transverters. 

TR-6 ACCESSORIES 
RV6 Remote VFO. Sep. 
arates recelve and 

within the same ranRe 
599.95 . - 

........... F f l  ~ l x r d  frequenrv adaptor $24.50 
............ MMK.3 hlob~le mounting kit .$6.95 

Power suonties 
AC-4 l i b  V 50/60 HZ ............... $99.95 
OC.4 12 VOC ..................... .$125.00 .................... OC.24 24 VOC .$210.00 .............. MS-4 Matching speaker .$19.95 
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119 a second 

Although the serious DX'ers make up a small 
percentage of all the licensed amateurs, they 
are probably more active and make more 

noise than all the rest of us put together. 

You may be able to work the world with an 

S-40A receiver and a DX-20, but you'll never 

crack a Gus pileup with that gear, even when 

conditions are right. The big-gun DX'er takes 

country chasing very seriously and has the 

QSL's and DXCC to prove it; but what do you 
do when you've worked them all? Hang up 

your mike and key and go back to 75-meter 
phone? Not by a long shot, Charlie! You 

generate a new award and send everybody 
back to the starting grid. 

Amateur radio covers the world, but there 
i s  only one international award, "Worked 
All Continents," and that was created in  1925 

by the lnternational Amateur Radio Union. 

The number of amateurs who could put 

" W A C  on their QSL card in  the 1920's was 

pretty slim-WAC was real attainment. To- 
day, if conditions are right, a well-equipped 

station can work all continents simultan- 

eously in a single roundtable. 
In 1966 a group of European amateurs- 

lead by Gerard de Buren, HB9AW/WA6QAU 
-got together to set up a new international 

award that would require activity on all 

bands. Gerard is  station manager of 4UIITU, 

the lnternational Amateur Radio Club station 

in Geneva. Gerard thought it was time to put 

together an award on an international basis 

with emphasis on multiband operation; he 
talked up the idea and was encouraged by 
~nterested amateurs all over the world. 

He prepared the first draft of rules and 
presented them to a small working group in 
London in late 1968. From there on it wab up 
to the 27 board members of the lnternational 

DX Organization. The rules for the new 
award, the lnternational Call Areas Award 

(ICAA), have two very important points: ITU 

look 

regulat~ons wi l l  be followed to the letter and 
no credit i s  given for normally uninhabited 

rocks or reefs. This means that a contact with 
a station in San Marino using an M I  call wil l 

not count for ICAA because it is in  the call- 
sign block allocated to Great Britain. AC4, 

PX1 and 7G1 fall in the same category. 

Examples of uninhabited islands that are not 

on the ICAA list are Bajo Nuevo, Malpelo, 

Clipperton and Heard Island. 
The current ICAA list has a total of 444 

call areas: the large number i s  generated by 
certain countries that are expanded because 

of a large amateur population or wide-spaced 
geographical area. The United States, for ex- 

ample, is broken into the 48 continental 
states for the purpose of the award. Australia, 
Canada, Germany, and Japan, as well as sev- 

eral others are "expanded" in a similar way. 

The ICAA is iss~~ed in four classes: class I 

for 400 call areas and 1500 points, class I1 for 

300 call areas and 1300 points, class I l l  for 

200 call areas and 900 points, and Class IV 
for 100 call areas and 500 points. Interconti- 
nental contacts on 1.8 MHz count 10 points 

(5 points if within the same continent). Con- 

tacts on 3.5 MHz count 3 points, contacts 

on 7 MHz count 2 points and contacts on 

ten, fifteen and twenty meters count one 
point per band. All contacts must date after 

January 1, 1969. 

Two official ICAA record books are neces- 

sary for each award; one is used for the appli- 

cation and the other for your files. Tentative 
price for the two record books i s  $3. In addi- 
tion, a registration fee of $2 is required from 
each applicant. If you're interested In chasing 
a new DX award that is in tune with today's 
technology, write to the lnternational D X  
Organization, Post Office Box 543, 1211 

Geneva 3, Switzerland. 

Jim Fisk, WlDTY 
Editor 
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NCX-500 
Here's the potent 5.bander with a 500-Watt punch. Check the 

the Great 
terrific features on this low-priced performer: 
IJ 500-Watt PEP input on SSB, grld-block keying on CW and L 

Transce~ver 
compatible AM operation. ti Sidetone monitor, plus built-in 
code practice oscillator. Receive vernier, with tuning range 
greater than 5 3  kHz. Separate AM and product detect~on. 

Fast-attacklslow-release AGC in all modes. Crystal-con- 6 trolled premixing with single VFO for effective frequency sta- 
bi l i ty,  plus identical calibration rate on all bands. Crystal 
lattice fl lter for high sideband suppression on transmit, and re- 
jection of adjacent.channel QRM on receive . . . plus solid-state 
balanced modulator for "Set-and.ForgetW carrier suppression. 

the Rockcrushina Linear 
check-this fu l l  legal power, completely self-contained desk-top 
linear amplifier for the 80 through 10 meter bands. 2000 Watts SSB 
PEP. The NCL-2000 can also be operated on CW, AM, or RTTY at 
1000 Watts DC input. 
ti Bullt-ln power supply and cooling fan. Equal power output on 
al l  bands, 80 through 10 meters. Most complete safety and over- 
load protection, including l m i n u t e  time delay relay, overload relay, 
l id  Interlock, and automatic shorting bar. 

the Classic Receiver HRO-5& 
No other amateur receiver can come close t o  
the performance of the HRO-500, with the 
widest frequency range and greatest perform- 
ance of any general coverage receiver ever 
built: 

5 kHz through 30 MHz frequency range, i n  
flve main bands (60 500-kHz s~b~bands )  with 
1 kHz calibration accuracy on '/4 ~ n c h  per kHz 
dial. IJ Passband tuning for SSB and CW 
operation. All solid.state for high rel i -  
ability, portability, low power requirements, 
and absolutely cool operation. Phase. 
locked frequency synthesizer for superior sta- 
bi l i ty and overall calibration. AGC thresh- 

I old control to knock out background QRM. 

A For complete detanls and spcc,fications. wrtte: 

#& NATIONAL RA Dl0  COMPANY, INC. NRC/ 37 Washington St.. Melrosc. Mass. 02176 
Telephone: (617) 662.7700 TWX: 617.665-5032 I- 

@ 1969, National Radio Company. Inc. Internateonal Market~ng throueh: Ad. Auricrna. Inc. 85 nroad Street, New Vork, New York 
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Here are a few reasons why the 
CX7 speaks 'performance". . . 

RF ENVELOPE CLIPPING delivers clean. crisp SSB DUAL-GATE MOSFET FRONT E N 0  prwides out- 
,&-,. , [:,. -7 with the talk power that no other standing sensitivity plus exceptional resistance to 

, type of speech processing can match. overload. Toroidal preselector helps achieve superb 
None of that mushiness typical of cross-modulation and desensi- .:e: 'This audio signal clipping penetrates! and compression . . . 

bandpass first IF above 30 MHz 
tization immunity. Steepskirted 

yields excellent IF and image 
() rejection while avoiding "for- 

bidden bands" in  frequency 
POST-CLIPPER PEAK OUTPUT CONTROL capability of the CX7.  
allows instant level adjustment for proper drive to 
any linear, and preserves signal quality right down to 
a watt or less! 

HIGH EFFECTIVE POWER OUTPUT.. .300 warn 
PEP input combined with the high average power con- 
tent of RFclipped SSB makes the C X 7  sound more 
like a KW . . .or several, when it's followed by a linear. 

RUGGED CONOUCTION-COOLEO FINAL AMPLI- SPECTACULAR SELECTIVITY from two c d d  

FlER has ample reserve power dissipation capability crystal filters is located ahead of m o n  receiver gain. 

to  run all day at full rated input. . .even on FSK. further enhancing dynamic range. Optional filters for 

No more "key down" time limits. And its linearity CW or FSK are cascaded with one SSB filter, insuring 
unprecedented skirt selectivity and ultimate rejection 

is excellent. in  all modes. 

v 
? IF SHIFTo control lets you move the received signal 
Y> plus or minus 2kHz from nominal within the ., .... extremely , . 

steep-skirted IF filter passband 
to slice away QRM . . . attenuate 
a heterodyne by 50 db without 
affecting a desired signal only 
500 Hz away! <Q:: 
HANG AGC levels out wide swings in  signal strength. 
yet doesn't "pump" on normal conversation. Select- 
able "hang" time. 

PRE-IF NOISE BLANKER gets to impulse noise before 
The beryllia coupler block prov~rles excellent electrical it can get to critical selective circuitry. 
insulation. yet transfers anode heat to the extruded 
heat sink as efficiently as would a metallic aluminum 
block. The tube just loafs along, cool and linear. *Pat. Applied for 

Some of the outstanding distributors who can give you the SIGNALBNE performance story are 
Harrison Radio - Farmingdale. Jamaica, and New York, N. Y. 
Henry Radio -- Los Angeles and Anaheim, Cal., Butler, Mo. 
Amateur Wholesale Electronics, Coral Gables, Fla. 
AmradSupply, Inc., San Francisco 
Stellar Industries, Ithaca, N. Y. " I t  Speaks for Itself" 

Write for an illustrated 
brochure describing the 
SIGNAL KINE Model CX7 

r1/9navonE 
A Division of ECI ( A n  NCR Subsidiary) 

"DELUXE INTEGRATED STATION" 

2200 Anvil Street N. St. Petersburg, Florida 33710 



a potpourri of 

integrated circuit 
applications 

Here is a collection 

of more than fifty 

linear integrated-circuit 
.. 

applications 

for audio, 

i-f and rf, 

voltage regulators 

and 

radio communications 
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Integrated circuits offer many unique pos- 
sibilities in  amateur equipment that are 
impractical (and often impossible) with 
conventional solid-state techn~ques. They 
simplify many circuits and let you do the 
same job at less cost-although the in- 
nards of one IC may be many times more 
complex than anything you would be will- 
ing to build on your bench. 

This article brings together a variety of 
circuits to give you an idea of what can 
be done with today's linear IC's. The cir- 
cuits were collected from a number of dif- 
ferent sources including manufacturer's lit- 
erature, engineering magazines, corre- 
spondence with other amateurs and our 
own basement experiments. The intention 
is to provide a quick-reference source to in- 
tegrated circuit applications that are es- 
pecially suitable for radio communica- 
tions. With all the integrated circuits that 
are currently on the market, i t  is impos- 
sible to cover every type; however, we have 
tried to include a variety of low-cost read- 
ily available devices. 

If yo~r  have never used integrated cir- 
cuits before, there are several things to 
keep in  mind. First of all, you can't use 
the same casual haywire breadboard lay- 
outs that work ok with transistors and vacuum 
tubes; if you do, you'll have nothing but 
trouble. Remember that the IC has a great 
deal of gain in  a very sfnall package. 
Also, the transistors used in  an IC are 
typically rated to 400 MHz even if the IC 
is being used as an audio power ampli- 
fier. Keep all the leads short, use good rf 
construction practices in  all IC projects 
and use the bypass capacitors and de- 
coupling resistors recommended by the 
manufacturer. 

Although it is less than 1/8" square, this 
integrated-circuit die contains 22 transistors 
(including one power type), 10 diodes and 17 
resistors. 

Use particular care when making in- 
put, output and power supply connections 
to the IC. Alwa)fs think in terms of low- 
resistance and low-inductance grounds 
and power supply leads. Bypass and fre- 
quency-rolloff capacitors shogld be con- 
nected directly at the device socket if pos- 
sible. hlake sure all power supply leads 
are properly bypassed (at the device), 
keep input and output leads short and 
shielded if necessary, and use one com- 
mon tie point for all grounds. If you fol- 
low these simple precautions, you should 
have a minimum of trouhle with inte- 
grated circuits "taking off" at some un- 
wanted frequency. 
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Sockets aren't absolutely necessary, but 
they are recommended. I f  you don't use 
them in your first integrated circuit proj- 
ect, you probably wi l l  on later ones! Sev- 
eral manufacturers make sockets, includ- 
ing Cinch-Jones, Elco and Augat; about 
the most inexpensive sockets are marketed 
by Motorola with the HEP line; they have 
sockets for 8- and 10-lead TO-5 cans plus 
sockets for the 14-lead dual-inline plastic 
package. 

amplifier that i s  designed for stereo pre- 
amps. This IC is actually a dual opera- 
tional amplifier, so the operational char- 
acteristics of any circuit that it i s  used in  
are a function of the external feedback 
components. The frequency response of the 
HEP592 can be tailored to your specific 
application by careful selection of the 
feedback resistors and capacitors shown 
in fig. 2. The bandwidth parameters of the 
complete preamp are defined as shown in 
fig. 3; the three "corner" frequencies are 
set by the external components as indi- 
cated by the three formulas. 

*WIONI~L GAIN G(YVTROL 

fig. 1. This high-gain audio pre- 
amplifier uses a low-cost digital 
IC-an RTL dual buffer. 

audio preamplifiers 
One of the simplest audio amplifiers 

that can be built with an integrated cir- 
cuit is shown in  fig. 1. This circuit uses 
both sections of a digital IC-a dual RTL 
buffer-to provide gains in  the range of 
5000 to 10,000 with output voltage swings 
between 2.5 and 6 volts. The HEP582 dual 
buffer has the collector load resistors built 
into the circuit so it's only necessary to 
add base bias and coupling capacitors to 
build an audio preamp. This IC really 
simplifies building a two-stage audio am- 
plifier and is useful right after the detector 
in a receiver, as a mike preamp or as an 
oscilloscope preamp to increase scope 
sensitivity. The HEP582 can also be used 
as a broadband rf amplifier up to several 
MHz. 

The high-gain low-level preamplifier 
shown in fig. 2 uses an HEP592 dual pre- 

fig. 2. High-gain preamplifier using 
one-half of an HEP 592; frequency ra- 
sponse is set by the external feed- 
back components as shown in fig. 3. 

fig. 3. Frequency response and volt- 
age gain of operational amplifiers are 
set by the external feedback compo- 
nents as shown hare. 

With the feedback components shown in  
fig. 2, the response is essentially flat from 
10 Hz to 100 kHz. Voltage gain a1 1 kHz is 
approximately 40 dB and the maximum 
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fig. 4. High gain audio preamplifier using a PA230. table 1. Frequency response and voltage gain char- 
Frequency response characteristics are determined acteristics of the amplifiers shown in figs. 4 and 5. 
by the feedback components shown in fig. 3. Table 1 Voltage 
shows typical values and performance characteristics. Bandwidth Gain C1 C2 R1 R2 R3 

28Hz-270 kHz 27dB 1OPF lOpF  470 10k 10k 
28 Hz-230 kHz 36 dB 10 PF 10 pF 470 27k 10k 
28 Hz--80 kHz 36dB 10pF 51 pF 470 27k 10k 
28 Hz-25 kHz 41 dB 10 pF 100 pF 470 56k 10k 

310 Hz-2700 Hz 40 dB 1 pF 430 pF 390 150k 120k 

The high-gain audio preamplifier shown 
in fig. 4 uses a General Electric integrated 

circuit, the PA230. This IC features ex- 

panded operating temperature range, out- 

put short-circuit protection, high voltage 

gain and low noise. The frequency char-' 

acteristics of the preamp circuit may be 
set using the criteria shown in  fig. 3. Table 
1 shows the frequency response and 
voltage gain characteristics with various 

combinations of feedback resistors and 

fig. 5. High input im- 
pedance microphone pre- 
amplifier with frequency 
response suitable for 
ssb. 

73 

m 

output voltage swing is 5 volts rrns. Since capacitors. The circuit in fig. 5 uses a 
only one-half the HEP592 i s  used in  fig. 2 PA230 and an inexpensive fet to provide a 

the other half (which is identical) may be high input impedance high-gain rnicro- 

used for additional amplification or for phone preamp for communications work; 
another amplifier channel. Channel sep- the frequency response of this circuit is ap- 

aration is typically 58 dB. proximately 300 to 2700 Hz. 
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audio power amplifiers 
If you need a miniature half-watt au- 

dio power stage, the circuit in fig. 6 should 

be of interest. This circuit uses a single 

IC-the RCA CA3020 or CA3020A-to pro- 

vide 545 mW output with 45 mV input. 

The output from a solid-state product de- 

tector or a-m detector usually provides 

enough drive for full output. In this cir- 
cuit the idling current i s  22 mA, input re- 
sistance is 50k ohms and total harmonic 

grated-circuit power amplifier you're apt 
to see. The PA234 i s  designed to operate 
with 9- to 25-volt power supplies into 8-, 

1 6 -  or 22-ohm loatls. The voltage gain of the 

c i rc~ l i l  depends upon the ratio of R2/R1; 

Iliasing is set by the ratio R2/R3. In addi- 

tion lo the resistors, three capacitors are 

required for input and output coupling 

and high-frequency stabilization. 

The ratio of R2/R3 must equal 10 for 

proper bias with a 22-V supply and to 

fig. 7. One-watt audio + PPV 
power stage using a 
PA234. Heat sink tab must 
be soldered to heat sink 
area not less than 2 square 
inches. 

distortion at 135 mW output is 3.3%. For 

more information on uses of the CA3020, 

see reference 18. 

The I-watt  audio power amplifier shown 

in fig. 7 is about the most simple inte- 

fig. 6. Half-watt audio power stage. For 
most amateur applications the capacitors 
marked with en asterisk should be 0.25 
pF; for better low frequency response, 
use I-/LF nonpolarized capacitors. 

maintain good stabilization, R3 should 

not be greater than 100k. W ~ t h  the values 

shown in the circuit diagram, voltage gain 

i s  approximately 8 and a 600 mV input 
signal i s  required for 1 watt output. Dis- 

tortion at 1 watt output is 3%; at 0.05 
watt output distort~on is 0.5%. 

When using the PA234, the power supply 
output f~l ter should be as close to pin 10 

as possible with all other ground returns 
run separately to this point because com- 

mon ground impedances can cause hum 

and distortion. Since the frequency re- 

sponse of the amplifier extends from 30 Hz 
to 100 kHz, the 0.068-pF capacitor across 

the output is required for protection against 
oscillation. 

The Amperex TAA300 integrated-circuit 
audio power amplifier circuit shown in 
fig. 8 can deliver one watt into an 8-ohm 

load when powered from a 9-volt power 
supply. In this circuit the total harmonic 

distortion at 1 watt output i s  10%; total 

harmonic distortion at 0.5 watt is 3% 

maximum. Input impedance is greater 
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than 10k ohms, and a 10 mV input signal 

wil l provide 0.7 watt output. A finned heat 

sink must be used when the TAA300 de- 

livers one watt into an 8-ohm load; no 

heat sink is required if the load impedance 

is 16 ohms or greater. 

Although this circuit is designed for a 
+9-volt supply, the IC wi l l  operate satis- 
factorily with power supplies down to 
+4.5 V. The variable resistor, R1, is ad- 
iusted for 8 mA total current drain with no 

fig. 8. Amperex TAA300 1-watt 
audio amplifier. R1 is adjusted for 
8 mA total current drain with no 
input signal. 

input signal. When the circuit i s  fed from 
an ac power source, typical value for this 
resistor is 330 ohms; when a battery sup- 
ply i s  used, it i s  preferable to use a smaller 

value because of the resistor's affect on 
operating current stabilization at low bat-- 

tery voltages. 

Do not short or use too low a resistance 

value for R1 when setting the no-signal 

operating current. Start with a large resis- 

tance-approximately 25k-and reduce 
the value in small steps to arrive at the 
correct operating point. A 2.2k ohm re- 
sistor should be connected in  series with 

R1 initially to protect the circuit in case 
the adjusting potentiometer is rotated to 

the zero resistance position. 

The audio power amplifier shown in fig. 
9 uses an integrated circuit that was de- 

signed to amplify signals to 300 kHz with 

1.8 watt delivered into a direct or capaci- 

tively coupled load. The HEP593 IC fea- 

tures low harmonic distortion-0.4% typi- 

cal at 1 watt-plus low output impedance 

and excellent gain-temperature stability. 

The voltage gain of this power amplifier 

stage is determined by the connections to 
the "gain-option" pins. For a voltage gain 
of 10, pins 2 and 4 are open and pin 5 is 
connected to signal ground; for a voltage 

gain of 18, pins 2 and 5 are open and pin 

4 is connected to signal ground; for a volt- 

age gain of 36, pin 2 i s  connected to pin 5 
and pin 4 is connected to signal ground. 

To avoid vhf instability with this circuit 

the RC stabilizing network-0.1 pF in se- 

ries with 10 ohms-must be placed direct- 

ly from pin 9 to ground with short leads. 

Excessive lead inductance from the positive 

supply to pin 10 can cause high-frequency 
instability. The B+ bypass capacitor 
should be connected directly from pin 10 

to ground if possible; if not, the series RC 
network shown in fig. 9 should be used 

fig. 9. This audio power amplifier will pro- 
vide up to 1.8 watts output. Voltage gain is 
determined by connections to pins 2, 4 and 
5 as discussed in the text. 

directly from pin 10 to ground. In addi- 

tion, lead lengths from the external com- 
ponents to pins 7, 9 and 10 should be as 
short as possible to insure good vhf ground- 
ing at these points. 

Because of the large bandwidth of the 
HEP593, coupling must be avoided be- 

tween the i n p ~ ~ t  and output leads. This can 

be accomplished by using short leads 

which are well isolated, narrow-banding 

the over-all amplifier by putting a ,001 
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table 2. Effect of feedback resistance (Rf in fig. 10) 
on sensitivity, distortion and input impedance. 

Sensitivity Input 
Rf at 2 W THD Impedance 

0 8 mV 5.2% 20k 
l k  22 mV 2.9% 35k 
5k 86 mV 1.7% 40k 

6.8k 120 mV 1.6% 40k 
10k 150 mV 1.5% 40k 

capacitor from pin 1 to ground, and by 
using shielded input cable. 

The audio power circuit shown in fig. 10 
can deliver 2 watts into a 16-ohm load. 
The PA237 may be operated with supply 
voltages from 9 to 27 volts and is capable 
of 1 ampere peak output. In the circuit of 
fig. 10 the integrated circuit is biased into 
class AB. The voltage gain of the circuit 
as shown here is  greater than 45; a 120 
mV input signal wil l produce two watts 
output. The input impedance is 40k ohms, 
output impedance is 0.85 ohm and noise 
output is 75 dB below 2 watts. 

By setting the 6.8 kilohm feedback re- 
sistor (Rf) to other values, the sensitivity, 
distortion and input impedance wi l l  vary 
as shown in  table 2. Since distortion de- 
creases when the output level i s  decreased 
by increasing the negative ac feedback, it 
might be a good idea to use this feedback 
resistor as the volume control. This i s  par- 
ticularly desirable for lowering crossover 
distortion at low levels where it becomes 
a significant part of over-all amplifier dis- 
tortion. 

In fig. 11 the PA237 is used in an audio 
power amplifier that wil l provide 2 watts 
into a 16-ohm load with 5 mV drive; this 
is a voltage gain greater than 1100. With 
this amount of sensitivity, the amplifier 
can be driven directly with a microphone 
or low-level detector. The same circuit can 
be used with other combinations of volt- 
age and load impedance by changing the 
values of the bias resistors; fig. 12 shows 
the same basic circuit with an 8-ohm load 
and 12-volt power supply. The voltage 
gain of this circuit is 350, and 7 rnV input 
drives the amplifier to 0.75 watt output. 
The input impedance of the circuits shown 
i n  fig. 11 and 12 is approximately 15k. 

If you need more than the two-watt 

002 

41 
M O p F  16 OHMS 

fig. 10. Two-watt audio power amplifier. Circuit sen- 
sitivity is determined by feedback resistor (Rf) as 
shown in table 2. 

5 k-' 
fig. 11. This power amplifier provides 2 watts output 
with 5 mV drive. 

A A 
fig. 12. This circuit is the same as fig. 11 except 
that i t  is set up for a 12-V supply and 8-ohm speaker; 
7 mV input drives i t  to 0.75 watt output. 
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capability of one PA237 integrated circuit, 

two of the devices may be connected in 

the bridge configuration shown in fig. 13. 
This circuit effectively doubles power out- 

put. Since each circuit i s  the same as fig. 
10 the feedback resistances given in table 
2 may be used to set amplifier input sensi- 
tivity and input impedance. 

The highest power audio amplifier IC 

currently available is the new General 

Electric PA246 with a capability of 5 watts 

continuous into a 16-ohm load with less 

than 1% total harmonic distortion. In the 
circuit shown in fig. 14, 180 mV input will 

provide 5 watts output at 0.7% total har- 
monic distortion. When the feedback re- 

INPUT 
0 - 

fig. 13. Two PA237's in a bridge double power output to 4 watts. 

- 
T W  VIEW 

fig. 14. Five-watt audio power amplifier. The speaker 
should be a permanent-magnet type so resistive load 
is close to 16 ohms. Heat-sink tab should be con- 
nected to pin 8, circuit ground. 

s~stor (Rf) i s  shorted out, sensitivity in- 
creases; 12 mV input provides 5 watts out- 
put. Frequency response extends from 30 

Hz to 100 kHz, and noise output i s  typical- 

ly 70 dB below 5 watts. 

The increased power dissipation cap- 

ability of the PA246 is a result of a higher 

permissible supply voltage-up to 37 volts 

-and increased heat dissipation with two 

large heat-sink tabs. The higher voltage 

rating allows more power without in- 
creased heat-generating current and may 
eventually lead to audio power IC's with 
ratings up to 10 watts. 

Another way to gain increased power 
output i s  to use the approach of fig. 15. 
In this circuit a low-level I C  preamp i s  

used to drive a discrete complimentary 

output stage: a Fairchild ~A716C is used 

as a driver for an o u t p ~ ~ t  stage that wil l 

p ~ ~ t  2 watts into a 16-ohm load. The fre- 
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fig. 15. Two watt au- 
dio power amplifier 
with complimentary 
transistor output 

stage. 

quency response of fig. 15-in reference to 

1000 Hz-is -1.5 dB at 100 Hz and -4 

dB at 20 kHz. Although Fairchild transis- 

tors are shown here, RCA devices such as 
the 40053 npn and 40319 pnp may be sub- 

stituted. Dc current gain (h,,,.) should be 

in the range of 60 to 100 and nearly the 
same in both transistors to prevent wave- 
form clipping. 

Although the highest power audio am- 

plifier IC currently on the market is Gen- 
eral Electric's 5-watt PA246, Bendix Semi- 

conductor has recently announced a 15- 
watt audio amplifier IC that uses thick- 
film construction. It i s  not nearly as small 

as the other audio power IC's mentioned 

here, 1 x 2 x 5/16 inch, but it is still use- 
ful for many amateur applications. The 
15-watt amplifier, the BHA0002, has a fre- 

quency response of 25 Hz to 20 kHz, power 

gain of 55 dB, total harmonic distortion 

less than I%, supply voltage range of 14 

to 40 volts and sensitivity of 350 mV for 15 

watts output. 

audio mixer 
The four-input audio mixer shown in 

fig. 16 may be used for mixing low-level 
audio signals LIP to 50 kHz. With a 6-volt 
power supply the input will handle up to 

audio limiter 
The low-distortion audio limiter shown 

in fig. 17 begins to limit at 0.4 millivolt, 

is not affected by input signals up to G 
volts p-p and operates linearly below the 
clipping point without oscillation or other 
instability. A good limiter should limit on 
millivolt signals but not distort at higher 
levels; it should be able to reproduce a 

square wave with very little even-har- 

monic content while providing clean sine 

waves below the limiting threshold. By us- 
ing a high-gain operational amplifier with 

an external clipper and feedback circuit, 

second harmonic generation i s  less than 
0.3% over a dynamic range of 54 dB and 

less than 2% over a 78 dB range. 

300 mV peak-to-peak; maximum output CAWG,mRS IRE ALL ,lrF 

i s  3 volts p-p. The 5000-ohm potentiometer 
fig. 16. Four-input audio mixer using a digital 4-input 

be adjusted for minimum dis- gate. The 5k pot is adjusted for minimum output dis- 
tortion. tortion. 
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fig. 17. Low-distortion 
high dynamic range 
audio limiter. 

modulator 
The modulator circuit shown in fig. 18 

will produce up to 5 watts of ~~ndistorted 
audio. The modulation transformer-a 

Stancor TA12-is an audio output trans- 

former designed to work into an 8-ohm 

load so it is most suitable for a transistor 

rf power stage. The 0.05-FF capacitor be- 

tween the collectors of the push-pull 2N5295 

power stage should be adjusted for rnini- 

mum distortion and best speech quality 

with your particular microphone. This cir- 
cuit is designed for a high output crystal 

or ceramic microphone; for low-level dy- 

namic microphones, another stage of am- 

plification lnay be required at the input. 

I f  another modulation transformer is used, 

keep in mind that the ZN5295's s h o ~ ~ l d  

work into approximately a 20-ohm load. 

i-f and rf amplifiers 
Integrated circuits that are suitable for 

rf and i-f applications are not actually 

that much different from the audio-fre- 

quency variety. These IC's usually have 
two or more transistors on a single semi- 

fig. 18. Five-watt modulator for transistor rf power amplifiers. 
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fig. 19. This 455-kHz i-f amplifier uses an fat to provide a high impedance input. 

conductor chip along with the necessary 
biasing network. In some cases several 

stages of amplification are built on a 

single chip to provide very high gains in a 

tiny package. It wasn't too long ago that 

IC's suitable for high-frequency work were 

priced beyond the average amateur, but 

today there are a number of inexpensive 

devices available that do an excellent job 
up to 60 MHz or so. 

There are both advantages and disad- 

vantages to using IC's in rf and i-f ampli- 
fiers; and the 'direction in  which the scale 
tips i s  generally related to the frequency 
of the application. On the plus side, IC's 
provide high gain figures, are temperature 
compensated and are easy to use with 

agc; in  addition, they usually do not re- 

quire external biasing networks. However, 
current rf-rated integrated circuits that are 

on the market, are frequency limited-most 
go to pot if you try to use them much 
above 100 MHz. There are IC's available 

that work well into the uhf range, but 

most of these are engineering prototypes 

that haven't reached production. As the 
manufacturing processes are perfected 
and designs are improved, uhf-rated inte- 

grated circuits should become common- 
place. 

The 455-kHz i-f amplifier shown in fig. 
19 costs less to build than an equivalent 
circuit built with individual components. 

The tuned coils are from small i-f trans- 
formers used in minature transistor broad- 

cast radios; the low-impedance output 

windings are not used. The integrated cir- 

cuits have only a moderately high input 

impedance so a field-effect transistor i s  
used to keep loading on the input circuitry 

to a minimum. To modify this circuit to a 

limiting amplifier for fm use, connect an 
identical CA3011 amplifier stage to the 
stage shown here. 

Another 455-kHz amplifier circuit is 
shown in fig. 20. Each of the stages repre- 
sents one-half of a single IC package, so 
this high-gain amplifier is extremely com- 

pact. Over-all gain of this circuit i s  67 dB, 
the 3-dB bandwidth i s  3 kHz and the in- 
put impedance is approximately 30 ki- 

lohms. With the output transformer shown 
here, the output impedance i s  approxi- 
mately 800 ohms; for a 5-kilohm output 

impedance, use a Miller 2063 transformer. 
For maximum gain, the agc input should 

be grounded. 

The 10.7-MHz amplifier shown in fig. 21 
provides from 60 to 65 dB gain. The main 

disadvantage of this circuit i s  the low 
number of tuned circuits-it may be dif- 

ficult to get the amount of selectivity you 

need. However, this may be solved by us- 

ing a crystal filter or cascaded tuned cir- 

cuits. Because of the high gain, this circuit 

may be unstable unless you are very care- 
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MILLER W61  MILLER 2061 

fig. 20. Two-stage 455-kHz i-f amplifier uses one integrated circuit. 

, _ . _ _ _ _ _ _ _ _ _ _ _  ____ .?  

b2 
, . . - . . . - - - - - - - - - I 

fig. 21. This 10.7 MHz am- 
plifier provides gain in the 
neighborhood of 60 dB. 

8 5 - 
The RCA CA3012 will also 
work in this circuit. I _ - - 

8.. .- -. . - - -. - - - - - -  ., 
MILLER 1602 

-. - -. - - -. . - - -, 
MILLER 1601 

+VCC 

fig. 22. This 10.7-MHz i-f amplifier uses cascaded tuned circuits for improved selectivity. 
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T I  Primary is 1 turn number 20 AWG on a T44-10 
toroid core; secondary is 8 turns number 20 
AWG. 

T2 Primary and secondary windings are 7 turns num- 
ber 22 AWG bifilar wound on a T44-10 toroid. 

fig. 24. High-gain i-f strip has agc input. Diode Dl  T3 Primary is 8 turns number 20 AWG on a T44-10 
may be any silicon diode. toroid core; secondary is 1 turn number 20 AWG. 

ful when laying it out. Make all the leads 
as short as possible. Note that the bypass 
capacitors are somewhat smaller than 

those usually recommended for this fre- 
quency; this reduces gain and helps over- 
all stability. 

The 10.7 MHz i-f amplifier circuit shown 

in fig. 22 uses cascaded tuned circuits to 

provide selectivity. The output from the 
four-pole filter feeds into the second half 

of the Fairchild pA719. The insertion loss 

of the filter is such that the second stage 

of amplification i s  not driven into limiting. 

The primary of T I  consists of 16 turns 

fig. 23. Simple high-gain 
30-MHz i-f strip provides 

number 34 enamelled, close wound on a 

'14-inch form, centertapped; secondary IS 

16 turns number 34 enamelled, close 

wound on the same form with 0.225 inch 
between windings. The primary of trans- 
former T2 consists of 16 turns number 34 
enamelled close wound on a '14-inch slug- 

tuned form; secondary is 16 turns number 

34 enamelled close wound on the same 
form, tapped 4 turns from cold end; spac- 

ing between windings i s  0.225 inch. Trans- 
fornlcr cans are Miller S-34. 

The simple 30-MHz amplifier stage 

shown in fig. 23 provides approximately 30 

. . 
30 dB gain. 

T2 
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fig. 25. 50-MHz amplifier provides 
30 dB gain. 

fig. 26. Two meter rf stage ex- 
hibits 13 dB gain and 6.8 dB 
noise figure. The HEP590 will 
also work in this circuit. 

fig. 27. This 144-MHz amplifier 
will provide up to 17.7 dB gain 
with a 4 dB noise figure. 

dB gain. The noise figure of this stage is 6 
dB and the bandwidth i s  1 MHz. The pri- 

mary and secondary of transformer T I  are 
each 10 turns number 22 enamelled bifilar 
wound on a T44-lo* toroid core. The pri- 
mary of transformer T2 is 12 turns number 
22 enamelled on a T44-10 core; secondary 

is one turn to work into a 50-ohm load. 

This stage can also be used as a limiting 

amplifier for fm work-simply change the 

turns ratio of the output transformer by 

making the secondary of T2 two turns (to 

work into a 50-ohm load). This increases 

the load impedance the integrated circuit 

works into and turns the stage into a lim- 
iting an~plifier. 

The 30-hlHz i-f strip shown in  fig. 24 is 
an extension of the circuit of fig. 23 with 

provision for agc. The agc range is ap- 

proximately 40 dB with agc voltage varia- 
tion from zero to 4 volts. Gain of the i-f 

strip is approximately 60 dB, bandwidth is 

900 kHz and noise figure is about 6 dB. 

For an additional 30 dB gain, another 

pA703 stage may be added between trans- 

fornler T2 and the second pA703; the in- 
terstage transformer for the additional 

stage would be the same as T2. 

vhf amplifiers 
For high-frequency applications of mod- 

ern integrated circuits, you might consider 
the vhf amplifier circuits shown in fig. 25, 
26 and 27. The SO-MHz rf stage in  fig. 25 
uses a readily available IC to provide up 

to 30 dB gain with 18 dB agc r,lnge. When 
the agc voltage is zero, gain is 30 dB; 

when the agc voltage is 4 volts, gain is 
12 dB. Both input and output coils L1 and 
L2 are 9 turns number 20 AWG on a T44- 

10 toroid core. 
The two-meter ampl~fier in fig. 26 ex- 

hibits about 24 dB gain with a 25 volt 

supply; gain drops to 13 dB when the sup- 
ply voltage is lowered to 6 volts. The best 
noise figure can be obtained with the 6-  
volt power supply-6.8 dB. Input coil L1 ir; 

' Toroid cores listed in this a r t ~ c l e  are available from 

Circuit Specialists Company, Post Office Box 3047, 
Scottsdale, Arizona 85251; price, two cores $1, post- 

paid in the U S.A. 
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Layout for the amplifiers shown in figs. 28 and 27. 

13 turns number 28 AWG on a T20-10 
toroid, tapped 6 turns from the cold end; 
output coil L2 is 13 turns number 28 AWG 
on a T20-10 toroid, tapped 9 turns from 
the cold end. 

The two-meter amplifier shown in fig. 27 
provides somewhat more gain than fig. 26- 
19.8 dB with a 12-volt supply and 17.7 
dB with a 6-volt supply. Best noise figure 
i s  again coincident with the 6-volt supply 
and is about 4 dB. Input coil L1 is 12 
turns number 28 on a T20-10 toroid, tapped 
5 turns from the cold end; output coil 
L2 is 11 turns number 28 AWG, tapped 6 
turns from the cold end. 

The novel integrated-circuit amplifier 
shown in fig. 28 may be used as an rf or 
i-f amplifier at frequencies up to about 
200 MHz with 60-dB gain; the IC i s  a 
Sylvania SA-20. The circuit is unusual be- 
cause of the placement of the tuned 
circuit-as a frequency selective feedback 
loop between two of the transistors within 
the integrated circuit. L1 and C2 should 
resonate at the desired operating fre- 
quency, and C1, which i s  a dc blocking 
capacitor, i s  made large enough to pre- 
vent series resonance with L1  (at least in 
the rf range). A notch amplifier results if 
? I  and C1 are resonated and C2 is re- 
moved. Replacing the LC circuit with 
piezoelectric crystals or ceramic filters re- 
sults in sharper selectivity. 

mixers 
Most of the integrated circuits that are 

designed for rf and i-f applications may 
also be used as frequency mixers. Most 
amateurs are not aware of one of the 
advantages of using a differential am- 
plifier as a frequency mixer-the local- 
oscillator frequency may he one-half the 
required injection frequency. At the higher 
frequencies this i s  particularly helpful since 
the ease of building stable oscillators de- 
clines rapidly as frequency i s  increased 
above 60 MHz or so. 

A mixer circuit for the pA703 is shown 
in fig. 29. Ll-C1 are tuned to the signal 

fig. 28. Multipurpose rf/i-1 amplifier has good gain 
end bandpass chsrecteristics up to 100 MHz. 
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frequency, L2-C2 are tuned to the local 0s- inputs to the IC. This mixer circuit can 
cillator frequency and L3-C3 are tuned to theoretically be operated at any even har- 
the intermediate frequency. Other rf-rated monic of the local oscillator, although ef- 
integrated circuits can be used in this ficiency drops drastically at more than the 
manner as long as you use the differential fourth harmonic. 

fig. 29. With this har- 
e 

monic mixer circuit, the 
local oscillator can oper- 
ate at one-half the re- 
quired injection frequency. 

fig. 30. Balanced modula- 
tor circuit provides up to 
25 dB carrier suppression. 

The balanced mixer (or balanced modu- 

lator) shown in fig. 30 is useful for generat- 

ing a double-sideband signal. Carrier sup- 

pression with this circuit is a function of 
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circuit symmetry and the modulation-to- 
carrier drive ratio. I f  external component 
symmetry i s  watched carefully, carrier sup- 

pression is about 25 dB with 10 mV audio 
a and 32 mV carrier signals. For best results, 

2 m  

BAlANCE 
the output transformer s h o ~ ~ l d  be bifilar i'~' wound. 

Another balanced modulator circuit is 

o ( C  shown in fig. 31. This circuit uses a Sig- 
netics NE510A. When the 2500-ohm bal- - 

Xrn' ance potentiometer i s  properly adjusted, 
there will be no rf output without an audio 

" A 7  signal. When an audio signal i s  applied, 

fig. 31. Balanced modulator 
the differential transistors are unbalanced 

circuit using a Signetics and a double-sideband suppressed-carrier 
NE51OA. signal appears at the output. 



product detector 
The product detector circuit shown in 

fig. 32 is another application of the bal- 
anced mixer. Ssb drive and hfo injection 

can be altered for minimum harmonic dis- 

tortion; overdrive from either source results 

in third-harmonic distortion of the de- 
tected signal. In typical operation, the bfo 
voltage IS 0.5 volts rms, signal voltage is 
4 mV rms, third-harmonic distortion is 54 

dB down and second, fourth and fifth har- 
monics are more than 60 dB down. 

low-level modulator 
The fine agc characteristics of devices 

like the HEP590 make them excellent 

choices for low-level a-m modulators (see 

fig. 33). The modulated rf signal can be 

followed by linear amplifier stages to 
build the signal up to several watts. 

The 3.5 volts bias sets operation of the 

modulator at its most linear point with 
90°/o modulation along with good up-and- 
down modulation characteristics and very 
low distortion. For operation on 50 MHz, 

primary of transformer T I  is 6 turns num- 
ber 22 AWG on a T12-2 toroid; secondary 

is 19 turns number 22. Primary of trans- 

former T2 is 30 turns number 22 AWG on 

a T12-2 toroid core; secondary is 3 turns 

number 22. 

oscillators 
If you wi l l  remember from your basic 

theory, two things are necessary for oscil- 
lation: unity circuit gain and zero (or 

360") phase shift from input to output. 
Most linear integrated circuits (as well as 

many digital types) fulfill both these re- 

quirements. In fact, as you use integrated 

circuits in various projects, you'll find that 

many times you will have problems with 
unwanted oscillations-particularly vhf para- 
si t ic~. 

The oscillator circuits that are presented 
here are only a sample of the many cir- 
cuits that can be used. However, some of 
them are rather unique and probably have 

never been used in amateur gear before 
so they warrant further investigation. 

TI 

ssa 

3 
OUTPUT 

-0 

fig. 32. This product detector circuit 
provides excellent linearity with minimum 
distortion. 

fig. 33. Low-level a-m modulator may be 
used in signal generators or with linear 
amplifier stages for communications. 

fig. 34. This 455-kHz beat-frequency or- 

cillator may be used up to 150 MHz by 
changing the tuned-circuit values. 
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The oscillator shown in fig. 34 is de- up to about 2 MHz. Most drift in this 
signed for use as a bfo and is  very similar circuit is due to crystal changes with tem- 

to the Colpitts oscillator used in vacuum- perature; supply voltage variations up to 
tube and transistor circuitry. Although the %20°/0 have a negligible effect on fre- 
tuned-circuit values shown are for 455 kHz, quency. 

the basic circuit may be used up to 150 Digital integrated-circuit gates that use 

MHz by simply changing the inductor and emitter-coupled logic (ECL) provide excel- 

fig. 36. This crystal 
oscillator usas emitter- 
coupled logic IC's and 
will work up to about 
20 MHz. 

two capacitors. The rf choke between pins 
3 and 4 is between the bases of the dif- 

ferential transistors at the input of the IC; 
it provides the proper bias voltage and 
current for symmetrical limiting. 

If you look at the internal circuit of an 

RTL digital gate, you'll find most of the 

load and bias resistors for a conventional 

amplifier stage. If you use the correct pins, 
these low-cost IC's can be used for am- 

plifiers or oscillators. The circuit shown in 

fig. 35 can be used as a crystal oscillator 

fig. 35. Simple crystal oscillator cir- 
cuit is useful up to about 2 MHz. 

+3v 

lent high-frequency (and vhfj response and 

can be used to advantage in crystal-con- 

trolled oscillator circuits. A second gate 
can be used as a buffer and waveshaper. 

The circuit shown in fig. 36 is designed 
for crystals in the series resonant mode 

from 1 to 20 MHz. The differential-con- 

nected transistors in the first half of the IC 
operate linearly and provide loop gain 
while the emitter-follower outputs drive the 

cryst,ll and buffer stage. In additron to 
acting as a buffer, the output stage works 

as a waveshaper; rise and fall times of 
the output square wave are on the order 
of 2 nanoseconds. 

At frequencies above about 10 MHz 
overtone crystals are usually used. Over- 

tone oscillator circuits are somewhat more 

complex than circuits designed for the fun- 

damental because the circuit must oper- 

ate at the desired harmonic. The circuit 

shown in fig. 37 is designed for overtone 

crystals from about 50 to 150 MHz and i s  

a modification of the circuit in fig. 36. 

This circuit uses a tank circuit at the 
input to the ECL gate to insure operation 

at the desired overtone. At other fre- 

quencies i t  acts as a low impedance 

shunt. The variable capacitor from pin 6 

: : m k  
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to ground may be necessary to provide work up to about 2 MHz. The output 
the proper phase relationship in  the feed- waveform of this circuit has high harmonic 
back loop. The second gate again serves content; to provide a sinusoidal output, 
as a buffer and waveshaper. put a 10K potentiometer and 0.01-pF ca- 

The oscillator circuits shown in fig. 36 pacitor in series with the crystal. With this 

and 37 are very stable, and temperature "feedback adjust" control, the output 
drift characteristics are determined by .the waveform can be made into a pure sine 

fig. 37. This crystal 
oscillator will work 
with overtone crystals 
up to about 150 MHz. 
The tank circuit is ras- 
onated to the desired 

m 
output frequency. 

lnr 

crystals that are used; voltage changes of 
20% produce no frequency drift. Be par- 
ticularly careful when laying these circuits 
out-emitter-coupled logic has extremely 
good vhf response so keep all the leads as 
short as possible and run all the unused 
inputs to the minus voltage supply. 

The circuit in  fig. 38 uses a low-cost 
dc-amplifier IC-the RCA CA3000-as a 
crystal-controlled oscillator stage that wil l 

fig. 38. Simple crystal oscillator will work up to 2 
MHz with no tuned circuits; tuned circuit extends 
range to about 10 MHz. 

wave. The frequency response of the cir- 
cuit can be increased to about 10 MHz 
by adding a tuned circuit resonant at the 

output frequency; this is shown by the 

dotted lines. 

The circuit shown in fig. 39 uses two low- 

cost RTL digital integrated circuits in a 

crystal-controlled frequency standard with 
outputs at both 100 kHz and 50 kHz. The 
oscillator itself is the same as the one 
shown in  fig. 35 and uses the two gates of 
a HEP580. The HEP583 JK flip-flop divides 
the output of the crystal ascillator by two 
to provide 50-kHz markers. Other markers 
can be generated by using different divider 

arrangements-two flip-flops can be wired 
to divide-by-4 for 25 kHz markers (or an- 

other HEP583 added to the one shown in 

fig. 39). A divide-by-5 circuit for 10-kHz 
markers requires three JK flip-flops while a 
divide-by-10 circuit for 5-kHz markers re- 
quires four. 

vfo's 
The variable frequency oscillator shown 

in fig. 40 may be used at any frequency 

between 2.5 and 13 MHz by choosing the 
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value of the capacitor C1. The HEP590 quencies in the range from 1 MHz to 150 
acts as a common-emitter, common-base MHz. The output level i s  0.5 volts peak-to- 
amplifier when the input signal is con- peak, and the waveform is relatively free 
nected to pin 1 and the output taken from of harmonics. Inductors L1 and L2 are 
pin 6; it has high gain and 180" phase each 10 turns number 24, bifilar wound 
shift. Therefore, to operate as an oscilla- on a T44-10 toroid core; L3 is 5 turns 
tor, the external circuitry must provide number 24 wound over L1 and L2. 

fig. 39. Frequency standard circuit provider 50-kHz markers. Output level potentiome- 
ter may not be required for some applications. 

180" phase shift. This can be accomplished 
in several ways, but perhaps the easiest 
way is used in fig. 40-the coupling trans- 
former i s  inverted. 

This circuit can be used anywhere in the 
range from about 2500 kHz to 13 MHz by 
simply changing the value of the tuning 
capacitor, C1, as shown in  fig. 40. To de- 
crease the range, the total capacitance 
may be made up with a fixed mica ca- 
pacitor in  parallel with a variable. To 
tune from 5.0 to 5.5 MHz for example, 
capacitor C1 would consist of a 100-pF 
variable, a 80-pF trimmer and a 560-pF 
silver mica; the trimmer is used to set the 
frequency range covered by the variable. 
The output of this oscillator has very little 
harmonic content; output level depends on 
the load that i t  works into. With a 12-volt 
power supply and a 10k load, the output 
is 12 volts peak-to-peak. Frequency stabil- 
ity i s  consistent with other solid-state 

Frequency C1 Elmenco 

(PF) part. no. 

2.5 - 5 780 - 2110 31 1 
5 - 10 170 - 780 469 
8 - 1 3  80 - 480 466 

designs. 
A vfo that tunes the range from to fig. 40. Wide range vfo. L1 is  21 turns number 36 on 

a T12-2 toroid core: L2 is 7 turns number 36 on the 
MHz is in fig' 41; the tuned-circuit sam, core. Elmenco trimmer capacitors are available 
values can be changed to cover other fre- from Allied Radio. 
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voltage-controlled oscillator 
The unusual oscillator circuit shown in 

fig. 42 deserves further amateur experi- 
mentation. This circuit uses two cross- 
coupled transistor-transistor logic (TTL or 
T2L) gates to form a voltage-controlled 0s- 
cillator. The oscillation frequency is deter- 
mined by the cross-coupling capacitance 
and the supply voltage; the cross-coupling 
capacitance consists of the two capaci- 
tors plus wiring capacitance and internal 
device capacitance. With the component 
values shown in  fig. 42 the circuit wi l l  
cover both the 40- and 80-meter amateur 
bands as the control voltage i s  varied 
from 4 to 6 volts. The frequency change 
with voltage is linear. 

fig. 41. This 10-MHz vto provides a 
clean sine wave at about 500 mV p-p. 

With a stable, well filtered voltage sup- 
ply this circuit can be used as a vfo with 
the frequency controlled by a multiturn 
potentiometer. The timing capacitors (C1 
and C2) can be changed to cover other 
frequencies, although the maximum oscil- 
lation frequency is in the neighborhood of 
2.5 to 30 MHz. 

Maximum oscillation frequency i s  ob- 
tained with 18 to 22 pF cross-coupling 

capacitors although this depends upon 
how much stray capacitance you have in 

fig. 42. Voltage-controlled oscillator uses two tran- 
sistor-transistor logic gates. With the components 
shown, the circuit covers the 80- and 40-meter bands 
as the voltage is varied from 4 to 6 volts. 

the circuit. The output waveform i s  a 
square wave but a buffer amplifier with a 
tuned tank circuit can be used to convert 
it to a sine wave. 

audio oscillator 
Oscillator applications of integrated cir- 

cuits aren't necessarily limited to the radio 
frequencies. The IC Wein-bridge oscillator 
in fig. 43 is designed to cover the audio 
frequencies although it may be used into 
the video frequency range. This crrcuit uses 
the rA716, an integrated circuit that pro- 
vides gain options of 10, 20, 100 or 200, 
depending on the pin connections; for this 
application, a gain of ten is  sufficient. 
The output frequency is determined by the 
resistors and capacitors in the positive 
feedback loop, and p o d  waveform is 
maintained by the transistor agc circuit. 

Diode D l  rectifies a portion of the out- 
put waveform and feeds it to the base of 
the transistor. Collector current is picked 
off the resistive divider, changing the volt- 
age across diode D2. This changes the 
current through the diode, alters its dy- 
namic resistance, and establishes stable 
operation of the IC by setting the gain at 
a point just sufficient to allow oscillation 
-this results in low distortion. The Zener 
diode keeps the transistor from going into 
saturation and destroying its agc per- 
formance. 
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fig. 43. Audio oscillator circuit uses Wein bridge circuit to provide exceptionally pure waveform. 

voltage regulators 
Now that low-cost voltage regulator IC's 

are available, it's difficult to justify the 

design of regulators using discrete compo- 

nents. The nature of inregrated-circuit con- 

struction is such that it costs very little for 
the manufacturer to add extra gain for 

improved regulation, overload and current- 

limiting circuits or capability for working 

with negative supplies. With discrete com- 

ponents each of these features increases 

cost and size. 

The sirnple voltage regulator shown in 

fig. 44 uses an integrated circuit that is 

designed as an audio power amplifier. 
However, it performs well as a voltage 

Nominal - 
R1 Regulated 

3 7 

Voltage ohms 

10 look 
0 - I PA237 

12 68k t 
15 51 k UNREGULATED 

R l  1 1  REWLATED 

17 39k +I5 
' O V  :.3XW WXTAGE 

20 30k 8 
I4 

22 20k A, 

10 I k  * 
A "  - 0- 

fig. 44. Simple voltage regulator using an audio power IC. Value of R1 is determined by desired output voltage 
as shown above. Unregulated input must be as least 3.5 volts higher than the desired output. The base-emitter 
junction of the 2N3662 is used es a zenar diode. 
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regulator. Keep in mind that the PA237 is specifically for this purpose-National 
limited to 2 watts dissipation; the input Semiconductor's LM300. The dissipation of 
current and voltage difference between un- this device is limited to about 300 rnW, 

regulated input and regulated output must but an external pass transistor can be 

not exceed 2 watts. The unregulated input 
voltage can be between 15 and 40 volts; 
the size of R1 is determined by the desired 
output voltage. Short-circuit protection is 
provided by the 10-ohm resistor in the 
ground return path. 

The voltage-regulator circuit shown in 
fig. 45 uses an IC that was designed 

fig. 45. Voltage regulator HEPIZ  

fig. 46. Current capability 
can be extended to 2 am- 
peres with this circuit; 
nominal output voltage is 
10 volt.. 

added as shown in the schematic. With 
the values shown here, the output can be 
adjusted over the range from 2 to 20 volts 
-depending also on the level of the un- 
regulated input voltage. This circuit is lim- 
ited to about 200 mA output with the pass 
transistor shown, but may be increased to 
2 amperes with the circuit shown in fig. 46. 

,: I OHM 

- 
provides adjustable 2 to 20 * P  - 7 
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This circuit i s  designed for a nominal 10- ohms-this wi l l  provide 9 volts output up 

volt output. to 50 mA. However, keep the input voltage 

The voltage regulator shown in fig. 47 low enough so device dissipation doesn't 

wil l provide 9 volts output with 12 to 20 exceed 300 mW. 

volts input. Although the CA3018 wasn't 
designed specifically for voltage-regulator 
duty, it serves admirably. The reference 
voltage necessary to regulator action is 
generated by a reverse-biased emitter- 
base junction. If you don't need the 1- 
ampere capability of this circuit, simply 
connect pin 1 to the output terminal, 
change R1 to 470 ohms and R2 to 1500 

fig. 47. Low-cost z N J 0 5 4  

voltage regulator '7 = 4 + A 

fig. 48. Voltage regulator provides up 
to 150 mA output current over a wide 
operating range. 

uses external pass 
transistor to provide 
up to 1 ampere cur- 
rent capability. IC  

Output 
Voltage R1 R2 R3 R4 

:: I S 0 0  
RI 

3 9 0  

I 

The voltage regulator circuit shown in 
fig. 48 uses an integrated circu~t designed 
for the job, the pA723. This device wi l l  
handle up to 150 mA output currents by 
itself, or it may be used to drive higher 
powered pass transistors. The circuit in 
fig. 48 can be tailored to your particular 
requirement by choosing resistors R1, R2, 
R3 and R4 as shown in the table. Current 
limiting of this regulator i s  determined by 
resistor R5, in this case in the neighbor- 
hood of 120 mA. 

Typical operation of this circuit is very 
good. With a regulated output voltage of 
15 volts, a change in input of a 3  volts re- 
sults in  a 1.5 mV change in output. Load 
changes of 50 mA result in about 4.5 mV 
change. The pA723 i s  a very versatile de- 
vice and may be used to regulate negative 
as well as positive voltages over a very 
wide range. Only one application i s  
shown in fig. 48; others are included on 
the manufacturer's data sheet. 

The regulator circuit shown in fig. 49 
uses an integrated circuit that wil l provide 
up to 500 mA current into the load. Ac- 
tually, the Motorola MC1460 voltage-regu- 
lator IC i s  available in two packages-the 
MC1460R in a TO-5 case that wil l handle 
200 mA and the MC1460G in a TO-66 case 
that wi l l  handle up to 500 mA. The piece 
of silicon that constitutes the active cir- 
cuit is exactly the same; package design 

itself will handle up uNRn;uLArEo ,- II  4 41 REGULATED 

to 50 mA. 12 TO lev  6 0 0  SV. IA 

CA SO18 

7 .  -- 
Z RZ 

6 : : l e a ,  

0 10 

v I I * - 0 - 
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determines dissipation. When the 5 0 0 - ~ ~  table 3. Resistors R1 and R2 (fig. 49) as a function 

version Is used to drive an external pass of regulated output voltage and short-circuit current. 

These resistors are independent. 
transistor, output currents up to 10 amperes 
are available. Nominal Short-circuit 

In the circuit of fig. 49, resistor R1 de- R1 Current R2 

Voltage (ohms) (mA) (ohms) 
termines the output voltage level-repre- 

4.5 2k 50 13 sentative values are listed in table 3. For 
6 4.7k 100 5.6 

output voltages other than those listed in 9 12k 150 3.9 
table 3, the value of resistor R1 can be 12 18k ZOO 2.7 
calculated from the following formula: 15 22k 300 1.5 

fig. regulated 49. This power excellent sup- 
WRGuLATED + 

drk- 
REDOUTED a 

ply wi l l  serve most re- 
ceiver needs since it 
wi l l  provide up to 500 YC1460G 

mA output current. Re- 
sistor values for vari- 

3 OHMS 

our output voltages are 

listed i n  table 3. 

R1 (kilohms) = 2(V,,,, - 3.5) 

For an adjustable output, of course, a po- 
tentiometer could be used for R1. R2 is a 
current-limiting resistor; its value for vari- 

ous levels of short-circuit current is listed 
in table 3. 

Most of the currently available voltage- 
regulator IC's are limited to voltages be- 

low about 40 volts, but the pA723 can be 
operated as a "floating" regulator at 
much higher voltages as shown in fig. 50. 
All that is required is that the voltage 
across the IC must not exceed 40 volts; in 
this case it i s  limited by the 36-volt zener 
diode to a safe operating point. The maxi- 
mum voltage and current levels are deter- 
mined by the pass transistor. 
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fig. 50. This circuit can L O  

be used to regulate high UNRmULATED IN4753.3BV 
200 

dc voltages. The regu- 
lated output voltage is 
determined by R1: R1 = 31  0 1  

39k, E = 45 V; R1 = 68k. 
E = 75 V; R1 = 91k, 
E = 100 V; R1 = 240k, 

"41723 1 OHM 
E = 250 V. 

8 9 

2-- 

4-t 

REGULATED 

A- 
b 

3 k  

6 0 0  
\ I  
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The regulation of the circu~t of fig. 50 
is excellent: input voltage changes of &20 
volts result in 15 mV change in the out- 
put voltage, and 50 mA variations in load 

current result in 20 mV change. This de- 

vice may also be used in a slightly different 

"floating" circuit to regulate high nega- 

tive voltages; see the manufaciurer's data 

sheet for complete details. 
Many circuits-including voltage regula- 

fig. 52. Alc circuit 
provides gain control 
proportional to the 
rf envelope of the 
transmitter. 

fig. 51. IC amplifier circuit 
isolates the zener from the 
load and provides an adjust- 
able reference voltage. 

tors-require a precise reference voltage. 
The circuit shown in  fig. 51 provides an 

adjustable reference voltage over the range 

of - 5  to $ 5  volts. This circuit i s  par- 

ticularly useful where low-level reference 

voltages are required. The integrated cir- 

cuit isolates the zener so diode current 

doesn't change with the load. Since the 
output voltage i s  controlled by the poten- 

tiometer it can be set to the desired level. 

* 
TD PICKUP LINK 
IN M STAOE 

other applications 
In addition to the many circuits for au- 

dio, rf, i-f and voltage regulation, there 

are several communications-oriented ap- 
plications that don't fit neatly into one 
category or another. One of these circuits 
i s  the alc circuit for ssb transmitters shown 
in fig. 52. This circuit compensates for vari- 
ations in load impedance, tuning and 

supply voltage. The amplifier responds to 

the rf output envelope and provides con- 

-5 TO +5v 
trol proportional to rf output. The push- 

__o pull coupling link responds to both positive 
and negative peaks; the threshold control 

can be used as a carrier level control in 
the absence of modulation. 

The dc voltmeter shown in fig. 53 is an- 
other handy application for integrated cir- 

cuits. Most high quality commercial volt- 

meters use a balanced circuit but it's 

difficult to design a direct-coupled unit 

that works well. By properly selecting an 
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integrated circuit, you will have a well * 9v 
Q 

balanced circuit with high gain that does 
an excellent job in a voltmeter circuit. The 
circuit shown in fig. 53 for example has an 
input resistance of 200,000 ohms per volt 

fIzEf ZM IOV p&(( # CEP886 

and is very stable. It requires no zero ad- p01 lRpNOEl m o  

justment and has four ranges up to 1000 + 
DC l N K m  

volts that may be read on a I -mA meter. 3 1-1 
To calibrate the unit, set the range 

switch on the 10-volt range, connect 10 fig. 53. This dc voltmeter is  very stable 
volts across the input terminals and set and linear; input resistance is 200,000 

ohms per volt. The 200-megohm resistor 
the 1000-ohm calibration control so the of ten 20-meg con- 

meter reads full scale. The calibration con- nected in series. 
trol can be located out of the way since 
it requires very infrequent attention 

The internal circuitry of most integrated cir- 
cuits is quite complex, and they wi l l  work in 
many more applications than those shown 
here. I f  you're interested in a particular IC, 
write to the manufacturer for a data sheet 
and a list o t  stocking distributors or sales 
representatives. Allied Radio stocks inte- 
grated circuits made by General Electric, 
Motorola, RCA and Sylvania. However, many 
major cities have distributors so i t  doesn't 
hurt to find the one nearest you. in most 
cases you can determine the manufacturer 
of a particular IC by the letter prefix on the 
part number: CA, RCA; LM, National Semi- 
conductor; MC, Motorola; PA, General Elec- 
tric; &A and pL, Fairchild. Here are 
the manufacturers' addresses: 

Amelco Semiconductor, 1300 Terra Bella 
Avenue, Mountain View, California 94040 

Amperex Electronic Corporation, Slatters- 
ville, Rhode Island 02876 

Fairchild Semiconductor, 313 Fairchild Drive, 
Mountain View, California 94040 

General Electric Company, Semiconductor 
Products Department, 7 Electronic Park, 
Syracuse, New York 13201 

Motorola Semiconductor Products, Inc., 5005 
East McDowell Road, Phoenix, Arizona 85008 

National Semiconductor, 2975 San Ysidro Way, 
Santa Clara, California 95051 

RCA, 415 South 5th Street, Harrison, New 
Jersey 07029 

Signetics Corporation, 811 East Arques Ave- 
nue, Sunnyvale, California 94086 

Sylvania Electric Products, Inc., Semicon- 
ductor Division, 1100 Main Steet, Buffalo, 
New York 14209 

fig. 54. Broadband video amplifier covers 
al l  of the amataur bands up to 30 MHz. 
Mid-frequency gain is  nearly 50 dB. 

In  addition to integrated circuits that 
are designed for a particular job (or set 
of jobs), some manufacturers are offering 
arrays of transistors that are on a single 
chip of silicon. Since the devices are phy- 
sically close, their electrical characteris- 
tics are very similar; drift characteristics 
are nearly identical because of the high 
thermal conductivity of the silicon. These 
arrays can be used to advantage in a 
number of circuits where large resistors, 
capacitors or inductors must be used ex- 
ternally. 
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CAI020 HEPS53 
LM 100 HEP554 
LMSW HEPS56 
p.4 702  HEPS5K 
#A 703 HEPSSO 
"A709 HEPI91 

HEPS92 
HEPS93 

fig. 55. Basing diagrams of the integrated circuits used in this article. The circular pin layouts are bottom 
views; the 14-pin dual-inline packages are top views. 

The RCA CA3018 transistor array con- 
tains two isolated transistors and two 
transistors with a common base-emitter 
terminal that may be used in rf amplifier 
service up to 100 MHz as well as video 
amplifiers, i-f amplifiers, class-B service or 
voltage regulation (see fig. 47). A broad- 
band video amplifier using this device is 
shown in fig, 54. 

In addition to the transistor array, RCA 
also offers a diode array, the CA3019, that 
contains one diode quad plus two isolated 
diodes on a single silicon chip, a dual- 
Darlington array, the CA3036, that con- 

tains two Darlington-connected transistor 
pairs and a wideband amplifier array, the 
CA3035, that contains three high-gain 
amplifier stages which may be operated 
individually or in cascade. 

The broadband video amplifier shown 
in fig. 54 is a typical application for the 
CA3018 transistor array. This circuit cov- 
ers all of the amateur bands up to 30 
MHz and provides almost 50 dB gain. 
With the components shown, frequency re- 
sponse is from 800 kHz to 32 MHz. The 
dynamic range is extremely good-20 pV 
p-p to 4 mV rms at the input. 
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receiving system 
degradation in 

fm repeaters 

How to improve 

talk-in range 

using shielding 

and 

tuned-cavity filters 

The popularity of vhf fm repeaters is 
steadily increasing in the ranks of ama- 
teur radio despite several problems in- 
herent in the design and operation o f  such 
stations. Perhaps the most serious and 
least understood is receiver blocking, or 

more properly, receiver desensitization. 

This problem appears in two ways. First, 

i t  can severely l imi t  the effective talk-in 

range of the repeater system. I t  can also 

show up as repeater chatter which is a 

cyclic keying of the station. First a signal 

breaks the receiver squelch and keys the 
transmitter. Wi th  the transmitter on, re- 
ceiver sensitivity falls off, and the squelch 
closes. When the squelch closes, the trans- 
mitter shuts off, and the receiver sensitivity 

returns to  normal; if the signal is still pres- 
ent, the squelch opens and the cycle re- 
peats. 

This article explores the causes and 

cures of receiver degradation, describes 
some measurement techniques, and offers 

some good methods to lick the problem. 

noise 
A transmitter wi l l  affect a nearby re- 

ceiver's sensitivity in two ways. First, i t  can 

significantly reduce the receiver's front-end 
gain. This occurs when the transmitter car- 

rier is present at the front end at a suf- 
ficient level to  cause rectification in  the 

amplifier o r  mixer input circuit. The result- 

ant change in  bias reduces the stage gain, 

which in  turn reduces the noise input to  
the limiters and the limiter current. The ef- 
fect of all this is ultimately to  reduce the 

receiver's sensitivity. 

The second effect is produced by the 

transmitter's noise spectrum. It is a sad 
but true fact that all transmitters produce 
not only a carrier and modulation side- 

bands, but noise sidebands as well. These 

sidebands may extend several hundred 
kilohertz on either side of the carrier. If the 

transmitter and receiver frequencies are 

only a few hundred kilohertz apart, which 
is ~ ~ s ~ i a l l y  the case in  ham repeaters, the 

transmitter noise output that lands on  the 

receiver frequency can be many times 

greater than front-end or antenna noise. 

This increased noise input to  the limiters 

36 a may 1969 



produces an increase in limiter current, 

which in turn reduces receiver sensitivity. 

While rectification decreases limiter cur- 

rent, transmitter noise increases it. Thus, 

since both effects can occur simultaneous- 

ly, it's not uncommon to find them can- 
celling each other in regard to changing 
limiter current. Therefore, there may be se- 
vere receiver degradation with no appar- 
ent change in limiter current readings. 

Before proceeding to a description of 
techniques for curing the problem, I'll de- 

velop a method for measuring the effects 
so corrective steps can be properly evalu- 

ated. The problem is basically how to 
measure receiver sensitivity, or to be more 

precise, the change in sensitivity. The term 
sensitivity refers not only to the receiver it- 

self, but to the entire receiving system in- 

cluding antenna and fecdline. 

FEED- m 
LINE RCVR 

fig. 1 .  The iso-tee and mating 
FKM SIGNAL 

GENERATOR coaxial adapters. 

measurements 
The basic piece of test gear required is 

a controlled signal source. A calibrated 

signal generator i s  ideal; however, most of 

i t s  don't have one. Since we are primarily 
interested in changes of sensitity, rather 

than the actual measuretnent of it to a 

hundredth microvolt, simple equipment can 

be used with great success. You'll re-quire 

a well-shielded signal source, preferably 

crystal controlled, and a step attenuator. 

Both are within the pocketbook range of 

most hatns, supplemented by home-brewing. 

Also required is an "iso-tee." This is 

simply a coaxial tee adapter, such as the 

M-358, with the center pin of the male 

termination removed (fig. 1). The female 

terminations are connected to the receiver 
and the antenna feedline. The output of 

the signal source i s  connected through the 
step attenuator to the male termination of 
the tee. The tee provides very loose cou- 

pling of the signal source to the receiving 

system. 

receiver degradation 
To measure the receiver degradation 

produced by the transmitter, connect an 

ac voltmeter across the receiver speaker 
terminals (see fig. 2). Open the receiver 

squelcb and increase the output of the sig- 
nal source until the receiver output de- 

creases by 20 dB, just as when making a 

standard 20-dB quieting sensitivity check. 

It wil l probably require several hundred 

microvolts of rf output from the attenuator 

to produce this quieting, as the isolation 

of the tee fitting i s  substantial. 

The next step is to key the transmitter 
and repeat the measurement. Ideally, it 
should take the same amount of signal to 

quiet the receiver with the transmitter on 
as with it off. More likely, it will require 
considerably more signal. If, for instance, 
you must inject 30 dB more signal to pro- 
duce 20 dB quieting with the transmitter 
on, the transmitter i s  degrading the re- 
ceiver sensitivity by 30 dB! Now the ques- 
tlon is, what to do about i t? 

the cure 
If the transmitter and receiver are lo- 

cated at the same site, the first step i s  to 

shield the two units. This includes filtering 

all power, control and audio leads enter- 

ing or leaving the shielded enclosure. 

Shield kits for this purpose are available 
from the manufacturers, or ~ O L I  can brew 

your own. The effectiveness of the shield- 

ing can be tested by the same technique 

previously outlined. To test the transmitter 

shielding, replace the transmitter antenna 

with a dummy load and make the quiet- 

ing measurement. To test the receiver 
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shielding, replace the receiving antenna 
with a dummy load and perform the 
measurements. 

If the shielding is effective, no degrada- 
tion will be apparent during either test. Of 
course, this presumes no radiation from 
the dummy load, so forget that light bulb 
nonsense. Once the units are properly 
shielded, reconnect the antennas and 
check for degradation. If i t  i s  still severe or 
objectionable, the next step i s  antenna 
spacing. 

The transmit and receive antennas 
should be as far apart as possible. If they 
are mounted on the same tower, they 
should be at least 100 or more feet apart. 
Unfortunately, few hams can realize the 
benefits of 200-foot towers or separate 
transmitter and receiver sites, so a more 
practical solution i s  the use of tuned 
cavities. 

tuned cavities 
A tuned cavity i s  essentially a very high- 

Q tuned circuit. A cavity placed in the re- 
ceiver feedline and tuned to the receiver 
frequency will pass signals on the receive 
frequency, while rejecting all other fre- 
quencies. A cavity placed in the transmit- 
ter feedline and tuned to the transmitter 
frequency will pass the transmitter signal, 
whiie rejecting noise on the receiver fre- 
quency. 

The criteria for selecting a cavity, either 
commercial or homebrew, are physical 
size and power rating. As a rule of thumb, 
the bigger they are, the better. Many com- 
mercial units are available with a choice 
of coupling loops, thus providing a selec- 
tion of different amounts of selectivity. 
There is a tradeoff involved here as the 
higher the selectivity, the greater the in- 
sertion loss and the lower the power rating. 

cavity location 
To determine the appropriate location 

for the cavity, watch the limiter current as 
the transmitter is keyed. An increase in- 
dicates degradation due to transmitter 
noise, and the cavity should he placed in 
the transmitter feedline. A decrease indi- 
cates desensitization due to rectification, 

RECEIVER 

AC VOLTMETER 8 
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I 
EFFECTIVE SENSITIVITY - Eo 

' A  XMTR "ON' 
OEGRAcdTION W E  TO TRANSMITTER 148) - 20 LOG 
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fig. 2. Test equipment setup for measur- 
ing receiving system degradation. 

and the cavity should be placed in the re- 
ceiver feedline. 

If the transmitter noise is the culprit and 
a separate exciter and final are used, try 
placing the cavity between the exciter and 
the final. Since most of the transmitter 
noise is  generated in multiplication stages, 
a cavity at the output of the exciter will 
reduce the noise output of the amplifier. 
An added benefit of this location is  the 
fact that, since you are dealing with a 
low-level signal, you can use a cavity with 
a higher selectivity (remember the trade- 
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off) thus improving the noise reduction. Al- 

so, due to the reserve gain of the final 

amplifier, insertion at this point wil l result 
in less loss of radiated power than i f  the 
same filter were placed after the final. 

After the first cavity is installed, a no- 
ticeable improvement should be observed. 
If some degradation still exists, it may be 
necessary to resort to additional cavities. 
Complete elimination of the problem may 

require several cavities in both the trans- 

mitter and receiver feedlines. 

insertion loss 
Many hams will object to the use of 

cavities because of their insertion loss. 
However, from a system viewpoint, they 

are the least of several ills. A repeater i s  
useful only to stations who can both hear 

and be heard by it. If your repeater can 
be heard across the state, but it can only 

hear across town, then the repeater's ef- 

fective range is just across town. Stations 

outside the talk-in range can't use the re- 

peater and so are probably not very in- 

terested in hearing it. As far as they are 

concerned, it just ties up the frequency. 

If you install a cavity or two on the 
transmitter, you may reduce your talk-out 

range to halfway across the state, but you 
may have reduced receiver desensitization 
to the point where you can hear halfway 

across the state. Thus, you've increased 

your effective range to halfway across the 
state, insertion loss and all. 

Similarly, in the case of the receiver, 

what really counts IS not just receiver sen- 

sitivity, but effective sensitivity when the 

transmitter is keyed. If adding cavities to 
the receiver feedline reduces the degrada- 

tion produced by the transmitter, then you 

are improving performance and increasing 

operational range even at the expense of 

additional insertion losses. 

receiver sensitivity 
An interesting point regarding receivers 

arises at this point. If a receiver is ca- 
pable of hearing external noise from the 

antenna, this noise is  the limiting factor 

in weak signal detection. Low noise pre- 

amps and high gain antennas won't help 

matters, and they may produce additional 

problems. With an a-m receiver, the sim- 

plest test for sensitivity i s  to replace the 
antenna with a dummy load and see if 
the noise output of the speaker decreases. 

If i t  does, the receiver i s  hearing external 
noise. This test won't work with fm re- 
ceivers; and if it does, you'd better start 

replacing tubes. 

An equivalent test for fm receivers can 

be made by watching limiter current, but 

a much more accurate method is to per- 
form the same test as used for measuring 
degradation due to transmitter noise. 

First, make the quieting check with a 

dummy load on the receiver. Then replace 
the normal antenna, and again check the 
quieting level. The difference in levels re- 
quired to produce 20 dB of quieting i s  the 
amount of external degradation. 

If the receiver sensitivity is being de- 

graded by, say, 8 dB of antenna noise, 

then up to 8 dB of additional loss, either 

in the form of cavity insertion loss or at- 

tenuators, can be inserted in the feedline 

without affecting the effective sensitivity 

by more than 2 or 3 dB. The attenuator, by 

the way, will provide some improvemenl 

in desensing characteristics and considerable 

improvement in intermodulation protection. 

If the receiver i s  not being degraded at 
all by antenna noise, then the limiting 
factor is the receiver front-end noise, and 
you may want to add a low-noise pre- 
amp or switch to a higher-gain antenna. 

If you decide on a preamp, be careful. 
Many preamps, especially those using bi- 

polar transistors, are extremely susceptible 

to desensing problems. The same unit that 

works wonders in a mobile or base sta- 

tion may prove disastrous in a repeater. 

in conclusion 
The steps toward elimination of receiv- 

ing system degradation in repeater ap- 
plications are transmitter and receiver 
shielding, spacing between antennas and 

the proper use of tuned cavities. With 

enough cavities, it's even practical to use 

the same antenna simultaneously for 
transmitting and receiving. 

ham radio 



mini 
rtty 

converter 

= With the present trend toward compactness 
and space saving equipment, this con- 

3 
verler should appeal to most RTTY fans. 

The circuit (fig. 1) is  not new except for Presenting - the IC and has appeared in other RTTY 
publications. The unit i s  self-contained 

an adaptation < even to the power supply, and i s  housed 
in a 6xS3/rx2'/z-inch box, which in this case - 

of a standard circuit u" was custom made. 
d 

using an I C C O ~ . . ~ .  1 ~ ~ ~ 8 .  
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Printed circuit boards were used, and cuit. Any well-filtered, regulated circuit 

careful placement of parts i s  necessary to capable of handling the current can be 

get all the components in  the small pack- used. 
age. A vertical printed circuit board was The integrated circuit and Q2 share a 
used for the IC circuit and its associated common heat sink. It is very important 
parts. that heat sinks are used for long life and 

+ I2 VDC 

P - - 

All010 INRlT 
FRdM c9 

41 

0 

m KUER 
MA- 

1 
OUTPUT FOR 
TUNING M 
CIRCUIT OR 
SCOPE 

fig. 1. Schematic of the integrated-circuit RTTY converter. Transistor 0 1  is a Motorola MPS6515; a 2  is a 
Motorola MJ3202 or RCA 40264. Transformer T I  is a l0k-to-2k interstage such as the Stancor TA35, Thordarson 
TR7 or Argonne AR-109. All electrolytic capacitors are rated at 15 Vdc. 

Careful tuning of the toroids is impor- 
tant and can be accomplished in the 

usual manner, using a vtvm and an au- 

dio oscillator of known accuracy. The 

space filter is tuned to 2975 Hz and takes 

approximately 0.33 pF; the mark filter i s  

tuned to 2125 Hz and takes approximate- 

ly 0.068 F F .  
A regulated power supply i s  built into 

the unit, although not shown in the cir- 

trouble-free operation. This unit has been 

used for some time with great success. It 
wil l give lots of trouble-free service. 

The receiver input is matched to 10k as 

the impedance of the transformer I used 

was from 10k to 3.2 ohms, but in several 
cases the converter has been used without a 
transformer. 

ham radio 
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Takeagoodfirst look 
at the new HQ-200 general 
coverage receiver. 

At i t s  price, you  won' t  need a second look. 

Continuously tunable Cal ibrated e lec t r ica l  Q Multiplier operates in- 
f rom 540 kHz to 30 bands~read for all ama- dependently of the BFO 
MHz in five ranges. teur frequencies from fo r  b e t t e r c o n t r o l  o f  

\ 80 through 10 meters. SSB and CW reception. 

\ I 
"S 'meter  reads 1 to 9 i n  

I \ Series type noise limiter \ All new product detec- 
approximately 6 db steps; with minimum effect on tor with variable BFO 
above S-9 to 60 db. modulation. \ from 0 to t 2 kHz. I 

Antenna compensator AVC operates on both 
control for loading ef- RF and IF stages for 
fects of balanced and smooth action. \ Audio output 2.5 watts 

at E.I.A. Standard 5% 
distortion. 

unbalanced antennas. \ 
Sensitivity better than 
0.5 pv on CW and SSB; 
better than 1.0 pv on 
AM. 10 to 1 signal-to- 
noise ratio. 

1 I 
Zener regu la ted  and  Continuously variable 
temperature compen- selectivity from 12 kHz 
sated high frequency (AM), to 2.9 kHz (SSB) 
oscillator. and 100 Hz (CW). 

Write lor the HQ.200 catalog sheet and a CQ magazine revlew of the 
outstandln~ HQ.215 Sol~d State Comrnun~catrons Recerver. 

HRmmRRLUND 
Manufacturing Company Incorporated @ A subsrd~ary of Electronrc Assistance Corporat~on 

Fsrab1,shrd 1'910 73-88 Hammarlund Drtve. Mars HIII, North Caroltna 28754 

42 may 1969 



a homebrew 

keyer paddle 

I 
If you p 

love craftsmanship, $ - 
h 
L 

here's a project 5- 
E 
E to challenge your ability 
m 

d and patience .; 
C3 

This paddle is a sort of dare item. I was 
aching for a paddle to go with my newly 
made "TO" keyer, which I built about five 
years ago. So I modified my bug to a three- 
terminal job and began practicing on the 
keyer. It was rough going, because the old 
bug was just that-old. I acquired it second- 
hand from a commercial operator about 
1927 or thereabouts. It wasn't new even 
then. I certainly can't complain about its ser- 
vice, but after about 40 years it was getting 
pretty sloppy, especially where no compen- 
sation cot~ ld be made for wear and tear. 

I'cl visited some hams who used different 
types of paddles. This gave me an oppor- 
tunity to try the different types. Well, you 
have to pay for what you get. If the price 
was reasonable, the thing either didn't feel 
right or just didn't look right. If it had the 
good qualities, then the price was out of 
range. So the idea of a homebrew design 
came into heing. 

the mount 
The three-point rocker mount used by 

WaFYO sremed to be the best choice, be- 
cause no sloppy bearings could develop, and 
any mechanical wear that did develop would 
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fig. 1. The assembled paddle. 

be automatically taken up. It's not a copy of 

the W8FYO paddle, but I do wish to thank 

Joe for the idea of the three-point mounting. 
Money aside for the moment, the main 

reason for the homebrew was the fun of 

making something with ordinary hand tools. 
If this design worked as anticipated, I would 
have a unique paddle. 

performance 
When completed it worked beautifully-l 

could do about 40 words per minute without 

undue strain, something that I couldn't do 
with the old bug for very long. But the sur- 

prise bonus was that it looked pretty good 

too. I took it to the office and showed it to 

some of my colleagues, nonham engineers. 

Their reaction was real joy to me. They of- 

fered lots of suggestions as to what I should 
do with it. The most common one was 

to write an article for ham radio magazine, 
so here it is. You can either make ~t as is, or 

modify it as you wish. It may even generate 
a bug of an idea for a design of your own. 

construction 
This paddle was made from scraps avail- 

able in my workshop. The base is two pieces 
of quarter-inch Lucite cemented together 

with epoxy. The Lucite used to be one of 

those sheets that people put on their desks 
with notes, charts, and pictures of the family 
looking up from underneath. It was thrown 

out because ~t was rough and sc~atched so 

44 Q may 1969 



NO. 2s ORILL 
TAP 8-32 
0 W L E S  - I 

NO. 3CI ORILL \ 
TAP 8-32 
181 MOLES \ 

pi A 1 \.It0 THK ALUMINW 

k-l;YP-] @ 

fig. 2. Main support A. 

badly it lost its usefulness-except to me. 
However, almost any insulating material can 
be used such as hard rubber or bakel~tc. 

I could have made a lead base to keep the 
paddle from sliding around. I decided not 

to, though, because heavy as my old bug 

was, I still had to screw it down to the desk 
top. So I settled for an insulating material 
that didn't complicate the design by having 

to insulate the contact posts and binding 
posts. One screw holds it to the desk, no 
matter how heavy handed you might be. 

Does the paddle (fig. 1) look like a big 

undertaking? Actually it should be easier for 

you than for me, because I made the piece 

parts first, depending only on an image of 

what I wanted. The drawings were made 

after I decided to write it as a construction 
article. And believe me, it took much less 

time to build the paddle than to produce 
the drawings. 

Except for one area, there's nothing criti- 
cal despite the formidable fractional dimen- 

sions which are in inches. They're for the 
purists. Reasonable errors can be tolerated, 

because the final adjustments will compen- 

sate for any small misalignments. 

the rocker panel 
The critical area that requires care is mark- 

ing the rocker panel to match the three 
points of the main support (fig. 2) against 

which the rocker panel and paddle assembly 

w ~ l l  be held by the tension spring. Precision 

measurements can be avoided by using the 

main support points as a template. But care 

is required. (That's the way I did it.) 

After the three points have been made on 

the main support (A) and filed flush, care- 
fully place the main support over the rocker 
panel (6) and align it so that the upper in- 

verted-\/ section is matched flush. With the 

main support resting lightly on the rocker 

panel, gently tap the top screw to make a 

mark on the rocker panel. With the top pin 

THK 

fig. 3. Rocker panel B. 

I 

I T L,,, I 

ANBLE SHOWN 0 
fig. 4. Paddle arm C. The wire spring feeds through 
the hole drilled on a I S 0  angle. 



snugly in the mark, recheck the alignment, 
then tap one of the other screws. With the 
two screws snugly in place, tap the third 
screw. 

the pressure points 
Now that the three points have been lo- 

cated, they can be enlarged with a center 
punch. A depth of 1/32 inch is sufficient. 
To get the feel of how much of a wallop 
you'll have to apply to the center punch, try 
practicing on scrap aluminum. 

Now that the pressure point seats have 
been made, a word of caution: these seats 
match the points on the main support. 
Don't change the screws on the main frame. 
If you have any reason to turn them after 
marking the rocker, chances are you won't 
be able to re-align the pointed screws to 
match the seat exactly. So be sure that the 
pointed screws are set and tightened, then 
leave them alone. 

NO. 29 DRILL 
TAP 9-32 
,625 DEEP 

fig. 5. Terminal contact post D (two required). 

I-"" 1 

0 
fig. 6. Paddle E (two required). 

If you've been wondering why the assem- 
bly drawing looks a little different from the 
photograph, it's because I built two paddles. 
The only difference is that for the first I used 
a heavy chunk of aluminum for the main 
support, and for the second I used a piece of 

fig. 7. Silver contact G (two required) and contact 
screw L. Sufficient scrap should be  left after making 
the silver contacts to make a silver contact for the 
contact screw. Cut a piece to size, solder to the end 
of the screw, and trim to sire with a fine file. 

BER RV67 ' '%Sfi 
FILE kLIsl4 " 
AFTER ORINDW PCiNT, 
RWND sLmnnY7 

. \  SCREW I I 
fSTEEL) 

ROCKER MNEL 

fig. 8. Support point H (three required). 

fig. 9. Retain- 
er screw J 
(two required). 
After the rock- 
er panel sub- 
assembly is in 
place, insert 
the retainer 
screws and L a - 3 ~  ,314 w n  acncw 
lock with nut, 
permitting just 
enough gap to allow freedom of peddle motion. 
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bent, 1/8-inch stock. I made a photo of the 
first one and drawings of the second. 

Fig. 1 shows knurled instrument-type 

screws and lock nuts. This was wishful think- 

ing on my part. Actually, only ordinary 

round-head screws were used as can be 
seen in the picture. If you wish to use fancy 

screws, be sure that the tap matches the 

screw threads. 

detail parts 
Now to pick up the odds and ends. A 2-56 

x ' 1 2  inch screw holds the silver contacts to 
the paddle arm. The screws that hold the 

bakelite paddle to the paddle arm are 4-40 

x ' 12  inch. The terminal screws, those that 

hold the main support to the base, and the 
screws that hold the contact posts are all 

8-32 x 718 inch. The screw that holds the 

paddle arm to the rocker panel is 6-32 x 318 

inch. Before final assembly, I polished each 

piece part, including screws, on a buffing 

wheel. If you'd like to silver plate the parts, 
a good article on this appears in ham radio, 
December, 1968, page 62. 

The second version of the paddle is pres- 
ently in use at W3NK. The first version 
(photograph) was given to K3SFT as a me- 
mento of his visit to my station. 

ham radio 

K l t 9  DRILL TO DEPTH 

rUDDLE ARM 

fig. 11. Tension spring M. The one I used is 3/8" diameter and 
about 1" long-from the junk box. Just about any small spring will 
work since final adjustment is made on the spring-support post me  DRILL TW 

11-32 TIPP .SO DEEP 

(fig. 12). 

0 

a 
fig. 10. Keyer base K. 

fig. 12. 

fig. 13. Base terminal wiring. 
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solid-state 

antenna switch 
for 

two meters 

I 
The subject of antenna switching without 

relays was discussed in fairly down-to- 

earth terms in a 1968 issue of ham radio.1 
Much i s  being done in this area on a 

more sophisticated level, however, which 

should be of interest to amateurs. I refer 
5; to the "mystery" band above two meters. 
0 

This is known as the business radio ser- 
Adapted from 

a; 

vice (BRS) band and occupies 150 to 174 

-- - MHz. Design engineers have been produc- - 
a commercial design, ing for this service some interesting circuits 

$ that are adaptable to amateur use, especially 

srnce the BRS frequencies are so close to 
this rf-activated switch E tw,~me,er band, 

c 
Many manufacturers are now turning 

has many features Q out fixed-frequency versions of their two- 

s meter lines for use in the BRS band, which 

that will appeal until recently has been an fm band. While 
single sideband has been 'designated for 

-& marine radio, the BRS equipment de- 
f0 vhf enthusiasts signers are just beginning to use a-m. AII 

u this has spurred new interest in equipment .- . . 
des~gn, because a-m versus fm is a con- 

troversial subject in these communications 

circles, especially from a perforrnance and 

reliability standpoint. 

Let's take a look at a solid-state rf- 
activated antenna switch designed by Mr. 

K. W. Angel, applications englneer for 
RCA at Meadow Lands, Pennsylvania. 
This switch has several features that wil l 
appeal to amateurs: low insertion loss, 
fast response, reliability and low-cost 
components. 
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The switch exhibits about 0.2 dB loss 

during transmission and provides about 

25 dB isolation of the receiver. As re- 
ported by Mr.  Angel,"'Receiver sensitivity 
IS not measurably degraded by resistive 
losses within t h e . .  . diode." Furthermore, 
the simple device (see fig. 4 for the cir- 

cuit RCA finally adopted) has had an 

"excellent record of service in the field. 

Severe customer acceptance testing has 

not produced a failure." 

foolproof, fail-safe 
At  a Canadian IEEE annual meeting on 

vehicular communications an RCA repre- 
sentative stated, "Coupled with simplicity, 

CI  L2 
TO 

RECEIVER 

01 
U 

fig. 1. Essential elements of the rf-activated anten- 
na switch. C1 and L1 are parallel resonant at the 
receiving frequency. 

the circuit 
The basic elements of the rf-activated 

antenna switch are shown in  fig. 1. As 
the transmitter is turned off, rf signals 
from the antenna are applied to  the re- 
ceiver through the p i  filter consisting of 

L2, C2, and C3. C1 and L1 are parallel 
resonant at the receiving frequency. As the 

transmitter is activated, the first rf-voltage 

cycle exceeds the diodes' breakdown volt- 

ages. This forces D l  to conduct, which 

shorts C1 and L1; then D2 shorts C3. What 

happens is shown in  the equivalent cir- 
cuit, fig. 2. Rf output is switched to  the 

antenna, and the voltage divider, L2 and 
R2, isolates the receiver. C2 and L2 are 
selected to  resonate near the transmitting 
frequency to  avoid what the designer re- 

fers to as "reactive transmitter loading." 

Damage to  the receiver's first rf-ampli- 

fier transistor could occur if the circuit 

were left as it now stands. The reason is 
that the t ime duration, before D2 breaks 

down after D l  starts to conduct, could be 

significant. To circumvent this, further iso- 

T R H I T T E R  "-- 
RECEIVER 

A ~ L A  

we have developed (switching) circuitry 

that is foolproof and fail-safe." It was 
further pointed out that no adjustment5 fig. 2. HOW the circuit appears when the transmitter 

has been activated. Nota that C1, C3, D l ,  D2 and L1 
are possible that damage the re- have been effectively shorted out of the circuit. R1 

ceiver, certainly ,a feature most two-meter 

men can readily appreciate. 

Gas discharge tubes have not been used 

in  the past for one basic reason: poor 
reliability. On ly  wi th the advent o f  ac- 
celerated semiconductor technology has 

an acceptable design been possible. 
RCA's design considerations included 

simplicity, convenience and low-power 
consumption-similar to  conventional t-r 

switches. Only three external terminal5 

would be needed: antenna, transmitter 

and receiver coaxial inputs (50-ohm lines). 

The switch could then be used wi th  near- 

ly all existing transceivers. 

and R2 (R2 as a voltage divider with L2) isolate the 
receiver from what's happening. 

lation o f  the receiver is recommended. 
The designer added a second filter sec- 
t ion between D2 and the receiver (see 
fig. 3). D3 is a low-power switching diode 

that isolates the receiver just before D2 
conducts. Interestingly, i t  was found that 

D3 turned on when it shouldn't have. The 

problem was resolved by placing the re- 
ceiver at some multiple of one-half wave- 
length from the diode. I n  this manner, un- 

desired signals rejected by the receiver's 



fig. 3. A second filter 
section has been added - ~ 

to prevent possible re- 
Cl 

To 11 A. 

12 L 3  ro 
ceiver damage caused mWsY1rrER 

MCEI VER 

by time lag between 
Dl 
U 

breakdown of Dl end 
D2. 03 doubles effective- 
ness of low-paso filter. WTENNA FILTER 

low impedance selectivity characteristics a larger-stud package was put into the 
are not sufficient to cause D3 to conduct. rcuit. Power was increased from 90 

through 350 watts (output). After operat- 
operation and tests 

Fig. 4 represents the final circuit. Vari- 
ous varactors, p-n junction diodes or oth- 

er switching types could be used with dif- 

ferent forward and reverse biasing tech- ~ A N S H I T T E R  

niques. In operation, the circuit acts as a 

continuation of a low-pass filter inserted es 

between receiver and antenna. On trans- TO TO 
ANTENNA RECEIVER 

mit, inductance L2 approaches parallel 
resonance with C2 and a second capaci- i g  tance value on the transmit side of D l .  
This effectively reduces C2's value, result- 
ing in an increase in the low-pass f~lter's 

high-end cutoff frequency. In tuneup, C2 is 
adjusted for minimum receiver-frequency 

feedthrough. 
Several tests were performed that are 

well worth examining. To ensure that the 

circuit could withstand equipment faults, 

for example, conditions of open or short- 

circuited antenna were simulated. ~ c c o r d -  

ing to the designer, the most severe fault 
condition was run at 75" C ambient on a 
continuous basis for over 72 hours with 

no apparent change in diode performance 
characteristics. 

From a two-meter enthusiast's view- 

point (especially mine, with my limited 

pocketbook), the next test was even more 
significant. A life test conducted at 60°C 

revealed that small and inexpensive glass- 

package diodes are fully capable of con- 
tinuous operation through 174 MHz with 
output powers to 80 watts. At 80 watts, 
according to the designer, "The level of 

power was sufficient to darken the paint 
on the diode package." But no operation- 

al deterioration could be detected. Later, 

fig. 4. Final vhf antenna switch now being used ex- 
tensively by communications equipment manufactur- 
ers. C1 is tuned for minimum feedthrough of the 
receiver frequency; it is a preset adjustment (con- 
ventional 5-25 pF trimmer) that almost never requires 
retuning. 

ing for two days at the 350-watt level, no 
deterioration was measured. 

Incidentally, for those of you scrambling 
for the soldering gun and junkbox Mr. 
Angel's version as adopted for use in this 
years line of solid-state vhf communica- 

tions equipment measures a scant 1-inch 
high by I- inch wide by 2'14-inches deep. 
And that includes the physical dimensions 
of the three coaxial connectors! 

references 
1. Robert M. Brown, KZZSQ, "Vhf Antenna Switch- 
ing without Relays," ham radio, September, 1968, 
p. 77. 
2. "1966 IEEE Transact~ons on Vehicular Communi- 
cations," Institute of Electrical and Electronics Engi- 
neers, April, 1966. 
3. K. W. Angel, "An R f  Activated Antenna Switch," 
Communrcations Market~ng, August, 1966. 
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Conservatively rated at 500 watts PEP on all bands SPECIFICATIONS: Maximum input: 500 W PEP 
80  through 10 the FT dx 400 combines high SSB. 440 W CW, 125 W AM. Sensitivity: 0.5 uv, 
power with the hottest receiving section of any S/N 20 db. Selectivity: 2.3 KHz (6 db down), 3.7 
transceiver available today. In a few short months KHz (55 db down). Carrier suppression: more than 
the Yaesu FT dx 400 has become the pace setter 40 db down. Sideband suppression: more than 50 
in the amateur field. db down at 1 KHz. Freauencv ranee: 3.5 to 4. 7 

to 7.5, 14 t o  14.5, 2 1  t'o 21:5, 2 g  to 30 (mega- 
FEATURES: Built-in power supply Built-in VOX hertz). Frequency stability: Less than 100 Hz drift 

Built-in dual calibrators (25and 100 KHz) Built-in in any 30 after warm up. 
Clarifier (off-set tuning) All crvstals furnished 80  
through the complete-'10 met& band Provision 
for 4 crystal-controlled channels within the ama- 
teur bands Provision for 3 additional receive 
bands Break-in CW with sidetone Automatic 
dual acting noise limiter and a sharp 2.3 KHz 
Crystal lattice filter with an optimum SSB shape 
factor of 1.66 to 1. 

Design features include double conversion system 
for both transmit and receive functions resulting 
in, drift free operation, high sensitivity and image 
rejection Switch selected metering The FT dx 400 
utilizes 18 tubes and 42 silicon semi-conductors in 
hybrid circuits designed to optimize the natural 
advantages of both tubes and transistors Plane- 
tary gear tuning dial cover 500 KHz in 1 KHz 
increments Glass-epoxy circuit boards Final 
amplifier uses the popular 6KD6 tubes. 

This imported desk top transceiver is beautifully 
styled with non-specular chrome front panel, back 
lighted dials, and heavy steel cabinet finished in 
functional blue-gray. The low cost, matching 
SP-400 Speaker is all that is needed to complete 
that orofessional station look. 

CLARIFIER CONTROL-Does the work 
of an external VFO - allows operator 
to vary receive frequency lOKHZ from 
transmit frequency, or may be used as 
an extra VFO combining transmit and 
receive functions. 

SELECT CONTROL - Offers option of 
internal or outboard VFO and crystal 
positions for convenient preset channel 
operation. 

FUNCTION CONTROL-Selects crystal 
calibrat~on marker frequency and de- 
sired transmit mode of operation. 
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integrated circuit 

noise blanker 

As long as we have radio receivers, noise in 
one form or another will probably always be 
with us. This unwelcome but necessary evil 
depends on atmospheric and ionospheric 
conditions, station location and the frequency 
covered by the receiver. In general, receiver 
noise is of two types: (A) short duration, 
high-impulse amplitude, and low repetition 
rate, or (B) long duration, moderate impulse 
amplitude, and high repetition rate. Ex- 
amples of type A are ignition and click-type 
noise; atmospherics are typical of type 0. 

Atmospheric noise is by far the most diffi- 
cult to overcome, because its characteristics 
are similar to those of the desired signal. 
Special signal processing circuits that dis- 
tinguish between this type of noise and the 
desired signal can be designed, but they 
are complex and generally involve a process 
that compares the received signal with an 
"expected model" of the desired signal. Such 
a process is generally only possible with a 
digital type of transmitted signal. 

There is really no need to compromise 
your operating by living with the racket and 
clatter caused by impulse noise, especially 
with all the teihnology available today using 
solid-state circuits that can be put together 
by the average amateur using low-cost de- 
vices. The following paragraphs describe a 
really effective noise blanker using IC's. All 
you need do is follow my suggestions with 
regard to layout and lead dress, and you can 

build a noise silencer that wil l provide many 
hours of operating pleasure. It could mean 
the difference between working that rare 
station and not hearing him at all. 

noise suppression circuits 
Many circuits have been developed to sup- 

press the effects of high-impulse, low- 
repetition rate noise. Such circuits fall into 

fig. 1. Basic stages of the Lamb noise blankar. 

TO FOLLOWIN( 

MIXER 
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DC CONTROL A ATAGE 
RECTIFIER 

either of two categories-the first type limits 
the absolute value of a received signal, thus 
ensuring that the noise impulses don't ex- 
ceed the level of the desired signal and hence 
aren't unduly irritating. This allows the re- 
ceiving operator to perform a type of filtering 
wherein he distinguishes between the noise 
signal and the real information signal. The 
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second type makes the receiver instantane- 
ously inoperative during a noise impulse, 
so that the operator never hears the noise 
impulse and has only to integrate mentally 

the portions of the received signal conducted 

before and after the presence of the noise 
impulse. 

a built-in example 
This integrating process may sound rather 

complex, but act~rally it isn't. The simplest 
example occurs in everyday speech. Under 

fig. 2. Internal circuit of the Fair- 
child pL914 dual two-input gate inte- 
grated circuit used in the noise 
blanker. 

r Vcc 

Pa 

somewhat noisy conditions, we may not dis- 

t~nguish every word a person says, but be- 
cause we understand the language and 

generally the subject matter, we fill in men- 
tally any missing portions. In fact, studies 

show that, for the expression of simple ideas, 
30 or 40 percent of the actual expression of 

these ideas can be absent, and a person 
familiar with the language and background of 
the speaker will receive clear communication. 

Circuits that make the receiver inoperative 
during a noise 1mpul3e are called noisc 

silencers or blankers. One of the classic 
methods of accomplishing this action wat, 

developed by Lamb. The basic circuit (fig. 1) 
i s  referred to as a Lamb-type noise blanker 

or silencer. 

blanker circuit operation 
Fig. 1 shows that the signal at the output 

of the f~rst mixer of the receiver to which 
the noise silencer is added is i r ~  two parts. 

The main portion flows, as usual, directly 

into the first i-f amplifier. However, a small 

portion of the signal flows into a so-called 

noise amplifier. This amplifier doesn't really 

tlrstinguish between the desired signal and 

noise, but amplifies both noise and signal 
~ n ~ l c h  the same as the usual i-f amplifier. 

The output of the noise amplifier is recti- 

fied, and the resultant dc control voltage 
regulates the action of a cutoff device or 

crrcuit that makes the normal i-f amplifier 
inoperative. The rectifier threshold control is 

set so only signals of a definite amplitude 

from the noise amplifier wil l activate the cut- 

off circuit. Thus, the circuit can be set (by 

[he threshold and noise amplifier gain con- 

trols) so that noise from the first mixer ex- 
ceeding a given value will activate the cutoff 

dcvice and control the first i-f stage output. 

The basic idea of producing an instanta- 
neous interruption in the signal output, when 
a noise impulse is present, can be applied to 

any stage in a receiver right up to the audio 

output stage. However, it has value only 

when applied as early as possible to the 

receiver signal-processing chain. This is be- 
cause every tuned circuit a noise impulse 

encounters, as it passes through the receiver, 

tends to elongate the noise impulse due to 

the Q, or ringing, effect of the tuned circuits. 

The exact elongation a noise impulse receives 

clepends on the receiver characteristics. 

However, it's not impossible for a noise im- 

pulse with a real-t~me duration of micro- 

seconds to be apparent as a milisecond im- 

pulse by the time it reaches the audio output 

5tages. 

D~sabling the receiver for the duration of 

a microsecond pulse will never be noticed, 

but disabling it for many milliseconds lnay 
produce a noticeable decrease in received 
signal intelligibility. The high Q of the I-f 

c~rcults also accounts for the fact that many 

conventional noise limiters produce no real 

benefit for ssb or cw reception. 

By the time a sharp noise impulse reaches 

the detector, so much c~rcuit  ringing and 
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fig. 3. Schematic of the integrated-circuit noise blanker. All IC's are Fairchild pL914's or equivalent. 

impulse elongation have occurred that se- 
vere signal distortion i s  present, which no 
limiter can change. So, with modern receiv- 
ers, some variation of the Lamb circuit offers 
the only practical solution to eliminate the 
effects of impulse noise. 

the ic lamb unit 
The integrated-circuit version of the Lamb 

silencer uses three inexpensive Fairchild 

pL914 units. Fig. 2 shows the circuit of each 

pL914 unit, w h ~ c h  contains four transistor 

functions. 

The tube-type Lamb unit used a loosely 
coupled i-f transformer at the input to the 

noise amplifier to gain some degree of 
signallnoise discrimination and a diode 
switch or donble-grid tube such as a 6BE6 
either to act upon or replace the first i-f stage 

to achieve cutoff. The IC uses a slightly differ- 

ent approach, although the over-all operation 

is the same as the tube unit. 

Fig. 3 shows the wiring of the IC. The 

first pL914 on the left is a common em~tter 

amplifier. It provides a degree of noise dis- 

crimination due to the time constants in the 
coupling circuits. The second IC is a Schmidt 
trigger. This is the main area in which the IC 

circuit differs from the tube circuit. The out- 
put of the trigger goes positive when the 
input voltage exceeds a certain value. Then 

the trigger switches to zero output when its 

input voltage falls below another set value. 

The input voltage required to make the 

trigger switch is adjusted by a triggering 

level control, which i s  the equivalerlt of the 

threshold control in the u s ~ ~ a l  Lamb circuit. 

The level control is also used to control 
simultaneously the gain of the noise ampli- 

fier. 
The last pL914 unit is a simple diode switch. 

Positive pulse5 from the Schmidt trigger 
cause the switch to disable the i-f signal path. 
The fact that no rectification takes place, as 

in the usual Lamb circuit, means that switch- 
ing is extremely fast, and no compromise is 

necessary between rectifier output filtering 

and n short time constant. 
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construction and adjustment 
It's almost impossible to describe a unit 

that wil l universally fit any receiver. There- 
fore, the IC unit should be breadboarded 
before installation. The unit shown will work 
nicely with many receivers, but others may 
require that the signal from the detector 
stage be further amplified. This can be done 
by connecting another IC amplifier clrcult 
s~milar to the first fiL914 shown in fig. 3 in 
series with the first amplifier. 

Also, an i-f transformer can be used be- 
tween the detector stage and noise amplifier 
to provide increased voltage gain. The circuit 
should be usable at i-f's to about 2 MHz. At 
higher frequencies some signal leakage 
through the last pL914 switch will be notice- 
able. Other dual-input gate IC's may be used 
in place of the pL914's if information on their 
biasing i s  available. 

Construction can be accomplished by 
grouping the circuit components on a piece 
of Vector board, which is then mounted by 
the detectorifirst-i-f stage. I recommend that 
the unit not be used externally, because the 
effect of long signal cables can easily degrade 
performance. Care should be taken that the 
leads to terminals 1 and 7 of the last pL914 
switch are well separated to prevent signal 
leakage. Also note that the pL914 switch 
breaks the dc line between the first i- f  trans- 
former and the base of the first i-f amplifier. 

If bias for the stage is fed through the 
secondary of the i-f transformer, it must bc 
rerouted to go after the coupling capacitor 
from terminal 7 of the last pL914. Connection 
of the unit wil l also generally require simple 
repeaking of the first i-f transformer primary 
and secondary. 

The triggering level control carries only 
dc and may be located wherever desired; 
i t  can be an external panel control, or i t  can 
be set and left alone if continuous noise 
silencer action i s  desired. 

For the reasons previously stated, the noise 
silencer should be placed well ahead of the 
receiver selective circuits. For receivers hav- 
ing broad selectivity, typical of some vhf 
types, the silencer may still prove reasonably 
effective if placed later in  the i-f strip, or 
possibly even in the audio clrcult. 
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RCA 
has all-new 
FCC 
commercial 
license 
training 
Get your license- 
or your money back! 
Now RCA lnstitutes Home Study Training has the 
FCC License preparation material you've been 
looking for-all-new, both the training you need, 
and the up-to-date methods you use at home-at 
your own speed-to train for the license you want! 

2 Convenient Payment Plans-You can pay for les- 
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the FCC License 
you're interested in-third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL T O  AMATEURS. This course is primarily 
for Commercial License qualifications. But i t  
does cover some of the technical material that 
will help you prepare for the new Advanced and 
Amateur Extra class tickets. Check out the intor- 
mation the coupon will bring you. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career- 
higher income-and your FCC License. 

( RCA INSTITUTES, I 
D e ~ t .  HR-59 

( 3 2 0 ~ e s t  31st Street, New York, N.Y. 10001 I 
Please rush me, without obligation, information on ' I your ell-new FCC Commercial License training. I 
Name 

I Address I 
I city S t a t e Z i  P- 1 
----m----- 



the integrated station 

A quick look 

at some of 

the design highlights 

of the new 

amateur transceiver 2 .- 
2 

Nearly all of us have had our curiosity 
aroused by a recent series of advertise- 
ments by a new name in the amateur 
field, Signallone in  St. Petersburg, Florida. 
While I was in the Sunshine State to at- 
tend the Tropical Hamboree in Miami I 
decided to take an extra day and see 
just what was going on on the other side 
of the state. 

I found Signallone in a small modern 
plant in  the shadow of their parent com- 
pany, the ECI Division of NCR. A quick 
tour of ECI disclosed approximately 2000 
people producing all types of military 
equipment from sophisticated satellite ter- 
minals to small man-pack sets for use in  
underdeveloped parts of the world. 

But the visit became really interesting 
when Don Fowler, W4YET, project engineer 
for the CX7 of Signallone and Dick Ehrhorn, 
W4ETO. the general manager, introduced 
me to their new integrated station. 

It i s  a transceiver, whether or not their 
ads are willing to accept the fact, but the 
title "integrated station" is also a very 
appropriate description. Not only do they 
offer an excellent transceiver, they have 
included in  the same box a 115/230-volt, 
60-Hz power supply, an extra vfo, an IC 
keyer, an rf clipper plus a noise blanker. 
The complete transceiver is solicl state with 

the exception of the final power-amplifier 
stage. 
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The standard unit covers all arnatP~lr 
Ilandq l~ct,vecn 1.8 ant1 20.7 ,\1H/. A 55 
crvstal ~ w r ~ n i t s  ol)('raIion In onr  1-hlHz srg- 

mtwt in anv ont, o i  thr I>.intl\ from _' to 3 .  

4 to 7, or 8 to 1 4  ,\!Hz; threcl \parr I,antl- 

switch positions arc inclucled for this pur- 

pose. As an rxtr'i fcat i~rr thr CS7 oiicr\ a 

four-r!igit frrquc.ncy counter \v~th N~xic" 

t u l ~ c  reatlout lliat givos you tuning ac- 

curacy clown to 100 Hz. 
You have your choice of I)roadl~anti or 

tunal~lc transmitter output at thr change 

of a switch; i f  your antenna has an swr 

below 7.5:1 i t  is ahsolutclv unncccssary to 

tune the transmitter in anv way-lhr rrcc.iv- 

er prcsclcctor neecis peaking, of courw-lust 

dial the frrquency at which you wish to op- 

erate, and start talking. The tranvnittcv fea- 

lures an RCA 8077 operating at a consrrva- 
live 300 watts PEP under stradv-stat(* conrli- 

tions. It is conduction cooled anti has marc 

than ample heat dissipation. The, alc circuitry 

offers both grid and screen protection as- 

suring the longest possible tuhe life. 

Probably the most interesting part of the 
CX7 is the receiver. The designers havr 

incorporated two extremely steep-sloped 

filters, with a combined I~andpass of 7.0 kHz 
at 6 dB down and 3.0 kHz at 60 dB clown. 

togetlicr with thc niitiest tic\\, passl,ancl 
tuning arrangcmrnt (Elec-tronic i-f shift*) 

that anyone has yet to come up with. 

Slgnal/One is also promising a11 outstand- 

ing C\1' filtt.r, ~LI I  i t  was not in the unit 

\\,Ilicli I IISCCI. 

Ry tuning the I,fo crystal oscillator 

(fig. 1) 110th \cconcl m i x u  injrction ant1 Ijfo 

injc*clion inlo the protluct clrlector arc 

' ;Jalrnl appltc~cl lor 

Don Fowler, W4YET, project engineer at 
Signal One. left, and Skip Tenney. 
WlNLB, right. with the engineering pro- 
totype of the Signal One integrated sta- 
tion. 

Compact but uncrowded layout of the CX7. 

variecl hy an equal amount. Thus, as you 

vary this tuning control, the sign.11 you are 
listening to remains unchanged but i t s  rc- 

lationship to the i-f passhand can be com- 

pletely altered. \With the very sharp filter 

skirts you can listen to a CW signal and 
drop an interfering signal in  and out al- 

most as though it was Iwing switched on 

ancf off. Even a 1000 microvolt signal from 

a signal generator was easily eliminated 
-~z~hethcr just above or just I>clow the de- 

\ired signal. Whcn listening to the 40-meter 

phone hancl I found no signal that coulrl 

not I lc comfortably copied through the 

European 1)roadcast QRhl that IS so preva- 
lent on the East Coast in thr lare after- 

noon. 
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fig. 1. Block diegram of the Signal/One CX7. 
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Not only does this rig offer outstanding 
selectivity, it scores very high in the versa- 
tility department too. It can be operated 
as a straight transceiver offering several 
kHz of offset tuning, or you may listen to 
two channels simultaneously and transmit 
on either channel at the push of a but- 
ton. Receiver preselector tuning is inde- 
pendent of the transmitter so split-fre- 
quency operation can literally be from 
one end of the band to the other; the 
broadband transmitter circuits completely 
eliminate any form of transmitter tuneup. 

In the block diagram you can see many 
of the interesting features. The diagram 
has been simplified to eliminate much of 
the special switching, but all of the basic 

I 

I 

functions are shown. Special functions such 
as vox have been left out for clarity al- L - -- 
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though they add much to the usefulness of 
the entire unit. 

This design has made extensive use of 

the latest devices. For instance, dual-gate 
mosfets are used in the front end, in most 
mixers and in the high-frequency i-f stages. 

IC's are incorporated into the audio out- 
put, the electronic keyer, the frequency 
counter, the low-frequency i-f strip and the 
final broadband mixer in the transmitter. 

Another interesting design innovation is 

the use of ground-plane circuit boards. 
This refers to the use of printed-circuit 

boards with copper foil on both sides. O n  
the side on which the components are 
mounted the foil is grounded and acts in  
much the same manner as a chassis in 
conventional construction. The foil on the 
other side of the board is used for circuit 

wiring in the normal manner. Signallone 
claims this offers much better stage isola- 
tion and stability. 

Although there is much more that is new 
in this unit and well worthy of comment, I 
have only tried to hit the high spots of 
this new design. There should be a number 
of complete technical reviews published as 
the CX-7 becomes more available. 

The final-amplifier tube is clamped to a block of 
Beryllium oxide that provides a thermal path to the 
heat sink as well as high-voltage insulation. The final 
tank circuit (Iaft) uses a low-Q tomid design. 

specifications 
general 
frequency 

coverage: 1.6 to 29.7 MHz transceive, 

vfo's: dual permeability-tuned oscil- 
lators, resetability to 100 Hz 

frequency built-in frequency counter with 
readout: digital readout to 100 Hz 

stability: less than 100 Hz in first half 
hour; less than 50 Hz in any 
hour thereafter at fixed am- 
bient 

CW keyar: built-in, 5 to 50 wpm 

power supply: built-in, 115/230 volts. 60 Hz 

sensitivity: better than 10 dB signal-plus- 
noise-to-noise ratio with .33 pV 

at 10 meters ()-kHz bandwidth) 

selectivity: 2 kHz at -6 dB, 3 kHz at 
4 0  dB provided by two cas- 
caded crystal filters; optional 
CW filter available 

image 
rejection: 60 dB 

i-f rejection: 80 dB 

agc: less than 6 dB audio output 
change for signal level from 
1 pV to 100 mV; selectable 
hang time 

i-f shift: variable up to 2 kHz above and 
below normal 

noise active blanker with adjustable 
blanker: threshold 

power: 300 watts PEP input, 150 watts 
minimum PEP output on all 
modes and bands 

carrier 
suppression: 60 dB 

unwanted 
sideband: 60 dB down 

distortion: third-order intermodulation 30 
dB below each of two equal 
tones at full-rated output 

tuning none for amateur bands whan 
controls: load swr does not exceed 

1.5:l 

power conduction-cooled 8072 cer- 
amplifier: amic-metal tetrode 

duty cycle: continuous at full-rated input, 
al l  modes 

speech rf envalope clipper built-in 
processing: 
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Swan gets you there F 

loud and clear. 
THE SWAN 5 0 0 C  THE SWAN cy7Md 

/ / 

5 BAND - 520 WATT TRANSCEIVER 
SSB-AM-CW HOME STATION - MOBILE - 
PORTABLE 
You're really operating 'First Class' with our 500C. 
I t  comblnes all the features you require to have 
a complete SSBAM-CW transceiver with perform- 
ance, quality, and re l~ab i l i ty  second to none. 
The P.E.P. input rating is conservatively rated at 
520 watts, but actually, with the pair of 6LQ6 blast 
rated tetrodes in the final amplifier stage, peak 
input exceeds 570 watts before flat-topplng. With 
this kind of power, S-9 signal reports from the far 
corners of the world are commonplace. Audio qual- 
i ty  of the 500C is definitely superior to most other 
transceivers on the market today. This is due to 
the high frequency crystal lattice f i l ter used in the 
500C that is made especially for us by C-F Net- 
works. This f i l ter provides excellent channel sepa- 
ration, combined with the smooth, natural voice 
qua l~ ty  for which the Swan 500C is so well known. 
Velvet smooth dual ratio tuning is achieved with our 
custom machined planetary drive, machine tooled 
to extremely close tolerances. Refinements of the 
Swan VFO have resulted in superior mechanical 
and thermal stability and more precise dial calibra. 
tion. For the CW operator, the 500C includes a 
bui l t - in sidetone monitor, and by installing the 
SWAN VOX accessory, you wi l l  also have break in 
CW operation. 
The Swan 500C is a deluxe transceiver with proven 
reliabil ity and performance, yet is priced substan- 
tially less than competitive gear. See i t  at your 
Swan dealer soon. $520 
MATCHING AC POWER SUPPLY 
M o d e l  117XC . . . . $105 
12 VOLT DC POWER SUPPLY 
M o d e l  14-117 . ,  . .  $130 

5 BANDS-260 WATT SSB TRANSCEIVER WITH 
BUILT IN  AC-DC SUPPLY AN0 LOUDSPEAKER 
It's a complete radio station in a lightweight, easy- 
to-carry package, that even includes the micro- 
phone, and yet costs only $395. Just connect a 
power source and an antenna, and you're on the 
alr. Plenty of power to work the world with a 
strong, clear signal on phone or CW, and with 
excellent receiver sensitivity second to none. 
The Swan Cygnet has been an instant success since 
we f i rst  introduced i t  in February. Experienced 
hams f ind i t  ideal for taking along on business trips 
or vacations slnce i t  can be operated from a motel 
room, boat, car, or practically anywhere. Newly 
licensed hams find that the Cygnet provides a 
complete amateur radio station at a minimum 
investment. 
I f  you're one of those practical people who knows 
that the back of the airplane gets there the same 
time as the front . . . you, too, wi l l  like our Swan 
Cygnet. 
See i t ,  and try i t  at  your Swan dealer soon. 

$395 

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

F o r  b e t t e r  i d e a s  
in a m a t e u r  rad io .  

O C E A N S I D E .  C A L I F O R N I A  A s u b s i d i a r y  o f  C u b i c  C o r p o r a t i o n  
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The ionosphere is divided into three main 
regions: the D region that extends from ap- 

proximately 30 to 55 miles above the earth's 

surface, the E region from 55 to 80 miles and 

the F region from 80 miles to 250 miles or 

more above the earth's surface. This month's 

column will primarily be concerned with 

processes that occur in the E region. 

The earth's atmosphere i s  well mixed and 
chemically homogeneous below the E region. 

At greater heights the atmospheric consti- 
tuents are separated according to their atomic 

weight. The most important change in the 

neutral atmosphere in the ionosphere is the 

dissociation or breaking apart of diatomic 

oxygen (0,) to monatomic oxygen. From 

heights greater than 80 miles to the peak of 

the ionosphere, ~nonatomic oxygen makes up 

the largest part of the atmosphere; at greater 
heights lighter gases dominate. 

At a height of about 67 miles, diatomic 
nitrogen (N,) comprises 69 percent of the 
atmosphere (compared with 78 percent at the 
earth's surface). Monatomic oxygen com- 

prises 25 percent and diatomic oxygen 6 per- 
cent of the atmosphere (compared to 21 

percent at the surface of the earth).' In ad- 

dition there are traces of argon, monatomic 

nitrogen, monatomic hydrogen, neon, he- 

lium, krypton, xenon, ozone and water in  

descending order of occurrence. There are 

about 2.4 x 1012 molecules per cubic centi- 



meter at these heights, but less than one in 
ten million is ionized at any one time. But it 
is the coherent minute motions of trillions 
of free electrons under the influence of radio- 
frequency electric fields that makes iono- 
spheric radio propagation possible. 

Solar flux of ultraviolet and x-rays is pri- 
marily responsible for photo-ionization in the 
ionosphere. Photo-ionization is the dissocia- 
tion of a molecule into a positive ion and a 
free electron by the absorption of radiation. 
The ultraviolet flux primarily responsible for 
the ionization of the E region has wavelengths 
between 900 and 1216 angstroms. This radia- 
tion is produced primarily by emission from 
excited hydrogen and carbon atoms in the 
solar atmosphere. The x-ray flux occurs in the 
wavelengths between 10 and 100 angstroms.1 

Although diatomic oxygen comprises only 
6 percent of the atmosphere at E-region 
heights, it furnishes about half of the free 
electrons. The other half of the free elec- 
trons are furnished by ions of nitric oxide 
(N0+)2. In addition, significant quantities 
of magnesium, sodium, iron and calc~um 
Ions have been found at E-region heights. 
The total electron density, N, in the daytime 
E-region has been found to vary as 

Where x is the solar zenith angle and R i s  
the smoothed sunspot number. 

The intensity of solar radiation responsible 
for the E-region varies by a factor of about 2 
between the years of low and high solar ac- 
tivity. The maximum electron density of the 
normal E-region is about 100,000 per cubic 
centimeter. The electron density of the night- 
time E-region reaches a minimum of about 
1000 per cubic centimeter which is comp- 
arable with the density of monatomic metal- 
lic ions. Since the characteristic time required 
for the recombination of the normal ions 
(NO+ and 0,+) is on the order of 17 
seconds and for monatomic ions is many 
weeks, it appears probable that the ioniza- 
tion of the nighttime E-region and night- 
time sporadic-E i s  due to presence of mete- 
oric metallic ions. 

Fig. 1 is a time chart of E-layer muf for 
May 1969. This chart gives the maximum 

frequency usable for regular E-layer com- 
munications over 2000-km paths (1200 miles) 
and may be used in the same. way as the F2 
layer chart except the control point is only 
600 miles away. Practically, however, the 
E-layer muf will frequently be much higher 
during summer due to the presence of 
sporadic-E (E,). 

Sporadic-E is an ionospheric layer and 
propagation mode that involves reflection 
or scattering from the E-region of the iono- 
sphere. Sporadic-E propagation i s  distin- 
guished from regular refraction processes 
in the daytime E-layer in that higher than 
normal frequencies are reflected (often only 
partially) from regions localized in time 
and place. Sporadic-E is distinguished from 
meteor reflections in that it is prolonged 
over a period of several minutes to several 
hours. 

Sporadic-E is observed both by vertical 
incidence ionosondes and by oblique sound- 
ers and communications circuits. Observa- 
tions with an oblique sounder lead to a class- 
ification of nine different types of sporadic-E, 
eight of which can be found in the United 
States. The seasonal and diurnal character- 
istics of sporadic-E vary widely with latitude 
and even with longitude. In the auroral zone, 
sporadic-E is least likely during the hours of 
0600 and 1500 local time; in temperate and 
equatorial zones Sporadic-E is most likely 
during those hours.Vhe boundary between 
the auroral and temperate zones, as far as 
Sporadic-E is concerned, is not well de- 
lineated. 

My personal experience of over 15 years 
on 50 MHz suggests that the northern United 
States may have some characteristic of both 
zones. It i s  fairly well established that strong 
and widespread sporadic-E openings occur 
more frequently when the path midpoint i s  
at southerly latitudes. In fact, sporadic-E oc- 
curs less frequently at north temperate lati- 
tudes than anywhere else. Texas, Florida, 
Southern California, and the Caribbean, the 
Gulf states and south-western states have an 
advantage over the northern states for mul- 
tiple-hop 50-MHz and single-hop 144 MHz 
sporadic E.6 However, for widespread occur- 
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rence of temperate-zone sporadic-E, the Far 
East is hard to beat. A very persistent type of 
sporadic-E also occurs over the geomagnetic 
equator. 

A sporadic-E "cloud" i s  seldom a perfect 
reflector at frequencies of 50 MHz and above. 
Propagation losses of 20 to 60 dB over free 

space are common at vhf. One contributing 

curs at frequencies below 21 MHz, i t  i s  
frequently not recognized as such. At 21 and 
28 MHz, propagation frequently occurs by 
mixed sporadic-E and F2-layer modes. At 50 
MHz there is  little difficulty in  recognizing 

sporadic E since it is usually the only mode 
propagating at the time. 

May, June and July are the months of peak 

fig. 1. Time chart of me- * 
dian E-layer for May 1989 
predicted for the regular 70 
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factor is that the cloud may be small, i.e., 

less than a Fresnel zone* in extent. The pri- 

mary factor, however, i s  that sporadic-E is 

frequently a poor reflector-most of the sig- 

nal i s  transmitted through the "layer". 
Present-day theories suggest that most 

temperate-zone sporadic E takes the form o f  
a thin reflecting stratum, perhaps less than a 
mile or so thick, found most frequently at 
heights between 60 and 75 miles. The hori- 

zontal extent of a sporadic-E cloud may 

range from tens of miles to hundreds, and i t  

may or may not move. It it does, i t  is gen- 

erally from east to west at veloc~ties of 

around 100 mph.7 

o u r  prime interest in sporadic C i s  its 

abil~ty to reflect signals at much higher 

frequencies than are reflected by normal 
ionospheric layers. Although sporadic E oc- 

occurrence of sporadic E In temperate lati- 
tudes In the northern hemisphere. A minor 

peak frequently occurs in December and 

January. 

A large patch of sporadic E as viewed by 
a vertical incidence sounder may evolve from 
a small bulge in the virtual-height-vs-fre- 

quency trace at the top of the E-region, de- 
scending and strengthening to form a thin 
layer near a height of 67 miles. Occasionally 

sporadic E is seen at heights as low as 55 
miles, and more than one layer may be pres- 
ent at one lime. 

Only recently with the advent of sound~ng 

rockets and guns has appreciable progress 

been made in direct measurement of the con- 

ditions surrounding a sporadic-E cloud. lon- 

ospheric winds are measured by observation 
of the drift of chemi-luminescent trails;s 
chemical composition of the positive ions i s  

measured with a mass spectrometer.9 The 
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results of these measurements suggest that 
temperate-zone sporadic E results from an 

accumulation of ions at a preferred height 
of convergence of the vertical component of 

the neutral wind." 

sporadic-E last year 
The year of 1968 was exceptional for the 

reported occurrence of sporadic E in the 144- 
M H z  band. Openings were reported on May 
29 and June 10, but themost widely observed 

were the openings of June 20 and 21, starting 

about 2230 gmt both nights.1" The number 

of observations was sufficient for me to run 

a crude statistical analysis of the data. All 

contacts and "heard" reports listed in QST 
where both station's locations could be a,- 

certained were computer analyzed to deter- 
mine the path length and the coordinates of 

the path center. 
Most of the reports were for paths between 

900 and 1400 iniles long (see fig. 2). A scatter 
plot of longitude and latitude of the path 

centers is shown in fig. 3 with a rough out- 

line of the state boundaries. Most of the path 

midpoints are clustered about the probable 

location of the sporadic-E cloud at the time 

of reception. Notable deviations are the con- 
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fig. 2. Distribution of two-meter reports 

W3TFA and W411D. Reports over 1400 miles according to distance for the  sporadic-^ 
and under 800 miles were: openings of June 20 and 21. 1968. 

fig. 3. Midpoints of the 
two-meter paths for the June 
20-21 openings. It is thought 
that the sporadic-E clouds 
originated somewhere east 
of Washington, D. C., and 
drifted to the Southwest. 
The points marked 1 and 2 
indicate off-path and off- 
center reflections and are 
identified in the text. 
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Some of the exceptional distances or path 

midpoints may be due to errors in callbook 
addresses. Although I do not have the times 
of these reports, I would guess that the spor- 
adic-E cloud was first detected just south and 
west of Washington, D.C., and that it spread 

and moved westward with time. Some of the 
spreading to the west may be due to different 

tracks on the two days. 

of these charts have been covered in the 

column in the March issue. 

80 meters: Daytime maximum ranges of 300 

miles and nighttime maximum ranges of 

about 2000 m~les may be realized in areas 

with low noise levels; but about half these 

distances will be more likely. May is a good 

month for local nets. Some DX may be 

fig. 4. Time chart of me- 90 
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from ITS predictions can- 70 
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It is very tempting to speculate that these 

two openings were more than a natural oc- 
currence. Artificial electron clouds have been 

produced at Holloman Air Force Base, New 

Mexico?'. 12. 13 Egland Air Force Base, F!or- 
ida and Wallops Island, Virginia. However, 

a thorough check of operations at Wallnps 
island indicates no activity on these dates; 
thus sporadic-E events were most likely of 
natural origin. 

propagation summary for may 
Summer has arrived in the northern-heml- 

sphere ionosphere, resulting in decreased 

daytime muf's, increased nighttime muf's and 

increased noise levels. The F2-layer muf's vs 

time of day and latitude are shown in fig. 4. 
May i s  one month where the differences be- 

tween northern and southern states on 15 
and 10 melers is quite evident. The maximum 

range charts are shown in  figs. 5 to 9. The use 

worked on quiet nights into the southern 

hemisphere, where wintertime conditions 

prevail, but frequent static crashes are likely 

to dampen your enthusiasm. 

40 meters: Continuous daylight over the 

North Pole may attenuate the European and 

As~an broadcasters somewhat. Good night- 

time propagation is expected to the Southern 
Hemisphere (Africa, South America and 

Australia). Midday maximum ranges may be 

as short as 600 miles. 

20 meters: Twenty should remain open all 

night. Best DX will occur near sunrise (NW) 

and cluring the evening hours (NE). Remem- 

ber that twenty may be closed to southern 

temperate latitudes during hours of darkness 

(theirs). During midday, however, you may 

have trouble working across the continent. 

15 meters: Fifteen will be the optimum band 
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LOCAL TIME 

fig. 5. Maximum range to the north from 3 8 O  N, lati- fig. 6. Maximum range to the northeast (top time 
tude as limited by absorption, atmospheric nois; and scale) and to the northwest (bottom time scale) 
system pararnaters (100 watts cw to typical antennas). from 3E0 N. latitude. 

fig. 7. Maximum range to the east (top tima scale) fig. 8. Maximum range to the southeast (top time 
and to the west (bottom time scale) from 3E0 lati- scale) and to the southwest (bottom tima scale) from 
tude. 3E0 N. latitude. 
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occurring farther north, and by the time this 
appears in print, KHGEEM and I should be 
running regular schedules trying to rebreak 
the California-Hawaii tropo path. 

meteor showers: Include the Aquarids, 

May 1 to 6 (0300-1200); the Cetids, 

May 19 to 21 (0530-1430); the Herculids, 

May 11 to 24 (1800-0630); and the Pegasids, 

May 30 (2300-1 200). 
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tebook 

bandswitching fet 
converter postscript 

Since I recently completed the development 

of the "second generation" bandswitching 

fet converter,l I felt that several design 

changes included in it would be of interest 
to those who built the initial version or are 

working along similar lines. 

Being rather elated at the time when 

Motorola solved my instability problems with 

a new super mosfet, it was only natural when 

contemplating a new design to give them a 

call on the off chance that they had come up 

with bigger and better things since my first 

attempts-and they had. The rf amplifier in 

the new version sports a mosfet with feed- 
back capacity rated at less than 0.03 pF while 

retaining the high gain and low noise figure 
of the device I used in the previous converter. 

In addition, the new fet is a dual-gate affair, 
allowing agc voltage to be applied to the 

second gate. The specs state that -3 voltc 
will cut off the device. These new transistors 
can be used in the original converter but if 

you don't want to apply agc, the second gate 
should be connected to the positive supply 

(not greater than 24 volts). 

The second design change occurred in the 

output circuit of the oscillator and was 
initiated after a discussion with the crystal 

manufacturer. He informed me that most 
high-frequency crystals above 20 MHz were 

overtone types and a selective circuit in the 

oscillator was necessary to pick out the cor- 

rect overtones. It's possible that images could 

appear if this is not done, and if anybody 

experienced images on ten meters with the 

previous circuit, a tuned circuit will probably 

cure the problem. 
I had trouble with twenty-meter images in 

the new converter when listening on fifteen, 

although mathematically they should have 

been outside the range of the i-f strip being 

used to test the converter. I added a similar 

filter in the oscillator circuit for fifteen meters 

and cured the problem. 

2N706  
OSCILLATOR T 

RF CHOKE 

+12v 

As seen in fig. 1 the oscillator output cir- 

cuit now appear5 as two parallel-tuned 

circuits in series with an rf choke. The parallel 

circuits have a very high impedance at their 

respective resonant frequencies, but a mini- 
mal impedance at frequencies removed from 

resonance. They are adjusted for resonance 
at the crystal frequencies used on the ten- 
and fifteen-meter bands. Except for these 

changes, the second generation converter is 

identical in all aspects except for size and the 

inclusion of a power supply. 

Mike Goldstein, VEBGFN 
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dipole center insulator teen- or sixteen-lead CIU~I-inline package.. 
Although it i s  fairly expensive, you can 

plug your IC in, solder wires to each pin 

If you need a dipole center insulator in a 

pinch ant1 can't get clown to your local elec- 

tronics emporium, try the gadget shown in 

the photo. Just cut out a triangle from 114- 
inch plexiglass or other strong plastic, install 

some copper or brass strips with brass nuts 
and bolts, hook up your antenna wire and 
feedline and you're in business. 

Ted Woolner, WAlABP 

using integrated circuits 
There are many amateur projects show- 

ing up with integrated circuits, but IC's in 

the dual-inline package (DIP) have two 
rows of pins spaced 0.1 inch apart. This 

tight spacing makes casual hreadboard- 
ing difficult at best, even i f  you use printed 

circuits. Here are two simple methods you 
can use to make the most out of IC's. 

Use standard Vector number 169P59/032 
perforated board. This board uses a hole 

arrangement that wil l fit eithcr the four- 

and bring these out to flea-clip. This ap- 

proach is a natural for cas~ral experiments. 

The seconcl method is to turn the 1C up- 
sick down and secure it to the board with 

a srnall dab of glue (be sure to note the 

alignment dot on top of the IC before 

turning it over). This method lends itself to 
circuits that are going to he used for 

awhile. When soldering to the IC pins, use 
a srnall well tinned iron and gingerly 

solder your connections. Normally no heat 
sink is required if you are careful and 

treat the device as you would a silicon 

transistor. 
Elliott Kanter. W9KXJ 

underwriter's knot 

I'd bet most hams are pretty adept at re- 

placing ac power plugs and installing new 
line cords, hut how many know how to tie 

the underwriter's knot? Most hams use a 

simple over-hand knot when terminating a 

line cord in a plug or lamp socket, but this 
is not only incorrect, it's unsafe. As you can 

see from the three steps shown in  fig. 1, the 
underwriter's knot i s  easy to tie when you 
know how. Use it next tirne instead of that 
half-knot you've been using all these years- 

it's a lot safer. 
Jim Fisk, WlDTY 

fig. 2. Underwriter's knot. 



paxitronix frequency calibrator 

Since the new frequency regulations went 
into effect, a number of magazine articles 
have described ways of getting 25 kHz check 
points from a 100 kHz calibrator. Although 
tubes or transistors could be used for this 
task, integrated circuits can do the job with 
more accuracy and at less cost. The Paxitronix 
IC-3 uses a dual JK flip-flop IC in  a divide- 
by-four circuit that wil l 
convert a 1.5 volt rms 
sine wave into a square 
wave at one quarter the 
input frequency. The 
maximum toggle fre- 
quency of the MC778 - 
flip-flop is in the neigh- 
borhood of 8 MHz so i t  
works well with \he 
100-kHz crystal calibra- 
tors that are found in 
most modern communi- 
cations receivers. 

The Paxitronix IC-3 
frequency divider con- 
sists of a transistor 
amplifier stage and in- 
tegrated circuit, all on a 
miniature printed-circuit 
board about 1.3 inches square. Also mounted 
on the board is a ?-watt dropping resistor- 
its value depending on the dc voltage that is 
available to run the ICT3. Total current drain 
is very low so it's no problem to tack the 
unit on to the existing dc supply in  your re- 
ceiver. Although the IC-3 can be used with 
dc power supplies up to 300 volts, lower 
voltages are recommended by the manu- 
facturer-down to about 3 volts dc. Most 
units wi l l  work satisfactorilv down to about 
1.5 Vdc. 

The lower voltages are recommended be- 
cause of the heat generated by the large 
dropping resistor that is needed with typical 
receiver power supplies. If you don't have a 

source of low-voltage dc available in  your 
receiver, you might consider rectifying the 
6.3 Vac filament supply for the job-all it 
requires is one diode, one resistor and one 
small dual-section electrolytic capacitor; Pax- 
itronix gives you a circuit on the data sheet 
that comes with the IC-3. 

Although the Paxitronix IC-3 is only rated 

to 30 MHz by the manufacturer, I could de- 
tect 25 kHz markrrs to nearly 60 MHz, so the 
unit would serve well on six meters. Usable 
markers are available with 3 mA current 
drain, but much stronger markers result with 
5 to 10 mA of current. 

The IC-3 is simple to install. Only one 
mounting screw i s  required; four wires take 
care of the electronics-input, output, and 
two for the power supply. If you've been 
meaning to builtl a frequencv divider but 
haven't gotten around to it, the IC-3 i s  a 
natural. 57.25 postpaid from Paxitronix, Inc., 
p. 0. Box 1038(D), Boulder, Colorado, 80302. 

Jim Fisk, WlDTY 
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NEW Heathkit" SB-500 
2 - Meter Transverter 

l P r o v i d e s  c o m p l e t e  2 - m e t e r  c a p a b i l i t y  f o r  SB-101,  
SB-11OA. H W - 1 0 0  a n d  t h e  8 8 - 3 0 1  1401 c o m b i n a t i o n  
l USE.  L S B  & C W  o p e r a t i o n  l 1 4 4  t o  1 4 8  M H z  
c o v e r a g e  l 1 3 0  w a t t s  PEP i n p u t  . . . 5 0  w a t t s  PEP 
o u t p u t  l H i g h l y  sens i t i ve  rece ive r  l Fast. easy  t u n i n g  
l N o  c a b l e  s w i t c h i n g  l H a n d s o m e  S B - S e r i e s  s t y l i n g  

N o w ,  in ans\vcr t o  m a n y  requests. H e a t h  has  a filst. 
l o w  cost  w a y  t o  p u t  y o u  o n  t \ r o  mc tc rs  . . . w i t h o u t  
h a v i n g  t o  b u y  a who le  n e w  rig. I f  y o u  o w n  a n  SB-101. 
S B - I  IOA, H W - 1 0 0  o r  t h c  SB-301/401 combo, you ' re  
a l m o s t  there. H e r e  a r e  the  detai ls  o n  h o w  t o  get o n  
"2" - the SB-500 way.  
Here 's H o w  I t  Works .  In the  receive mode, the  SB-500 
takes a n  i n c o m i n g  2-meter  s ignal  a n d  he te rodynes  i t  
t o  e i the r  6 o r  1 0  mctcrs, where  the  l o w  b a n d  gear 
handles i t  in the  usua l  w i l y .  O n  t ransmit ,  a 28 o r  50  
MHz d r i v e r  o u t p u t  i s  he te rodyned  t o  2-meters. a m p l i -  
t ied a n d  c o u p l e d  t o  the  o u t p u t .  
Here 's W h a t  I t  Delivers. W h e n  used w i t h  a n y  o f  the  
gear above, the  SB-500 2 -Mete r  Tranqverter  gives y o u  
comple te  2-meter SSB o r  C W  transceive o p e r a t i o n  
f r o m  144  t o  148 M H z .  A p a i r  o f  inexpensive 6146's 
in a push-pu l l  A B I  c l r cu i t  del iver  a h u s k y  50  wat ts  
o u t p u t  i n t o  a 5 0  o h m  nonreac t i ve  load.  F i n a l  p la te  
vol tages a r e  der i ved  f r o m  the  d r i v i n g  uni t ,  b u t  a l l  
o t h e r  o p e r a t i n g  vol tages c o m e  f r o m  a b u i l t - i n  p o w e r  
s u p p l y  - n o  ex t ra  s u p p l y  t o  b u y .  Receiver  sensi t iv i ty  
i s  0.2 uV f o r  a 10  d B  S + N / N  r a t i o . .  . t h a t  means  so l id  
c o p y  QSO's. A f r o n t  pane l  o n - o f f  sw i tch  p laces the  
SB-500 i n t o  o p e r a t i o n  o r  a l l o w s  t h e  l o w  b a n d  gear t o  
opera te  s t ra igh t  t h r o u g h  t o  a n  an tenna  o r  d r i v e  a 
l i near  . . . a c o m b i n a t i o n  o f  comp le te  r e a r  a D r o n  jacks 

~ n o ~ l i t o r s  eit l icl. t innl  p la te  cu r ren t  o r  re la t i ve  power .  
ALC vol tagc is  supp l ied  t o  the  d r i v e r  t o  a i d  i n  pre-  
ven t ing  o v e r - d r i v i n g  a n d  d is to r ted  signals. A bu i l t - i n  
I M H z  c rys ta l  c;~lii,r;ltor is ; ~ l s o  inc luded.  
Solid, S tab le  Construction. T h e  sensit ive receiver a n d  
osc i l l a to r  g o  together o n  we l l  p l a n n e d  c i rcu i t  boards.  
T o  insure s tab i l i t y  a n d  m a k e  nd jus tment  m o r e  exact. 
thc  t ransmi t te r  a n d  p o w e r  s u p p l y  c o m p o n e n t s  a r e  
rugged ly  chassis m o u n t e d .  T h e  SB-500 comes c o m -  
plete w i t h  a l l  i n te rconnec t ing  cables too. S t a r t  en- 
j o y i n g  the  Q R M - f r e e  w o r l d  o f  2-meters t o d a y  . . . 
w i t h  the  n e w  H e a t h k i t  SB-500 . . . a n o t h e r  h o t  o n e  
f r o m  the  h a m s  a t  Hea th .  
Ki t  SB-500, 19 Ibs.. ..... . . . . . . . . . . . . . . . . .$179.95* 
11-500 SPECIFICATIONS - RECEIVER: Sensltlvlty: 0.2 micro- 
voll for 10 dB signol.plus.noise lo noise rolio for SSB operolion. 
Spurious Response: All ore below 0.1 microvolt equivolenf signol 
~npul. cxcepl at 145.310 MHz (50 MHz IF only). Antenna Input 
Impedance: 50 ohm unbolonced. TRANSMITTER: DC Power Input: 
130 wolfs PEP. Power Output: 50 wollr (50r; duly cycle). Output 
Impdonre:  50 ohm with lerr lhon 2:1 SWR. QENERAL: Frequency 
Ronge: Any 2 MHz segmenl belween 144 8 148 MHz ~nlo 50 I.1Hz or 
'28 MHz luned IF. Mode o f  O p e m t l ~ n :  SSB or C W  only. Power 
Requirements: ( I )  120/240 VAC, 50/60 Hz 01 82 wollr (~ntcrnol). 
(2) 700 lo 800 VDC 01 200 mA (from dr~r ing unil). Fuse: a4 ompere 
slow-blow for 120 VAC (formerly 3AG); ! 2 ampere slow-blow for 
240 VAC. Front Panel Controls: Meler.coltbrole switch, finol tuning, 
off-on (funclton) swjlch, prerelcctor, finol looding, driver luning. 
Chossls Controls: Relolive power odjust 8 bias odlusl. Rear Apron 
Connectors: RF oulpul, ALC, linear reloy, reloy, drive, power plug, 
low f receiver, low f ontenno, fuseholder. Tube Complement: 6CB6 
Iransmtllcr mixer. 6C86 cryrlol colibrotor, 6DS4 receiver RF omplifier. 
6DS4 receiver mixer. I2GN7 tronsmiller RF ompl~f~er, (2) 6146 finol 
omplifiers, (lypes 6146A or 61468 may be diraclly substituted), 7059 
heterodyne oscillolor.omplifier, 8156 RF driver, OA2 voltage regu- 
lolor. Diode Com~lement: 5 silicon diodes. 750 mA. 500 PIV: 3 in 

a n d  i n t e r n a l  r e l a y  sw i tch ing  el iminates power svpply. 2 ;n ALC. 1 Germanium diode, IN191: REL PWR. 

cable changing. ~ ~ l i ~ b l ~  relay-controlled T/R switch- Cabinet Dimensions: 12Yi.W x 6%. H x 13' D. Overall Dlmen- 
sions: l2 l . r '  W x 7-15/16' H x 14' D including knobs and feet. 

i n g  too. T u n i n g  i s  fast  a n d  easy, a n d  a b u i l t - i n  m e t e r  Net weight: 14% I ~ S .  ,--------------- 
HEATH COMPANY OW. 122-6 

~ ~ . : w ~ w * + . : ~ J - . I  

FREE '69 Benton Harbor. ~ i c h k a n  49022 I 
CATALOG I Enclosed is $ , plus shipping. I 

I Please send model (s) I 
Describes these and I 0 Please send FREE Heathkit Catalog. 
over 300 other Heath- 

I 
. i  II , kits. Save up to 50% I (Please Print) 

I 
by building them your- I r & ~ ~ ~ ~ ~  I 
self. Use coupon and 

Zip- 
I 

,, send for your FREE I City State I 
COPY 1 ! Prices & specifications subject to change without notice. AM-ZIB ! *Mail order orlces: F.O.B. factow. 

may 1969 71 



ic voltage regulators 

A new integrated-circuit voltage regu- 
lator from Motorola features 0.002°/o regu- 
lation and output current up to 500 mA 

in a single package. The new regulator, 
the MC1560, is available in  full-tempera- 
ture-range tight-specification versions as 
well as a relaxed-spec unit, the MC1460, 

that sells for as little as $5.25. 
One of the big features of the MC1560 

is its very low output impedance-typical- 
ly 20 milliohms (0.020 ohm)-and this 

varies only a few milliohms over the out- 

put voltage range of 2.5 to 17 volts; 
maximum input voltage is 20 volts. Tem- 

perature compensation is provided by a 
resistive divider on the monolithic chip 
that balances the positive temperature CO- 

efficient of a Zener diode against the 
negative temperature coefficient of for- 
ward-biased diodes. 

Another feature of the MC156O is the 

shut-down control. If a control voltage is 
applied to the shut-down terminal, both 
the load and regulator bias current are 
turned off; this can be used for remote 

on-off switching, for squelch control in 
commi~nicalions equipment or to protect 
the regulator during sustained short cir- 

cuits. 
The data sheet for the ~C1560/MC1460 

offers complete information to the de- 
signer: it not only l i s t s  ratings and elec- 

trical characteristics with extensive notes 
on measurements, but also has a full page 
of operating data. The MC1460R is in  a 
new 9-pin version of the TO-66 power 
transistor case that wi l l  dissipate 10 watts 
at 65°C and regulate a 500-mA load. A 
single external power transistor can in- 
crease this to more than 10 amperes. The 
MC1460G, packaged in a 10-pin TO-5 
case, will dissipate 1.8 watts at 25°C and 
regulate a 200-mA load. The MC1460G is 
$5.25 and the MC1460R, $6.75 in  small 
quantities. 

The Motorola MC1461 i s  a voltage regu- 

lator IC with all the features of the 
MC1460 but with an increased maximum 
input voltage limit-up to 35 Vdc. Regu- 

lated output may be set from 3.5 volts 

to slightly over 30 volts, depending on the 
external components. Packaging and dis- 
sipation ratings are the same as the 

MC1460. The MC1461G sells for $6.75 and 
the MC1461R, $8.25 in  small quantities. 
For more information on the MC1460 and 
MC146l voltage-regulator IC's, write to 
Technical Information Center, Motorola 

Semiconductor Products, Inc., P. 0. Box 
20924, Phoenix, Arizona 85036. 
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A NEW CONCEPT IN ITS EXCITING 
BEAM ANTENNA PROGRAM 

Any knowledgeable DX'er will tell 
you the secret i s  in the antenna. For Basic package HR-l 
over a year Henry Radio has provid- *~r is tao  ~2.337 ~ e w  concept 40 ft. 
ed an exciting beam antenna pack- c-ank-up t ~ w e r w / ~ a s t  
age program allowing the average CDR TR44 rotator 
amateur to own an efficient, and 100 ft. RG-58 A/U Coax 
unbelievably economical antenna 100 ft. Control cable 
package . . . pre-engineered, pre- Complete with one of the following: 
matched and pre-packaged suit Hy-Gain TH.3 Jr. antenna $325.00 
his pocketbook and requirements. Hy-Gain T H - ~  ~k 3 antenna 16325.00 
NOW! This world famous antenna Hy-Gain DB 10-15A antenna $325.00 
program moves forward. NOW! Hy-Gain 203BA antenna $330.00 
You can have the antenna of your Hy-Gain TH-3 Mk 3 antenna $375.00 
choice at the same incredible saving. A savings of approximately $70.00 

Basic package No. HR-2 Basic package No. HR-3 
*Tristao CZ454 New Concept 60 ft. *Tristao CZ454 New Concept 60 ft. 
crank-up tower w/mast crank-up tower w/mast 
CDR TR44 rotator CDR Ham-M rotator 
100 ft. RG-58 A/U Coax 100 ft. RG-8/U Coax 
100 ft. Control cable 100 ft. Control cable 

Complete with one of the following: Complete with one of the following: 
Hy-Gain TH-3 Jr. antenna $480.00 Hy-Gain TH-3 Mk 3 antenna $560.00 
Hy-Gain TH-2 Mk 3 antenna $480.00 Hy-Gain 204 BA antenna $565.00 
Hy-Gain DB 10-15A antenna $480.00 Hy-Gain 402 BA antenna $575.00 
Hy-Gain 203BA antenna $485.00 Hy-Gain TH-6 DXX antenna $590.00 
Hy-Gain TH-3 Mk 3 antenna $520.00 Hy-Gain DB-24B antenna $620.00 
A savings of approximately $90.00 A savings of approximately $120.00 

CALL DIRECT . . . USE AREA CODE 

Butler, Missouri. 64730 816 679-3127 
11240 W. Olympic, Los Angeles, Calif.. 90064 213 477.6701 
931 N. Euclid, Anaheim, Calif., 92801 714 772-9200 

"Worltl's largest Dislributor of Amateur Radio Equipment" 
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NOISE BLANKER 
FOR THE SWAN 250 

Westcom Engineering Is now offering the TNB 
Noise Blanker in a version specifically designed 
for use with the Swan 250 transceiver. 

The TNB-250 Nolse Blanker effectively sup- 
presses noise generated b y  auto ign i t lons.  
appliances, power lines, etc., permitting the 
recovery of weak DX and scatter signals norm- 
ally lost In noise. 

Features Include modern solld state design 
techniques utilizing dual-gate MOS FET transls- 
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at the trans. 
ceiver IF frequency. The use of ,MOS FETs and 
a special gain controlled a m p l ~ f ~ e r  circult pro- 
vide excellent cross.modulation characteristics 
in strong signal locations. 

TNB-250 shown installed on Swan 250 by means 
ot the prepunched accessory holes. 
TNB-250 $29.95 ppd. 
(Pr~ced well below that of a VOX accessory. 
Can you afford not have one?) 

Model TNB Nolse Blanker, deslened t o  operate 
with VHF converters by connecting In the coax 
bet 

Choice of 12.18, 100-140, or 125-160 VDC, RCA 
phono or BNC connectors. Specify for 40, 20. 
or 10 meter converter output. 
Model TNB $29.95 ppd. 

Refer to  the New Products column of the 
August '68 issue of Ham Radio Magazlne for 
additional information on the TNB Noise 
Blanker or write for technical brochure. 

Prepaid orders shl ped postpaid. (For fast Air 
Mail add f.80) $0 .~ .  orders accepted with 
$5.03 deposit. California residents add sales 
tax. 

All products are warranted for one year and 
offered cn a satisfaction guaranteed or return 
basis. 

P. 0. Box 1504 San Diego, Cal. 92112 
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rf multimeter 

A novel new approach to radio-frc- 
quency measurements is provided by the 
new Radiation Devices RF Multimeter. 
When this instrument is used with its ac- 
cessories, it can be used to make dc and 
rf measurements from 3 mV to 1 V, dB 
measurements from zero to 60 and vswr 
measurements in two ranges from 1.0 to 
3.0. Swept frequency measurements arc 
facilitated by an internal video amplifier 
with 200 kHz bandwidth and switchable 
gain up to 50 dB; direct acccss to the 
video amplifier is provided through con- 

nectors on the front panel. Accessories in- 
clude a 100:l dc probe that increases 
maximum range to 100 volts and cali- 
brated vswr mismatches and terminations. 
$98.50 including swr bridge, connecting 
cable and 1:l dc probe. For more informa- 
tion, write to Radiation Devices Company, 
P. 0. Box 8450, Baltimore, Mawland 21234. 

semiconductor power 
circuits handbook 

Motorola has just announced the pub- 
lication of a new 264-page text, the Serni- 

conductor Power Circuit Handbook. This 
new book has all the latest information on 

power-semiconductor circuit design and 
was prepared especially for users of pow- 

er transistors, thyristors, rectifiers and 
Zener diocles. This handbook includ~s 
many designs that have never been pub- 
lished before as well as 150 new circuits 
that were designed, built and tested in the 
Motorola labs to ensure top performance. 



For The Experimenter! 
International EX Crystal & EX Kits 

OSCILLATOR / RF MIXER 1 RF AMPLIFIER / POWER AMPLIFIER 

OX OSCILLATOR 
Crystal controlled transistor type. 

Lo Kit 3,000 to 19.999 KHz 
Hi Kit 20.000 to 60.000 KHz $295 
(Specify when order~ng) 

SAX-1 Transistor RF Amplifier $3.50 
A small sional am~l i f ie r  to drive MXX-1 mlxer. 
Single tunGd input and link output. 

MXX-1 Transistor RF Mixer $3.50 L o K i t 3 t o 2 0 M H z  
A single tuned circuit intended for signal con- ~i  it 20 to 170 MHZ 
version in the 3 to 170 MHz range. Harmonics (Specify when ordering) 
of the OX oscillator are used for iniection in 
the 60 to 170 MHz range. PAX-1 Transistor RF Power Amplifier $3.75 

Lo Kit 3 to 20 MHz A single tuned output amplifier designed to 
Hi Kit 20 to 170 MHz follow the OX oscillator. Outputs up to 200 mw 

(Specify when ordering) can be obtained depending on the frequency 
and voltage. Amplifier can be amplitude modu- 
lated for low power communication. Frequency 

SAX-1 range 3,000 to 30.000 KHz. 

BAX-1 Broadband Amplifier 53.75 
General purpose unit which may be used as a 
tuned or untuned amplifier in RF and audio 
applications 20 Hz to 150 MHz. Provides 6 
to 30 db gain. Ideal for SWL, Experimenter or 
Amateur. 

Wrire tor complete cstalog. 

AL 

CRYSTAL MFG. CO., INC. 
10 NO LEE OKLA CITY OKLA 73102 
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amateur radio station 
in one 
portable package 

SWAN gYya f / 

A 5 BAND 260 WATT SSB TRANSCEIVER 
WITH BUILT-IN AC A N D  DC 
SUPPLY AND LOUDSPEAKER Only 

USED GEAR 
$395 

B & W  
5100 Xmtr. (Vry Gud) $ 99.95 
CLEGG 
99'er 6mtr. Xcvr. ............................................ $ 75.00 
22'er 2mtr. Xcvr. ............................................ $165.00 
COLLINS 
KWM-2 & 516F-2 #13,000's ...................... $825.00 
KWM-2 & 516F-2 ;#696. al l  latest 

mods. by factory 
CENTRAL ELECT. 
Model A Slicer. SSB .. 
Model 20A ............................ $ 75.00 
ElCO 
753 & 751 AC/PS $ 140.00 
753 & HB/AC/PS $120.00 
ELMAC 
AF.68 & M1070 PS .............................................. S 75.00 
AF-67 (No Power) .................................................. $ 20.00 
HALLICRAFTE 
PSI50 AC/PS $ 60.00 
HT-37 Xmtr. $180.00 
HT-44 & PS 1 $195.00 
SX-101 Mk3 $149.95 
S X - I l l  (Vry G $169.95 

$ 49.95 
$ 70.00 
$149.95 
$275.00 

$249.95 

Galaxy V Mk3, with AC-400 and 
Spkr. Console (Less than six 

months old) . . . . . . . . . .  $395.00 
Deluxe Accessory Console . . . . . . . . . . . . . . . . . .  $ 75.00 
RX-2 Remote VFO .............................. $ 49.50 
Duo.Bander 84 (NEW) .. . . . . . . . . . . . . . . . . . . . . . .  $139.95 
SWAN 
Model 250 6mtr  SS $249.95 
Model 350-80 thru $265.00 
Model 350 (Late) $325.00 
Model 350 & 117Xc $350.00 
SW-175 ...... $ 65.00 
All gear ' l isted' ' . f .~;t) .  ~ k i a i r o r n a  City and 
sublect t o  pr ior sale. Guaranteed 90 days. 

&fd / ~ T E u *  
ELECTRONICS?-- 

-snE carPLEsE n w  STORE.. - '' - 
927 N.W. 1st Oklahoma City. Oklahoma 73106 

W E  TAKE TRADE-INS ON ALL LINES OF NEW EQL'IPMENT" 
TWO-WAY RADIOS - SALES . SERVICE . Ih'STALL.4TIOSS 

The Semiconductor Power Circuit Hand- 
book is clividecl into six chapters that 

cover the major areas of interest to pow- 

er semiconcluctor uqers-audio and servo 
amplifiers, reg~~lators, inverters and con- 

vc,rtcr<, static switches, motor speed con- 

trols ancl miscellaneous thyristor and 

transistor switch applications. These six 

categories cover virtually every type of 
power application. The text is liberally il- 
lustrated with circuit schematics and wave- 

form diagrams; complete bibliographies 

are included with each chapter, so if you 

neecl more information on a particular 

subject you'll know where to look. $2 per 
copy; send check or money order payable 

to Motorola, Inc., Box 20924, Phoenix, 
Arizona 85036. 

ic project handbook 
Low-cost integrateel circuits for amateurs 

and experimenters are relatively new, so a 

lot of people have shiecl away from using 
them in their construction projects. Up until 
now there has been relatively little informa- 

tion on how to usc these handy devices in 

homehrew gear. The new Electronic Hobby- 
ist's IC Project Handbook, written by Bob 
Brown, K2ZSQ, and Tom Kneitel, KZAES, cle- 

scribes 50 different integrated-circuit proj- 
ects, all llased on popular inexpensive IC'5 

which are readily available. 
The projects cover the whole gamut of 

electronics from amateur radio to stereo. 
Svmc of the more interesting amateur cir- 

cuits are an 11- through 6-meter receiver, 

40-meter VFO (may also I)e used as a QRP 

transmitter), 6-meter signal booster, 20- 

meter preamp, electronic keycr, audio am- 
plifier and microphone preamp, crystal cali- 

brator, voltage regulator ancl voice-controllecl 

relay. In addition, thrre are several circuits 

for test equipment as well as a tachometer, 

simple memory tester atid m i n i a t ~ ~ r r  adding 

machine. 
If you've heen holding off on IC's bccausr 

you didn't know anything about them, hrrr's 

a wav to get your fret wet. $3.95 paprrl~ack, 
$6.95 hartll~ound from TAB Book\, Blue 

Ridge Summit, Pennsylvania 17214. 
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THE ICE- 1 
2 METER FM TRANSCEIVER 

F U L L Y  S O L I D  S T A T E  - N O  T U B E S  

- Operates on 117 VAC - 12 VDC - or optronal anternal NI CAD 
battery 

. Self-contaoned 3" X 5" speaker 

- Mol~tary type f~ber~ laas pronted clrcult boards 

Epoxy patnted cablnet 

. Regulated power supply - cannot be damaged by reverse 
polartty 

- May be ordered for etther wade or narrow band operatlon at 
no extra charge (wide band suppl~ed unless speclfledt 

. Small sore. 8"w X 3%"h X 9!/,"d - Light wetght - Less than 4'/1 lbs. 

. Built ~n 117 VAC power supply 

. Slmply plug 10 proper power cable to charge from 117 VAC 
to 12 VDC operatlon 

- Transmitter and recewer channels lndlvndually swttchable 

3 channels transm~t - 3 channels recenve 

. Push-to-talk operatoon 

. Transmitter outpul - 4 watts mlnlmum 

b 

COMPLETE WITH ONE SET OF CRYSTALS ON 146.94, 117 VAC AND 12 VOC 

POWER CABLES. LESS MICROPHONE A N 0  ANTENNA . . . . . $285.00 
MICROPHONE . . . . . . . . . . . . . . . . . . . 16.00 
EXTRA CRYSTALS (TRANSMIT OR RECEIVE) . . . . . . . . 7.00 

BUILT I N  NI-CAD BAlTERY A N 0  CHARGER . . . . . . . . 47.00 

I ICE 
I INTERNATIONAL COMMUNICATIONS AND ELECTRONICS, INC. 

8507 SPEEDWAY, SAN ANTONIO, TEXAS 78230, 512- 341-1311 I 
- -- 
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CONVENTION MA,,0 WkKLE:E! n l l ln  YO.H4Yo r0  I U v l  

,...I*- .,,.,U. I. -,. ,u, L...,,., 

AT SWAMPSCOTT, MASSACHUSETTS $720 DRAKE T R ~  T R A N S C E I V E R  
C........................ ...a( ...... 

."," .... ".. .. ."". -. ".. .*... ....... 9-"  .,-, 

ANTIQUE WIRELESS EXHIBIT 
1 s t  DISTRICT V S L  BUREAU 
DISPLAYS and 
DEMONSTRATIONS 
by leading manufacture- and 
distributors o f  amateur gear. 

Convention Ha l l  0 en 
Saturday a n d  
10 t o  5 

a A.R.R.L. BOOTH 
00th da  s the Headqua*en 
staff wiX b e  here t o  help You 
YL ACTIVITIES 
Including YL Luncheon 
Sunday noon. 
NET MEETINGS 
DX M E F ~ I N G S  
MARS MEETINGS 
~ ~ ~ y - N a v ~ - A i r  Force 

a QSL CONTEST 
a A.R.R.L. FORUM 
a LAPEL BADGES 

Call letter pins made 
while you wait. 
REFRESHMENT 
BOOTH 
Lunches and Snacks 
Both Days. 

Q 
SAVE $1.00 ON EACH REGISTRATION 
BY ORDERING RIGHT NOW! 

~ u n  can 
- nap s-y Rwst b.4 kuqnt  wmd S k w  

ot  $7 eech. Armilmbl. by mell only 

Skrt 
- EARLY BIRD REOISTRAIIONS 

@ I3.SO EACH (S4 50 at $11. door) 

Oly .Id S4.k a*.. .. TOTAL $ m.1. rh.0 plyabl. to F LMARA. 

INCLUDE SELF-ADDRESSED. 
RADIO CONVIWnON 

STAMPED ENVELOPE WITH 
"* YCC-"" WIMCO 

krC1.y Sk.d 

YOUR ORDER ~...k.. U . S ~  nme 
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Hy-Gain Super Thunderbird 
1 

/ 

The, new Super Thunderbird 
TH6DXX offers the ultimate ' ~ n  
trtbander performance, with me- 
chanical and electrical specifica- 
t~ons unsurpassed for 10, 15 and 
20 meters. This newest of Hy- I, see 'why you should be using 
Gain's amateur antennas is su- the new Super Thunderbird! 

OUTSTANDING HY-GAIN FEATURES 
Tilt-head, universal boom-to- SWR less than 1.5:l on all 
mast bracket (see details at bands. 
left). 24-foot boom . . . none longer 
Taper swaged, slotted tubing in the industry. 
with full circumference corn- High-performance element 
pression clamps (see details spacing. 
at left). Extra heavy gauge, machine 
Hy-Gain's exclusive Beta Match formed element-to-boom brack- 
(see details at left). ets, with plastic sleeves used 
New, improved "Hy-Q" traps only for insulation. Bracket 
. . . separate traps for each design allows full mechanical 
band. support. 

Buy your new TH6DXX from A.R.I. and receive a HyGain balun free. . . 
Only $164.50 
Prepaid in Continental U. S. A. 

Let us quote on your complete antenna system -Antenna, Tower, Rotator and accessories. 

1. AMATEUR RADIO INC. -? 
TWO GREAT STORES TO SERVE YOU 

ci3 
' 4  

1. A. Amateur Radio Inc. Evansville Amateur Radio Inc. 
2302 B ARTESlA 1311 N. FULTON AVENUE 

REDONDO BEACH, CALIF. 90278 EVANSVILLE, INDIANA 

213-376-4455 812-422-4551 
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sttwfiri N D I ~ ~ . ~ O I ~ ~  A.R.R.L CENTRAL DIVISION ps SAT. MAY 24 1.AFAmm" 
t.u$;k 

INDIANAPOLIS INN 
CALL COLLECT(317)924-1241 FOR RMS. 

DX HOSPITALITY 
FRI.NITE-HUNTRM:POOL 

(TICKEfS-INDIANAPOLIS DX ASSOCIA~ON) 

B A N Q U E T 
SAT.NITE-WINDSOR RM. 

SENATOR BARRY GOLDWATER 
K7UGA / K3UIF  

HONORED GUEST- SPEAKER 

STU M E Y E R S  - PRESIDENT AMECO 
W ~ G H K / ~  

MASTER O F  CEREMONIES 
( I 0.00 EAJ18.00 COUPLE- MAY 12 FINAL ) 

2820 NORTH MERIDIAN 
INDIANAPOLIS, INDIANA 

scprra: 
8 
*A 

1.00 FAMILY 
(H AM-)(YL-JR.OPS) 
H ~ M  TO TECH. SESSIO~JS-PROGRAM 
XYL TO MALL SHOP ACTIVITIES 
JR.OP TO SNACKS AND RIDES 

M AY 12 F INAL-2.00 AT DOOR 

F R E E  
MANUFACTURERS EXHIBITS - DEMO 
HAM FLEA MARKET- 1.00 RESERVED 

PREREGISTER 
RECEIVE COMPLETE PROGRAMS 

AII roads lead to.~a~ayette square just mlnutes from any 
where located at West 38th Street and Lalayette Road 
Ind~anapolls Owned operated and developed by the 
Edward J DeBanolo Corp Younqstown Ohlo 

1969 INDIANAPOLIS HAM CONVENTION 
30 9 B ENTON DR.- INDIANAPOLIS, INDIANA,46227 

WRITE FOR GRAHAM ELECTRONICS L~~~~~~~~~~~~~~~ M A I L  O R D E R S  

V I S I T  OUR NEW S T O R E  
-SIGN T H E  HAM GUEST LOG- 

GORDON GRAHAM-WSURF- PRES. 
L E S  ACTON - WNSYUM-GEN.MGR. 
ED WHITE- Kg MSB- STORE MGR 

133 SOUTH PENNSYLVANIA STREET 
INDIANAPOLIS. INDIANA . 4 6 2 0 4 - 



MAKE MONEY! Sell subscriptions to Ham Radio. Send 
for complete information. Ham Radlo, Greenville. 
N. H. 03048. ~ - .  - 

flea @ 

BRASS SHEET, new, 0.051" thickness. Perfect for VHF 
chassis. Any size 6 cents per square inch. John 
Reddick, K6RBB, 2529 W. Alpine, Stockton, CA. 95204. 
OUTSTANDING COMMERCIAL OPPORTUNITY f o r  
licensed ham. NCRl has home office opening for 
assistant equipment sales manager. Good salary, 
benefits. Call or send resume to National Radio Co., 
Inc.. 37 Washington St., Melrose. Mass. attn: T. Clark. m a r ket 617.662.7700. 

- - - 
--.c bF,M 
M 
I RATES Commercial Ads 25# per 
word; non-commercial ads 10g per word 
payable in advance. No cash discounts 
or agency commissions allowed. 
I COPY No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed and must in- 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 
available issue. Deadline is 15th of 
second preceeding month. 
I SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 

TOROIDS: 44&88mhy., center-tapped, not potted, 
5/$2.00 POSTPAID. Model 32KSR corn lete page 
printer, excellent operating condition ~ $ 2 5 .  Model 
15 page printers $85. Motorola 55 amp alternator 
complete, brand-new $60. Hallicrafters CSM-20 30watt 
hi-band mobile. like new $95. Hallicrafters SXlOlA 
receiver $160. Dow-Key relay $10. 11/16'! reperferator 
tape $3/box/lO. Page printer paper $5.50/case/12. 
WANTED: Back covers for rf unlt of measurements 
Model 80 signal generator. PTO for Collins 51J3 
(#70E15). RTTY and FM gear. Stamp for list. Van 
WZDLT, 302H Passaic Avenue, Stirling, N. J. 07980. 
73 MAGAZINE - COMPLETE COLLECTION., 1st year 
bound volume, rest single Issues. No splitting. Com- 
plete set $99.00. KlPSR, Box 132. Amherst. NH 03031. 

SELLING OUT COMPLETE STATION. Many goodies. 
Transmitters, Receivers, Transceivers, Power Supplies, 
Modulators, Converters, Test Equipment, Antennas. 
Rotors, Relay Racks, Transformers, Inductors, Capac- 
itors Tubes. This is a very complete collection of 
equipment. Includes 3.3 Mcs RTTY transmitter. 600 
watt 50 Mcs AM rig, 300 watt 14.4 Mcs CW or AM, 
200 watt amplifier for 220 Mcs, SX.99 & HQ-129X 
receivers, BC.221AH & TS-323/I.JP frequency meters 
and much, much .more. Don't mlss out on thls one - send S.A.S.E. for very complete I~s t .  KlPSR. Box 
132, Amherst, NH 03031. 603-673-2613. 
THE LERC AMATEUR RADIO CLUB is conducting its 
Annual Hamfest on the weekend of May 17 and 18. 
In  addition to live displays of the newest ham equip- 
ment and accessories, experts will conduct several 
programs on statemof-the-art communication/electronic 

ORIGINAL EZ-IN DOUBLE HOLDERS display 20 cards 
in plastic, 3 for $1.00, 10 for $3.00 prepaid. Guar- 
anteed. Patented. Free sample to dealers. Tepabco, 
John K4NMT. Box 198R, Gallatin, Tennessee 37066. 

WANTED - RECENT ISSUE USED CALL BOOK. Will 
trade Sam's Photofact folders or buy outright. James 
Fred, RRI. Cutler, Ind. 46920. 
FANTASTIC - 1969 New England ARRL Conventlon 
May 24 & 25, Swampscott, Massachusetts. Save 
money! Early bird registration $10.50 including Satur- 
day dinner, dance and night club entertainment. Be 
a winner! Every major manufacturer will exhibit plus 
top speakers from science and industry. Tickets: 
WlKCO. John McCormick, Berkeley Street, Taunton. 
Massachusetts. 

FOR SALE: KWM-2 #12739, 516F.2, $800. Henry 2K.2, 
spare tube. $575. KWM2.A #15,965. 516F-2 (new). $925. 
3128.5. $275. 75S3-C (latest ~roduction). $600. KWM2 
Noise Blanker, $75. 3292, 516F.2, $450. 75A-3, $225. 
Ranger I, Johnson LPF. $75. Gonset G-28 10-meter 
transceiver, $125. Heath Q.Multiplier. $5. K. W. Match- 
Box Model 250-30-3. new. $125. 75A-4 #3481, 0.5, 
2.1. 3.1 filters. Collins speaker. vernier knob. $450. 
Swan 500-C, VOX, $390. GSB-201, $225. Telrex TM-30.D. 
$250. 20M.3E26.B. $150; 10M-309.8, $35. Hy-Gain 
402-BA (40-M). matching balun. $75: 204-BA (20-M). 
matching balun, $75. P & H AFC-2 Speech Compressor, 
$25. Eldico SSB-100-F, $225; SSB-1000.F Linear. spare 
tubes, $235; SSB-1000-F (early). spare tubes (4X250B), 
coax relay, $185. P & H LA-500-M "Spitfire" linear, 
new. $75.- Eico 320 Signal Generator, $15. James W. 
Craig, Jr. WIFBG. 29 Sherburne Avenue, Portsmouth. 
N. H. 03801. Phone: 603.436-9062. 

TEST EQUIPMENT WANTED: Any equipment made by 
Hewlett-Packard, Tektronix, General Radio, Stoddart. 
Measurements. Boonton. Also military types with 
URM-( ). USM-( ), TS-( ). SG-( ), and similar nomen- 
clatures. Waveguide and coaxlal components also 
needed. Please send accurate description of what 
you have to sell and its condition to Tucker Elec- 
tronics Company, Box 1050, Garland, TX 75040. 

for additional details. 
EXCELLENT NEW HW-32A with calibrator, manuals, 
plus Hygain 18V; all for $125. Jim Sandberg. KBHE, 
1138 Rustic Road. Escondido, Calif. 92025. 
CQ de W2KUW. Buying al l  tubes and equipments. 
Ted Dames Company, 308 Hickory Street, Arlington, 
New Jersey 07032. 
SAVE OVER 50%. 36 copies of Ham Radio cost $27.00 
at your newstand, but only $12.00 with a three 
year subscription. 
GREENE - DIPOLE CENTER INSULATOR. Write, 
Greene. Box 423. Wakefield. R. 1. 02880. 
FOR SALE. HT-41 $170.00. SX.99 and Matching 
Speaker, $'60.00; dlobe S C O ~  (680) $30.00; Heatn 
QF-1. Q-Mult., $7.00; RME Preselector, DB 23, $25.00; 
DX-20. $20.00: Globe 755 VFO. $15.00; Globe King 
500A,'$i85.00with spare final tubes; Johnson Valiani 
1 $85.00' Globe D.S.B. 100 $40.00; Drake Phone 
pitch, $z~.oo; Heathkit ~hon; Patch, $25.00; SX-71, 
$90.00; NC.98, $65.00; 250 Watt Inverter, $25.00; 
KW MI-with noise blanker. $275.00: Globe Chamo300A. 
$40.00 (as is); Gonset GSB-6 9106 and DC supply. 
$275.00; AX 9909 Tube (new), Amprex (6083) $20.00. 
You pay shipping. Wanted to buy: Gonset VFO for 2 
and 6 meters; Gonset 100 watt 6 meter VHF Linear; 
826 tubes. Tom Dittrich WB2LZD. 249 Meadow Lane. 
Vestral. New York 13850. 

BRITISH COLUMBIA: The 1969 Okanagan International 
Hamfest will be held on July 26 a ~ d  27 at the Dolly 
Varden Auto Court, Okanagan Falls. B. C. Registration 
t ime 11 a.m. Saturday. For further infarmation write: 
Clarence La Bounty, P. 0. Box 551, Oliver, B. C., 
Canada. 
WANTED: VERY LOW FREQUENCY RECEIVER (MSL-5) 
Write: WA7KDZ, Box 355, Kent, Washington 9g031. 
HAMFEST - ROANOKE, VIRGINIA - Roanoke Valley 
ARC May 24-25. Saturday, May 24 - 7:00 p.m. Rag 
chew at Embassy Motor Lodge. Sunday, May 25 - 
8:00 a.m. to 4:00 p.m. contests and prizes - Vinton 
War Memorial, Vinton. Virginia. 
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W Z A U  BALUN LETS ENTIRE 

Ymmrrrmr( STOP WASTING YOUR SIONAU 
REMEMBER, YOUR ANTENNA 
IS THE MOST IMPORTANT 
PIECE Of  GEAR YOU OWN. 

No Radiation from Cwx 
No Center Insulator N w d d  
l Pedut for Inverted V e a  

(Us. Hang-up Hook) 
l Built.in Lightning orreater 

Brwd.&and 3 to 40 Mc. 
l Takes Legal Cower Limit 

Two Modelat 
1 : l  50 ohm toox to SO ohm 
balanced 
4:1 75 ohm coax to Jbb h 
boloneed 
A must fov Invorhd V m ,  
Doubl.ts, Qwds, Yapls and 
Multipl. Dipoles. 

$12.95 *Mŵ g"R 
W1AU Complete pmtund Fib*rglas Quad . . . . . .SW.W 
W A U  Complete pr8hm.d Vinyl Qwd. . . . . .. .. .W4.95 

UNADILU RADIATION PRODUCTS 
Unadilla. New York 13849 

I HIGHEST $ $ PAID FOR TUBES I 

NEW VORK 10011 . 212-242.7- 
Free T u b  List 

I 

l ma&.* an audible ism. to monitor 
the RF of any CW 4r.n.miM.r (.om 
IOU- to I Kr  t IOOKc (o IOOOMe, 
using only an 8' pickup antenna 

ran be 1.16-triqq.rd lor rod. 
practir. or the testing of .elid 
.+at. romponenh and circuits. 

aid, in tuning up t t..tinq RF 
o..illabr and power ~ i ~ w i h .  

4 Lr.n.i.tor, 2 diode circuit, 
.paL.r, ton. mdjumt, AA pencell, 
h . 4  I..ds, 8' ant., t maqnotir h. 

I I 1 I W E P A Y  HIGHEST 1) 
I( PRICES FOR ELECTRON (1 
11 TUBES AND SEMICONDUCTORS I 
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ELIZABETHPORT INDUSTRIAL PARK 

ELIZABETH. NEW JERSEY 07206 
(201) 3514200 



ENGRAVED P U S T I C  NAME BADGES one l ine $1.00. 
Bv monev order sat lsfact~on guaranteed. We soeclallze 
16 badges for clubs. send- name and design for 
sample. Engraving BY Parlet, P. 0. Box 1167. Paso 
Robles. Calif. 93446. 
SOMERSET COUNTY HAMFEST - June 8, Casebaer 
Church Grove. Route 219. 7 miles north of Somerset, 
Pa (9 a.m.-5 p.m.) Write Theodore J. Leonberger. 
K3RCI. Rd. 2. Rockwood. Pa. 15557. 
SWAP: DAVCO DR-30 wAC/DC PS-SPKR. Factory over. 
hauled and updated, for SEE-33 w DCPS or  SBE.34 
or transceiver. RANKIN. W4ZUS. NAVEODFAC, Indian 
Head. Md. 20640. 
SELL-TRADE: Electronic Test Equipment, Stereo Items. 
R. Zahorcak. 29 Parker. Passaic. N. J. 07055. 
INDIANAPOLIS HAM CONVENTION - ARRL-Central 
Divts~on (Sat.) May 24 at Lafayette Square Mal l  (air 
condttioned). Ham and Manufacturers' Displays - 
1000 seat cinema technical sessions - free or  $1.00 
reserved flea market - $ 1.00 family registration (Ham 
XYL-kids) $2.00 at door. 80 plus shops for  XYL-kids. 
Banquet reservations $10.00 each/$18.00 couple - 
Barry Goldwater (K7UGA/K3UIV) - guest of honor 
with Stu Meyer (W2GHK/4) - master of ceremonies. 
Family fun. Write: Indianapolis Ham Association, 309 
Benton Drive. Indianapolis. Indiana 46227. 
MAGAZINES. QST since March 1944. CQ since 1947. 
Sold as individual copies. What issues do you need? 
Write KIPSR. Box 132. Amherst. N H  03031. 
WATERS dummy load. model 384. l ike new. $45. 117 
Vac. 26.amp variable transformer, w i l l  handle 3 kw  
wi th  ease. pick i t  u p  for  $20. Cushcraft 6-meter 6. 
element beam. $15 (pickup only). QST, nearly com. 
plete run f rom 1949 to 1965. missing a few issues 
around 1960, plus some earlier issues. over 200 
magazines to read for  only $30: 90 issues of CQ 
f rom the early 50's. $10: both sets CQ and OST. $35. 
Wanted. January and March 1961 issues of 73 maga. 
l i n e  t o  complete collection. WIDTY. Box 25. Rindee. 
N. H. 03461. 
SPACE PROBLEMS SOLVED wi th  Joystlck Variable 
Frequency Antennas. With Tuners for  10 t h ru  160 
Meters. Under $45. Brochure. Shortwave Guide. 218.H 
G~fford. Syracuse. N. Y. 13202. 
HANDICAPPERS INFORMATION NET. Mondays, Wed- 
nesdays and Fridays f rom 2000 to  2100 GMT on  7270 
KHz. Primarily a net fo r  handicapped, but al l  ama- 
teurs are invited. Goals are to a ~ d  handicapped per- 
sons i n  daily problems, t o  help handicapped amateurs 
advance their class of license, and to interest and 
assist other handicapped people i n  obtaining an 
amateur license. We need the help of many amateurs. 
For further information, check into the net or  contact: 
Kathleen Wilson. WA5QQR. Net Manager. 
SWAP 6 SHOP Bigplest i n  Southeastern Idichigon. 
Sponsored by Hazel Park Amateur Radio Club. May 
18. 1969. 10:OO a.m. to 4:30 p.m.. Hazel Park High 
School. Hazel Park. Michigan. 
QSL'S - BROWNIE W3CJI - 3111.8 Lehigh. Allen- 
town. Pa. 18103. Samples l o t .  Cut catalogue 25C. 
WRL's used gear has trial.terms-guarantee! KWMl  -- 
$199.95 SR34AC - $149.95: HE45B - $79.95: Swan 
240 -'$179.95: Galaxy V - $229.95: B & W 51008 
- S l 0 9  95. HX70 - 2149.95: HX5O - $249.95: 
A M E ~ O - R < ' -  $5995. Sk146 - $189.95: HR20 - 
$79 95: NC303 - $199.95: SB301 - $269.95 Hun- 
dreds more. Free "blue.book" 11st. WRL. Box 919. 
Council Rluffs. Iowa 51501 ..-. - .  -.  ~ 

FOR SALE: K W M 4  with 516-F2 Power Supply. PM-2 
SS AC Supply. CC.1 Carrying Case and Mosley TT-31 
portable Antenna $700 00. Hammarlund HX.500 SSB. 
FSK. CW Transmitter 5280.00. Hallicrafters SR.34 6 
and 2 meter portable AC/12 Volt DC Transceiver 
$250.00. BC 271 $35.00 complete with wood case and 
canvas cover. Ail very clean and in excellent operat ing 
order. A. S. Johnson. WIUVG. 20 Woodside Road. 
N~wtonv i l l e  Mass. 02160: 
20th GRAND RAPIDS Amateur Radio Assoc. (ARRL 
sanctioned) State Convention May 9-10. 1969. Write 
GRARA Box 1333. Grand Rapids, Michipan 49501 for  
tickets and informst ion. 
CLOSEOUTS! Distributor's Entire Electronic Inven- 
t o r y  Lots of ploodies! Ham Gear Too! Send 25C for 
I ~s t s .  KESCO. Box 6.H. Mount Union. Penna. 17066. 
YOUR A 0  belongs here too. Commercial ads 2 5 t  per 
word. Non.conmercial ads 106 per word. Commercial 
advertisers write for special discounts for standing 
ads not changed each month. 

LOW PRICE, 
QUALITY, 
COAXIAL 
SWITCHES.. . 
Don't pay for the 5th and 6th position. The aver- 
age HAM rarelv uses more tha? 4! 
SPECIFICATIONS: Silvered Contacts. Wr~le-on ERASABLE 
orcutcheon plate. AVAILABLE EITHER 4 PST (COAX-4) OR 
LINEAR (COAX-LINEAR) IN-OUT VERSION. Handlorn 1000 W 
AM or 2M)O W SSB. Inmett~on loss negligible to 1 0  Mc. 
VSWR: Lee8 than 1.2 at 160 Mc. Size: 3'1," dia. x l'k" ovorall. 
Single hole mount. SPECIFY MODEL. $7.65 em. 

COAXIAL LIGHTNING 
ARRESTORS 
Zero power 1088. No incroame in 
SWR at 150 Mc. Doem not attenuate 
mignolm. Model 210 for 1000 W (AM) 
or 1MX) W (SSB). Model 211 Eloc- 
tron~c mtatic arre~tor for 50 W (AM) 
or 100 W (SSB). SO.239 UHF type fitting.. Othor fittlnga 
arrilablo. Si te appror. 3'h" x ' l a "  dim. 1210 $3.15 oa. 1111 
$4.&3 oa. SPECIFY model #. 

PRICES abovo arm amatour not. Shipped ppd. in U.S.A. Sond 
Chock or M.O. (N.J. ADD 3% Sale8 Tar) 

OTHER PRODUCTS: Food t h ~  capacitor.. lunod noiao 
filters. Attornator, aonomtor. l a - o a r s  m d  field filtorm. SEND . - . . 
FOR CATALOG. 

I -COMMUNICATION ENGINEERED) I By "HAMMIE" RICHARDT-WWIY I 
ELECTRONIC APPLICATIONS CO. 

ROUTE I, Pine Brook, N. J. 07050 

You can be sure with Bany . . . 
Fair dealing since 1938 

Send lists of your unused TUBES, 
Receivers, Semi-Conductors, 

Vac. Variables, Test Equipment, etc. 

No Quantity too Small. 
No Quantity too Large. 

Write or Call now . . . BARRY, WPLNl 

B A R R Y  ELECTRONICS 
512 BROADWAY NEW YORK. N. Y. 10012 

212. WA 5-7000 
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I I . . . . through either of these antenna noise bridge units, which provide 
accurate and fast testing of antennas and feed lines at a reasonable cost. I I 

M d r l  lE 7-01 Modal TE 7-02 
Antenna Nolse Brtdge Extended Range Antenna 
Range - 1 to 100 MHz Noise Bridge 
RCA TIP Jacks Range - 1 to 300 MHz 
Resistance Testing. BNC Connectors 
0 - 100 ohms Reststance Test~ng - 

$24.95 0 to ~ n f ~ n ~ t y ,  cal~bnted 
25 100 ohms 

Features Applicable to Both Models: $34.95 
Test antenna for both resonant frequency and Impedance 
Replace VSWR br~dges or other antenna test equipment 

* O p t ~ m u m  performance through a l~gnment  and test of 
moblle o r  flxed statton antennas. 

omega- t systems 
Test beams, wh~ps, d~poles, quads, or complete tuner incorporated 
systems 

50-52 MHz In. 28-30 MHz out 
o r  52-54 MHz w i t h  a second crystal. 

A fu l l  desrriptigm of this fantastic converter 
would fi l l  this pape, bu t  ycju can take our word 
for i t  ( I I ~  those 12f hundreds i ~ f  satisfied users) 
that it's the hest. The reason is simple - we use 
three RCA dual gate MOSFETs, one bipolar. and 
3 dindes in the hest r i r c r ~ ~ t  ever. Stil l  not n ln -  
vinced? Then send for our free catalr~g and g r t  
the ftt l l  descripti~~n, plus photos and even the 
schematic. 
Can't wait? Then send us a pnstal money. order 
for $34.95 and we'll rush the 407 out to you. 
NOTE:  The Model 407 is also available in any 
f r rq r~rncy  mmhinat ion u p  to 450 M H z  (some at 
higher pr ims)  as listed in our catnlg~g. New York 
Ctty and State residents add local sales tax. 

Appllcaflons data and operatlng lnstrucflons Included. For 341 TERRACE VILLAGE . REHARDSON. TEXAS 7 x U l  
descriplive llterefure wrlte: (214) 231-5121 

VANGUARD LABS 
Dm. R. 19623 Jamaica Ave.. Hollis. N.Y. 11423 

FT 243 XTALS 508 EACH 
7450KC 7600 7725 8125 8500 8600 
7500 7675 7850 8200 8525 8625 
7575 7700 8100 8300 8550 8650 
FT243 XTAL SOCKETS 3/25# 
TUBES 50C EACH NEW IT4 - bAQ5 - 12SG7 
RF CABLE CONNECTORS 256 EA. lIG30D/U, UG-1468/U 
Rubber stamp with your call letters 1/2Ir high. $1.00 ppd 
FREE CATALOGUE UPON REQUEST. 

BOB - FRANK ELECTRONICS 
P. 0. Box 1327 - Harrisburg. Pa. 17105 

Radio A n  j B rms lerns  

1-IBERTY PAYS M O R E ! !  
WILL BUY FOR CASH - ALL TYPES 

E l ~ t r o n  Tubm . krniconducton . Test bulpmwi 
Military Electronic Epulpmnt 

Wire. write, phan collect' We pay freight on all pmhmm! 
L I B E R T Y  E L E C T R O N I C S .  I N C .  

Y O  Broadwmy. Now York. N. Y. 10012 
Phonm: 212/925.6000 

I 
I I 
I I 

Rhodium I 
I 
I 

I 

I 
I 

I 
A. $5.00 Ea. I 

I I 

6 M E T E R  
C O N V E R T E R  

I I 
I Rush Order lo: RADIO AMATEUR CALLBOOK, Inc. I 
I Dept. E. 925 Sherwood Drive. Lake Bluff. 111. 60044 1 L ,-,--,----- -------------- 
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2 Element 
QUAD 
FOR 10 - IS - 20 

,tl. -1001 Q U A D  n w1.d .I I K W  ru  .M 2KW 
P I  r SSB v..tun. W - S ~  <..a om* ~n!o)r 
m.,,mun.  ID,.,.,^ .am .r*1 r..v lo- s w l  D1.r ~n.  
,",I b."...,," Th. ""la". .n.w .Itor. *.ow' 
. I . ~ . ~ ,  ,p.r,ng 10, -11 ~ n n o .  II 0% ..SY 10 .**.m 
DI. ."d ...,, ,. -.nd. ". to I r n  rpn I T  % ~ ~ s b t * e * e ~ f  
*,,,, . 4 . 6  Man U"*h A b.ocn"r. *If" 

lu,,r*, ,n<o,n.nlon ,. I-" 10, vn. m.bsns 

PRODUCTOS 

CALLE MERIDA. 50 X yuc.. 4s NuM. JOGAm MEx. 431 

SURPLUS EQUIPMENT WANTED TO BUYBF 
THE FASTEST GUN IN THE EAST 
No honina around, w mi hat . . . on 24 
hwn . . and n pl mma. Wa'II m p  m k Inda n n  qulvmnl too . . . Wa qaaa hst 
loo. Ws aho my lor Shlwint. Insurmma. dt. 
Yw all hst, n n .  COII.~~, hr hst quota 

SMCL U E m l U  
Ik. el MILITMI UCRO~(IU COIT. 

11 Summit A*.. Earl Patrrron. N J 07407. 1201) 791.5050 - 
Antennas Towers Rotators 

New Used Surplus 
We are a member of the Jennings Diode Bank. 

Contact us for any diode. 
Service % amp to 1000 amp any voltage. 

HY GAIN . HUSTLER - MOSLEY ' €2 WAY 

NEW Q S L  BUREAU 
To handle ALL your QSLs, whether for next 
door, the next state. the next country or any- 
where! No special membership fees, coupons. 
or rules; Just: 
36 each for QSLs for U.S.A.. Canada or Mexico. 
4,4 each for QSLs for any other place i n  the 

world. 
Just bundle them u p  (please arrange alpha- 

betically) and mai l  to: 

WORLD .QSL BUREAU 
5200PanamaAve. 

Richmond, Calif. 
U.S.A. 94804 

ATTENTION HAMS U.S.A., CANADA AND 
MEXICO, Yes, we mean Just what we say - 
at last a QSL bureau to  handle QSLs for 
QSOs within your own country. 
AnENTION HAMS OUTSIDE U. S. A.. CANADA 
AND MEXICO (and SWLs anywhere). Please 
send us your QSLs for delivery anywhere - 
same rates as listed above. 
ATTENTION RADIO CLUBS. Here is  a way to  
increase attendance at your club meetings. 
On application we will send QSLs received for 
your members to  you for distribution at  meet- 
ings. Also special plan at reduced cost for 
outgoing QSLs from clubs available. Send 
for details. 

TRI-EX . ROHN . VEST0 . MYLAR 
ROPE - CDR, Etc. 

One pfece or a complete antenna system 
Also dealing in  surplus 

Write for latest catalog 

ANTENNA M A R T  
BOX 7 . RIPPEY, IOWA 50235 

SDA-100 
SOLID STATE 

DECADE AMPLIFIER s~~..~.. . This versat~le new unit converts ... 
your own VOM. VTVM, or FET. 
VM into a sensitwe audio and 

"a'- 
I.F. millivoltmeter. . It can also be used as a wide- 
band, low noise pre-amp for  
oscilloscopes. . Maximum gain XlOO V CQ de WZKUW 

BEST OFFER!! 
Crid . . . . . . . . . . for any piaca of airtralt or gnund 
radio units, also teat *quipman? All types o t  tubma. 
Partitularly looking for 4.250 . 4.400 . 113A 30411 

4CXtOOOA 4CX5000A r t  rl. I71 . SIX 3WA . ARM ORM . GIC . UPM URM UIM unite. 
 TED DAMES CO.. 310 tlickmry St.. Arlingtmn, N.J. 0 7 0 3 2 1  

NEW NEW NEW NEW NEW NEW NEW NEW NEW NEW NEW N 
& - 

pond center N U  Phasor / Nylon cord 

Balun lbcensd by 
0 

7HF GUEElILLR 
A New, Vrry htgh efl~ctency antenna Iron) GUERILLA 2000 WATTS SSB VOICE SO OHMS 

,ECHWOLOCy~ n,n,,,m,m en,- One man rrect*ou t t ?  n,mnut~s wolh m cl*mbong, no 

0 
."* 40 ,., ,,ands, Hoghest 

Other stun neded but a I t R  lnCIUdes 300' Nylon 

OVFraII c((,c,ency, Full length dlpOle on 7 5 . 1 ~ ~  Only 3% Lbs. "" hang hogh \ 
Send for complete WP. LIMITED SUPPLY. $33.75 

0 
0 p h a M  d~WleS, WOth Sqf!8f#Canl -80 W r  dWJk ppd. an reusable a81 drop bag. 

antenna on 40 M VSWR below 2 1 on 75 M and be 

low 1 5  1 on 40 M 50 It lead an. BALUN. antenna. DUSINA ENTERPRISES 0 Guetfila ,DO" system, nylon codi 6 r a  bafl 571 h n r e  GM k. 
1 man UP 6 on the st,. 5 mtnules. down on 3. In M.lboume. Fla. 32901 

0 
0 AIR DRDP SEALED BAG wth manuals, c u m  el.. Ponsd BalunlCo Phasor 

100% Potted, wmlh PL 259. / 0 
N m  m N m  N m -  m m m N m  N m  m m NnJ 
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b* 

. Input Impedance 1.11 meg . Output Impedance 100 ohms 
Freq. Response lOhz to lmhz  . Sillcon FET and transistors )34'95 ppd . Epoxy PC board, bakelite case ",Ed" g: :$ . Internal battery, shielded 

S Y  N T E L E X  
D e p t  HR-1, 39 Lucille Ave., Dumont, N. J.07628 



Not a gadget, not a gimmick but s tunctvonal workable 
unit that is easy to attach to most tube and transistor cali- 
braton. Four wires connect the IC-3 Divider to your 100 
KC calibrator to give 25KC Marks. Circuit board is only 
114 inches quare. Takes just minutes to hook up. Specify 
voltage: 3 to ZOODC. 10 ma. (Lowest is best.) Don't 
delay. m d  today for IC-3, $7.25 postpaid. 

11 RADIO CLUBS 
WRITE TODAY FOR DETAILS 

FOR THE MOST LIBERAL 

CLUB DISCOUNT PROGRAM 
AVAILABLE T'ODAY 

HAM RADIO MAGAZINE 
GREENVILLE, NEW HAMPSHIRE 03048 

Only 
$67.50 

Planar ep i tax ia l  in fegra led circuits for nth 
ability. N o  tubes-No separate transistors. 
Precision feather-touch key built-in. 
l Fully digital-Dot-dash ra t io  a l w a y s  per 

fect. 
N o  po lar i ty  problems-Floating confads 
switch f 300-V @ 100-ma. 

Rugged sol id construction-will n o t  walk. 
l Send QSL or  postcard f o r  from brochun. 
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VHF COMMUNICATIONS, t he  internat ional edi t ion 
o f  the long-established German publ icat ion UKW. 
BERICHTE, is  an  amateur radio quarter ly con- 
cerned entirely with VHF. UHF and microwave 

VHF COMMUNICATIONS specializes i n  t he  pub- 
l ishing of complete and extensive construction 
data for  transmitters, receivers, converters. trans- 
ceivers, auxiliary and test equipment. antennas. 
etc. The latest advances i n  solid state, pr inted 
c~ rcu i t ,  and electronic technology are reflected i n  
the designs. Special components required f o r  
the assembly o f  the described equipment, such 
as printed.circuit boards, t r immers, coi l  forms. 
complex metal  components as well as complete 
kits, are available. 

VHF COMMUNICATIONS also features lnforrns- 
t ion  regarding new developments i n  electronic 
equipment. test methods and general technology. 
useful t o  the amateur. 

Radio Amateurs 

- .. - 

WORLD PREFIX MAP- Full color. 40' x 28". shows 
pref~xes on each country . . .  DX zones, time zones. 
cities. cross referenced tables . . .  postpaid $1.00 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD - from the center of the United States! Full 
color. 30" x 25". listing Great Circle bearongs in de- 
grees for six major U.S. cities: Boston. Washington. 
D.C.. Miami. Seattle. San Francisco & Lo5 Angeles. 

. . . . .  . . . . . .  postpa~d $1.00 

RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color. 30" x 25" - includes Central Amer~ca and the 
Car~bbean to the equator, showing call areas, zone 
boundaries. prefixes and time zones. FCC frequency 
chart, plus informative ~nformat~on on each of the 50 
Un~ted States and other Countries. . .  .postpaid $1.00 

WORLD ATUS - Only atlas compiled for radio arna. 
teurs. Packed with wor1d.wide information - includes 
11 maps, in 4 colors with zone boundaries and coun. 
try pref~xes on each map. Also includes a polar pro. 
jection map of the world plus a map of the Antarctica 
- a  complete set of maps of the world. 20 pages. 
size 83h" x 12' . . . . . . . . . . . . . . . . . .  .postpaid $2.00 

Complete refemme library of maps - set of 4 as listed 
above ............................ postpaidf3.00 

favorite dealer or order direct. 

RADIO AMATEUR 

Lake Bluff. 111.60044 



- - 

WHY - - - 

YOU SHOULD HAVE 

FORWARD YOUR QSLs TO DX STATIONS 
W3Kt has over eight years of experience i n  operat- 

Ing on outgoing QSL service. 
W3Kt has forworded well over a million QSLs 

during that time. 
W3KT forwarded over 250 006 QSLs i n  1968 alone. 
W3KT personally has 345 iountries confirmed. 
W3KT offers you o DELUXE service. All you hove 

to do i; to f i l l  in the card. 
W3KT considers your QSL a person01 message ond 

sends i t  out PROMPTLY by FIRST  CLASS'^^^^. 
W3KT keeps up-to-dute files of stateside QSL man- 

ogers. When he sends cords to them he in- 
cludes on SASE, ond sends the replies t o  you 
via your QSL Bureau. 

W3KT sends other cards to the proper QSL Bumour, 
or, where necessary, direct. 

W3KT sends out 30 CARDS PER DOLLAR, and it 
is not necessary to send thew 011 oi the same 
time, or i f  you prefer, he wi l l  forward your 
QSLs ot FOUR CENTS EACH. 

W3KT charger N O  MEMBERSHIP FEE. 

TRY THIS SERVICE! 

C A N  THOUSANDS OF USERS BE WRONG? 

W3KT QSL SERVICE 
RD 1, Volley Hill Rood Malvern, Pa. 19355 

WE PAY CASH FOR TUBES 
LEWISPAUL ELECTRONICS INC. 

303 W. Crescent Avenue 
Allendale, New Jersey 07401 , 

I 

Full loading 80-10M - 
Rugged Eimac 3-10002 
Dependable operation 
Easy to load and tune 
No flattopping with ALC 
Distinguished console 

Instant transmit 
High efficiency circuit 
Designed for safety 
Fast band switching 
Real signal impact 

Price. . . . $ 7 9 5 0 0  
R E A D Y  10 O P E R A T E I  

m aumw olvlrlcw 

Iofstrom Technical hod& 
4616 Santa h, San Diego, Co. 92l09 

ARRL N A T I O N A L  
DES MOINES, IOWA 

JUNE 20, 21, n 
P.O. Box l(W1, 50311 

I I)--------------------------------------- 

'Beamed-Power"ANTENNAS,"BALUNS" 
I. V. KITS and ROTATOR SYSTEMS! 

En'oy World renown TELREX performance, value 
and durability! Send for PL68 tech, data and 
pricing catalog, describing professionally engineered 
mmmunication antenna systems, rotator-selsyn-indi- 
cator-systems. "Baluns", 1.V. Kits. Towers. "Mono- 
Pole", "Big-Berthas", accessories, etc. etc. 

n Communicorion 
L I Enpi- -with a MATERIAL DIFFERENCE! 

USO. IS one of the most dependable 
testtmon~als of endorsement. % Telrex 

products are In use in 139 Lands ASBURY PARK. NEW JERSEY 07712. U.sA 
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GOV'T  - INDUSTRIAL - SURPLUS - BARGAINS 
SOLID STATE BARGAINS 
51.25 EACH P.P. 
Any 5 items for $5.00 P.P. 

NOISE CANCELLING MICROPHONE 
Late Gov't issue. MX51UR 
noise cancelling bandwidth 

Originally used on boom in 

PLUG-IN CIRCUIT BOARD AN0 
MATING CONNECTORS a 
Make your next project look - 
in construction. This k i t  

a 
Diodes (RUE) 1 amp BOOV 6 for $1.25 
-Si l icon trigger diode (AVAL SW) 3 
for $1.25- - Bi-switch 7 amp AC con- 
trol 3 for $1.25* - Terminal boards 4" 
x 5'1 w ~ t h  75 terminals each side (RUE) 
3 for $1.25 -Si l icon diodes i n  heat 
sink 25  amp 200V $1.25 - Xformer 
input 1 2 0 ~  6 0  Hz out 6.3V 1 amp $1.25 
- 750  watts AC phase control solld 
state parts & instructions $1.25 - 
Plug in socket & PC board 4.5" x 6" 
$1.25-Zener diodes I N 4 2 9  3 for 
$1.25- Zener diodes 1 0  volt  (RUE) 
4 for $1.25. "When both o f  these 
are purchased instructions for making AC 
phase control are supplied. RUE - 
removed from new equipment. 

CAMERA 
This electrically sequenced 
camera takes 1600 pictures 
O n a  Of standard 35 
m~l l imeter  film. The camera 

with a 
35 MM length 2.3 
Bausrh & lens with to 

16. 24 operation' ldentlfication 
Of each is possible by means Of 
a chamber which 
data card information to  be projected 
~n corner of the frame. Watches are 
available extra which f i t  i n  the record- 
ing chamber so that the t ime each shot 
was taken wi l l  be recorded. Use this 
camera for t ime lapse photography. Oscil- 
loscope recording and data panel recor- 
d~nq. Complete camera with lens & one 
magazine S69.50 P.P. Spare 100  foot 

watch for data chamber 520.00 P.P. 

l imited carbon microphone. 

front of pllots helmet. This 
microphone is excellent for 

use wl~ctc  communications must be main- 
tained even at  high ambient noise levels. 
Included is a schematic showing proper 
way t o  bias microphone in transistor 
circuits. Also included is two tran- 
sistor amplifier circuit. Capable of 
driving speakers. Brand new and i n  
original packaqing. Recent manufacture. 
A t  the outstanding low price of 2 
for 51.00. NCM 2 for 51.00 P.P. 
CAMERA CONTROL TEST SET 
This test set is worthless 
for i ts original use. But p3 we are offering it as a 
parts bonanza. The cast dee 
a lum inum po r tab le  s t y l e  
carrying case alone is worth 
three times our selling price and the 40 
subminiature pi lot lights complete with 
328 bulb are each worth over $2.M). 
Other valuable parts include an elec- 
tr ical impulse counter. Numerous switches 
and relay cables and connectors as 
shown. Only 40 units are available. So 
order ,,ow. CCTS $17.50 ~ ~ 1 .  Collect 
KOILED CORDS 

Cord extends from l l t t  t o  
54Ir. The heavy stranded 
conductors of these cords 
makes them ideal as micro- 
phone or telephone cords. 
Eliminate those tangled cords 

that fray and wear out in a rhort time. 

-- 

really professional w i th  plug- i , 
gives you everything you need 
to make three plug-in boards. 
Including mating 1 5  point 
connectors. The connectors alone are 
worth five times our k i t  price. Boards 
are 61' x 4.5". Double copper clad 
phenolic (brand ntw). 

PICB 3 for 52.50 P.P. 
7 5 0 ~  AC PHASE CONTROL (SPEED 
CONTROL/LAMP DIMMER) KIT 
Everyone knows what use the AC Phase 
Control can be put to. This easily con- 
structed k i t  w i l l  dim lights, control 
speed of AC/DC tools UP to  7 amps. 
K i t  includes a l l  Parts and instructions. 
You supply housing. ACPC $2.50 P.P. 
M1NI-BoX HEAT SINKS 

M~~~ of gold alu. 
~~~~~~~d for tran. 

s~stor ignition systems. It is 
the very best Heat Sink as- 
sembly we have run across i n  
our travels. Inside dimen- 

Si0nS ave 1 3 /4  wide x 3 5 / 8  long 
x 2 3 / 8  high. 2 shelves inside for 
mounting transistors & diodes. Brand 
new wl th  hardware. Use it i n  your 
next project to give it that professional 
look. MHBS s2'00 P.P' 

Entwprises 
P 0 BOX ~ 4 .  H ~ ~ H ~ ~ ~ ~ .  MASS. 01937 

rncc WITM 111 onorn 

---- -- - - -- - - - - -- . - - . - - 

magazine 525 0 0  P.P. 24  hour recording 
t;;mirl andK;r;nf$l;;,o; ;: ,,,, Mu,u,, ,,,,,, , ,, ,,, 

.. - - -  . ~ - - -- - - - -~ -. - -  

A T T E N T I O N  
7' 

ALL NEW SURPLUS ELECTRONICS 
CAPACITORS 

SOOMMF a t  l 5 K V D C  1.50 ................................................... 
l M U F  a t  l5OOOVDC ........................................................ 2.00 i ~ O M F D  a t  IOOOVDC 1.50 ...................................................... 

I I .OMFD a t  6 0 0 0 V D C  .................................................... 3 .00 
1 5 M F D  a t  6 0 0 V D C  1.50 ......................................................... 
8 M F D  a t  2 5 0 V D C  .......................................................... 5 /1 .00 

TRANSFORMERS 
l l 5 V A C  60CY 1 0 V  @ l A M P  ................................... .75 
l l 5 V A C  6 0 C Y  6 .3V  O 7 A M P  & 

4 8 0  . l l l A M P  ............................................ 2.50 
l l 5 V A C  6 0 C Y  10 .2V  @ . 8 A M P  ........................... 1.50 

/ 1 1 5 V A C  6 0 C Y  12 .6V  @ 0 . 1 5 A M P  & 
6 .3V  Q 7 .5AMP ......2.50 ......................................... 

/ l l 5 V A C  6 0 C Y  6.3V @ 2 .5AMP & 5 V  
................ @ 2 .5AMP/CT  5 0 0 V  s, l O M A  1.50 

CHOKES & MISC. 

4 3 2  M h z .  A n t e n n a  F i l t e r  ..................................... 1.50 
T e l e p h o n e  O p e r a t o r  H e a d s e t  ........................... 5 .00 

1 Dayton Surplus Electronics 
1001 E. S e c o n d  S t r e e t  :I 

1 Day ton ,  O h i o  4 5 4 0 3  

513-222-4295 
3 ~p - -  - -- 
- - - - - - - . 

GET YOUR NEW 
ISSUES NOW! 

Over 290,000 QTHs in 
the U.S. edition $6.95 

MARCH 1 - SEPT. 1 
JUNE 1 - DEC. 1 

These valuable EXTRA features included I n  both  editions! 
as1 Managers Around t he  Radio Amateurs' Pref ixes 
World! b y  Countries! 
Census o f  Radio Amateurs A.R.R.L. Phonetic Alphabet! 
throughout t he  world! . Where lo Buy! 
Radio Amateurs' License . Great Circle Class! 
World Pref i r  Map! In ternat iona l  Postal 
In ternat iona l  Radio Information! 
Amateur Prefixes Plus much more! 

See your favori te dealer o r  order  d i r ec t  (add 25C f o r  mailing 
i n  U.S. Possessions & Canada. Elsewhere add 50C). 

Dept. E. 925 S h e r w o o d  Drive 
Lake Bluff, 111.60044 
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FAIRCHILD L C ' s  
NEW FACTORY FRESH I I ! 

UL 914 . . . . .  .80 ea. 10/$7.50 
100/$65.00 

UL 923 . $1.50 ea. 10/$13.50 
100/$110.00 

CRYSTAL OSCILLATOR KITS 
using I. C. UL 914 Stable, harmonic. 
rich output osc. range 100 KC to 10 
MC - Kit includes Fairchild I,C, uL 
914, crystal sockets, resistors, capaci- 
tor, & 
with instructions for assembly. 

$2.00 per Kit. 

PC BOARD K I T  
3 ea. 3 x 6 copper boards, etchifN 
solution and etching resist paint. 
. . . . . . . . .  . . $2.49 

R & R 

LOW COST BINARY COUNTER 

b ?  

Has many uses such as frequency counter, 
electron~c stop watch, frequency meter, 
event counter, etc. 
This unit IS a binary counter, the first 
11ght reads -1- each lite (stage) you 
add doubles the count. Example: 
No. of stages Lite no. Count . - - - - - -- 

2 . . . . .  2 . . .  
3 . .  . , 
5 . . 16  31 
10.. . . . . . . . .  512 . .  1,023 
15..  ......... 16,384 . .  .32,767 

No limit to the stages you [an ~h~ 
total Count is twice the value of the 
highest numbered light minus -1. Each 
kit contains one complete stage with in- 
~ t ru~L i0"  for assembly in minutes. 
Diagrams for power supplies included. 
Printed circuit board measures 2" square 

Kit for stages 
$2.49 ea. .... 2 to 9 - $2.29 ea. 

10 or more $1.99 ea. 
mechanical trigger or Schmit (electrical) 
trigger. Photo shows sample mounting of 
7 stages. Additional information upon 
request. 

ELECTRONICS R & R 

K I T  NO. 1. 
K100C-2 100 KC CRYSTAL CALIBRA- 
TOR. First P.C. board kit contains 
components for 100 KC output. The 
output of this little unit Is really very 
stable, k .005% or better at 100 KC. 
Voltage requirement is 4.5V DC (3 - 
1':z V flashlight bau.). Complete with 
crystal, integrated circuits and all com- 
ponents. . . . . . . . . .  ONLY $4.95 

K I T  NO. 2. 
K100C-2A Contains two P.C. boards 
with components of Kit No. 1. and has 
additional components to deliver outputs 
of 50 KC & 25 KC band edge markers. 
Complete Kit K100C-2A (shown in photo) 
will deliver stable harmonic-rich outputs 
of 100 KC, 50 KC, and 25 KC band 
edge markers. Units deliver a square 
wave which gives useful harmonics up 
to 50 MC. ONLY 97.95 

CRYSTAL 
CIRCUIT BOARD ASSEMBLY ETCHED 

AN0 DRILLED READY FOR 
ASSEMBLY IN 5 MINUTES. 

ELECTR0NICS:S PLEASE 
247 S. Mer id ian  St. 1953 S. Yel lowspr ings rc8fc.r all 

Indianapolis. Ind iana Springfield. Oh io  mail ordcr 
46225 45506 Dept. H.1. to Ol i io slore. 

$2.00 m i n i m u m  order FOB Springfield. Ohio. Please add suff ic ient  postage: w e  re fund unused 
amount. Ohlo customers add 4% sales tax. WATCH f o r  our  booth a t  t h ~ s  summer 's  "Hamfests". 

. 

. . .  THE BEST 

2 M E T E R  
C O N V E R T E R  

144-146 M H z  In. 2 5 3 0  M H z  o u t  
o r  1 4 6 1 4 8  M H z  w l t h  a second c rys ta l  

A f u l l  description o f  this fantastic mnverter 
would f i l l  this, page b u t  y ~ u  can take our word  
for i t  ( o r  those hundreds of satisfied usera) 
that it's the best. The reason is simple - we use 
t h n e  RCA dual ate MOSFETs, one hi lar. and 
3 diodes in the &st circuit ever. ~t i l?not m n -  
vincd? Then send for our free catnlog and net 
the fu l l  description, plus photos and even the 
schematic. 
Can't wait? Then send us a port111 money o d e r  
for $34.95 and we'll rush the 407 out to you. 
NOTE:  The Model 407 is a h  available in m y  
f r  uency combination up to 450 MHz (some at 
h i 3 e r  p r i m )  as listed in our catalog. New York 
Ci ty and State raidents add local sales tax. 

VANGUARD LABS 
D.pt R. 1 9 6 2 3  Jamalcm Ave., Holfls, N.Y. 11423 

The MAC0 QUAD over all 
\N H Y ? othe rs , cecae  of one 

EXTRA feature: 
It will: 

Stay up in the air 
A T ime Proven Quad 
for 10-15-20 meters  

I n  constant use f o r  (7) 
years LX W9GIW i n  I l l i -  
no is  u p  50 ft. For 4 %  
years i n  Fla. C3 WA4LPU 

(Through 
Two Hurr icanes) 

Reasons t h a t  
they  s tay  up: 

Only - 2 1  Ibs. (incl. #14 
wire) On ly  - 4.5 Sq. Ft. 
w ind  load. 

N o  Spiders 
N o  Weld ing  

Uses - 6061-T6 Alum. 
wi th double th ickness 
where needed. 

Has i t s  o w n  b u i l t  In g u y i n g  (uses 250 Ib. tes t  
nylon - can take u p  t o  250 Ibs. o f  ice loading) 
Center m a s t  (For guy ing)  ideal  also fo r  2 
meter  beam. Shakespeare Fiberglass rods t h a t  
have proven t o  be the  best R.F. ~ n s u l a t o r s  fo r  
quads  (no  distort ion o f  pattern). 

Pr ice $99.95 - I n  produc t ion  s ince 1965 
(see 1st a d  June 6 5  CQ). Wri te for  f ree  
brochure to: STELLAR INDUSTRIES, 1 0  Graham 
Road West. Ithaca, N. Y. 14850 o r  - MACO 
PRODUCTS. 915 E. Cornel l  Avenue, Springfield, 
I l l inois 62703. 



1250 MFD @ 18 VOLT COM- 
PUTER GRADE CAPACITORS. 
P U L L  OUTS. N ICE  A N D  
SHINY. APPROX. SIZE 2" 
DIA. X 4%". $1.00 EA. PPD. 

88 MHY TORROIDS 
UNPOlTED 

5 FOR $1.50 PPD. 

EPOXY 400 VOLT PIV @ 1 
AMP DIODES. 14$ EA. PPD. 

TEFLON BNC Fl lTlNG UG- 
1 0 9 4 / U  REMOVED FROM 
EQUIPMENT. 3 FOR $1.00 
PPD. 

50  PIN CANNON CONNECTORS. GOLD 
PLATED PINS. PART NO. DDM-50 P 
(A106). REMOVED FROM NEW EQUIP- 
MENT. SOLD IN PAIRS ONLY. 4 PAIRS 
(8 PIECES) $1.00 PPD. 

M. WEINSCHENKER K3DPJ 
PO BOX 353 

IRWIN, PA. 15642 

Pa. Residents add 6% sales tax. 
Al l  items ppd. Continental U. S. A. 

11139. Command n c e m r .  108 132 mc AM. 9 l u b .  2 ur sen$8lw?h. No 
at.1 We g w  knob. tvnlnp graph. I.rnne.1 a118 N w r  m e r  supply h 
controb *I o l h l  Commands NCW. $27.30 
122. Commend rccemr Y O  IbM) kc. wntn hnob and tuning graph h 
Irrhn8c.l d.1.. OK. 17.95 
1111 Modem 0 5'er 190-SM KC. 85 Kc IF. no 61.1 Brand n.rr 12.95 
1123/AU.S Command mr (QSer) 190-5M hc. has d8.I. wlhnob h 1-h 
0.1. OK, lu.renlw. I.IIM 14.95 
SP6WIX  R ~ n w r .  Y O  kc to Y mc. ~n cream wfl rondsloon. 325.00 
ANIALI.5. Tunes 38 1000 mc walh ONE tunang "not CV 253 onr1ud.d 
Brand new. wlrcvr 1.1. IVD. c0nvert.d lo 60 cv (R.44) also new 01 I l ls  
brand new. wvth m h  275.00 
Lu14 1 . 4  nr1.r. 125.20 ml. 01%. w l ~ r .  mltch.d u l l b  h 1-h. data 

, 100% OK. 57.50 
TICHNEIANI: We h . ~  - .mv*ls l 1 l W l N S  ~n %oms. C w l o r s .  1 S~enaI  Cen.ralors, .I<. ASK! 

WANTED: OOOD U 9  TEST EQUIPMENT L MIL. COUYUNK. I w m A 9 L 1  e m  l w v E n o w  0F moo u TEST r o u l p u m  IN  
I THE COUNTIY. BUT PLEASE m NOT ASK ron CATALOG! ASK FOR SPECIFIC 

I the nerrnaf lex key 
W e  twin Inn, t mtraigM had b y  

8 .mp. go ld  d i f f u n d  ail- nn(u(. 
d i u s t  lron 0-.ObOm t 3-50 mnm. 

d is t i nc t im  b lue  p d d l n  are OF 
ruaad G-I0 fibwmla.. .-. 

I 
:bin.( i a  lb g.;g. p i i s h d  .lmu 

s t 4 8  1.95' eq. x 3.75', pddlm 192-ye 1 
n h n d  I.-', -irht a p  I ?d. 

~nlnron. rubber ..t r st.bnl4y. d a ~ a m r .  
lOO$ US m d .  t muatan& b I )*. d d  bl -11 only 

James Resetarch comgarydep't: HR- K 
11 schermerhorn st.. roo hrn n.v. 11201 

AT LOWEST PRICES - 48 hr. delivery 
Thousands o f  frequencies in 
stock. Types ~nclude HC6/U. HC- 
18/U. FT.241. FT-243. FT.171, etc. 
SEND 106 for catalog with 
osc~l lator circuits. Refunded on 
first order. 

24WH C 1.1 Drive 
Ft. M v m .  Xridm 33901 

I SURPLUS WANTED 

URM. USM, UPM, SG; M D ,  PRM; PSM; PRC; 
R M .  TED. SPA. SRT. CU. COMMERCIAL 

TOP' CASH DOLLAR PAID OR TRADE 
WE STOCK NEW HAM GEAR 

WRITE - WIRE. PHONE (813) 722-1843 
BILL SLEP. W4FHY 

90 may 1969 
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include uses as described in 
RY f a r  the biggest Integrated Circuit Sale i n  our 
history. NOBODY! That's right NOBODY under- 

73 - sells PoLy Pnks. Imagine - buy 1 Integrated Circuit 
ELECTRONICS WORLD, nt our bargnir~ 11rice and get the 2nd one for 

ONLY le . . thnt's right ONE CENT! NO 
LIMIT PER I?EM! Every item maranteed as  
advertised. All include data on Integrated Circuits 
nchemnties. and or hookups. and a s  much as  46 
rirruita. THIS OFFER I S  LIMITED! 

900 Huffel: . .................................................... 1 for 1.49 2 tor 1.50 
902 It-S b l ~ p  Flop ................................. .... 1 for 1.49 2 for 1 .50 

U 903 3 In. Gate Nand/Nor ......................... :..I for 1.49 2 for 1.50 
903.903. .$ Input gate Nand/Nor .................... 1 for 1 .49 2 for 1.50 
904-904 Half adder ............................................. 1 for 1.49 2 for 1.50 
910 Dual Two Input Gate ............................ 1 for 1.19 2 for 1.30 
914 Dual Two Input Gate ............................ 1 for 1.19 2 tor 1.30 
953 2-2-3 Input and Gate ............................ 1 for 1.29 2 for 1.30 
915 nu81 3 Input  Gate Nand/Nor ............ 1 for 1.49 2 for 1.50 

$100,000 913 JI<-FIII~ Flop .......................................... 1 for 1.49 2 tor 1.50 
913-913* J K  Flip Flop .......................................... 1 for 1.69 2 fgr 1.70 
925 Dunl 2 Input  Gate, Expander ........ 1 for 1.49 2 tor 1.50 
927 Quad Inverter .......................................... 1 for 1.49 2 tor 1.50 

"EYE SEE" 930 I)u;~l 4 Input Gate Nand/Nor ............ 1 for 1.49 2 tor 1.50 
933 I)unI Input  Gate, Exl~nnder ............ 1 for 1.49 2 for 1.50 
944 1)uaI 4 Input  Power Gate .................... 1 for 1.49 2 tor 1.50 

INTEGRATED 945 Clocked Is'lip lZlop ................................ 1 for 1 .69 2 for 1.70 
946 Quncl 2 Input Gate Nand/Nor ............ 1 for 1.49 1 k r  1.50 
948 Clock~ l  Flip Flop ............................... 1 for 1.69 2 tor 1.70 

CIRCUIT 950 AC B~nnry  ............................................. 1 for 1.98 2 tOr 1.99 
951 D u ~ l  Z Pinput Inverter Gate ............ 1 for 1.19 2 for 1.30 
954 Dual 4 Input ancl Gate ........................ I for 1.19 2 tor 1.30 

8 Input and Gate w 2 outr~ut  ............ 1 for 1.19 2 tor 1.30 BONANZA BY 8 ::: 2 Input  ............................ 1 C 1.29 2 ior 1.30 
957 Dual Rank (hold) Flip Flop ............ 1 for 1 .98 2 +or 1.99 

POLY PAK 961 Dual 4 Input Gate w/expander ........ 1 for 1.49 2 tor 1.50 
n 962 Triple Gate ............................................ 1 for 1.49 2 tor 1.50 

FOR 1969 
963 Triple Gate ........................................... 1 for 1.49 2 for 1.50 

Two identical IC's in one puckage 

slLICON 
3-FK-4046, I W ,  O.SA, npn, 2SOMC .......... $1.00 
3-lN3568, 350MW, ZOOMC, 2WBVC. NPN $1 . W  
4-2N3563, NPN, UOMC, 100MW .............. $1.00 
3-2N3683, NPN, 1000MC, 5MA, 200MW .. $1.00 

IJ 3-14 WATT, B-5000, npn, 3A .................... $1.00 
4-2N4313, PNP, 600MC, 200MW .............. $1.00 
4-1N3565, IWHFE, npn, lOOMC .............. $1.00 

suss FIBER onlcs 3 81 
well ,  these l ight guides plastic jacket;. 
transmit l ight from one point t o  
anotner much as copper 
w ~ r e  transmits electrical energy. CutS Like Wire 

1 AMP TOP HAT AND EPOXIES $ ply SALE PIV SALE PIV* 
5 0 0  .05 8 0 0 0  .I9 1 8 0 0 0  

100 0 .07 loo0 0 3 1  2000 O 1.05 
200 .08 1200 .44 3000 q 1.60 
400 .11 1400 q .62 4000 q 1.90 
6 0 0 0  .16 1 6 0 0 0  .72 1 0 0 0 0 ~  4.80 

Terms: add postage. Rated: ne t  30, cod's 26% 
Phone Orders: Wakefield. Mass. (617) 245-3829 
R'tall: St'' Wakefield' Mass' 

GIANT SPRING CATALOG ON: Parts, Rectifiers, 106 
~Trrnsistors, SCRi, I.C.'s, Equipment, Etc. 

LINEAR AMPLIFIERS with circuits 4 dafa 

7 0 9 ~  HI-GAIN OPERATIONAL ........... ....... $3.69 
n 71 l C  DUAL COMPARATOR . ............... .-......$l.PI 

PIV 3A 6A 12A 55A 
50  .06 .16 .20 17 .50 

100 0 .07 .22 .25 0 .75 
200 .09 .30 .39 U 1.25 
400 .16 .40 0 .50 1.50 
600 .55 .75 U 1.80 8 1::. 0 .75 0 .90 2.30 

.40 .90 1.15 U 2.70 

P.0. BOX942 HR 
LYNNFIELD, MASS. 

800 P I V RECTIFIERS for 01 940 

> 

MICROMINIATURE 

SILICON REcTlFlERs 
1. Size 

AMP X 
Sol* PlV Sol* 

::: 
31, 
41' 

SlLlCON 

+@ C ~ ~ & ~ \ \ ~ D  

PRVI 3A 1 7A 1 20A 1 
50  1 .35 .45 1 .70 1 

im I .so 1 -65 I 1-00 I 
200 1 -70 1 .95 1 1.30 1 
300 1 .90 1 1.25 1 1.70 1 
400 1 1.20 1 1.60 1 2.10 1 
5 0 0  1 1-50 1 2.00 1 2-50 1 
$00 1 1-80 1 2-40 1_3.-00! 

*. Handles 2 Amps 
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COMPUTER GRADE CAPS 
4,000 mfd at 50 volt $1.00 ea., 12 for $10.00 
6,500 mfd at 18 volt $1.00 ea., 12 for $10.00 

60 WATT TRANSISTORS 80 VOLTS 
From computer assemblies, board with 4 each 
power trans~stors 2N113713, 60 watt, 80 volt 

Con1plete electronic 2 translstor Ien1 
tlOn 'ystem for boats, t rucks Fully 

PNP power per w~red harness, dual prlmary co~l, Instant 
changeover from trans~stor to convent~onal 
or back. Neg. ground, 6 or 12 volt system. 
Complete w ~ t h  ~nstructions, ready to Install. 
Or~g~nal  prlce $35. now only $10.00 ppd. 

3 

FERRITE CORES 
Experimenters package, varlous sizes. Used In 
transistor transistor Power supply xfmr 
core, RF suppression, toro~dal tank cod, etc. 

5 sizes only $1.00 the package 

RF FILTER 
From HAWK MISSILE term~nat~on contract. 
Good for 5 amps. 600 volt, 10 cycles to 500 
mc, lnsert~on loss 60 DB-plus, low pass PI- 
network type, excellent as feed-thru f~lter In 
converters, transm~tters. Hermet~cally sealed 
~ n s ~ d e  are 2 toro~dal chokes and 4 low Induct. 
caps. $41102 $1.00 each, 6 for $5.00 

PISTON CAPS 
Corn~ng glass, d~rect traverse type, mln. Q at 
max. C-500 at 50MC. 500 volt breakdown. 
Capac~tance range 1 8  uufd. Brand new mill- 
tary surplus 3 for $1.00 or $3.00 per doz. 

Customer pays all sh~pping 
New catalog 769 now ready 

Send 25$ handl~ng & postage charge. 

1- , * - 
IC's are ~n abundance, but try and f ~ n d  
holders for them. We have them . . . flat 
pack holder and TO-5 holder as shown 
above. The TO-5 holder plugs ~ n t o  any 9 
pln octal tube socket. These holders y~eld 
an extra bonanza . . . they already have IC's 
In them. Remove the IC's and solder your 
own In place. So In add~t~on to the holder, 
you have some Fa~rch~ld & Sylvanla IC's for 
your grab bag. The prlce . . . only $2.00 
the dozen . . . assort ~f you I~ke. On the 
flat pack holder, you solder your IC In 
place and then have nlce w~de edges to 
work w~th.  Also the edge w ~ l l  f ~ t  snugly 
tnto pr~nted c ~ r c u ~ t  sockets. We can supply 
PC socket wh~ch you can cut In half and 
the two halves w ~ l l  f ~ t  each end of the 
above flat-pack holder. The pr~nted c ~ r c u ~ t  
board sockets are 25$ each or 5 for $1.00. 

INTEGRATED CiRCUlTS 
FAIRCHILD 

711 Dual Camp- Amp., 2.00 eat 12/20.00 
926 JK Flip Flop. h1 speed 

923 (20MHz) 1.50 ea. 12/15.00 
910 Dual 2-Input NOR, 1.50 ea. 12/15.00 
914 Dual 2-Input gate, 1.00 ea, 12/10.00 
Dual 4 Input logic gate 2/1.00 
Dlff. Amp. 12M2 1.00 ea, 12/10.00 
f7M6 flat pak, w/schemat~c, 6NPN 

trans~stors In package, 3 / 1  .OO 

1.00 each or $10.00 dozen 
Buffer 900 
Dual Input Gate 2-903 
JK F l~p  Flop 923 
Dual JK F l~p  Flop 2.923 
Dual 2-Input Gate, 

Dual Expander 1-914, 1-925 
Dual 2-Input Gate Expander 925 
Clocked f l ~ p  flop 1.00 ea, 12/10.00 
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1 DECIMAL COUNTER 
Electron~c indlcat~ng dec- 
ade, vacuum tube type, 
4 tubes. Displays 0-9 
count~ng input pulses. One 
u n ~ t  may be used to dr~ve 
another. Removed f rom 
equipment, w/tubes, w/ 
schematic. $8.00 each, 

T- 2/$15.00, 10/$60.00 

I 

1 '  ' 1  I 
I 1 ,  

TRANSISTOR CAPS 
Volts Mfd Each 12 

25 1 $ .lo 
15 5 

$ 
.10 

15 10 .12 
'.OO 
1.20 

15 500 .20 2.00 
12 15 .12 1.20 

3 INPUT DUAL AND GATE 
Brand new factory marked and packaged 
PHILCO-FORD IC's. Flat pack, long leads, each 
nested in ~ t s  own plast~c protectwe snap-l~d 
sh~pp~ng pack. 3 input dual AND gate. We 
furn~sh circuit d~agram and lead connections. 
A real barga~n for factory first-llne material. 

#69-100 3 for $1.00; 12 for $3.00 

w 
IC GRAB BAG $2.00 DOZEN 

Mixture of one dozen un~ts, some marked, un- 
tested. 10 pages of RTL & DTL specs to a ~ d  In 
~dent~fy~ng. All conf~gurat~ons, TO-5. TO-85, 
Flat-Pack, Dual Inllne. At t h ~ s  prlce you can't 
lose. 12 for $2.00 

VARACTOR SIMILAR TO MA4060A 
Good for 40 watts at 432 MC, ea. tested ~n cir- 
cult, w/d~agrarn for 432 MC tr~pler. $5.00 ea. 

12 150 .15 1.50 

reqile\t.i now But w e  w.tnt our n ~ a ~ l ~ n p  dept to k ~ e p  

4,000 Wired Core Plane 
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ABSOLUTELY 

FREE STANDING 

SUPPORTS 9 SQ . FT . 
OF ANTENNA . 
Shown with internal Ham M 
rotator and 2" mast . 

FREE: RIGID BASE 

PRE-DRILLED TOP 
PLATE - For 16-2 
thrust bearing . 
HIGH STRENGTH STEEL 
TUBING LEGS . Solid 
rod. "W" bracing . 
EASY MAINTENANCE - 
No guys or house 
brackets needed . 
RISES TO 51 FT . - 
Nests down to 

HOT DIPPED 
GALVANIZED AFTER 
FABRICATION! 
All welding by 
certified welders . 

IMMEDIATE DELIVERY 

FREIGHT PREPAID INSIDE 
CONTINENTAL U.S.A. 

<X TOWER CORPORATION 
7182 Rasmussan Ave., Vlsalla. Callt . 93277 

............................. Aerotron. Inc Cover IV 
Amateur Radio. Inc ............................ 79 
Amateur Wholesale Electronics ................ 95 
Antenna Mart .................................. 85 

B & F Enterprises .............................. 88 
Barry Electronics .............................. 83 
Bob's Amateur Electronics ...................... 76 
Bob-Frank Electronics ......................... 84 

Ceco .......................................... 82 
.......................... Collins Radio Co Cover II 
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Hafstrom Technical Products ................... 87 
Hammarlund Manufacturing Co ................. 42 
Harrison Radio ................................ 96 
Heath Co ...................................... 71 
Henry Radio Stores ............................ 73 

Indianapolis Ham Convention .................. 80 
International Communications & Electronics. Inc . 77 
International Mfg . Co.. Inc ..................... 75 
International Electronic Systems. Inc ........... 95 

............................ James Research 82. 90 
................................... Jan Crystals 90 

Joga. Productos ................................ 85 

Lewispaul Electronics. Inc ...................... 88 
............................. Liberty Electronics 84 

................................. Maco Products 89 
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...................... Military Electronics Corp 85 
........................ Mosley Electronics. Inc 1 
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...................... New England Convention 78 

......................... Omega-T Systems. Inc 84 

...... ...................... Palomar Engineers ? 80 
................................. Paxitronix. Inc 86 

Poly Paks ...................................... 91 

............................. R & R Electronics 89 
RCA Institutes. Inc ............................. 55 
Radio Amateur Callbook. Inc ............. 84. 88. 88 

Signal/One .................................. 6. 7 
Slep Electronics ............................... 90 
Spectronics .................................... 51 
Swan Electronics .............................. 60 
Syntelex ....................................... 85 

Telrex Communication Engineering Laboratories 87 
............................... Tri-Ex Tower Co 94 

................... Unadilla Radiation Products 82 

.......................... VHF Communications 88 
............................. Vanguard Labs 84. 89 
................................ Varitronics. Inc 82 

............................ W3KT QSL Service 87 
............................... Weinschenker. M 90 

Westcom Engineering Co ...................... 74 
........................... Western Electronics 92 

World QSL Bureau ............................. 85 
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AC and DC SUPPLIES 

260 WATTS 

RECONDITIONED 
LIKE NEW TRADE-IN EQUIPMENT 

30 DAY PARTS A N D  LABOR GUARANTEE 

a9900 

a!]* M HLUYI~LUND ~ d ~ . ~ t ~ ~ . ,  . . ,:4 00 UTCA 
. $ 1 7 5 0 0  

I4"M "0 145C . 1 1 8 9 ~  phnm ~ . l < h  %!'.OD 6 . ~ 1  and VFO - am00 

HIGHEST TRADES! NO ONE ANYWHERE will beat our 
deal! We will TOP any advertised or written offer from any other 
dealer. We trade on both new and used equipment and we service 
what we sell. Instant credit on both new and used equipment. 
Master Card Credit and General Electric revolving charge. 

A M A T E U R  -WHOLESALE ELECTRONICS 
A DIVISION OF 

305444-6206 Cable: "INTEL" Exwrt orden our s ~ ~ l a ) f Y  
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WANT MORE FOR YOUR MONEY? -, 
Then latch on to one of these FB Hallicrafters HT-46 transmitters before 

they're all sold! 
At our special price slash you're getting top performance and unbeatable 

value - a bargain you can't afford to pass up. Rush your order in, now. I 

HEADQUARTERS 
for all 

haficraf??~ 
FINE EOUIPMENT 

SR 400 
Cyclone 

Hurricane 
Here you can save with 
safety, because we'll top 
any "deal"! Shop around 
first, then see us last. 

PROMPT ORDER DEPT.- 
We carefully pack and ship ham 
gear, accessories and parts to 
most any part of the world. f 

Address your orders to: 
22 SMITH STREET 

Farmingdale, N.Y. 11735 
Plea= include ample mslage (plus $1 
handling cost wnlh orders under S10 \ .--, 

OR. PHONE YOUR OROERSTO 
1212) BA 7-7922 OR 1516) 293.7990 

96 a may 1969 

MOBILE MOUNT BARGAINS 
For SR-42, 42A, 46, 46A, 
etc. Mounts under dash. 
Complete with 12V DC vi- 
brator, DC cable, connec- 
tor, mounting hardware. 
MR40 
Ham net $13.95. 

I MR-150. For Hall~crafters 
SR-150. (Easily modified to 

I take SR-400 Cyclone.) 
DeLuxe, with fold-down 
wings. For dash, firewall 
or floor mount. Complete! 
Ham net $39.95. 

I 

SPECIAL $ 7 0 ~ 5  A Hamison BUY! $1 9-95 

8 Barclay St. New York City BArclay 7-7922 

JAMAICA, L. I. FARMINGDALE, L I. 
139-20 Hillside Ave. Route 110 at Smith St. 

REpublic 9-4101 293-7995 



WOULDN'T YOU L I K E  TO JOIN W I T H  JEFF BORDEN, W l T W ,  

I N  T H E  USE OF OUR REGINAIR 321A QUAD? 

Three bands, 10, 15, and 20, full coverage, flat 
response, completely preassembled with all aluminum 
frame, and only $90.00, FOB Harvard, Massachusetts. 
This superior design permits packaging in a container 
small enough to be sent via the mail. So you fellows at 
APO's or FPO's can, with minimum expense, obtain one 
of these fine products. 

Ful l  detai ls i n  pr ior  advertisements and upon 
written request. 

HERBERT W. GORDON COMPANY 
Harvard, Massachusetts 0 1 4 5  1 Telephone 6 17 - 45 6 - 3 548 

"Helping Hams t o  Help Themselves" 



6 THRU 160 METERS FEEDS 2nd RECEIVER 
Model PT, with built-in power supply, transfer relay, connecting 

cables, wired and tested. Amateur Net . . . . . . . .  . . . . . . . . . . .  $59.95 

A frame grid pentode provides low noise figure with ability to handle strong signals. 
greatly improving the sensitivity of the receiver section of a transceiver. 

= A unique built-in transfer circuit enables the PT to by-pass itself while the transceiver 
is transmitting. The PT also feeds the antenna input of a 2nd receiver as well as 
muting it. 

AMECO 
DIVISION OF AEROTRON, INC. P. 0. BOX 6527 RALEIGH, N. C. 27608 

i - . -  
~ 

,- - 
Four (not two) type 572B tubes for a 

I 
full 2000 watt P.E.P. SSB input. 

! Full wave solid state power supply. 
Universal rear of cabinet circuitry 
may be connected for transceiver or 

-C 
receiver-transmitter use without 

' ' LC. - ,-+- 

--- 
- -  

internal modification. 1 PIUS many, many more features. 
AMATEUR NET $375.00 

.- 
Also available: GSB 201 MK II - em- - ------ ploys four type 81 1A economical triodes 

Exceptionally com~act-*nl~ for 1500 watt p .~ .p .  input. 8%" high, 125/," w~de and 17" deep-the 
GSB 201 lends ~tself read~lv to table AMATEUR NET $325.00 

top mounting' See your favorite distributor 
- Write for brochure 

G 0 N S E ' T b ~ ~ o ~ ~ ~ ~  DIVISION OF AEROTRON, INCORPORATED 
P. 0. Box 6527 / Raleigh, North Carolina 27608 
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