


Don't be misled by s . . . they are based 
on exoerience, lara buying of materials, 
great 'engineering-a nt office personnel. 
We are happy ha to hold the line on 
prices for you. So y more when you can 
get the best for less! 

FM 2 METER ANTENNAS 

F M  TWIST 
Ten elements horizontal polar- 
ization for low end coverage and 
ten elements vertical polarization 
for FM coverage. For OSCAR 
buffs we have 144 MHz and 432 
MHz models. 

4-6-11 ELEMENT YAGlS 
The standard of comparison in 

POWER PACK 
VHF-UHF communications, now 
cut for FM and vertical polariza- 

The big signal 122 element array) tion. There are models covering 
for 2 meter FM uses two A147-11 the 450 MHz, 220 MHz and 147 
yagis witti a horizontal mounting MHz bands. All are rated at 1000 
boom, coaxial harness and all hard- watts with direct 52 ohm feed and 
ware. PL-259 connectors. 

IN STOCK WITH YOUR LOCAL DISTRIBUTOR 

621 HAYWARD ST., MANCHESTER, N. H. 03103 
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For Those Who Demand The Finest 

MODEL CX-11 . .  

New solid state broadband linear pow- 
er amplifier 10-160 meters. 150 Watts DC 
output - requires no tuning, operates 
into any VSWR - continuous duty at 
full rated output. 

New concept front-end design - utiliz- 
ing double active balanced mixers for un- 
matched sensitivity, blocking and cross- 
modulation rejection. 

Solid-state modular construction utiliz- 
ing gold-plated, pins and plug-in sockets 
for all transistors, IC's, and circuit board 
connectors. 

Five Bandwidths of selectivity are stan- 
dard - 2.4, 1.5, 1.0, .4, .1 kHz. 

Peak notch filter with adjustable fre- 
quency notch depth and Bandwidth 
controls. 

RTTY narrow and wide shift FSK-LSB. 
Built-in electronic Keyer with indepen- 

dent speed and weight control and par- 
tial or full dot memory. 

Built-in Power Supply completely self- 
protecting - both thermal and current 
overload, integrated circuit controlled. 

New six-digit frequency counter utilizing 
new 1/2 inch amber or red LEDs opti- 
mized for a non-blinking, stable display. 

. Deluxe Integrated Station 
ADDITIONAL FEATURES 
Dual VFO's for transceive, split operation, or 

dual receive. 
Adjustable IF shift. 
Receive or transmit offset tuning. 
Push Button spotting. 
Adjustable R.F. clipping. 
Instantaneous break-in CW. 
Built-in Wattmeter. 
Built-in noise blanker. 
Adjustable R.F. power output. 
Pre.IF, adjustable noise blanker. 

Now in production at $2600 
Distributed by 

PAYNE RADIO 
BOX 525. SPRINGFIELD, TENNESSEE 37172 
Phone (615) 384-5573 - Nights (615) 384-5643 

I n  Sweden contact: 
SB COMMUNICATIONS 
Palmtorpsvagan 3 
S-640 20 Blorkvik. Sweden 

Phone or Write DON PAYNE, K41D 
for a brochure and a trade on your gear. 

Due to our tremendous growth - openings 
now available for communications design en. 
gineer, engineering aids and technicians. 

Complete Parts & Service At The Factory 

Box 127 Franklin Lakes, NJ 07417 
Tel: (201) 8914459 
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.. jim 
ond IOO k fisk 

With more than 50-million hand-held 
digital calculators already in the hands 
of consumers, and predicted sales of 
another 34-million units in 1975, it's 
easy to understand why the simple 
four-function machines that sold for 
nearly $100 only two or three years ago 
are now going for $25 or so - less at 
large discount outlets. The prices have 
been slashed on the more sophisticated 
scientific calculators, too, and with each 
new model that is introduced the price 
of the models it replaces falls still 
further. The Hewlett-Packard HP-35 
Electronic Slide Rule, for example, orig- 
inally sold for $395, but when the more 
sophisticated HP-45 appeared the price 
was cut to $295. I t  has since dropped to  
$225 with some discount stores selling 
i t  for even less. Similar price cuts (or 
larger) have been posted by practically 
all the manufacturers. 

New integrated circuits which were 
on the drawing boards at major semi- 
conductor manufacturers in October 
and November, 1974, promise a whole 
new generation of scientific calculators 
will be available within the next few 
months. Price and performance break- 
throughs in this fast-moving industry 
have generally lagged the development 
of new calculator chips by only three or 
four months, and since several new 
circuits are scheduled to appear this 
month or next, you can expect to see 
newer, smarter electronic slide rules on 
the market by early summer. Many of 
their features are still closely guarded 
secrets, but look for basic scientific 
calculators capable of evaluating expres- 
sions that include transcendental func- 
tions and one or more levels of paren- 

thesis for less - perhaps substantially 
less - than $100. 

Typical of the new calculator circuits 
is the two- or three-chip Senior Scientist 
set introduced by MOS Technology in 
late 1974 which makes i t  possible to 
b u i l d  a rnore power fu l  non-  
programmable hand-held calculator than 
any now available. Recently this firm 
also introduced single-chip, 28-pin scien- 
tific calculatc~r arrays which offer full 
scientific func:tions, algebraic entry, two 
parenthesis levels and full feature mem- 
ory. Another of the new calculator 
chips is the Rockwell Microelectronics 
4802, which will go into full production 
this month and will be priced at under 
$20. I t  offers, among other things, 
degree-radian conversion and factorials. 

Programmability, which is now avail- 
able only in relatively expensive calcu- 
lators such as the Hewlett-Packard 
HP-65 ($7'95) and the Monroe/ 
Compucorp Beta 326 ($695) should be 
available in other pocket-sized calcula- 
tors in the $200 to $300 price range 
sometime later this year. However, 
don't expect these machines t o  have the 
sophisticated magnetic card reader fea- 
tured in the HP-65 -they will probably 
require that you key in the program 
each time you wish to use it. Future 
models will probably overcome that 
small detail, and will probably offer 
interface with a variety of peripheral 
devices such as printers as well, but with 
the powerful, multi-function calculators 
that are available now at reasonable 
prices, can you afford to wait? 

Jim Fisk, W1 DTY 
editor-in-chief 



I m 
Factory - Authorized 
NEW PRICE FOR 

The Value Packed [C-22 

The acceptance of this quality radio by discriminating Hams has reduced manufacturing 
and distribution costs, so . . . We at ICOM feel that it is time somebody lowered a price 
instead of raising one! For a time we have reduced the price of the fantastic value packed 
IC-22, just in  time for 1975. Now you can start the New Year with a really good FM trans- 
ceiver that comes equipped with five of the most popular frequencies in the country. All of 
the features that made this radio a best buy at $289 are still available, the Five Helical 
Resonators, 22 Channels with 94 simplex, 94 repeat, 88 repeat, 82 repeat, and 52 simplex 
Supplied With The Radio. There is even a plug in the back through which to connect 
Touchtone*, tone burst, PL*" and meter the discriminator. Once you have seen it you 
will know the ICOM IC-22 is the rig you want. Act now, see your lCOM Dealer TODAY! 

'Touchtone is  a servlcemark of A T & T  ' + P L  Ir a trddemark o f  MOTOROLA. INC. 

- 

ICOM WEST, INC. ICOM EAST Div. ACS Im. 
Sulte 232 -Bldg II Sulte 501 
300 120th Ave N E 13777 N Central Expwy 
Bellevue, Wash 98005 Dallas, Texas, 75231 
(206) 454 2470 (2'14) 235 0479 

- Dealerships Available - 
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OSCAR 7 LAUNCH WAS PERFECT, and it ended up where it was supposed to be when 
it was supposed to be there. Both telemetry beacons are working perfectly, and 
the only hitch is a marked lack of sensitivity in the 2- to 10-meter translator. 
The 432-MHz to 2-meter translator, on the other hand, is working much better than 
expected -- predictions were that 350 W effective radiated power would be required 
for a consistent signal through it, and it's doing so well that a maximum of 80 W 
ERP is being requested! 

A Number of European Stations have been copied in the midwest coming through 
the translator from 432, and despite a somewhat narrower than expected bandwidth 
(about 80 kHz) the efficiency is quite high. The two-meter beacon is somewhat 
lower in frequency than expected -- despite uncertainties from doppler shift, it 
appears to be about 145.972 instead of 145.980 MHz. 

The Two-To-Ten Meter Translator is a disappointment, so far. It takes a lot 
more signal to get into than Oscar 6, and very deep fades are frequent during its 
passes. The beacon is very strong, and bandwidth is considerably greater than 
the planned 100 Wlz (signals as high as 29520 kHz have been copied thru it). 

Complete Computed Orbital Data for Oscars 6 and 7 will be available monthly as 
an added slip-in sheet to HR Report. Copies of these predictions will be provided 
to interested readers upon receipt of an SASE (one SASE for each month). 

AMATEURS RESPONSIBLE FOR "CODED" TRANSMISSIONS should have certain information 
on file with local FCC offices, according to recently released FCC policy letter. 
This includes coded control signals for repeaters or telemetry data from a re- 
motely controlled amateur station, for example. The required information must be 
filed with the Engineer-In-Charge of the FCC district from which the coded trans- 
missions will be made. Compliance of the operators involved is requested at the 
"earliest possible convenience." 

CURRENT FCC AMATEUR DOCKETS have as yet received no formal attention from the 
commissioners. Each docket requires a good deal of staff work prior to considera- 
tion in the form of evaluating the comments and reply comments and incorporating 
them into a proposed action. It looks like the first amateur docket to be put 
before the commissioners will be 20001, Commemorative Callsigns. Somewhat later 
will be 20092, Permitting Extra Class licensees to request specific callsigns. 
But then again, both could be held up along with 19658, License fees. Not only 
are various pending dockets inter-related, but the possible effects of "restruc- 
turing" must also be considered. 

RECENT HOT 10-METER CONDITIONS have pointed up the value of beacons as propa- 
gation indicators. Gary Hendrickson, W3DTN, has been talking up establishment of 
two-meter beacons on some "little-used" EM simplex channels -- but finding such a 
channel nationally would be an almost impossible task. 

Consider Adopting a "split-split" channel for this purpose, for example 
146.655 or 146.625 MHz. Stock crystals could be pulled on-frequency in most re- 
ceiver circuits, and with a very narrow deviation MCW ID every two or three 
minutes, little if any problem would be felt by nearby simplex activity. 

Repeater Council and Frequency Coordinator Reactions to the idea are solicited; 
some very interesting and potentially valuable information could result from a 
comprehensive beacon net. 

BEHIND-BARS HAM RADIO POSSIBLE, according to a reply by A. Prose Walker to a 
question posed by Mid-Oklahoma Repeater Inc. (MORI) officer. Idea behind the 
question was that amateur radio could be a powerful rehabilitation tool, both in 
prisons and in "halfway house" environments. Position of FCC is that conviction 
for a crime -- particularly if radio was not involved -- should not bar one from 
holding a license. 

VLF BUFFS HAVE AN SWL GROUP -- Long Wave Club of America -- wit.h much useful 
info for ham VLF experimenters. Club has a free monthly newsletter, Lowdown, and 
club President John Clements also offers a useful list of over 2500 VLF stations 
for sale at $2.00, postpaid. Contact John Clements, LWCA, 11425 Eilbers Street 
/\5, North Hollywood, California 91601. 
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You will add a real plus to your SSB 
station when you give it complete 
160-meter receive and transmit ca- 
pability with the exciting new Den- 
tron 160 XV Transverter. Just two 
simple connections with no modi- 
fications and you're on the air. 

5 watts drive gives 100 watts DC 

Automatic input overload protec. 
tion -you can not overload. 
3.8 to 4.0 MHz input 
Matches 50 ohm antenna 
Built in 110/220 V 50/60 Hz 

Dentron 160 AT Antenna Tuner 
$59.95 ppd. USA 

plus even more! 
I Let the Dentron 160 AT antenna 

AND--- tuner solve your 160-meter antenna 
1 - problems the easy uncomplicated 

way. This transmatch will load any 
random length antenna from a short 
whip to a n  extra-long wire. Use it 
with virtuallv anv existing HF an- 
tenna you Blreaby have.- Handles 
maximum legal power. Use with the 
160-XV or anv other 160 meter 
equipment req;iring a 52 ohm an- 

- tenna. 

1 160-meters is fun, Dentron 160 AT Antenna Tuner 

and it's easy besides $49.95 ppd. USA 

when your equipment 
comes from Dentron. 

I 

3 1 Telephone (216) 734-7388 
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R T  T Y  

MEMORY 

MESSAGE 
LENGTH 

2 

random access 
memory 

RTTY message generator 

Construction of a 

solid-state memory 

that replaces the 

tape distributor 

and reperforator 

used in amateur 

RTTY stations 

This RTTY accessory uses Random- 
Access Memory (RAM) ICs in an easy-to- 
build, compact package that replaces 
both the tape reperforator and trans- 
mitting distributor for station call-ups, 
CQs or special applications such as RY 
generation. I t  is considerably easier to 

I program than other devices. The message 
(data) is entered into four RAM chips 
using the station teleprinter keyboard - 
it can be recalled instantly a t  the touch of 

2 a button. 
LL 

tu 
Operation is noiseless and there is, of 

course, no tape to handle. The memory E 
will record (write) from a TD, off theair 

r ,. or the keyboard of any five-level tele- 
printer such as the model 15 or 28. As an 
RY generator, line feeds and carriage 
returns may be added to prevent end-of- 
line pile up, a convenience the usual RY 
generator lacks. Although this RTTY 
memory is designed to be used with ST-5 

2 or ST-6 demodulators.1 flexible input -. 
and output circuits permit use with other 

# demodulators or simple teletype loops. 
N 
3 Random access memories using mos - 

technology are available in surplus a t  
quite reasonable prices. While other chips 
are available with large capacity 
memories, the 1101, a 256-bit chip, is - 

0 selling a t  $2.56 at time of writing, or one - 

c' cent a bit. The effective memory capacity 
of 1024 bits is obtained by ORing four 

8 january 1975 



chips together and sequentially entering 
and retrieving the RTTY signal. The 
output is a regenerated, low-distortion 
signal, and playback proceeds smoothly 
as operation transfers from chip to chip. 

operating principles 
Each RTTY character a t  60 wpm is  

composed of a 22-millisecond start pulse, 
five 22-ms coding pulses which determine 
the character, and a 31-ms stop pulse. 
These seven pulses are converted to TTL 
logic levels and serially entered into the 
RAMS a t  bit locations in the memories 
determined by the binary status of eight 

write mode and cause the memories to 
read out an accurately-timed 60-wpm 
signal during read. 

It is  easy to generate the 22-ms inter- 
vals, but the odd 31-ms pulse poses a 
small problem. One solution is  to 
generate the stop pulse as two 22-ms 
pulses. This will work, but the playback is  
slower than standard speed and there are 
now eight instead of seven bits to make 
up each character, reducing the total 
memory capacity. Also, i t  would not be 
possible to record a properly operating 
TD because the memory could not keep 
up with it. 

Layout of the R T T Y  memory showing printed-circuit board and Minibox chassis. Relay and 
power-supply filter capacitors are mounted on piece of perforated board to the right. 

address lines. Data transfer i s  accomplish- 
ed by a positive write pulse a t  the center 
of each 22-ms interval. Since a short time 
is specified213 before the write pulse is 
applied after memory address, and be- 
cause of marking and spacing bias present 
in many signals,4 a short write pulse 
positioned a t  the center of each bit is 
most immune to these sources of distor- 
tion and provides best results. 

Most of the ICs in the circuit are used 
to generate timing pulses and waveforms 
which coincide in time with the input 
signal from the keyboard during the 

I decided to generate the required 
31-ms stop pulse by writing the 11-ms 
into the memory with the clock, then 
generate an additional 20-ms stop pulse 
with a one-shot multivibrator to stop the 
clock oscillator. For a character seven bits 
long, each 256-bit memory chip has a 
capacity of 3 6 4 7  characters. For 
example, a message that exceeds the 
capacity of the first memory transfers 
into the second memory at the 37th 
character by writing the start pulse and 
the first three coding bits in the first chip, 
and the last  two coding bits and stop 

january 1975 9 



FROM FSK JACK ON ST5 OR 
316. MARK . -30V 
SPACE - f3OV 

fig. 1. Schematic diagram f o r  t he  
1024-b i t  RTTY m e m o r y  w h i c h  
uses random access m e m o r y  
( R A M )  Ics. Add i t i ona l  m e m o r y  
may  be  added as discussed i n  t he  
test. N o t e  t ha t  n o t  a l l  t he  
connect ions between 7 4 4 7  ICS 
and the  N u m i t r o n  readouts are 
shown  here; f u l l  detai ls are shown  
o n  PC l ayou t  i n  fig. 7. Since t he  
low-cur rent  panel lamps ( 4 0  m A  

a t  6 vol ts o r  less) m a y  b e  d i f f i c u l t  
t o  obtain, each o f  t he  l a m p  
c i rcu i ts  m a y  b e  replaced b y  t he  
al ternate LED circui t .  

10 january 1975 



pulse on the second chip. Additional The input connections to pins 4 and 5 
circuits are provided to control the func- should be made so that the output of U1 
tions of read, write, stop, start and (pin 10) pulls U2 (pin I )  to logic zero 
repeat. A three-digit character counter during mark, and logic 1 on space. The 
indicates the exact position of the FSK keying voltage of the ST-516 swings 
memory in use. both positive and negative (referenced to 

circuits 
A 741 operational amplifier is used in 

a versatile input circuit which can be used 
with positivefnegative or positive-only 
keying voltages. This device has high gain 
and tolerates unbalanced supply voltages 
well. The differential input of the 741 
amplifies the difference between the volt- 
ages on pins 4 and 5. The main require- 
ment is that the input voltage swing 
should not exceed the supply voltage in 
either direction -the 100k resistor should 

ground). Therefore, if the input isconnect- 
ed to U l  (pin 5) anti U1 (pin 4) i s  ground- 
ed, proper drive results at the TTL gate. 

Fig. 2A shows pin 4 of U1 biased 
above ground so positive-only keying 
voltage will result in a negative output at 
U1 (pin 10) during mark-hold. An FSK 
voltage that is positive during mark-hold 
should be connected to the inverting 
input of U1 (pin 4) through a voltage 
divider. TTL nand gates have built-in 
diodes to limit voltage reversals a t  the 
input, and the resistor limits the diode 

be changed as necessary to comply with current. 
this requirement. The RTTY signal i s  translated to TTL 



logic levels at U2 (pin 12). The next 
section of U2 acts as a gate to prevent 
incoming signals from affecting the clock 
when in the read mode. When recording 
into the memory, both U2 (pin 9) and U2 
(pin 4) are high and the incoming start 
pulse from the keyboard goes to logic 
zero at U2 (pin 61, setting the RIS 
flip-flop U3. U3 (pin 6) goes to logic 1, 
the RTL clock multivibrator U4 imme- 
diately starts oscillation at 91 Hz and U5 
divides this to a 22-ms square wave which 
drives the address counters U 19 and U20 
through U6 (pin 8). 

The negative-going center of the 
symmetrical square wave a t  U5 (pin 12) is 
used to generate a positive pulse at U13 
(pin 11). The other section of U6 gener- 
ates a negative-going pulse (a t  U6, pin 6) 
when U6, pins I, 2,4 and 5 are all high at 
the same time. This occurs eleven milli- 
seconds into the seventh bit, i.e., the stop 
pulse. This pulse then triggers U14 (pin 

F S I  
(SWCE 

S T 3 / 4  
I VOLTAGE 
POSI ~ V E J  

e 
117 
VAC 
e 

I 
* I N T E R N A L  OIODE IN 

T T L  NAND GATE 
I 2  mA MAXIMUM 

I 

/7'7 

I N 4 0 0 4  

a 
TO OUTPUT 
OF MEMORY 

TO STATION 
PRINTER 
KEYSOAR) 
AND LOOP 

TO G W D  
OR KEYING 
TRANSISTOR 
IN TERMINAL 
UNIT 

20W TO INPUT 
OF MEMORY ... 

0 45 USED IN ST-6 

fig. 2. Circuit in (A)  shows how op amp input 
circuit can be changed for positive-only keying 
voltage such as the ST-3 or ST-4. Printed-circuit 
connections to pins 4 and 5 of the 741 are 
designed so they can be jumpered for the 
desired input configuration. Circuit in (6 )  
shows how R T T V  memory can be connected to 
ST-6 terminal unit, or a circuit built for local 
loop operation. The input to the memory does 
not load the ST-6 and affect the normal FSK 
connection at the same point. 

fig. 3. The top trace shows the single output 
pulse at U14,  pin 6. The bottom trace shows 
the clock signal at U6 ,  pin 8. Horizontal scale is 
20 ms per division; vertical scale is 2 volts per 
division. 

4), the monostable miltivibrator, which 
stops the clock by generating a 20-ms 
pulse which resets U3. The scope traces 
(fig. 3) show the pulse-timing relationship 
between the clock, write pulses and the 
output of U 14. 

U13 also generates a positive pulse 
train during the write mode only (fig. 4). 
U19 and U20 generate the binary address 
voltages for the RAMS which are applied 
to all four meniorys. The RAMS are 
three-state devices that have a logic, zero, 
logic one and a third inactive state which 
is maintained as long as there is a logic 1 
on the chip select line, pin 16. As each 
RAM is addressed at all 256 locations, the 
voltage on U20 (pin I I) falls, advancing 
ICs U21 and U22 ahead to select the next 
memory chip, or activate the End of 
Message (EOM) circuit. 

The EOM pulse stops playback or 
recording, resets the character counter to 
000, resets all address counters, and 
triggers U14. Pulse lengths from U14 are 
determined by the status of the startlstop 
latch, and U17 (pin 11) is normally high 
during operation so U14 generates the 
20-ms pulse. However, U16 (pin 6) goes 
high when playback stops and a long stop 
pulse is  generated because the 33k resis- 
tor now sets the timing. This allows 
partially entered characters at EOM to 
clear the page printer before the new 
readout and another start pulse. 



. . 
fig. 4. Narrow pulses on upper trace are output not meet this test. 
at U13, pin 11, during read and write (same 
output at U13, pin 6, during write only). Two negative supplies are shown for 

Bottom trace shows clock signal at "6.  in 8. the devices because the Intel 'Io1 . . 
Horizontal scale i s  20 ms per division; vertical RAMS I used arrived with a spec sheet 
scale is 2 volts per division. showing - 7  volts Vdd,  and - 10 volts for 

Vd. The Texas Instruments TMS 1 101 NC 
is similar but requires - 10 volts on both 
pins 4 and 8, and the Signetics 2501 calls 

At  EOM the sequence is as follows: for 9 volts. Since vou mav have differ- 
generation of a long stop pulse at U14, ent devices available, i t  is a simple matter 
momentarily readout stop, then the start to change the power-supply voltage by 
latch is re-triggered by the trailing edge of installing a different zener diode. 
the pulse from U14 (pin 6) .  During read In the process of testing this unit, 
the clock is gated by the output of U14, memory ICs were obtained from different 
gate U27 is enabled, and the data output supply houses. Many were unmarked, 
operates the high-speed keying relay. Dur- others had different numbers on them. 
ing write, U27 is placed in mark-hold, Results of tests showed most devices 
keeping the loop closed. operated better with a single negative 

-16V 

IN4001 
4 7 0  2tV4121 
1 / 2 w  

1 0 0 0  pF 

-1ov 
4 0  mA 

ZENER 

2N1905 

fig. 5. Power supply for the I N 7 5 8  - 7 v  r E . 2 V  35 mA 
RTTY random access memory. d~~~~~ 

Negative supplies are for the mos 
devices (see text). m 



done for you if you purchase the circuit 
board," A layout is given in fig. 7 for 

TO FILTERS 
NEG4 TIVE 
REGULATOR 

IN4001 

battery to the power 

1 fig. 6. Adding a storage -,, 
supply to prevent loss X 
of programming due to momentary power loss. 

supply voltage of from -7  to -10 volts 
for both V, and Vdd. I t  also indicated 
the advisability of using IC sockets for 
U23, U24, U25 and U26 (installed after 
the photographs were taken). 

The power-supply filters and keying 
relay are mounted on perforated circuit 
board. The relay used in this model is a 
CP Clare HGSM 1023, a high-speed, 
mercury-wetted, bistable, single-coil re- 
lay. It has a low power requirement and 
operates by reversing the current through 
the coil. I f  this relay cannot be obtained, 
the Clare HGS 5006 or P&B JMF 5080 
appear to be suitable substitutes. U27 
could also drive a high-voltage transistor 
such as the HEP244 to key a loop 
directly or to operate a higher voltage, 
fast acting, mercury-wetted relay. 

The device requires so little power that 
i t  i s  practical to leave i t  on continuously 
and retain, indefinitely, anything pro- 
grammed into the memory. Fig. 6 shows 
how two small storage batteries will make 
the RAMs immune to  momentary loss of 
power. The resistors are selected to keep 
the batteries on trickle charge. When ac 
power fails the diodes bypass the resistor 
and immediately assume the load. 

construction 
Most of the construction work is already 

those readers interested in making their 
own etched boards.', A photo shows 
jumpers required but does not show those 
located under U7, U8, or U9 - check 
before installing the ICs. Parts values and 
all IC numbers are screened on the 
5Xx8-inch (14~20.3-cm) circuit board 
where space will permit. The assembled 
board is mounted on spacers in a 
12x7~4-inch (30.5~17.8~10.2-cm) Mini- 
box. The end-of-message switch, push- 
buttons and toggle switches are small 
imports available from Lafayette or 
similar sources. Panel lamps should be 
low current, 40 mA or less at 6 volts, to 
stay within the rating of the 7406. 

The installation of the mos RAMs 
should be saved for last since, like mos- 
fets, they can be damaged by static 
voltages.6 One manufacturer recommends 

++A plated, undrilled, epoxy-glass printed-circuit fig. 7. PC layout (shown half size) for the 
board with enlarged assembly photograph is RTTY memory is designed for DIP-packaged 
available from the author for $10, postpaid in ICS. Numitron rt!adouts plug into CJ9PCB1 
the United States and Canada. sockets which are soldered to the circuit board. 



grounding the soldering iron and advises 
against bending leads close to the IC 
package. The possibility of damage is  
reduced considerably if sockets are used 
and all power-supply voltages checked 
before connecting the board. 

checkout 
When the unit i s  turned on, the read or 

write pushbuttons should set the charac- 
ter readout to 000, and the teletype 
machine should not run open since U27 
(pin 12) should be at logic one, or 
mark-hold. I t  may be necessary to re- 
verse the coil leads of the relay. Start the 
memory in the read mode and set the 
period of the square wave at U 19 (pin 14) 
to 22 milliseconds and confirm that the 
stop pulse at U14 (pin 6) is 20-ms long. 
The character counter should be operat- 
ing and the printer will print garble, if 
turned on. 

With the input of the memory connec- 
ted to a suitable FSK or keyboard 
output, type a short test into the unit and 
test  the playback. The character counter 
should follow both the entry of the test 
into the memory on write, and the 
playback. If all is well, perfect playback 
will result. However, it 's likely that there 
will be some small problems. 

It is important that the clock be 
operating at the right speed. I f  the device 
prints a few errors, this should be 
checked. Note where consistent errors 
occur in the print, if at the same position. 
This may be caused by a defective 
memory chip. I t  is not unusual for a 
low-priced surplus memory to have two 
or three defective cells out of the possible 
256. These will cause substitution of a 
different letter from the one entered in 
the write mode. A five-level coding chart 
can be used to determine what i s  happen- 
ing, for those interested. A faster and 
more practical solution is to plug in a 
spare memory chip. Also, don't overlook 
the possibility of a defective input signal 
from a noisy printer keyboard. 

general 

Construction cost should be about 
$80. This can be reduced, at some loss in 
operating convenience, by omitting the 
character counter. The memory capacity 
can be more than doubled by adding five 
more RAM chips on an external board, 
running parallel address lines, and using the 
spare outputs of U22 for chip select lines. 
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low-cost 

printed-circuit boards 

A simple technique 

for building 

low-cost 

printed-circuit boards 

for your homebrew 

amateur equipment 

Many older amateurs and a surprising 
number of beginners are reluctant to try 
building their own printed-circuit boards. 
Many feel that PC boards are too inflexi- 
ble to permit circuit changes or the cost 
of materials and equipment is high. 
Others think PC board layouts require 
special knowledge, skills and equipment. 

Let's consider the first charge: Inflexi- 
bility. If you make a complete receiver 
layout on one board i t  will certainly be 
inflexible! Look at fig. 1. That curious 
mess is  actually a pretty hot 20-meter 
receiver. Notice that it consists of a 
number of small modules. Most impor- 
tant, it will perform beautifully just as 
illustrated. In short, stop thinking in 
terms of wiring components together, and 
think about wiring complete stages to- 
gether. 

With this technique you can build 
progressively, and need not invest in 
high-cost items such as crystal-lattice 
filters until you are satisfied that per- 
formance is what you desire. Obviously, 

this is a good way to avoid mistakes in 
planning chassis layouts. With a complete 
receiver running on the bench you will be 
able to envision layouts that will elimin- 
ate the need for conventional chassis 
design. 

An example of this i s  shown in fig. 2. 
This ssb receiver was originally built as in 
fig. 1. Instead of buying an expensive 
enclosure, it was housed, as shown, in 
bent-up aluminum scrap with a steel 
wraparound. When I find a reliable and 
stable circuit and layout, I usually etch a 
number of boards "for stock." This re- 
sults in terrific time savings later. For 
example, I wanted to experiment with a 
variation of the KY crystal filter which is 

8 popular in Europe but had no receiver to 
o match the available crystals. With all but 
u u one board in stock it took only two eve- 

nings to build the receiver shown in fig. 1. 
6 With this building technique, if you 
.a don't need the receiver, or tire of i t  and 

want to make something more sophisti- 
cated, your loss is zero. Simply dis- 

oi 
connect the boards and put them away, 
intact, for the next project. Another 
advantage is this: Many circuit boards can 

E be designed as multipurpose boards. Cer- 
w 
Z tain transistors and ICs, for example, can 
3 
m be arranged as rf and i-f amplifiers, 

mixers, product detectors or audio ampli- 
fiers. As will be shown later, the circuit * board can also be devised to accommo- 
date quite a variety of circuit variations 
and component selections. 

$ I s  the cost really high? The best 
2 circuit-board material is the relatively .- 
w 
r expensive G-10 fiberglass-epoxy material. 
c 
w This runs about $2.00 per square foot 
'E1 
i5 (929 square cm) from surplus houses such 

- - as Jefftronics, Meshna and others. The .- 
m "universal" circuit board which I use 
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(described later) requires 2.35 square 
inches (15.2 square cm) of material. With 
the G10 material a t  1.4 cents per square 
inch (6.5 square cm) the universal board 
will cost 3.4 cents. At that price i t  hardly 
pays to economize by using the less 
expensive phenolic board. 

etching circuit boards 
The etching supplies and equipment 

you will need are shown in fig. 3. The 
two-pound coffee can houses a 40-watt 
light bulb. This is a heater for the 

prepared solution for your initial work. It 
will give you a feel for the proper mixture 
and proper etching action. Two widely 
available sources include Radio Shack and 
any dealer handling the popular GC (Gen- 
eral Cement) line of radio and TV service 
products. 

The GC etchant is about the highest 
priced a t  six fluid ounces (177 cc) for 
$1.20, so let's use i t  as an example. That 
bottle will etch about 100 square inches 
(645 square cm) of copper. The universal 
board to be described requires only 0.85 

119. 1. Twenty-meter recelver built with low-cost printed-circuit boards. Careful attention to circuit 
design provides hlgh performance, even in  this haywire condition (see text). 

etchant, and a stand to hold the plastic 
cereal bowl firmly while etching. Etch- 
ants are-very corrosive, so a spill can be 
messy. The household cleanser is needed 
for scrubbing boards, and the masking 
tape is about the cheapest and most 
convenient resist available. The plastic 
funnel i s  used to pour the etchant back 
into its container. 

All of your etchant-handling equip- 
ment should be plastic. If you have had 
little or no etching experience, buy a 

square inches (5.5 square cm) of the total 
2.35 square inches (15.2 square cm) to be 
etched away. This is typical. Including 
waste i t  comes to about one-third the 
total board area. Thus, the little bottle 
will actually handle about 300 square 
inches (1935 square cm) of board mate- 
rial, or about 0.4 cent per square inch 
(6.45 square cm). The universal board 
will require about 1-cent to etch, making 
total board cost about 5 cents. This is  
pretty inexpensive for an entire stage. 
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Be sure to select ferric chloride for 
your etchant. Ammonium persulphate is 
also available. It works well with photo- 
resist techniques, but with our cheap 
masking-tape resist, it will do a ragged 
job, tending to etch under the masking 
tape. Ferric chloride will do a clean, neat 
job everytime - even with an old, loaded 
solution. 

board production is more a matter of 
common sense than specialized skills or 
knowledge. I usually start with a schem- 
atic of a board, and try to include any 
expected variations to make the board f i t  
different components and circuit varia- 
tions. For the sample board I will use 
four circuits that are similar. All use a 
low-cost dual-gate, gate-protected mosfet. 

fig. 
sidt 

2. Packaged single- 
,band receiver using 

the components shown 
infig. 1. 

Two items not shown in the photo- 
graph are the drills you will need, and a 
pad of cross-ruled paper or graph paper 
(available in most discount stores). The 
drills most needed are numbers 60 and 
54. If you are in an area where numbered 
drills are not available, you can use 
1 132- inch (0.8-mm) and 3164-inch 
(1.2-mm) drills. If possible, use industrial 
quality drills. Cost i s  about a dime more, 
but the life of the drills is often twice or 
three times that of discount store grades. 
If you have a choice, use high speed steel 
instead of high carbon. Many of the 
imported drills are just case-hardened, 
cold-rolled steel, poorly formed, and a 
poor investment. 

The cross-ruled paper is  a great help in 
making up layouts, and for maintaining a 
permanent record of your boards. From 
the foregoing i t  i s  obvious that the cost of 
materials and equipment is small. 

circuits 
As you will see, the layout work and 

These devices aren't as fussy as the older 
non-protected mosfets and can be handled 
as easily as conventional transistors. 

Fig. 4 shows the circuit for a mixer 
stage. This circuit i s  shown connected to 
a hot tank circuit where you must isolate 
the +12 volt supply from the gate. Where 
the tank circuit is a t  ground potential, C1 
and R1 are unnecessary. The output is 
tuned with a small compression trimmer 
capacitor. Two types of output coupling 
are also shown. For convenience I usually 
use miniature coax (RG-174lU) to bring 
the vfo signal to the mixer board. 

Notice that the +12 volt line is de- 
coupled with R4, C5 and C6. This extra 
precaution results in greater stability, and 
is  one of the things that provides stability 
in a haywire mess like that in fig. 1. 

The circuit of fig. 5 can be used as an 
rf or i-f stage. Due to the extremely high 
gate impedance, feedback can be trouble- 
some when high-Q tuned circuits are 
used. An i-f amplifier usually depends on 
the first filter for i t s  selectivity so you 
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can afford to swamp the input with a 
2200- or 2700-ohm resistor. This will 
make a completely stable system. 

The receiver in fig. 2 uses two of these 
stages. The first is swamped with the 
filter terminating resistor, the second 
stage with 2200 ohms - the two stages 
become very docile. As an rf amplifier the 
circuit will require careful shielding of 
input and output circuits. By reducing 
the value of C5 and adding a "gimmick" 
capacitor or small adjustable capacitance 
between the junction of C5, R4 and L2 
to gate 1 you can include neutralization 
with the same layout. Agc or mvc can be 
included as shown. Limit this voltage to 
f4  volts on gate 2. Maximum gain re- 
quires about +4 volts from gate 2 to the 
source. 

Fig. 5 includes another form of output 
circuit. The slug-tuned coil can be a TV 
i-f coil rewound for your frequency. For 
this service you must provide space to 
drill a 5116-inch (8-mm) hole to mount 
the coil. If you don't need a low- 
impedance output, capacitor C9 can be 
connected across the coil and C10 can be 
eliminated. 

Fig. 6 shows the circuit as a high-gain 
product detector. This circuit has good 
dynamic range and a microvolt input will 
deliver about a millivolt output. Notice 
that this circuit i s  identical to fig. 4 
except for the details of the output 
circuit. The output transformer is  a regu- 

fig. 3. Etchlng supplles and equipment you 
need for making your own low-cost prlnted- 
circult boards. 

lar Radio Shack item. The 500-ohm 
output is convenient if you go into a 
low-pass audio filter built from 88-mH 
toroids, as it provides a good impedance 
match. 

Notice the volume control hookup. If 
the volume control i s  located remotely it 
i s  not desirable to ground the low side of 
the control to the chassis at the remote 

VFO 
I - 2 V  r?M5 

fig. 4. Modet mlxer stage deslgned for prlnted- 
circuit use. 

point. This can lead to ground loops. 
Instead, carry the ground to the control 
with the shield of the miniature coax, and 
from the control to the next stage on the 
shield of that same piece of coax. This 
ground loop problem is  very easy to 
control in a modular setup like this. You 
can mount the boards on pieces of 
bakelite or plastic when necessary and 
have full control of the ground situation 
without any radical rebuild. 

Notice that the output is bypassed for 
both rf and audio (C5 and C10). Also 
notice C9. This capacitor can roll off the 
high-frequency audio components. That 
little transformer is quite efficient out to 
70 kHz or more, and there is no need for 
response above about 2.5 kHz. In fact, if 
you use a 0.05-pF capacitor at C9, you 
will have a definite peak around 1 kHz 
that i s  helpful for CW work, but still 
results in useable ssb performance. Again, 
the bfo voltage is  brought in with RG- 



174lU coax. With a high-gain i-f strip, 
i t  may be helpful to locate the bfo well 
away from the strip - or shield it. 

The receiver in fig. 1 shows some i-f 
overload, but by tucking the bfo module 
behind the speaker, operation i s  com- 
pletely satisfactory. Slightly more gain 
will result if C2 is paralleled with an 

i 
AGC OR MVC 

fig. 5. This circuit can be used as an rf or i-f 
amplifier and uses same printed-circuit layout 
as the circuit of fig. 4. 

audio bypass capacitor, although it might 
be more worthwhile to go to a Motorola 
MC1550 (HEP 590) or RCA 3028 IC. 
They will deliver considerably greater 
gain if you need it. 

The circuit in fig. 6 can also be used as 
a synchrodyne detector. Tune L1 to the 
operating frequency, feed in a vfo signal 
at the operating frequency, add an audio 
filter to the output and use a high-gain 
audio amplifier. You now have a simple, 
direct-conversion receiver. 

Fig. 7 shows the circuit for a 
grounded-gate rf stage. Note that gate 2 
must still be biased to +4 volts for full 
gain. You can feed gate 2 from the agc 
line if desired. This stage is very stable 
without much shielding. 

board layout 
If you can lay out a single circuit 

board to accommodate these four circuits 
you will have a really useful board! Fig. 8 
is the result. The simple square layout 
makes it easy to cut out. Notice the fat 
ground bus. This i s  a big help in achieving 

stability in rf equipment. In my layouts I 
usually make any unused board space a 
part of the ground bus, rather than etch it 
away. You save etc:hant and gain stability. 

Circle 6 is the location for a 5116-inch 
(8-mm) hole for TV-type slug-tuned coils, 
or a 318-inch (9.5-mm) hole to clear the 
mounting tabs on compression trimmers. 
If you allow the tabs to protrude through 
the board at this point, it's advisable to 
scrape away the c:opper foil so the tabs 
are not grounded. Just a tiny chamfer is 
sufficient. 

Locations A and C are for the leads of 
compression trimmers. These are usually 
25132-inch (20-mtn) apart. By relocating 
A and C to the right so their center line 
lies 9116-inch (14-mm) from the right 
edge of the board instead of 314 inch (19 
mm), and drilling them 718-inch (22-mm) 
apart instead of 25132 inch (20 mm) you 
can accommodate the small surplus Erie 
ceramic trimmers. If you make up boards 
in advance these holes can be left un- 
drilled so that the board can fit any 
combination of output parts later. 

Fig. 9 shows the mounting of the little 
Radio Shack transformers. The mounting 
tabs are pushed through the holes and 
bent over. I t 's  best to solder one or both 
tabs to the ground foil. This will result in 
a quieter circuit. Use 4-40 screws to 
mount the boards. Spacers can be 
scrounged from broken rotary switches, 
switching TV tuners, 114-inch (6.5-mm) 
OD steel or copper tubing, etc. Keep the 
input and output sections apart when 
laying out the boards. If you lay out a 

fig. 6. High-gain product detector. Except for 
the output this circuit is identical to fig. 4. 
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multi-stage board, don't use a U-shaped 
layout! This is  asking for trouble. Keep 
the circuit in a straight line from input to 
output. 

It's best first to plan your layout on 
the cross-ruled paper. Have typical parts 
available so you can allow for correct 
clearances. Once you have your final 
plan, keep the drawing for future refer- 
ence. You would be amazed how fast you 
can forget what a particular board is used 
for, or where a particular part mounts. I 
keep a copy of the board, layout, sche- 
matics, and notes on performance or 
unusual characteristics together in a 
loose-leaf binder. That was one reason I 
could build a complete receiver in a 
couple of evenings. 

When working with the TO-5 can 
integrated circuits, i t  is desirable to 
mount them for removal without damage. 
Fig.10 shows a method I use. Drill a 7116- 
inch (11-mm) hole through the board, 
bend the leads as shown, and the IC 
can be soldered in and removed rapidly 
without damage. 

circuit board fabrication 
Now let's get to the actual board 

work. First, cut the board to size. A fine 
tooth hacksaw is best. File the edges 
smooth. Now thoroughly clean the 
copper side. Copper cleaner, other house- 
hold cleansers or steel wool are all 
effective. I t  i s  very important to prevent 
fingerprints on the cleaned board surface. 
Often the film from a fingerprint seriously 
retards etching. 

Next, cover the copper foil with mask- 
ing tape. Choose a width of tape that will 
completely cover the board, if possible. 
Where tape is  lapped, etchant often 
creeps under the tape. Press the tape 
down thoroughly all over the board. 
Draw the complete layout on the masking 
tape using a soft pencil. Be sure to 
indicate points to be drilled (I draw a tiny 
cross at these points). Cut through the 
tape with a very sharp jack-knife or 
X-act0 modelmakers' blade. Peel the tape 
off from areas to be etched. Here, too, 
avoid getting your fingers on the exposed 
copper. Finally, when all the areas to be 

etched are exposed, again firmly press 
down the remaining tape with a clean 
pencil eraser. 

Now, place the board in the cereal 
bowl, foil side up, and pour in enough 
etchant to cover the board to a depth of 
1/4 inch (6.5 mm) or more. Place the 
bowl on your "heater" and relax. After 

fig. 7. Grounded-gate rf stage. 

about five minutes lift one end of the 
board out of the etchant using the plastic 
stick. As you lift it, you will see a dirty, 
dark residue draining from the board. Lift 
the end of the board in and out of the 
solution several more times to flush away 
this spent etchant, then lean back for 
several minutes more. Again flush away 
the loaded etchant. In about 20 minutes 
the board should be completely etched. 

You can now remove the board from 
the etchant, rinse it: in water (preferably 
not in your wifes' stationary tubs because 
this stuff stains badly). If you object to 
stained fingers, or have sensitive skin, use 
a plastic glove to handle the board. 

Carefully check the board to make 
sure it i s  completely etched. I f  not, dump 
i t  back into the etchant. When it is 
completely etched, rinse it in water and 
damp-dry it with a clean cloth. Before 
removing the tape, drill the holes. Now 
you can peel off the tape and thoroughly 
clean the board with household cleanser 
to remove any vestige of etchant. If you 
are sloppy in this respect, a slight residue 



of etchant can attack electronic compo- 
nents later. 

Be very careful when handling the 
etchant! A tiny drop on a good tool will 
cause the tool to rust almost before you 
can blink your eyes! An accidental spill 
on the workbench will create an area that 
i s  saturated with etchant, and any tool or 
part that you leave on that area will be 
attacked - even months later! I use a 
little homemade stool in the middle of 
the basement floor for etching. When 
etching is  completed, don't throw away 
the solution. Return i t  to i t s  bottle. Use a 
plastic funnel. 

After etching many boards you will 
notice that the etchant seems to be 
thicker, and it will be difficult to see the 
flushing action as you lift one end of the 
board. You may suspect the etchant is no 
longer usable, but a certain amount of 
water i s  vaporized as you heat the solu- 
tion so if this condition appears, gingerly 
add water - usually a very small amount 
i s  necessary - to restore the solution to 
i ts  original state. You will again be able to 
see the flushing action clearly, and etch- 
ing speed will be better. 

As you use your original bottle you 
will develop a good feel for proper 
consistency and etching action. Finally 
you'll reach a point where a properly 
thinned solution requires 45 minutes to 
an hour to do one board. Your masking 
tape will be badly discolored and it will 
be very difficult to see your drill location 
marks. By now you will be a pro with the 
stuff. You can buy the ferric chloride 
powder much cheaper, dissolve i t  in 
water, and be sure of your mix. Don't be 
surprised if you find others who are 
willing to pay for your services. Take the 
time to learn to do a craftsmanlike job 
and if your radio budget i s  low, you can 
probably stretch it a long way by doing 
circuit boards for other amateurs. 

drilling boards 
The drills for circuit boards are very 

small, but can be used in any kind of a 
drill motor. I have successfully used 
inexpensive hand drills (the eggbeater 
kind). I f  you buy one, take a 1132-inch 

F 

i t -  - 

fig. 8. Printed-circuit layout whlch will accom- 
modate the circuits of fig. 4, 5. 6 or 7. 
Mounting of the transformer for the product 
detector is shown in fig. 9. 

(0.8-mm) or number-60 drill along to be 
sure that the chuck will close on a drill 
this small. Select one that turns smooth- 
ly. A drop of oil on the gears and bearings 
often does wonders. When using such a 
drill, chuck it so only a short section 
protrudes from the chuck. Rotate the 
chuck smoothly and evenly, and don't try 
to rush the job or you'll break the drill. 

If you use a drill motor, it is best to 
use fairly slow speeds. It may be worth- 
while to make up an SCR speed control. 
Again, allow as little as possible of the 
drill to protrude from the chuck. Of 
course, if you have a drill press, there is 
very little trouble. When drilling circuit 
boards, however, you will find that drills 
do not last as long as they do when 

fig. 9. Method of mounting the product- 
detector output transformer on the universal 
printed-circuit board. 
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drilling steel. Fiberglass and phenolics are 
both abrasive materials. You may get 
only 100 holes with good grade drills, 
then the drill begins to turn up an 
excessive burr (see fig. 11 ). This makes 
soldering difficult because the solder 
doesn't want to climb the burr. Also, 
when a drill gets to that stage, it will 
often wobble as i t  cuts, producing an 
oversize hole. 

If you want to take a whack a t  this 
sort of construction, but are unsure about 
your success, and you want to cut parts 
cost, don't overlook scrap TVs, radios, 
surplus computer boards, etc. Usually 
nothing more than an ohmmeter check is  

fig. 10. This method of mounting TO-5  pack- 
aged ICs allows them to be removed from the 
circuit board without damage. 

necessary. With this type of construction 
you can use components with very short 
leads. The receiver in fig. 1 was built with 
almost a l l  scrounged parts and represents 
a total cost of about $7.00. 

soldering 
Your soldering techniques are very 

important for good PC board work. The 
economical Ungar soldering iron with a 
37- to 47-watt heating element and 118- 
inch (3-mm) wedge-shaped tip is a good 
combination. An SCR controller or 
Variac can be used to regulate the heat. 
For smaller foil areas you can cut the 
voltage back to about 70 volts, but for 
large foil areas the iron will require full 
voltage. Use small diameter solder. Either 
0.032-inch or 0.040-inch (about 1 mm) is 
satisfactory. 

Clean the leads of the components 
before mounting them through the board 
holes and place the tip of the soldering 
iron against both the board and lead as 

shown in fig. 12. Feed a little solder to 
the. same junction ,to set up a thermal 
path from the solder~ng iron to both lead 
and foil. Then wipe the solder in a circle 
around the junction. The solder should 
creep out evenly all around and form a 
nice fillet as shown in fig. 13A. If you get 
a lumpy joint as shown in fig. 138 it 
could be due to lack of heat, dirty board 
or lead, dirty iron, excessive solder, or a 
combination of these items. I t  may or 
may not be a good joint. 

On large copper areas the heat is 
dissipated so fast that i t  might require a 
heavier iron. As soon as the joint i s  made, 
wipe the tip of the iron on a damp rag or 
sponge. Clean the soldered joint with 
isopropyl alcohol (the discount drugstore 
variety is okl. The flux residue will 
absorb moisture and form flux bridges 
between adjacent foil strips. The alcohol 
will leave a whitish film which can be 
removed later by washing the completed 
board with plain soap and water. 

For cleaning the boards I use the 
inexpensive acid brushes obtainable from 
good hardware stores. I cut the bristle 
length in half to stiffen the brush. If your 
hardware store doesn't stock these 
brushes, try your local sheetmetal shop. 
They are a common tinsmith's tool for 
brushing flux onto a joint. 

The foregoing instructions may sound 
tedious and unnecessary, but you will 
soon find that they do not take any great 
deal of time, and the results are worth the 
effort. A dirty soldering iron and a dirty 
lead will require many seconds of heating 
to get a satisfactory joint. Often the first 
impulse is  to feed in more solder. The end 
result is, commonly, solder so overheated 
i t  crystallizes into a grayish mass, may 

fig. 11. When drilling printed-circuit boards, a 
dull bit wll l  produce a n  excessive burr as shown 
here. 



fig. 12. When soldering components to a 
printed-circuit board place the tip of the 
soldering iron between the component lead 
and the copper foil. 

not be bonded to the lead, and a copper 
foil strip so overheated it peels off the 
board. Follow the four main rules and 
save trouble: 

1. Absolutely clean board, no fingerprints. 

2. Keep the soldering-iron tip clean. 

3. Use the right heat to get a nice fillet on 
your soldered joints with little solder 
buildup. 

4. Clean the finished joint. 

Incidentally, too little or too much 
heat will produce a grayish, porous solder 
joint. A proper joint i s  shiny. If you want 
to clean up a lumpy joint, you can wick 

SOLDER FlLLEl  - 

L__fr-- COMPONENT LEAD 

CORRECT 

-SOLDER LUMP 

LJ--- COMPONENT LEAD 

INCORRECT 

fig. 13. A properly soldered component lead 
will  produce a smooth, shiny fillet around the 
lead as shown in (A). A lumpy, gray blob as in  
(B) is usually a poor electrical joint. 

the solder nicely as follows: Mix a solu- 
tion of rosin and alcohol. Dip the end of 
a small diameter shield braid (about 118 
inch or 3 mm) into the flux. Lay this 
fluxed braid on the joint and place a 
clean, hot soldering iron on top of the 
braid - the excess solder is sucked up 
into the braid. This solder wick is  obtain- 
able in rolls of untinned braid saturated 
in flux, but you can find lengths of 
suitable braid in shielded leads to phono- 
graph pickups, on volume controls of 
some TV sets, etc. 

Do not try to use the so-called non- 
corrosive solderirig pastes! Their flux 
residues are difficult to get rid of. A tiny 
quantity in a lead hole can become an 
insidious time bomb. 

Those of you who started in radio 
along with me - way back when - re- 

fig. 14. Proper metliod * 
of wrapping a component lead around a terminal. 

member the old cardinal rule was: First 
make a rigid mechanical connection and 
then solder a joint. Leads were tightly 
wrapped round and round a terminal 
before soldering. Many fellows applied 
plenty of solder for extra strength - 
particularly men who worked in the 
marine or mobile services. Then came the 
space and missile age, and the need for 
extreme reliability in soldered connec- 
tions. The extreme vibration and G forces 
soon proved the old ways were inade- 
quate. For high-r.eliability work you are 
forbidden to wrap a wire completely 
around a terminal. You do it as shown in 
fig. 14 and use a gimmick like an alligator 
clip on a rubber band to hold the wire 
secure against movement until the solder 
cools. You use only enough solder to 
form a fillet, and the lay of the strands of 
wire show clearly above the fillet. 

Of greatest importance is the appear- 
ance of the soltder. It must be shiny, 
indicating correct: heat and no movement 
of the wire while cooling. This insures 
maximum strength in the joint, and low- 
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est resistance. With excess solder, an 
inspector can't be sure of the quality of 
bond to  the strands of wire, so you wick 
it, clean i t  and do i t  over again. I don't 
mean to imply that you should produce 
aerospace quality boards, I merely want 
to stress the cleanliness requirements. By 
following those four little steps you will 
find i t  easy to get the one feature you do 
want: Shiny solder joints. Solid-state 
devices are relatively high-current, low- 
voltage devices. A poor solder joint is 
more likely to be troublesome under 
those conditions. 

And don't give up the ship because 
your eyes aren't what they used to be. I 
just finished a one year stint on an 
experimental spacecraft, and the stalwarts 
on that job were all in their fifties, 
members of the bifocal crowd, and I had 

circuit feeding a simple capacitance- 
multiplier circuit. The result is  a fair 
degree of regulation and very low ripple. 
A supplementary benefit is that the pre- 
regulator will provide considerable 
immunity from power-line transients and 
voltage variations. 

For checking vfo drift you need a 
supply which is stable with respect to 
power-line variations. This circuit will 
provide 12 volts at about 300 mA, with 
some voltage droop at loads over 300 
mA. The circuit can be simplified by 
eliminating the pre-regulator (C2, R1, 
CRI)  and changing R 2  to 470 ohms, 2 
watts. Since the transistor will be dissi- 
pating about 3.5 watts i t  can be mounted 
on the chassis to provide a heatsink. The 
zener, CRI, will dissipate about 6 watts 
under no-load conditions so i t  should also 

D l W E S  IAMP,  SOPlV 

E i W  NPN 

25V 

-1PV 

fig. 15. Regulated power supply with low ripple voltage suitable for many solid-state circuits. 

been away from Hi-Rel work for many 
years. 

Now for a few tips: Install your 
semiconductors last. That way they are 
heated only once. Don't be afraid to  leave 
full-length leads on the transistors on the 
universal board. I t  won't degrade per- 
formance, and until you are used to PC 
board work it will help you avoid over- 
heating transistors. 

I f  your station is close to the seacoast 
you may want to protect your boards 
from salt-air corrosion. Mask the edges of 
the board and spray the foil side with 
clear acrylic. 

Finally, use a regulated power supply 
with low ripple voltage. I f  you have a 
junkbox full of surplus semiconductors, 
the power supply in fig. 15 will be quite 
adequate. Basically it i s  a pre-regulator 

be mounted on a heatsink capable of 
dissipating this kind of power. Scrap car 
radios often can be a source of such 
heatsinks. If your junkbox doesn't con- 
tain the transistors and zener diodes, i t  
may be more economical, simpler and less 
bulky to  purchase a three-terminal 
voltage regulator for 12 volts. 

conclusion 

Although I still build a fair amount of 
vacuum-tube gear, I find solid state a 
great deal more fun. I have never been 
able to  obtain such high performance as 
easily in homebrew gear. Construction 
today is less a machine-shop job and more 
of a card table variety of work. I hope these 
notes will help you, too, to have the pleas- 
ure I've found in this field of tinkering. 

ham radio 



automatic 

antenna control 
for satellite 

communications 

How to build 

an automatic 

az-el antenna 

control system 

Anyone who has operated through 
Oscar 6 using a directional receive an- 
tenna is aware of the difficulties in- 
volved in spotting the transmitter, con- 
ducti  ng a coherent conversation, 
keeping the log and orienting the an- 
tenna. This article shows how to elimi- 
nate one of these problems, antenna 
orientation. 

I 
The array used here consists of two 

3-element, 10-meter receive antennas 
and two 2-element, 2-meter transmit 
antennas, al l  on the same boom. The 
10-meter antenna beamwidth is about 
60 degrees so alignment, while not 

F 

o critical, has to be readjusted numerous 
0 
cu times on any pass of the satellite. This 

procedure became tiresome, and finally 
m 

resulted in the design and construction 
L 

of the automatic azimuthelevation 
rotor control system described here. A 

6 
block diagram of the system is shown in 
f i g . l .  5 

$ This particular rotor control was 
designed to handle a CDE TR-44 azi- 5 muth rotator and an Alliance C-225 

I 
PI elevation rotator. However, any antenna 

rotators with position-sensing pots can 
be adapted for use. Basically, the system 
consists of a cassette tape recorder .- 

m m playing pre-recorded digital information 
into the rotor control where it is  decoded 
and loaded into two shift registers. The P 
register output is then converted into 

0 two analog signals which are propor- 
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tional to the desired antenna azimuth 
and elevation. The desired position 
signal is compared with actual rotor 
position, and if the error i s  excessive, 
the rotators are driven to null this error. 
Manual operation of either rotator is 
still possible by use of the mode switch 
and position metering. 

pre-recorded information 

position correction. A typical tape 
format is given in fig. 2. Bit spacing is 
not critical, but should be no faster than 
five times that shown. 

A t  least two external audio oscil- 
lators are required to record the tapes. 
The circuit used to control the audio 
signal generators is shown in fig. 3. 
Presently, due to operating schedule 
limitations of Oscar 6, onlv South to 

Approximately every two minutes, North passes are available. Conse- 
every minute for close passes, a ten-bit quently, five cassettes, 30 minutes on 

SUPPLY 

START 
I 

ELEVATION 

CONTROL DETECTOR SENSE ROTATOR 
(FIG 101 (FIG 8 )  (FIG. 8 )  ITR-9-71 

DIRECTION 
I 

) (F IG 71 I 
NULL 

DETECTOR ROTATOR 
(F IG 8 )  

fig. 1. System block diagram of an automatic azimuth/elevation control system 
designed for satellite communications. 

binary word is fed to  the rotor control. 
A zero is represented by a 1585-Hz 
tone, a one by the absence of this tone. 
A shift signal is also required, and the 
presence of a 228-Hz tone is used for 
this purpose. Six bits have been allowed 
for azimuth information and four bits 
for elevation. Thus, the minimum 
change in antenna position is six degrees 
about either axis. Following each word 
is a 700-Hz tone which initiates rotator 

each side, provide sufficient alignment 
accuracy for any useable pass from my 
station. 

control circuit 
The interface between the tape 

recorder and the TTL logic circuitry i s  
shown in fig. 4. The peak frequency of 
each selective amplifier is  shown on the 
schematic. Since c:lose-tolerance com- 
ponents are not used, your frequencies 



TONE 10 11 
I H Z )  o MIN SECONDS MIN 

MIN 0 5 10 I5 2 0  

22.9 - I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  - - - - - - - - -  . 1 

ISSS - j/-- - - -- *+ 
I 1 0 1 0 0 0 1 0 0  

I 1- 

AZIMUTH . 66' ELEVATION . 12' 

TIMING MARK 
I 

ROTOR 
EQUATOR CROSSING START 

EXAMPLES CODE ANGLE (DEGREES) 
0 0 0 0 0 0  0 

AZlMUTH 1 0 0 0 0 0  6 

0 0 1 1 1 1  3 6 0  

0 0 0 0  

ELEVATION 1 0 0 0 

1 1 1 1  

fig. 2. Tape format for cassette tapes used to 
control the automatic az/el system. A zero is 
represented by  a 1 5 8 5 - ~ z  tone, a one by  
absence of this tone. A 228-Hz tone i s  used to 
shift the digital information from the shift 
registers into the D-to-A converters, and a 
700-Hz tone initiates rotator position correc- 
tion. A tone encoder for encoding the cassette 
tapes is shown in fig. 3. 

may be somewhat different. As a result, 
it is best to  build and test at least this 
part of the rotor control before record- 
ing the program tapes. There is one half 

of a 558 op amp left over which, if you 
wish, can be used as an audio input 
buffer. All three of the amplifier-drivers 
produce a negative-going pulse when the 
appropriate tone i s  applied. 

The sh i f t  registers and digital- to- 
analog converters are shown in fig. 
5. The unmarked resistors must be 
hand picked to insure not their ab- 
solute value, but their relative value. 
The condition to be met for the ele- 
vation D-to-A converter is that: R2 = 
2R1, R3 = 4R1 anti R4 = 8R1 where R1 
is approximately 4700 ohms. Similarly, 
for the azimuth D.to-A converter: R6 = 
2R5, R7 = 4R5, R8 = 8R5, R9 = 16R5 
and R10 = 32R5 where R5 is approxi- 
mately 3300 ohms. The selection of 
parts to  meet these conditions is done 
with the aid of the t e s t  circuit shown in 
fig. 6.  The 7496 ICs shown in fig. 5 are 
unplugged, and the leads indicated in 
the test circuit are patched to  the 7496 
sockets. Next turn both ramp minimum 
pots to zero, and the ramp size pots to 
mid-range. An osc:illoscope is then con- 
nected to first one and then the other 
desired position outputs. The observed 
stepped ramp is adjusted for linearity by 
changing resistors R 1 through R4 for 

AUDIO 

MPSS172 

t l 5 V  

CODE KEY 

- 0 v 

fig. 3. Tone encoder for encoding the cassette tapes required 
format Is shown in fig. 2. 

for the automatic az/el system. Tape 
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the elevation ramp and R5 through R10 
for the azimuth ramp. After linearity is 
established, the ramp size pots are ad- 
justed for an elevation ramp size of 1.25 
volt peak-to-peak, and for an azimuth 
ramp size of 5.25 volts peak-to-peak. 
The ramp minimum pots will be ad- 
justed later. 

Two identical current sources are 
used in the system, one for each rotator 

resistor and adjust the current pot for 
10 mA output current. Open the short 
across the load resistor and adjust the 
linearity pot again for 10 mA. I f  the 
milliammeter has significant internal re- 
sistance, i t  may be necessary to repeat 
the above steps. 

The null detector circuit i s  shown in 
fig. 8. The output of U9 is an indication 
of the sense of the error between 

fig. 4. Tone decoder and TTL driver interfaces the cassette tape recorder with the shift registers 
and D-to-A converters. 

position sensing pot. Exactly 10 mA i s  
passed through each 500-ohm pot, 
regardless of its setting. Thus the return 
voltage from the sensing pot in each 
rotator i s  proportional to that rotator's 
position. The current source schematic 
i s  shown in fig. 7 .  

To adjust the current source, tempo- 
rarily connect a 560-ohm resistor in 
series with a milliammeter from the 
output to ground. Then short the 

desired and actual rotator position. Op 
amp U10 drives the rotator direction 
relay so that the next time the rotators 
start, the error is reduced. As the 
antenna turns, the error decreases and 
eventually passes through zero. This 
zero crossing is converted by a Schmitt 
trigger, U12, into a fast risetime edge 
which is used to turn off the RS 
flip-flop U11C - U11 D. An identical null 
detector is used for the second axis 





2 .21  

7 4  10 7 74107 74107 

1- 
12 5 I 2  s -- 7 

7 3  - 
MPSSlR  

t t * 
PIN ,O (UTJ PIN I1 (U7)  PIN I3 (UT) PIN I4 fU7J PIN IS fU7J PIN 0 fU61 

INPUT AZIMUTH TEST RAMP 

PIN I1 (M) PIN 13 IU6)  PIN I4 lU6l  PIN IS IU6J 

ELEVbTlW TEST RAMP 

PATCH OUTPUTS TO INDICATED PINS IN FIGURE S 

fig. 6. Test circuit for aligning the D-to-A converter of fig. 5. Outputs from test circuit are patched 
to Indicated IC pins in  fig. 5 (see text). 

which uses the remaining half of U12. 
The RS flip-flop of each null detector 
controls the appropriate motor-run re- 
lay so that when a null i s  detected, the 
rotation about the axis indicating zero 
error stops. Since the rotator motors are 
turned off a t  the error null, the antenna 
slightly overshoots its desired position. 

When the mode switch is in the 
manual position, the D-to-A converter 
output is ignored and an externally 
adjustable pot i s  substituted, allowing 
manual entry of the desired rotator 

position. The rotators are driven to 
null when the appropriate manual start 
button is depressed. 

The metering circuit is shown in fig. 
9. In the azimuth position the meter 
reads 0 to 400 degrees, and in the 
elevation position the meter reads 0 to 
100 degrees. Calibration will depend on 
the specific rotators used, and will be 
described later. 

The circuit in fig. 10 is  for use with 
the CDE and Alliance rotators. Other 
rotators may require circuit modifica- 

Layout of the auto- 
m a t i c  a z i m u t h /  
elevatlon control cir- 
cuitry, showing loca- 
tlon of major com- 
ponents. 
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SENSED 
POSITION 

SX SO0 OHMS 
(IN ROTATOR] 

fig. 7. Current source. T w o  are required, one 
for azimuth, the other for elevation. 

tions. The relays were obtained surplus, 
and have 28-volt coils with a pair of 
5-amp contacts. 

One modification is needed on the 
TR-44 rotator. I f  you have a series-1 or 
-2 rotator, remove the sensing pot lead 
attached to terminal 7 and move i t  to 
the previously unused terminal 8. I f  you 
have a series-3 rotator, remove the 
motor common lead from ground and 
connect i t  to the previously unused 

terminal 2. For both axes of rotation, 
when the rotator direction relay i s  
energized the rotator should rotate in 
the direction that increases the return 
voltage from the position sensing pot. If 
this is not the case, reverse the motor 
winding leads at the control unit. 

power supply 

Three separate regulated supplies are 
used in the system. The +I5 and -15 
volt supplies use 723 regulator ICs with 
a finned heatsink on each. The +5 volt 
supply uses another 723 IC in conjunc- 
tion with a 40312 pass transistor which 
is screwed to  the chassis. The circuit i s  
shown in fig. 3. After the power supply 
section has been built and adjusted, i t  is 
important that the +I5 and -15 volt 
regulators not be readjusted after com- 
pletion of the remaining circuits. If 
these voltages are changed, recalibration 
of the entire systern will be necessary. 

calibration 
Connect both rotators to the rotor 

SENSED 27h 

GROUND 

fig. 8. Null detector. T w o  circuits are required, one for  azimuth, the other for elevation. 
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5 6 0 h  0 - 4 0 0 '  0 - 1 0 0 .  5 6 0 8  

- ISV 
ZERO 

4.7h 

fig. 9. Metering circuit provides readout of 
antenna azimuth and elevation. 

control. Set the mode switch to auto- 
matic. With a test tape, enter all zeros 
into the shift registers. Push the azimuth 
rotor start button and allow the rotator 
to stall. Now, slowly rotate the azimuth 
ramp minimum pot until the azimuth 
run LED extinguishes. Next, enter 
001 11 11 11 1 into the shift registers and 
allow the azimuth rotator to either 
finish rotation or stall. I f  the rotator is 
stalled, retouch the azimuth current 
source adjustment until the azimuth run 
LED extinguishes. I f  the rotator stops 
before rotating 360 degrees, decrease 

the azimuth current source current and 
restart the rotator. Continue doing this 
until the rotator stalls. Then increase 
the current slowly until the azimuth 
LED turns off. Again enter all zeros, 
and then adjust the azimuth meter zero 
pot for zero meter reading. Again enter 
001 11 11 11 1, and adjust the azimuth 
meter range pot for a meter reading of 
360 degrees (400 degrees full scale). 

The rotor control will position the 
elevation rotator over a 90-degree seg- 
ment with zero degrees displaced from 
the low sensing pot resistance end of 

ON-OFF Z N 3 9 0 4  -DIRECTION 

I 

- // C-225 ROTATOR 

fig. 10. Motor  drive 
circuit. Relays are DIRECTION 

(FIG 81 
surplus 28-volt units 
w i t h  5 - a m p e r e  
contacts. 



rotation by as much as 30 degrees. Mark enter all zeros a12d adjust the elevation 
the desired zero-degree point on the 
rotor shaft, somewhere in the first 30 
degrees of shaft rotation. Mark another 
point on the shift corresponding to the 
90 degree position. 

Enter all zeros in the registers and 
initiate the elevation rotator. The rota- 
tor should stall. Turn the elevation ramp 
zero pot through the point that the 

meter zero for zero meter reading. 
Finally, enter 001 11 11 11 1 and adjust 
the elevation meter range pot for a 
90-degree meter reading (1 00 degrees 
full scale). 

operation 
For manual operation the mode 

switch is  set to manual and the azimuth 

elevation LED extinguishes. Restart the 
rotor. I t  should stop somewhere be- 
tween the limit of rotation and the 
desired zero-degree mark. Continue re- 
adjusting the elevation ramp zero pot, 
and restarting the rotator until i t  stops 
at the desired zero-degree mark. 

Now enter 001 11 11 11 1 in the regis- 
ters and initiate the elevation rotor. I t  
should stop near the desired 90-degree 
position. Readjust the elevation current 
source current until the rotor does stop 
at the desired 90-degree point. Again 

and elevation pots are adjusted to the 
desired antenna position. Start the 
rotators with the pushbuttons. Rotation 
is  complete when the LEDs extinguish. 
For automatic operation simply place 
the mode switch in automatic and select 
the pre-programmed tape most suitable 
for the next satellite pass. When the 
satellite crosse!; the equator, start the 
tape at the zero-minute timing mark. 
Then forget about the antenna and 
enjoy good solitl communications. 

ham radio 
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audio oscillator 

Wide range 

sine, triangle 

and square-wave 

generator using 

the versatile 

Signetics NE566 

integrated circuit 

If dollars are scarce and shrinking on 
your workbench but you need a utility 
audio oscillator, find a Signetics NE566 
function-generator IC. Then put i t  into 
a simple circuit to get triangle, approxi- 
mate sine, and square wave outputs over 
10 Hz to 25 kHz, in two bands. That 
basic range extends to 200 or to 500 
kHz, if you add one component to the 
circuit described here. 

Total cost for your audio oscillator 
could run as low as five dollars, i f  you're 
an efficient shopper or your junk box is 
well stocked. Its performance won't be 
critically sensitive to parts quality - the 
original model proves that. 

The NE566 is a versatile IC, almost 
as easy to  find as the pA741, if it's 
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priced higher yet. Check the electronics 
magazines to find several sources at 
under three dollars. When you're buy- 
ing, the DIP package is best. For NE566 
details, see fig. 1. 

I t s  1-MHz maximum is well above 
what's needed on most amateur work- 
benches. The band is set by one capac- 
itor at pin 7. Pin 6 offers a 25.1 control 
range, depending upon resistance, and 
pin 5 a 2 : l  range, depending upon 
voltage. The circuit described here uses 
both together for the 50: l  range needed 
to cover 10 Hz to 25 kHz in two ranges. 

Looking at outputs, the triangle wave 
is best for all-around application since 
it's nearly a sine wave. See power 
spectra facts in table 1. There's also a 
good square wave, if you're interested in 
digital work. 

basic circuit 
Fig. 2 shows the basic NE566 oscil- 

lator schematic. Its maximum 25-kHz 
output is 40 times under what the 
NE566 can do, which makes parts 
values noncritical. However, C2 and 
C3 should be the best quality avail- 
able. That is because the NE566 uses 
constant-current circuits to charge and 

table 1. Comparative analysis of sine, triangle 
and square wares (Fourier power spectra). 

sine triangle square 

f 100% 84.5% 51.0% 
2f - - - 

r 3f - 9.4% 19.0% 

3 4f - - - 

6 5f - 3.4% 11.0% 

6f - - - a 7f - 1.7% a.o% 
E 8f - - - .- 
71 9f - 1 .OOh 6.2% 



trolytics) then there will be some wave 
form distortion. 

The diodes CR1 and CR2 play a dual 
role. They clip the triangle wave, and 
they set the clipping level. Uneven 

N E 5 6 6  SQUARE 
VIRI IBLE v WAVE clipping can be improved by trying - 
FREQ COMROL 

OWL. other diodes, and some diodes will 
2 I M A X  generate a better sine approximation 

N E 5 6 6  
than others. You might want to try a 

T O P  
variable resistance at R6 while you're at 
it, but wave shaping doesn't depend 
strongly on the value of R6. 

s u p p l y  2 4  vol ts max imum,  7 m A  t yp i -  
requirements cal. 12.4 m A  m a x i m u m  w i t h  

12-vo l t  power  supp ly  

I n p u t  1 megohm t yp i ca l  
resistance ( termina l  5 )  

Tr iangle 
50 ohms. 0.5% l inear i ty  

o u t p u t  

Square-wave 50 ohms, 20 ns risetime, 

o u t p u t  50 ns f a l l t ime  

operat ing +V -5 
f requency f~ = (&)( ~ 7 )  

R 6  = reslstance at te rmina l  6 

C7 = capacitance at te rmina l  7 

+ V =  supp ly  vol tage 
V5= voltage at t e rm ina l  5  

fig. 1. Basic specs of t he  Signetics NE566 IC  

f u n c t i o n  generator. 

discharge a capacitor, generating the 
triangle wave output. I f  the capacitor's 
value depends upon voltage across the 
capacitor (ceramic bypass capacitors) or 
i f  i t  features appreciable leakage 
depending upon voltage (aluminum elec- 

For some ideas about simplest con- 
struction at least cost, look at the 
breadboard construction shown in the 
photograph. This i s  a great alternative to 
perforated board assembly. 

tuning up 

Tuneup proceeds in four steps. First, 
verify a 50: l  tuning range. For this, put 
about 0.1 pF at NE566 terminal 7. This 
range can be adjusted by varying R1, R3 
or both. You'll find R3 the most 
influential. 

Next, set minimum frequency at 500 
Hz by cut-and-try at C3, starting with 
the 0.077 pF valuf! shown. Then set 
maximum frequency at 500 Hz with C4 
added, by adjusting the value of C4. 
Finally, calibrate the tuning dial in 1, 2, 
5 steps as shown in fig. 3. This calibra- 
tion looks coarse, but it's adequate for 
most bench work. For example, in most 
radio applications you'll zero in on the 
desired frequency by ear, while the scale 

t- 

C5 
IOOpF 

1 

fig. 2. T h e  basic NE566 audio  
osci l lator c i rcu i t  provides sinusoi- 
da l  and tr iangular ou tpu t s  (see fig. -- C4 
4) f r o m  500 H z  t o  23 kHz.  Values - 0 1  

CRI CRP 
o f  t he  components  marked w i t h  1~91.7  1 ~ 4 4  R e  

an  asterisk are set du r i ng  t he  
t uneup  procedure described in the  
tex t .  Frequency d ia l  f o r  th is  u n i t  * S E E  T E X T  

is shown  i n  fig. 3. 



provides orientation. For audio you'll 
be interested in the -3 dB points, which 
are vague in any case. And for pulse 
circuit work, perhaps using the NE566's 
square wave output, your scope displays 
timing. A large, precise calibration just 
isn't needed for most work. 

The tuning dial shown in fig. 3 was 
cut from cardboard, glued to its knob 
and calibrated in pencil. Then it was 
taken off the shaft and the calibration 
inked in with India ink. Another piece 
of cardboard holds the electrical-tape 
index. Simple - and good enough! 

Fig. 4 shows the original circuit's 
output. The sine wave i s  imperfect since 
two diodes don't provide the best 
possible wave shaping. The slight differ- 
ence between rising and falling sides 
comes from the worst-choice capacitors 
put in to observe circuit sensitivity to 
such parts (C2 consists of bypass ceram- 
ics, and most of C3 is an aluminum 
electrolytic). Use better parts, and ex- 
pect a better signal. 

other circuits 
Of course you'll have your own ideas 

about building this circuit. Here are 
some suggestions you might want to 
throw in. If the triangle wave is 84.5% 
fundamental, why not omit the shaping 
network? That would achieve more out- 
put and lower output resistance. See fig. 
5. Resistor R2 can be 100 to 500 ohms; 

fig. 3. The  frequency calibration scale. Detail 
isn't needed. 

R1 as required for amplitude. Total load 
on the NE566 terminal 4 should stay 
over a few hundred ohms. At the lowest 
operating frequency the reactance of C1 
is under 10% of the circuit resistance. A 
good ballpark value is 1000 pF. 

An op-amp voltage follower after the 
level control will put output resistance 
under one ohm. See fig. 5 again. Since 
the NE566 triangle wave peaks don't 
reach the power supply or return levels 
the pA741 doesn't need a bipolar 
supply to follow the signal. A large 
capacitor holds one end of the ampli- 
tude pot at signal ground potential and 
provides a return terminal for the wave 
forming diodes. 

Since the square-wave output is there 
and many of us like square waves, let's 

fig. 4. Triangle and approximate sine wave ing basic test let's 
outputs from the NES66 signal generator. review a couple of the finer points. 
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220 C2 
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fig. 5 .  Optional circuits for triangle wave or 

voltage follower outputs. 

Anybody can make a small signal by 
putting a large resistor in series with a 
small one, as a voltage divider. However, 
practical application brings in practical 
details. Test leads can pick up interfer- 
ence, and this becomes bad in the ac 
electric field from typically open house 
wiring. And if a series resistor isn't 
provided in the voltage divider it's possi- 
ble to achieve deceptively good signal- 
to-noise ratios that don't show in real- 
life application. See fig. 7. 

Here, long leads from the generator 
feed a voltage divider situated an inch at 
most from the small-signal input ter- 
minal. Any interference acquired by the 
leads i s  reduced along with the signal, 

keeping the input signal-to-noise ratio 
high. 

Then series resistance R 3  imitates the 
nature of a real signal source, as the 
driven circuit sees it. Without R3, the 
small value at R 2  loads the tested 
circuit's input terminals. That shorts out 
the noise the tested circuit generates in 
its own components and current flows. 
Test results taken without R 3  or R 8  will 
look very good, but they won't be true 
results. 

power supply 
This audio oscillator can be powered 

from the circuit it's testing, i f the 

FROM N O 1 0  
GENERATOR 

-1 IOO,,V/V 

SENSITIVE 

*SEE TEXT 

Z E E ~  

fig. 7. How t o  obtain interference-free micro- 
volt and nanovolt level o u t ~ u t s .  

supply level is 12 volts. That saves 
finding another power supply - but you 
must make sure the generator and the 
driven circuit cannot interact through 
their common power source. 

That's the purpose of R6IC2 in fig. 
5, and of R51C3 in fig. 6. An opera- 
tional amplifier can impose a surprising 
amount of signal on its dc supply line i f  
it's feeding a low-resistance load. These 
components decouple any roundabout 
output so that i t  c:annot pass via supply 
lines through bias networks into a tested 
circuit, spoiling test results. As an extra 
precaution, one or two 1000-pF capaci- 
tors might be soldered across the genera- 
tor's supply lines. fig. 6. Optional circuits for providing a square- 

wave o u t ~ u t .  ham radio 

january 1975 39 



regulated, variable 
solid-state 

high-voltage 

Design and 

construction of 

a regulated 

50-  to 300-volt 

power supply 

with built-in 

current limiting and 

transient protection 

power supply 

I The typical +I50 to +300 volt regulated 
power supply (used for providing bias, 

In 
screen or plate voltage for vacuum-tube 

N circuits) has, until recently, most often 
0 

been a tube-type design itself. This has 
been true because tubes are durable and .- 
have been inexpensive in the past. How- 

u - ever, series-regulator tubes like the 
6AS7G, 6080, and 6L6 are now be- 

g coming expensive (nearly $10.00 each), 
and they age all too fast in regular use. 

o The price of a set of tubes for a typical - 
regulator (61.6. 6AU6, and OA2) is 2 roughly $14.00. This makes some of the 

& solid-state devices more attractive than 
they may have previously appeared. 

5 m The solid-state version of a regulated 
high-voltage supply may also have the 

0 
built-in advantage of adjustable current- 

0 limiting, instant turn-on, and (barring 
accidents) virtually unlimited compo- 
nent life. Sorne users of the solid-state 
power supply may miss seeing the plates 

g of the rectifier and series-tube glow red 

3 when the output terminal is shorted, as 

; occasionally happens when testing cir- 
51 cuits, but that is a minor disadvantage 

and affects or~ly a few. 
Y 
5 The regulated high-voltage supply de- 
I scribed here is shown schematically in 
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fig. 1. I t  is continuously adjustable in 
output from 50 volts to 300 volts, at 
load currents up to 100 mA. The cost of 
the IC, two high-voltage transistors, and 
seven diodes (in the regulator portion) i s  
as low as $21.85. This is at least 
comparable to the price of an equivalent 
vacuum-tube regulator. 

Note that there is a small variable 
auto-transformer in the primary circuit 
of the high voltage transformer. These 
variable auto-transformers are most 
often called "Variacs" by amateurs, but 
Variac is a registered trade name of the 
General Radio Company and cannot be 
properly used in describing the particu- 
lar variable auto-transformer used in this 
circuit. This variable auto-transformer is 
mechanically ganged to the dc voltage- 
control potentiometer connected to  pin 
8 o f  U1. 

This technique is one that I first 
observed on an older commercial tube- 
type regulated supply (a Hewlett- 
Packard 710A). The intent i s  to keep 
the input-to-output voltage difference, 
which is impressed across the series- 
regulator transistor (or tube), nearly 
constant. In the vacuum-tube model this 
was done to minimize tube dissipation, 
increase efficiency and make a smaller 
package possible without blowers. 

In the solid-state version described 
here, the ganged primary variable auto- 
transformer and dc output voltage con- 
trol pot have the same function. How- 
ever, limiting the voltage across the 
series transistor is also of considerable 
importance. This is because the V,, 
limitation of bipolar power transistors is 
about 300 volts (for transistors in the 
price range that most hams would con- 
sider reasonable). 

If this mechanical complexity seems 
unnecessary, assume the case where you 
require 50 volts output at 100 mA. The 
unregulated input to 0 1  would be about 
350 volts so there would be 300 volts at 
100 mA across this transistor. Not only 

would this cause 35 watts dissipation in 
Q1, i t  would also stress the device to  its 
Vce limit. A t  load currents lower than 
100 mA the input voltage would be 
even higher and the Vce rating would be 
exceeded even though less power might 
be dissipated. With the variable auto- 
transformer in the primary of the high- 
voltage transformer, T2, the differential 
voltage across 0 1  will never exceed 100 
volts and the power dissipation of Q1 
will be held to 5 watts maximum. 

regulator circuit 
The regulator c:ircuit is designed 

around the Motorola MC1466L (or 
MC1566L) which is that company's 
floating regulator. This IC was designed 
with variable lab-type power supplies in 
mind and is powtired by a 25-volt 
supply which "floa1.s" (i.e., the power 
supply has no common connection to 
ground, but delivers its output only to  
pins 7 and 14 of the MC1466L IC). The 
only dc paths to ground that exist for 
the MC1466L are through the dc 
voltage-control pot, the load, and back 
through 0 1  and 0 2  to the unregulated 
high-voltage source. Note that transis- 
tors Q1 and 0 2  act as if they were one 
high-beta transistor since they are con- 
nec ted  i n  the  Dar l ington-pai r  
configuration. 

The MC1466LIhlC1566L regulator 
IC is one that has received some adverse 
publicity, but the past problems appar- 
ently have stemmed from lack of ade- 
quate transient protection. For instance, 
it was reported in Electronic News some 
time ago that Power-Mate (manufac- 
turer of regulated power supplies) was 
suing Motorola over the MC1466Ll 
MC1566L because their power supplies 
were failing in the field. I have not seen 
any further word of this problem so i t  is 
assumed that the two companies got 
together and solved the problem. 

Next, at work I began to get modular 
power supplies (Larnbda LCS-3 series) 



back from the field with IC failures. that agree on the method and a com- 
These  ICs  w e r e  a p p a r e n t l y  plete lack of field failures in the 
MC1466L/MC1566L types, too, judging modified modular power supplies) that 
by their unique pinouts (although they it seemed prudent to go ahead with a 
were marked with an in-house number). regulated high-voltage supply using the 
A request for assistance from the manu- MC1466L/MC1566L. The discussion 
facturer yielded not only advice, but above is not meant to criticize 

RED - 
I T T I  * 141 I N 4 0 0 7  

Y *  TWO 4 3X. I% 

fig. 1. Regulated high-voltage RESISTORS 
IN SERIES 

power supply w i th  variable out- 
10 ,rF 

put  f rom 50 t o  300 volts for  load 
OUTPUT VOLTAGE AOJ 
MALLORI UF55L 

currents u p  t o  100 mA. TRANSFORMER T I )  

CR2 200-volt. 50-watt zener diode (heatslnk T1 0-132 volt.  2.25 A (0.3 V A )  variable 
t o  chassis) a u t  o - t  r a n s f o r m e r  (Superior Electric 

lee) 

Q 1  Motorola HEP244 or MJE340 (heatsink T 2  550  volts center-tapped, 3 1 0  m A  (Triad 

t o  chassis) R112A or R l Z A ,  fi lament windings 
not  used) 

Q2 Motorola HEP707 or MJ413 (heatsink T 3  20 volts center-tapped, 100  m A  (Triad 
t o  chassis) F90X)  

modification kits (free of charge) that 
solved the problem. Subsequently, in 
the third edition of the Motorola Linear 
IC Handbook (1973) a note appeared 
on transient failures. In the fourth 
edition of this handbook the recom- 
mended transient-protective circuit was 
shown. 

The transient protection picture was 
finally clear enough to me (two sources 

Motorola, Power-Mate or Lambda, but 
rather points up how years of field 
experience are sometimes necessary be- 
fore all the subtle points of a compo- 
nent are really understood. I'm sure that 
the same was true of the 6L6 and 807 in 
their early days. 

circuit operation 
Perhaps a more detailed look a t  the 



circuit in fig. 1 is in order. As outlined 
above, transformer T2 derives its pri- 
mary ac voltage from terminals 1 and 3 
of T I ,  the variable auto-transformer. 
Since the ac voltage output of all the 
secondary windings of T2 vary with the 
setting of TI ,  the 5- and 6.3-volt secon- 
daries of transformer T2 are not used. 
The low-voltage transformer, T3, for the 
floating supply, operates directly from 
the constant ac line voltage. 

The high-voltage rectifier uses four 
1000-volt PIV silicon diodes in a full- 
wave, center-tapped circuit. Since the . . 
variable auto-transformer can push the 
primary ac voltage of T2 to 135 Vac, 
the ac output can go as high as 320 
volts. Thus, the conservative thing to do 
is to use two 1000-volt PIV diodes in 
each leg of the rectifier. The standard 
0.01 yF disc capacitor and 470k resistor 
are connected across each rectifier diode 
to assure equal voltages across each. A 
100-pF capacitive input filter is used 
with a 10-ohm series resistor to limit 
input current to a safe level for the 
diodes (and for the capacitor). A 100k 
bleeder resistor was added across the 
100-pF filter capacitor to minimize sur- 
prises when doing initial circuit work. 

The floating power supply is about as 
stark a supply as you will find any- 
where. I t  is a simple half-wave type with 
a silicon diode, 10-ohm surge current 
limiting resistor and a 50-pF filter ca- 
pacitor. Since the worst-case current 
drain from this supply (by the 
MC1466L) i s  only 12 mA, not much of 
a supply is required. The two 0.33yF 
capacitors from the secondary leads of 
T3 are part of the transient protection 
for the IC. 

The 100-ohm resistor, R1, and 
1 N5239 zener diode, CRI, in the regula- 
tor circuit are the primary recom- 
mended components to  prevent IC 
breakdown during transients. The 
0.33-yF capacitors mentioned above re- 
present additional transient protection. 

There are some other added protec- 

tive components that I felt would save 
the high-voltage transistors 0 1  and Q2 
in a particular failure mode. These are 
the 118-amp fuse in the unregulated 
high-voltage lead and a 200-volt zener 
between the emitter and collector of 
02. To explain this zener and fuse 
combination, suppose that the supply is 
set  at +I20 volts output and current 
limiting i s  set at 100 mA. Should the 
output be shorted, the entire un- 
regulated high-supply is impressed 
across Q2; this would be about 180 
volts at 100 mA or 18 watts. The 
transistor can handle this amount of 
wattage at least long enough for the 
operator to  switch the supply off. 

However, if the supply is se t  at, say, 
280 volts output and 100 mA limiting, a 
short across the output will place about 
330 volts across Q2. This, of course, 
exceeds its V,, rating and will destroy 
the transistor. The 200-volt zener across 
Q2 limits the voltage during an output 
short condition to 200 volts, and the 
fuse opens at 125 mA to protect the 
zener from over-dissipation. 

A high-current Zener diode must be 
used (the zener must be able to handle 
at least several times the fuse current for 
a good part of a second). The 1 N2846 is 
a 50-watt, 200-volt Zener that is rated at 
200 mA continuous current. The power 
supply will allow the output to go into 
current-limiting, providing the output 
voltage is below about 150 volts. At 
output voltages between about 150 
volts and 300 volts the supply is still 
protected from a short circuit but a 
high-voltage fuse will have to  be re- 
placed after the shorl: is removed. 

construction 
The supply is built into an LMB type 

W-1C box-chassis. This relatively small 
cabinet has more than enough room for 
everything; I can't even imagine trying 
to cram a 5T4, 6L6, 6SJ7 and OA3 into 
such a box as we used to do. The 
voltage control pot (a Mallory UF55L, 



made for coaxial use) is mounted on the 
front panel above the chassis plate. 
Directly behind this pot and aligned 
with it, mounted on an angle bracket, is 
the Superior Electric model 10B vari- 
able auto-transformer. The two are 
coupled together with a piece of 
0.188-inch (5mm) drill rod which fits 
the ID of the hollow potentiometer 
shaft. The other end of the 0.188-inch 
rod is bushed back up to 5/16 inch 
(8mm) with an unused piece cut from 
the (long) pot shaft itself (this pot has a 
larger than 114-inch [6.5mm] shaft). 
The 5116-inch diameter shafting means 
that the voltage-control knob and one 
side of the flex coupling (which is 
coupled to the auto-transformer) must 
be drilled out to 5/16 inch. A small hole 
is drilled in each of the two 5116-inch 
hollow shaft pieces (one on the pot and 
the other on the bushing) so that the 
respective set screws will lock the 
0.188-inch rod solidly to  the hollow 
shafts. 

The potentiometer should be set for 
minimum resistance and the auto- 
transformer for minimum ac output 
voltage from terminals 1 and 3 so that 
turning the output voltage control will 
increase pot resistance and simultane- 
ously increase the ac output voltage. 
Then the set screws should be tightened. 

The current limiting control, R2, i s  
placed on the front panel, under the 
chassis plate near the circuit board with 
the IC and i t s  associated components. 
The two transistors and CR2 are mount- 
ed on the chassis plate near the rear 
with mica washers and silicone grease 
for heat-sinking. CR2 and Q1 are 
mounted on top of the chassis plate 
with their pins protruding through this 
plate, and Q1 is mounted under the 
chassis. Although these mica heatsink 
washers are quite thin, they seem to be 
adequate to insulate the high voltages 
involved. A t  normal full-load operation 
these transistors do not even feel warm 
to the touch (when touching them, 

however, remember that they have the 
full unregulated high-voltage on them - 
turn the supply off and wait until the 
bleeder reduces the voltage to a safe 
level 1. 

A couple of other components in the 
circuit deserve mention. The 8.55k resis- 
tor between pins 2 and 12 of the IC is 
actually two 4.3k, 5%, 114-watt resistors 
in series. I f  you have an 8.55k, 1% 
resistor, use i t  by all means, but 4.3k 
resistors are easier to find. Also, the 2.5- 
ohm resistor between pins 9 and 11 of 
the IC can be a %-watt, 2.4-ohm or four 
10-ohm, %-watt resistors in parallel. 

There are numerous possible substi- 
tutions for the silicon rectifiers used in 
the supply; just make sure the PIV 
ratings match those called for. Similarly, 
the 9.1-volt zener can be most any 8.2- 
or 9.1-volt type with a 250-mW or larger 
rating. The high-voltage zener, 1 N2846, 
may be replaced with a 1 N3350. The 
high-voltage transistors 0 1  and 0 2  can 
also be replaced by other devices; 
Motorola has a number of such transis- 
tors, mostly in their MJ and MJE series. 
Other manufacturers (RCA for 
example) have lines of high-voltage npn 
transistors which rnight be suitable. 

ham radio 
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dressing up the 

siamese paddle 

packaging ideas 

for electronic 2 
w 
b keyers 
X 

F 

Electronic keyers have replaced the 
semi-automatic bug in many CW sta- 
tions, and that's a sign of progress. 
However, a problem common to many 
home-built keyers is  efficient operation 
of the paddle. This mechanical part of 
the keyer must provide two switch 
closures: one for dots and one for 
dashes. No matter how sophisticated the 
keyer electronics, the paddle plays an 
important part in how your CW sounds. 
An otherwise excellent keyer with a 
poor mechanical input will cause errors 
and poor operating habits. 

Presented here are some ideas on 
improving paddle operation and provid- 
ing a smart, professional appearance to 
any home-built electronic keyer. The 
"siamese paddle"1 is used as an example 
of what can be done. 

The siamese paddle is so-called be- 
cause two surplus telegraph keys are 
used to provide the mechanical input to 
the keying circuit. The keys are 
mounted back-to-back on a heavy base. 



Although this method works fine, the 
esthetic appearance of the key leaves 
much to be desired. Why build a good 
keyer only to have one of its most 
important features look 30 years behind 
the times? The refinements shown here 
will give an overall sharp appearance. 

mechanical input 
Three types of keys are available on 

the market today: the surplus telegraph 
keys (J-381, the ball-bearing pivot Japa- 
nese version of the J-38, and a plastic 
version of the J-38. The surplus and 
ball-bearing pivot types are better suited 

extra mechanical considerations this 
type of key was not used. 

packaging 
If a Siamese paddle could be con- 

structed in an enclosure, the appearance 
would certainly be enhanced. After 
finding such a container, i t  became 
apparent that it had a lot of wasted 
volume. A suitable box size for the 
paddle is 5% x 3 x 5-718 inches (13.4 x 
7.6 x 15 cm).' With the extra space, 
keyer electronics and power supply fit 
easily into the container with the keys, 
making a very neat package. 

T w o  telegraph keys are mounted back-to-back in the center of the cabinet. The ends of the keys 
are cut off, with fiberglass extension arms added. The handles a n  slipped over the arms. 

to a keyer design because of friction 
reduction and the multiple adjustments 
possible. These keys are available for 
about $3.00, depending on the source. 
I t 's  important that the keys operate 
very smoothly and with little effort. 

An alternative approach to a 
telegraph key is  a microswitch for the 
mechanical input element. However, 
because of lack of adjustments and the 

To install the two telegraph keys in 
the box, a method of mounting must be 
determined. The easiest approach is  to 
use two bolts and two L-shaped brack- 
ets. A 2-inch (51-mm) bolt is used to 
fasten the keys back-to-back. The two L 
brackets are then attached to the re- 

'A similar box is available from Radio Shack 
Stores for about $3.40. 
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maining hole with another bolt of the allow the sidetone to be heard from the 
same size. enclosure. Four rubber feet mounted on 

The keys may now be mounted at the bottom of the enclosure hold the 
right angles to their normal positions, keyer steadily during operation. 
permitting lateral motion instead of an 
up-down motion. The keys are quite finishing touches 
steady with just two mounting brackets. Decals were applied to give a final 
Since the arms of the keys are longer touch to the case. The dressing for the 

than necessary, they should be cut off 
about 1% inch (38 rnm). Two small 
holes are then drilled into the arms to 
mount the paddles. Fiberglass printed- 
circuit boards work well for the paddles. 
The two arms on the keys should be 
bent to allow about 9116-inch (14-mm) 
clearance between the paddles. 

The photo of the keyer interior 
shows the twin paddle mounted in the 
middle of the box. Two 112 x 1-314- 
inch (13 x 19-mm) fiberglass paddles are 
brought out 1-114 inch (32 mm) from 
the front plate. The paddle emerges 
through two small file-slotted holes. 
Because of the irregular shape of the 
keys, the power supply i s  mounted on 
the left side of the box, while a sidetone 
circuit and speaker are mounted on the 
right side. An integrated-circuit Iambic 
keyer board is mounted with two stand- 
offs directly behind the keys. The back 
panel includes the output jack, a tune1 
operate switch, and a sidetone onloff 
switch. Ventilation holes in the cover 

F 
I 
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I- 
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Front of the paddle with one ? 
black handle removed. The 
handle slips over the protrud- 
ing arm extension. and the 
fiberglass arms extend through 
two small file-slotted holes In 
the front panel. I 

paddles is a plastic slip-on cover to give 
a better feel. Since the fiberglass paddle 
is about 112-inch (13-mm) wide, a con- 
venient cover is a file cabinet plastic 
label holder. The label holder is cut to 1 
x 1 inch (25 x 25 mm). The covers will 
then slip easily over the fiberglass 
paddle. To give a contrasting appear- 
ance, a black rubber alligator clip boot 
is cut and stretched over the clear 
plastic. 

This type of key arrangement lends 
itself to a consolidated keyer design. 
Although an Iambic keyer board was 
used, the same mechanical arrangements 
should work with any type of keyer 
circuit. I hope this description will 
benefit those contemplating their own 
keyer design but haven't found a solu- 
tion to the key packaging problem. 

reference 
1. Myron Hexter, "The Siamese Paddle," 
ARRL Hints and Kinks, Volume VI,  Second 
Printing, 1959. 
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And you get more ot wnat you expect from 
noiseless, trouble-free all sol~d-state TTY 
reception The RVD-1005 converts the output of 
any TU Into a clear, easy-to-read RTTY readout 
The slgnal can be fed to a TV mon~tor' or. w ~ t h  
s l~ght mod~ f~ca t~on ,  any standard TV recelver (Just 
lmaglne a 23-~nch teleprlnterl) I t s  the beg~nnlng 
of enjoyable TTY comnunlcatlons and the end of 
electromechan~cal devlces wlth all of t h e ~ r  
maintenance headaches The display above 
polnts out the many reasons why the RVD-1005 
makes all other TTY systems seem obsolete- 
and ~t s lust part of the HAL l~neup of qual~ty. 
state-of-the-art RTTY components for the 
serlous amateur 

The HAL DKB-2010 dual mode keyboard IS 
another example It allows you to transmlt TTY or 
Morse-TTY at all standard data rates. and CW 

between 8 and 60 WPM. You also get complete 
alphanumeric and punctuation keys. plus 10 other 
function keys, a "DE-call letters" key and a 
"OUICK BROWN FOX diagnostic key In both 
modes you have a three character buffer for 
burst~ng ahead (larger buffers optional), and in 
the CW mode you can adjust the dot-to-space 
ratlo (weight) to your l i k~ng 

When we say what you see is what you get, you 
can count on getting all that and more. including 
quality construction throughout. So if you're Into 
RTTY, join the ranks of amateurs the world over 
who are enjoying thls hobby at its best-with 
professional gear at amateur prices from HAL-the 
leader in amateur RTTY equipment. Send today 
for the HAL products you want! 

'RVD-2110 9-inch Monitor/TV shown is ootional 

........................... 
Ti3nl HAL Communications Corp Enclosed is S (RVD-1005 Video Unit) 1 

Box 365 Urbana. 111.61801 S (RVD-2110 Monitor/TV) $ ( D K B - 2 0 1 0  TTY/CW Keyboard) 
Telephone: (21 71 359-7373 Charge Master Charge # 

Charge BankAmer~card # 

I 
I 

M/C Interbank # Card exp date 
I 

I Please send me the HAL catalog I 
I Name Address Call Sign I 
I I 

City/State/Zip 
I 

1 RVD-1005 Video Unit: $575. RVD-2110 Monitor TV: $150 DKB-2010 TTY/CW Keyboard: 5425. 
All prlces include USA shipp~ng Add $1 0 each for alr shipment. Illinois res~dents add 57' sales tax 

I 
J 
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Meet the two and onlys 
The HAL DKB-2010 Dual Mode 

keyboard is one of the most so- 
phist~cated products ever offered 
to the rad~o amateur. It's an all 
solid state keyboard that allows 
you to send e~ther RTTY or CW - 
with more ease, more versatility 
than anything you've ever seen 
before. 

In the RTTY mode, you can 
transmit at standard data rates of 
60,66,75 or 100 WPM, as well 
as an optional 132 WPM. 100 
baud. In addition to the complete 
alphanumeric keys, you get 17 
punctuation marks, 3 carriage 
control keys, 2 shift keys, a break 
key. 2 three-character function 
keys, a "DE-call letters" key and a 
"Quick brown fox. . ." test key. 

In the CW mode, you can send 
at speeds anywhere between 
8 WPM and 60 WPM. You can also 
adjust dot-to-space weight ratios 
to your liking. For CW, you have 
all alphanumeric keys, plus 11 
punctuation marks, 5 standard 
double-character keys, 2 shift 
keys, a break-for-tuning key, error 
key, "DE-call letters" key, plus 

2 three-character function keys. 
Output interfacing is compatible 
with cathode keying or grid-block 
keying. A side tone oscillator and 
built-in speaker allow you to 
monitor your signal -with adjust- 
able volume and pitch controls. 

The DKB-2010 also has a three- 
character memow buffer which 

DKB-2010 is a real breakthrough 
for every amateur. It adds a whole 
new dimension to the exciting 
world of amateur radio. Once 
you've used the DKB-2010, you'll 
wonder how you ever got along 
without it! 

Prices: $425 Assembled; 
$325 Kit 

operates in eithei the RTTY or 
CW mode, allowing you to burst r------------- 
type ahead without losing charac- I HAL Communications CorP. 1 

Box365. Urbana. 111.61801 1 
ters. A 64-character memory I Telephone: (217) 359-7373 1 
buffer is also available as an I [ ! tnciosed is $ ( A s s e m b l e d )  I 
option. Key function logic in either I s (Kit) I 
mode is governed by LSI/MOS I call letters I 
circuitry.-~ll key switches are 
computer grade. 

The DKB-2010 is available 
assembled or in kit form. Should 
you choose the kit, you'll find 
construction easy - the unit con- 
sists of three assemblies: power 
supply board, logic PC board. 
keyswitch PC board, and pre- 
assembled wiring harness. 

Anv wav vou look at it - as an 1 C~tyIStatelZip I 

/ Charge Master Charge # - ' 
Charge BankAmericard # I 

I M I C  Interbank # 
I Card Exp, date 

I 
I 

( Please send me the HAL catalog. I 
I I 
I Name I 

I Address I 
I 

easy-\o-b;iid kit, a complete I All Drices include U.S.A. shipping. 1 
assembly, as a CW keyboard, or I f i { ~ ~ ~ O r k ~ , r , " ~ d s , " ~ ~ ~ ~ ~  tau. 
an RTTY keyboard, the HAL 

I 
L ,,----------- J 
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techniques 

winding up the wind 
The sun blesses us with warmth and 
light, each a non-polluting form of 
abundant energy. By indirect means the 
sun begets the wind, a conveyer of 
tremendous energy, since i t  i s  the ever- 
sh i f t i ng  d i f fe ren t ia l  heating o f  the 
earth's surface by the sun that launches 
the wind. It blows over the wind-swept 
plain, races above the mountain tops 
and dances among the sea cliffs. It also 
howls and whistles across your back- 
yard. The conversion of i t s  energy to 
electricity can easily power your 
amateur radio station. 

How much non-polluting energy is 
available from the wind? Estimates vary 
from 20 billion kilowatts capacity at 
choice sites to a maximum of at least 80 
trillion kilowatts to be derived from the 
winds of the Northern Hemisphere. The 
peak summer power demand in 1973 
was only 344 million kilowatts. In 1970 
the peak world demand was 1 billion 

kilowatts; approximately one-third of 
this peak capacity was made available in 
the United States. The world has to  
struggle to generate this quantity of  
electrical energy while the vast non- 
polluting energy sources continue to be 
ignored - light and heat from the sun, 
the wind, the tides and geothermal 
warmth. 

Today i t  is possible to use solar 
energy to heat your home (with very 
l i t t l e  augmentation, even in the 
northern states). You could supply a 
goodly portion or all of your electrical 
needs by wind and light energy con- 
verters. Would you like to start out on 
your ham station? 

I am doing just this at W3FQJ, 
struggling toward a hybrid combination 
that will permit me to use the wind to  
full-charge batteries while solar cells 
provide a trickle charge. I am aiming for 
a 1000-watt capability. 

general plan 

What are the major units of a wind- 
to-electrical-energy conversion system? 
The initial step is the conversion of 
wind energy to mechanical motion, fig. 
1. This can be accomplished by a variety 
of wind blades and rotors such as 
multi-bladed metal or wooden propel- 
lers, sail blades made of light frames 
covered with material, Princeton and 
Chalk rotators, Savonius S-rotors, verti- 
cal axis rotators, etc. Each has i t s  own 
particular characteristics and meets 
specific needs. Various blade types will 
be described in succeeding columns. 

Electrical generators of various types 
can be used l o  convert mechanical 
rotat!on to elec:tricity. Often an inter- 



vening belt and/or gear system makes 
an appropriate conversion between the 
rotational speed of the wind-driven 
rotor and a favorable speed of rotation 
for the generator. Others are directly 
driven by wind-driven rotors. Either dc 
or ac generators can be employed with 
various voltage and power capabilities as 
required by the system application. 
Mechanical arrangements can also be set 
up to rotate more than one generator. 
Popular generator-voltage values are 12, 
24, 36 and 110 volts. For amateur 
stations 12-volt systems are likely to be 
popular because of the availability of 
low-cost automobile generators and 
alternators. 

fig. 1. Basic wind generating system. Typical 
commercial wind generators are shown in 
the photographs of figs. 2 and 3. 

storing electrical energy 
There are periods of calm and low wind 

ve loc i ty  when generators become 
inactive. Electrical energy must be 
stored by batteries for these time inter- 
vals. Presently the secondary battery 
serves as the reservoir of electrical 
energy. The system must be planned 
according to the average wind-velocity 
conditions of an area with an added 
safety factor that will accommodate a 
reasonable length wind-quiet period. 

Lead-acid batteries are currently the 
most economical types for medium- or 
high-powered systems. Other types of 
secondary batteries are practical for 
low-power installations. Smaller and 
better battery systems are inevitable. 

Despite the debilkating public relation 
outputs from the current energy 
empires, continuous service can be sup- 
plied by solar and wind electrical gener- 
ating systems. 

At the present time high-powered, 
continuous-service systems are expen- 
sive simply because they are not wide- 
spread. One can anticipate, therefore, 
that in the interest of economy, backup 
systems can incorporate means for using 
utility services or a fuel-driven genera- 
tor. Furthermore, in many installations 
wind generators will be designed to  
provide only a percentage of the total 
need. A radio amateur may have as his 
first objective the !;elf-sufficient power- 
ing of his amateur equipment. Later he 
may wish to incorporate additional elec- 
trical needs of hi!; dwelling into the 
overall system. 

electrical energy distribution 
Ingenuity in meeting desired require- 

ments is the key word. Presently, for 
most applications, the most expedient 
manner of operaticln is to use the wind 
generator to charge batteries. In suitable 
wind and with adequate capacity the 
output of a wind generator can be made 
to supply the load as well as to charge 
batteries. The most popular manner of 
distribution now is with dc voltages. 
You will find thal, for almost any ac 
motor application you will be able to 
find a dc replacement. Low-voltage 
bulbs are readily a~vailable for dc light 
distribution. For those devices and 
equipment that require 1 10-volt ac, you 
can use an inverter. Solid-state inverters 
with ratings from 50 to 75 watts to as 
high as five kilowatts are available. 

Much modern amateur equipment is 
designed to operate on 12 volts dc. 
Fortunately, 12-volt wind generating 
systems for low and moderate power 
applications are currently the least 
expensive, They can also be home- 
brewed readily at low cost, particularly 
if you are willing to  scrounge in auto 
junk yards and surplus stores for com- 



ponents. Low-powered inverters of low 
cost can be purchased right out of the 
electranic parts catalogs. New and re- 
built auto generators and alternators are 
available from auto stores and catalogs. 

fig. 2. A 200-watt wind generator suitable tor 
many amateur radio stations (photo courtesy 
Wlncharger). 

reading the wind 
The conversion of wind energy to 

mechanical rotation has every indication 
of being a complex science. Windmills 
have been available for generations but 
have only been conceived and used in 
rather simple forms. Types of blades 
and rotors respond differentially to 
wind. One might be efficient at low 
velocity; another much more efficient at 
high velocity. There are now many 
arrangements under investigation. 

In planning a wind generator installa- 
tion find out as much as you can about 
your local wind conditions. Such infor- 

mation can be obtained from your local 
weather bureau or directly from the 
National Climatic Center, Federal Build- 
ing, Ashville, North Carolina 28801. A 
particular interest should be the yearly 
mean wind speed (average wind 
velocity). 

For most presently available wind 
generators the minimum average is  
about 8 rnph (12.9 kmh) or more. 
Average rating of equipment is often 
based on a velocity of 10 rnph (16.1 
kmh). In practice, however, the real 
energy producing winds range between 
15-25 rnph (24-40 kmh). I f  these levels 
are maintained for an average two-day 
interval out of seven throughout the 
year you are in a practical situation for 
a wind-generating system when using a 
battery-storage plan. If you enjoy a site 
with wind values better than these, you 
will have a bonus in extra power. 

A small, commercially available and 
practical 12-volt wind generator, fig. 2, 
provides approximately 20 kilowatt 
hours per month in an area of 10 rnph 
(16 kmh) average wind velocity.* If 
your site averages 16 rnph (26 kmh) 
instead of 10, the same generator has a 
capability of 35 kwh per month. 

Usually the wattage rating of such a 
generator i s  based on the minumum 
wind velocity that will produce maxi- 
mum output. For example, the unit of 
fig. 2 produces about 200 to 250 wans 
output with a wind velocity of 23 rnph 
(37 kmh). Power output levels fall off 
above this wind speed. In fact, automatic 
braking systems are included to hold 
down rotational speed and prevent break- 
down from excessive wear. 

power calculations 
What are your amateur station 

'For more information on the Wincharger 
line of winddriven electrical generators, write 
to  Mr. Ed Hult, Winco-Dyna Technology Inc., 
Box 3263. Sioux City, Iowa 51 102. For more 
information on Solar Wind equipment, write 
to Mr.  Henry Clews, Solar Wind, Box 7, Bar 
Harbor Road, East Holden, Maine 04429. 



needs? Go to your log and collect some 
figures. Here is  an example: Assume on 
transmit that your power demand is 120 
watts. This represents a current demand 
(with a 12-volt supply) of 

P 120 1 =-- = -- = 10 amperes E 12 

Assume you operate four hours per day 
and have a transmitter on-time of about 
40%. Remember that some current is 
also drawn on receive and standby but 
for solid-state equipment this i s  usually 
relatively low. Assume a 50% on time to 
compensate for this additional current. 
(This approximates a two-hour period 
of operation drawing 120 watts continu- 
ously.) Daily consumption then approx- 
imates 20 ampere-hours (10 x 0.5 x 4). 
Monthly consumption would be 600 
ampere-hours (30 x 20). 

A suitable heavy-duty 120- to 150- 
ampere-hour 12-volt battery would ade- 
quately supply these needs. A second 
battery would give plenty of backup 
power as i t  could be kept on charge 
while the first battery is in operating 
position. Furthermore, a solar panel to 
provide a trickle charge to the battery in 
use will give you an additional safety 
factor. 

How would you fare under 24 hours 
of continuous operation? This would 
correspond to a time period of 12 hours 
of continuous 120-watt demand. A very 
maximum consumption would be 240 
ampere-hours. You even have some 
power in reserve for a very extended 
period of operation. You would have no 
trouble operating a 180- to 200-watt 
PEP solid-state transceiver under the 
above circumstances. In fact, you would 
have power to spare. 

What would be your monthly con- 
sumption of power based on the above 
average conditions? Your daily use of 
electricity would be 0.24 kilowatt-hour 
(120 x 2). This would be 7.2 kwh per 
month (30 x 0.24). Based on the rating 
of the wind generator of fig. 2 you again 

would have extra power because i t s  
rating at an average wind speed of 10 
mph (16 kmh) is approximately 20 
kwh. Therefore, you have extra power 
to operate additional equipment in the 

fig. 3. This 6-kW wind generator (foreground) 
and 2-kW unit ( to  the rear) supply power to a 
buslness (photo courtesy Solar Wind). 

ham shack, operate more hours or use a 
bit more power. 

These calculations have been very 
conservative and indicate how the small- 
est of wind-generating systems can make 
a modest ham station self-sufficient 
electrically. Knowing the ingenuity of 
radio hams, each, according to his oper- 
ating habits, will find the most efficient 
use of the generated power. In fact, 
some of the power will probably be 
diverted to other services in the house. 
As the lament says, " . . . the answer is 
blowing in the wind." 

ham radio 
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ments 

good rf micro-voltmeter with which to 
make the measurements. The antenna is 
a portable ground plane consisting of 
three 5-foot sections of telescoping TV 

antennas 
Dear HR: 

Having built and used both quarter- 
and 518-wavelength ground-plane and 
mobile antennas on two meters, I was 
surprised at the article in the May, 
1974, issue of ham radio. I have had 
very good results using the 518- 
wavelength antenna, and KBDOK's 
article spurred me to do some of my 
own testing to see the difference for 
myself. 

I decided that my Heathkit HW202 
with a step attenuator between the 
antenna and transceiver would make a 

rnasting, guyed and set on a pin so the 
antenna could be lowered to change the 
driven elements and be put back in 
exactly the same position (I used nylon 
guy ropes which had enough stretch so 
it was unnecessary to change the guy 
ropes between antenna changes). The 
ground radials are mounted to a steel 
angle bracket with wing nuts for port- 
ability. The antenna is attached to a 
bracket with a PL-259 plug which con- 
nects to a SO-239 jack on the mounting 
plate. 

The 518-wavelength element consists 
of a series matching inductor to the 
518-wavelength radiator with a vswr of 
1.7: 1. The quarter-wavelength radiator 
has a vswr of 1.2:l .  Both antennas were 
mounted on the same 15-foot mast. 

*DJUST W E  M I L  FOR BEST 
K S Y R  - THEN COVER WITH 
PLASTIC ELECTRICAL TAPE 

"U.  BOLTS 

&-PL-219 PLUG 

19-1 /2  IN. 
( 4  RADIALS) 

' PLUG 

1-114 IN. STEEL T V  MAST <k5 FT EACH 

RADIALS AND MOUNTING BRACKET d / B -  W4VELEffiTH UdTENNA I / . - W E L E N G T H  ANTENNA 

fig. 1. Details of the antennas, ground radials and mounting bracket used in gain comparisons. 
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The measurement plan was to use 
received signals, attenuate the signal to a 
mark on the S-meter in the transceiver, 
note the attenuation, take the antenna 
down, change the driven element, put 
the antenna back in place and again 
attenuate the signal to the same meter 
mark, record the reading and note the 
results. The step attenuator used has a 
range of zero to 101 dB in 1 -dB steps. 
The results are shown in table 1. 

Stations of different distances were 
used to take into account the different 

As 1 pointed out in my article, 
obtaining this performance from a 
monopole depends upon creating an 
image element, hopefully from a reflec- 
tion in the ground plane. I suspect that 
what Mr. Pearson has actually managed 
to do is to excite sufficient currents 
along his ld foo t  support mast to, in 
effect, create an image radiating ele- 
ment. There is at least one commercial 
antenna (the Ringo) which appears to 
depend on this as i t  does not even 
include ground-plane rods. From a de- 

table 1. Gain comparison of 5 / 8 -  and l/Cwavelength two.meter 
groundplane antennas with three different stations. Measurement 
technique is discussed in letter. 

1 N-wave 518-wave 
distance antenna antenna gain 

station 1, Base Station 1 1  miles 18 dB 2 1  dB t 3  dB 
station 2, Repeater 2 1  miles 31 d e  3 4 d B  t 3 d B  
Station 3, Repeater 4 1  mlles 4 d B  7 dB t3 dB 

angle of radiations between the two 
antennas. Every effort was made to 
replace the antenna in exactly the same 
spot as before so that the tests were all 
based on a very minimum of variables. 

In conclusion, the data in table 1 
shows that the 518-wavelength antenna 
has 3-dB gain over the %-wavelength 
antenna. The antennas used for making 
these tests are shown in fig. 1. 

John H. Pearson, KZGVP 
Baldwinsville, New York 

I can find no obvious fault with Mr. 
Pearson's measurement technique al- 
though he has used a crude method at 
best. However, the averaging of a num- 
ber of results of this type of  measure- 
ment should yield a meaningful result. 
That is in effect what Mr. Pearson has 
done although his measurement resolu- 
tion of one dB and the small number of 
samples (three) makes i t  hard to find 
the true average. I would conclude from 
the data however, that Mr. Pearson did 
indeed achieve gain from the 5/8- 
wavelength radiator. 

signer's point of view this is a dangerous 
approach because the designer has no 
control over the antenna mounting 
structure and very few amateur installa- 
tions will probably wind up having the 
antenna atop a long straight conducting 
pole. More likely the antenna will be set 
just above a 20-meter beam or even 
side-bracketed to a tower. 

I t  would, of course, be very interest- 
ing i f  we could see a vertical plane 
radiation pattern of each of Mr. Pear- 
son's antennas to see i f  a correspond- 
ence exists to fig. 8 and 9 of my article. 
Even given a well equipped an tenna test 
range, that measurement would be a 
tricky one to make. On several occa- 
sions I have attempred range measure- 
ments at 150 MHz and have always been 
plagued by ground reflections, espe- 
cially when tipping the antenna on its 
side so that i t  could be rotated for a 
pattern in the plane of the monopole. 
That is why the model work reported in 
my article was conducted at 1000 MHz 
where reflections are far easier to 
control. 

Paul E. Meyer, KQDOK 
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tebook 
I 

An additional check for sensitivity 
balance may be made as follows. Set the 

better balancing 
of the Heath 
HM-2102 wattmeter 

After wiring the Heath vhf wattmeter 
very carefully it may be rather dis- 
appointing to note that anything below 
a swr of 1.5:l is apparently considered 
normal in balancing the bridge, and as 
designed the bridge very often cannot 
be nulled much below a 1.5:l reading. 
Of course, it is assumed a good 50 ohm 
load is used at the nulling frequency, 
such as a Bird dummy load. However, if 
after following the nulling procedure 
per the Heath manual no good null can 
be obtained, the following change may 
be considered. 

Exchange C3 (7.7 pF) and C16 (10 
pF) so C16 becomes a capacitor of 7.7 
pF. In parallel with C16 mount one of 
the 1/4-inch (6-mm) diameter miniature 
ceramic trimmer capacitors with a range 
of about 1.5 - 7 pF. If this is not 
available mount only a miniature trim- 
mer with a range of about 5 - 15 pF. 
The intention here is  to make C16 
variable around 10 pF. By alternately 
adjusting C4 and C16 in the nulling 
procedure an excellent null can be 
obtained, much better than i s  possible 
with a fixed value of C16. Or C3 should 
have a greater value, in many cases it 
seems to, and this can be judged from 
the position of the rotor of C4 when 
this capacitor is adjusted for maximum 
null before modification. I f  C4 is fully 
closed C3 should be increased in value. 

sensitivity control to maximum (mini- 
mum resistance) and with no load on 
the antenna side of the bridge feed just 
enough rf power into the bridge for a 
full-scale deflection on the meter in the 
forward position. Switching now to the 
reference position should give the same 
indication on the meter. I f  there is a 
difference of more than lo%, a correc- 
tion can be made by adding additional 
resistance in series with the higher read- 
ing line a t  either point B or C on the PC 
board - start with about 470 ohms. 
This test can only be done with vhf rigs 
able to operate without a load (such as 
the Heath HW-'202). I f  the r f  output 
level of the rig cannot be reduced as 
needed, the bridge's sensitivity control 
may b e  used instead but this will reduce 
the accuracy of the test, of course. 

Bob Fransen, VEGRF 

retune weather 
monitor receiver 
to two-meter fm 

A quick glance through any of sev- 
eral mail-order catalogs will reveal that 
there are inexpensive transistor receivers 
available for use as "weather monitors." 
These fixed-frequency receivers are de- 
signed to receive vhf-fm continuous 
weather information transmissions from 
National Oceanic and Atmospheric 
Administration (NOAA) stations on 
either 162.40 or 162.55 MHz. The 
broadcasts, a part of the National 
Weather Service, are intended to  provide 
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local weather information in the public 
interest, especially where natural 
hazards are involved. This i s  a great idea, 
and many people have bought these 
units with thoughts of keeping track of 
hurricanes, receiving tornado warnings, 
and for assistance in planning weekend 
boat trips. 

Thls particular model receiver already had a 
very small trimmer "Tuning" control to pro- 
vide receptlon of elther 162.40 MHz or 
162.55 MHz. 

However, quite a few would-be lis- 
teners have found that these units lack 
the sensitivity to detect the low power 
government transmitters at their homes 
and consequently the fixed-tuned re- 
ceivers are useless to them. This is 
understandable when you compare the 
fine print of the receiver specs in the 
catalog and note a 7.5-pV sensitivity 
rating - and then remember the NOAA 
recommendation of a receiver with 
capabilities of 1.2 pV for 40 miles from 
the station; 0.9 pV for 50 miles and 0.6 
pV for 60 miles. 

Now, if you know of someone who 
has one of these little boxes and is 
about to throw it out, you might 
casually mumble that you, "could use 
the radio for parts" and, with luck, 
carry it back to your shack. Upon 
inspection, you will find that you pos- 
sess a 9-transistor (typically) fm receiver 
which, with the addition of one capaci- 
tor, can be tuned to any frequency you 
want, such as the local repeater. Mine is  
set for 146.94 MHz. 

Simply remove the unit's cover, lo- 
cate the local oscillator circuit, and 
place a padder capacitor across i t s  tuned 
network. As shown in the photograph, I 
used a small variable trimmer and placed 
it outside the receiver. With this arrange- 
ment I was able to tune down into the 
commercial fm band (88 to 108 MHz), 
aircraft  communications frequencies 
(108 to 136 MHz) and, of course, the 
entire amateur 2-meter band. When a 
variable capacitor has been found that 
allows coverage of the desired range of 
frequencies, i t  may be permanently in- 
stalled within the receiver. 

Kent Mitchell, W3WTO 

cmos keying circuits 
Shown in fig. 1 are two alternate 

keying circuits which may be used with 
the cmos electronic keyer which ap- 
peared in the June, 1974, issue of ham 
radio. The circuit in fig. 1A is designed 
for grid-block keying and will key up to 
- 140 volts, maximum. The circuit in fig. 
1B is designed for keying solid-state 
QRP transmitters. 

Jim Pollock, WBPDFA 

U3C-10 
2N4124 -14OV MAXIMUM 

TO ORID BLDCK 
C IRCUIT  OF 

FIX GRID- BLOCK TRaNSMITTER 
KEYING 

A 

flg. 1. Alternate keying circuits tor use wlth 
the cmos electronic keyer. 
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monitoring 
scanner receivers 

The Hy-Gain Electronics Corporation 
has introduced two new vhf scanner 
receivers, the Hy-Scan 10 for ten fm 
channels, and the pocket model Hy- 
Scan 4 for monitoring four channels. 
The Hy-Scan 4 is  the second generation 
of Hy-Gain's popular Pocket Scanner, 
and includes several new features includ- 
ing individual channel lock-out, continu- 
ous volume and squelch controls, ex- 
ternal antenna jack, earphone jack and 
an auto-manual scan switch. All of this 
is built into the small size of 
5.5x2.5x1.2 inches (14.0~6.4~3.0 cm). 
The Hy-Scan 4 operates on four AA 

batteries and uses standard 10.7-MHz i-f 
scanner crystals. Models are available for 
30-50 MHz, 150-1 70 MHz and 450-470 
MHz. 

The Hy-Scan 10 i s  the big brother to 
the Hy-Scan 4 Pocket Scanner and 
features a rugged molded cycolac case 
with carrying handle with a flip-top 
which allows instant access for changing 
the plug-in rf modules in the single-band 
models (a three-band model is also 
available). The rf modules allow the 
choice of 30-50 MHz, 150-170 MHz or 
450-470 MHz operation. Function con- 
trols include LED channel indicators, 
individual lockouts for each channel and 
automatic or manual scan select switch. 
The automatic battery charger and hide 
away telescopic antenna are built in. 
Measu r ing  2 . 5 ~ 5 . 5 ~ 8  inches 
(6.4x14.0x20.3 cm), the Hy-Scan 10 
has jacks for earphone and an external 
antenna, and uses standard 10.7-MHz i-f 
crystals. 

For more information on either the 
ten-channel Hy-Scan 10 or the Hy-Scan 
4 Pocket Scanner, write to Hy-Gain 
Electronics Corporation, 8601 North- 
east Highway 6, Lincoln, Nebraska 
68505, or use check-off on page 94. 

test equipment catalog 
A six-page condensed catalog featur- 

ing Eico's broad line of electronic test 
and measuring instruments for labora- 
tories, industry and amateurs is  now 
available from Eico Electronic Instru- 
ment Company. The all new catalog 
features the most popular units in Eico's 
line of over 100 electronic kits and 
factory-assembled instruments, includ- 
ing oscilloscopes, VTVMs, VOMs, signal 
genera tors, t ubeltransistor testers, 
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power supplies, as well as the Truvohm 
line of multimeters. For your copy of 
this new catalog, write to Eico Elec- 
tronic Instrument Co., Inc., 283 Malta 
Street, Brooklyn, New York 11207, or 
use check-off on page 94. 

TTL cookbook 
This new book by Donald Lancaster 

covers practically every aspect of TTL 
logic, shows you what TTL is, how it 
works, and how to use it in your own 
circuits and projects. In the first chapter 
the basics of TTL are given: what it is, 
how to interconnect it, how to power it, 
and so on. Chapter 2 is a catalog of TTL 
devices, giving physical and electrical 
specifications of all the devices mention- 
ed in the book. Logic i s  covered in 
Chapter 3, starting with the usual basics, 
then going to more advanced logic 
designs. Particular attention is  given to 
showing how TTL yields single-package 
solutions t o  t radi t ional ly  difficult 
problems. 

Gate and timer circuits are discussed 
in Chapter 4. Some practical applica- 
tions are given including controlled 
oscillators, two-tone alarms, digital 
capacitance measurement, frequency 
meters, digital thermometers and others. 

Succeeding chapters take up clocked 
logic, JK and D-type flip-flops and 
applications, counters and counting 
techniques, shift-register circuits, noise 
generators and rate multipliers. The 
final chapter discusses a number of 
practical applications, including digital 
counter and display systems, events 
counter, electronic stopwatch, digital 
voltmeter, digital tachometer, and other 
digital instruments. The author suggests 
several TTL projects that the reader 
may wish to try, relying on his own 
resources. 

This book, by the same author of the 
very popular RTL Cookbook, is highly 
recommended to anyone who wants to 

KEY BOARD AND I 
ENCODER I 

* 53 Keys 
* ASC I I Encoder 
* For: Terminals 

T V  Typewriters 
Calculators 
RTTY Displays 
CATV and more 

More keys-more features and s t i l l  the same 
price. Our KBD-2 comes with "Line Feed", 
"Cancel" and "Escape" functions for more 
convenient teletype and computer operation. 
Two user defined keys are connected to iso- 
lated output lines on the connector to allow 
use as "Here Is", or other such special func- 
tions. 
Keyswitches are full typewriter travel and 
response type, arranged in a modified ANSI 
layout. Full length spacebar with equalizer. 
Keyswitches are mounted on a fiberglass cir- 
cuit board. The encoder provides a standard 
ASC II output and includes a debouncer 
circuit. ASC II code includes shift and con- 
trol functions with three user defined keys 
available. Keytops are first quality double- 
shot molded types for permanent good ap- 
pearance. Gold plated contacts on key- 
switches. NEW-no surplus parts. Typewriter 
style-NOT a modified keypunch board. 
KDB-2 Kit ............................................. $ 9  ppd 

DEPT H 
219 W. RHAPSODY 
SAN ANTONIO, TX 78216 
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rn TOPS I N  PERFORMANCE 
LOW SILHOUETTE GOOD LOOKS 

V.S.W.R. LESS T H A N  1.3 TO 1 
rn HANDLES FULL 200 WATTS rn 

Larsen Kiilrod VHF Antennas are the result 
of over 25 years of practical experience in the 
two-way radio field. They are rugged, reli- 
able and built with infinite care to assure 
top performance. Models available to f i t  all 
standard mounts and for all popular ama- 
teur VHF frequencies. Each isequippedwith 
the exclusive Larsen Kiilrod, your assurance 
of maximum efficiency and no loss of RF 
through heat. Comes complete with all in- 
structions. Modelsfor 2 meters deliver aful l3 
db gain over 114 wave whips. . . the420-440 
MHz and 440-460 MHz collinears . . . 5 db 

gain and full 100 watts capability. 
Sold with a full money back guarantee . . . 
the most liberal in the mobile antenna field. 
Whether you work via repeater or simplex 
you deserve to have a Larsen Kiilrod. Get 

full fact sheet and prices, today. 

a trademark of Larsen ElPclron~cs Q-)~O"ntmm, 
11611 N . E .  50th Ave. P.O. Box 1686 

Vancouver, WA 98663  
Phone 2061573-2722 / 

k n o w  more about T T L  ICs and h o w  t o  
use them. Published b y  Howard Sams & 
Company, 3 3 6  pages, soft-bound, $8.95 
f r o m  Ham Radio Books, Greenville, 
New Hampshire 03048. 

swan ssb transceiver 

The new Swan 700CX Transceiver, 
priced under $1 per watt, has a 700- 
wat t  PEP input  rat ing o n  single 
sideband, power enough t o  punch 
through Q R M  wi thou t  need fo r  an 
accessory linear amplifier. Frequency 
ranges span the lo-, 15-, 20-, 40- and 
80-meter bands w i t h  extended fre- 
quency coverage of u p  t o  ten channels 
for  M A R S  operation (available w i t h  use 
o f  an optional plug-in crystal-controlled 
oscillator). 

Operation includes selectable USB, 
LSB, a-m and CW modes w i t h  standard 
i- f  f i l ter ing provided through the use o f  
a 5.5-MHz crystal f i l ter  w i t h  a 2.7-kHz 
bandwidth having a 1.7 shape factor and 
ult imate rejection i n  excess o f  1 0 0  dB. 
Included i n  the new 700CX is a built-in, 
selectable 25-  o r  100-kHz crystal cali- 
brator. 

Other opt ional accessories include 
power supplies fo r  dc  o r  ac operation, a 
2000-watt linear amplifier, external vfo, 
a super-selective i- f  f i l ter k i t ,  plug-in 
vox, phone patch and mobi le  mounting 
kits. Price o f  the basic transceiver is 
$599.95. For  more information, wr i te  
t o  Swan Electronics Corporation, a sub- 
sidiary o f  Cubic Corporation, 305  Ai r -  
po r t  Road, Oceanside, California 92054, 
o r  use check-off o n  page 94. 

More Details? CHECK-OFF Page 94 



IF YOU HA VE . . . YOU KNOW HOW CONVENIENT 
ONE-STOP SHOPPING CAN BE' 

WHETHER YOU NEED A COMPLETE FM STATION OR ACCESSORIES TO IMPROVE YOUR 
PRESENT STATION . . . AT THE FM SUPERMARKET YOU CAN CHOOSE FROM ALL OF THE 
MAJOR MANUFACTURERS ABOVE . . . AND MORE. TRULY ONE STOP FM SHOPPING. 
WHY CHASE ALL OVER THE COUNTRYSIDE LOOKING FOR THE GEAR YOU NEED?? WHEN 
WITH ONE PHONE CALL OR LETTER YOU CAN FIND THE BEST IN  SERVICE. PRICE AND 
PRODUCT AT THE FM SUPERMARKET BROUGHT TO YOU BY "THE FM PEOPLE" . . . WHO 
ELSE??? 

TERMS OF SALE: Sales t o  licensed Radio Amateurs for  use on  Amateur freqs only. All 
prlces FOB Oak Park. IL. Check wi th  order. COD or you can charge t o  
your BankAmericard or  Master Charge. 

STORE HOURS: Man.-Thurs. 9:30.6:00. Fri. 9:30.8:00. Sat. 9:30-3:OO. Closed Sun. & Holidays 
INQUIRIES WITHOUT ZIP CODE OR CALL . . . NO ANSWER 

WANTED: Good used FM & test equipment. No quant i ty too large o r  small. Finders fees too. 

,-------------- ---- 
I PLEASE SEND ME YOUR NEW 1975 I 

WHEN IT IS AVAILABLE: 1 
I 
I 
I 
I 

Q SPECTRONICS INC. I c l n  I 
1009 G A R F I E L D  S T R E E T  I STATE ZIP 

I 
DEPT. t i - 1 1  2 I 

OAK PARK. ILL. 60304 1 AREA OF INTEREST i 1 

\ 
(312) 848-6778 L,----------------J 
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transceiuer- 
a new standard 
for the industru 

SB-634 station console combines 
5 convenient accessories 
The "634" performs 5 important functions - a 10- 
minute digital ID timer with visual or visual and 
audible indicators an RF wattmeter that reads O- 
200 or 0-2000 watts with * 10% accuracy, an SWR 
bridge, a hybrid phone patch that can be used 
manually or with VOX control, and a 24-hour digi- 
tal clock that runs independently of all other func- 
tions. It's a must for every well- equipped station. 

$ ~ ~ ~ ~ ~ ~ ~ , " ~ ~ d ~ ~ ~ ~ e g a e ~ f ~ ~ $ ~ ~ ' ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ :  Kit SB-634. 14 lbs., mailable ................ .l79.95' 
eliminate preselector tuning. AI;~ the output can 
be instantly switched from 100 watts to 1 watt. The 
true digital readout offers resolution down to 100 
Hz and outstanding tuning accuracy. Receiver in- 
termodulation distortion has been minimized and 
there are very few active devices ahead of the 
highly selective crystal filter. Adjacent channel 
overload is negligible, yet sensitivity is better than 
1 pV (.6 aV typical) and front-end overload is dra- 
matically reduced. The "104" is 12 VDC-powered 
for mobility and the optional HP-1144 fixed station 
supply fits inside the SB-604 speaker cabinet. An 
optional noise blanker can be installed in the 
"104" and an optional 400 Hz crystal filter im- 
proves CW selectivity. 
Kit SB-104. 31 Ibs.. mailable ................ .669.95' 
Kit S B A - I ~ ~ ,  400 HZ CW crystal filter, 
1 Ib., mallable ............................. .34.95' 
Kit SBA-104-1. Noise blanker. 1 Ib.. mailable ..... .24.95* 
Kit SBA-104-2; Mobile mount,'6 lbs:, mailable ..... .34.95' 
Kit HP-1144, Fixed station power supply, 
28 Ibs., mailable ........................... .89.95* 

SB-230 -the lowest-cost 
conduction-cooled linear around 
The SB-104's "silent partner." 1200 watts PEP or 
1000 watts CW from less than 100 watts drive. It's 
rated at 400 watts input for slow-scan N and 
RTTY. The high-efficiency Eimac 8873 triode is 
double-shielded to reduce stray RF and a massive 
heat sink replaces noisy fans and blowers. The 
"230" assembles in just 15 to 20 hours with no 
alignment. 
Kit SB-230, 40 Ibs., mailable ................ .319.95* 

SB-614 station monitor shows you 
how clean your signal is 
Highly visible 1 % x2" CRT detects problems that 
can reduce the effectiveness of your signal - non- 
linearity, insufficient or excessive drive, poor car- 
rier or sideband suppression, regeneration, para- 
s i t i c~  and CW key clicks. It monitors SSB, CW 
and AM signals from 80 to 6 meters. Push-pull 
drive for keystone free trace; automatic sync 
sweep generator with 3 ranges from 10 Hz to 10 
kHz. Can be used as an ordinary oscilloscope 
from 10 Hz to 50 kHz. 
Kit SB-614, 17 Ibs., mailable ................ ,139.95. 

SB-644 remote VFO 
Designed exclusively for the SB-104. It provides 
split transmit and receive control and you aren't 
frequency-limited in any way - transmit at one 
end of the band. receive at the other. The "644" 
even has two crystal positions for fixed-frequency 
control. The "644" has a linear dial, but the exact 
frequency is displayed on the "104's" digital read- 
out. The display automatically changes when 
switching from transmit to receive. 
Kit SB-644, 10 Ibs., mailable ................. .119.95* 

SB-604 station speaker - 
response-tailored to SSB 
Designed to match the SB-104 in styling and per- 
formance. The "604" uses a 5x7If, 3.2-ohm 
speaker. And there's room inside for the HP-1144 
power supply. With connector cable and plug. 
Kit SB.604, 8 Ibs., mailable .................. .29.95* 



DESIGN 

Sr D e s ~ g n  Englneer  

Broadband solid-state power 
amplifier design 
Designing a 100 watt output broadband power 
amplifier that will operate from a 12-volt source 
requires close attention to impedance matching. 
It is desirable to use as few devices as possible, 
to reduce overall complexity. However, high power 
devices display extremely low input and output 
impedances which are difficult to match over wide 
bandwidths. The SB-104's design uses only four 
transistors to develop 100 watts output across the 
3 to 30 MHz range. A simplified schematic dia- 
gram is shown below with much of the bypassing 
and filtering deleted for clarity. 

Transistors Q1 and 02, with transformers T2 and 
T6 form a straightfonvard push-pull amplifier. Q3, 
04, T3, and T7 form a second push-pull amplifier. 
The push-pull configuration is desirable due to the 
even order harmonic rejection inherent in such an 
amplifier. In the 88-104, the push-pull amplifiers, 
combined with an effective low pass filter, reduce 
all harmonics to at least 45 dB below the 100 watt 
level. 

Transformers T I  and T8 convert the nominal 50 
ohm source and load impedances into two 100 
Ohm ports wnich are In phase. Any amplitude or 
phase imbalance causes power to be dumped in 
R1 or R2, thus assuring equal load sharing be- 
tween the two push-pull amplifier sections. Simi- 
lar hybrid transformers feed the supply voltage to 
the transistors at T4 and T5. Differences in phase 
or amplitude that would otherwise exist at the 
collectors are bypassed to ground, resulting in 
highly balanced output currents in T6 and T7. This 
technique helps insure excellent second harmonic 
rejection. 
All transformers employ ferrite loading for broad 
response. In addition, T2, T3, T6 and T7 use brass 
tub~ng for the low impedance base and collector 
windings to minimize high frequency losses. The 
result is an amplifier which is flat within k2.5 dB 
across the 3 to 30 MHz frequency range. 
Intermodulation distortion, which results in splat- 
ter, has been minimized in the SB-104, and is at 
least 30 dB below the output carrier level. This is 
accomplished by careful attention to the selec- 
tion of device types and operating points. The bias 
voltage applied to the four power output transis- 
tors is fixed, and controlled by a diode mounted 
on the transistor heat sink. The proper operating 
point is automatically established in this manner, 
and thermal runaway is prevented since the bias 
diode characteristics change with heat sink tem- 
perature. 
VSWR protection is afforded by a fast-acting ALC 
circuit. A directional coupler at the transmitter 
output provides both forward power and VSWR 
information. The resulting voltage controls the 
gain of the transmitter, thus controlling power out- 
put. In high VSWR environments, the power output 
is reduced to protect the power amplifier. Typi- 
cally, a 2:l VSWR results in a 10% power reduc- 
tion, and a 3:l VSWR reduces the output power 
to approximately 50 watts. - 
Next month: 
Digital frequency readout 

SB-634 

HEATHKIT ELECTRONIC CENTERS - 
Untts of Schlumberger Products Corporation 

/ 

I Please send m y  free 1975 Heathkit Catalog. 

Retail prlces s l~ghl ly  higher. - I Enclosed i s  S , plus shlpplng. 
ARIZ.. Phoenix; CALIF.: Anahelm. El Cerrilo. Los Angeles. Pomona. I please m o d e l  (s) 
Redwood C~ly .  San Dlego (La Mesa). Woodland Hills: COLO.: Denver; 
CONN.: Hartford (Avon); FLA.: Miami (Hialeah). Tampa; GA.: Allanla; 
ILL ChKago. Downers Grove; I N D :  Indtanapollr; KANSAS: Kansas I Name 
Clly (M~ss~on); KY Louisville; LA New Orleans (Kenner). MD.. Ball!. 
more. Rockvtlle. MASS.: Boston (Wellesley); MICH.: Delroil; MINN.: I Address 
Mlnneapolrs (Hopk~ns); MO : St. LOUIS (Brtdgeton); NEB.. Omaha; N J.: 

I 
a a w n  N Bulfalo (Amhers.. New York cow. Jerlcho ( r1 . l .  I ~3 State  ZIP 

I 
Rochester. Whale Plalns; OHIO: Clnclnnat~ (Woodlawn). Clevelnnd. 
Columbus; PA Philadelphia. Piltsburgh. R I.. Provtdence (Wamlck); , ~ M ~ ~ L s ~ I " , ~ ~ ~ ~ ~ E ~ ~ ~ , ~ ~ u ~ ~ ~ , ~ ~ ~ ~ w ' T * U r * O T ' C E  

I 
AM-305 ( 

TEXAS. Dallas. Houston; WASH.. Seattle; WIS.: Milwaukee. ---4 



SUPER CW FILTER CMOS ELECTRONIC KEYER 

The IMPROVED CWF-PBX offers Feature for f m t ~ r e  the 
RAZOR SHARP SELECTIVITY with CMOS-440RS glws the most for 
its 80 Hz bandwidth and extremely your money: State o f  the art 

steep sided skirts. Even the des~gn uses digital CMOS ICs and 
weakest signal stands out. NE555 s~detone Built-in key with 

plugs into any receiver or trans- A STACK FOR adlustable contact travel Sidetone 

ceiver. Drives phones or connect and speaker Adjustable tone and 

between receiver audio stage for CW MEN volume Jack for external key 4 

full speaker operation. position switch lor TUNE. OFF. 

Drastically reduces all back- 
ON, SIDETONE OFF . Two output 

ground noise No audible ringing 
jacks: direct relay, grid block 
keying Uses 4 penlight cells (not 

No impedance matching No 
insertion loss 8 pole actlve filter 

included) Self completing dots 

des~gn uses IC's Bandwidth : 80 
and dashes Jam proof spacing 
Instant start with keyed time base 

Hz. 110 Hz. 180 Hz (selectable) Perfect 3 to 1 dash to dot ratio 6 
Skirt rejection: at least 60 db down to 60 WPM Relay rated 250 VDC. 
one octave from center frequency 
for 80 Hz bandwidth Center fre- 

ll/z amp. 30 VA 
. . . . .  

quency: 750 Hz 9 volt transistor CMOS-440RS. Deluxe $34.95 

battery not included. 

400 Hz or 1000 Hz center fre- Wrlte lor FREE camlog md CW liltw lest 

quency available add $3.00. 
reports Please include $1.50 pm unlt lor 
shqpplng and handllng Money tEck 11 not 

IMPROVED CWF-2BX, assem- saltsfned. One year UNCONDITIONAL 

bled . . . . . . . . . . . . . . . . . . . .  $22.95 guaranlm 

CWF-2. PC board. includes 4 4 x 3 114 x 2 3116 inch 
position selectivity switch $15.95 
CWF-2, kit $13.95 

r m l  ,=I 
.... . . . . . . . . . . .  

Dealer Inquiries Invited 

MFJ Enterprises, P. 0. Box 494, Miss. State, MS 39762, (601) 323-5869 

rewir ing on  your 
Communicator. Just 
plug into mike jack 
and crystal socket. 

Compact self-contained 
modulator measures 
4" x 3" ~ 1 % " .  

Works wlth Communicator I, 11. Ill, I V  n~ted States and other Countries 
and GC-105. and other rigs listed. 

FM at a tenth the con  of a new rig. 
Frequency adjust for netting built in. 
$34.50 postpaid U.S.A. $36.50 for PC-2. 

PC-62. HA-460. Specify transmitter 
model. California residents add 5% 
sales tax. (HCBIU crystal and 9 volt 
transistor battery not supplied.) 

*Send for free dtrcriptwe brochure. See your favorite dealer or order direct. 
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Features SPECIFICATIONS 

GENERAL: Frequency Coverage: 144 through 148 MHz. 12 Channels. 
12 Channels 2 supplied: (1) Receive: 146.52 MHz, Transmit: 146.52 MHz; 

(2) Receive: 146.94 MHz, Transmit: 146.34 MHz Power Requirements: 
Monolithic crystal 13.0 Volts DC*15% Current Drain: Transmit: 450 mA, Receive: 45mA 
f i l t e r  in IF f o r  superior Antennalmpedance: 500hms Dimensions: 53/s"x2%6" x 7yz1'(13.6 

adjacent-channel x 5.8 x 19.1 cm) Welght: 3.75 lbs(1.7 kg) 

selectivity RECEIVER: Sensitivity: Typically .5 microvolt for 20 dB quieting IF 
Selectivity: 20 kHz at 6 dB down; *30 kHz channel rejection greater than Improved 75 dB down. First IF: 10.7 MHz with 2-pole monolithic crystal filter. 

Second IF: 455 kHz with ceramic filter. lntermoduialion Response: 
At least 60 dB down. Modulation Acceptance: *?kHz. Audio Output: 

Amateur 
Net . . . S22gg5 At least 1 Watt at less than 10% distort~on. Audio Output Impedance: 

8 Ohms 

Including Mike. Over rlrr3 Sl~f~ii'der Carrvlng TRANSMITTER: . RF Output Power: 1 Watt minimum Frequency 
Case. '' "OC Cords. lo  ni-cad Deviation: Adjustable to 510 kHz maximum. factory set to 6.0 kHz. Batteries, and Speaker/Hmrlphone Pltjq Multiplication: l2Times 

ACCESSORIES 

Model AA-10 Power Amplifier: Use with TR-22C or any transceiver 
up to 1.8 watts output. 10 dB power increase. At least 10 watts output 
at 13.8 VDC. Automatic transmit/receiveswitching . . . . . . . . . . . 549.95 

Accessory Crystals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . each 67.50 

Model MMK-22 Mobile Mount.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $9.95 

Ricasubject lo change without notice 
A t your dealer's 

R. L. DRAKE COMPANY 540 Richard St., Miamisburg, Ohio 45342 
Phone: (513) 866-2421 Telex: 288-017 

@ 

Drake manufacrures a cornolere line of Amateur. Commerc~al. and Mar,ne Co,,~r,,rrr~,c,~r,ons Eoulomenr. Write for ~rices and flera,ls 
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NOW! BUY DIRECT 
WHAT DOES THlS MEAN? 
It means that GENAVE'S outstanding line of Amateur radios is 
now available to you at new, inflation-beating prices. A glance 
at the new prices confirms that the dealer's discount has been 
entirely eliminated, to your benefit. The same fine radios that 
you've seen in his shop may now be ordered on a Factory- 
Direct basis. You pocket the savings. Warranty policies re- 
main the same: if your new GTX fails within three months 
of purchase, send i t  back. We'll fix i t  or replace it, fast. 

Order TODAY-Orders will be processed 
as they are received! 

Standard crystal frequencies in stock @ $3.75 each: 

1% Meter 2 Meter 6 Meter 
IX RX TX RX TX RX 

222.30 223.50 146.01 146.34 52.25 52.38 
222.34 223.90 146.10 146.52 52.525 52.525 
222.38 223.94 146.12 146.61 52.70 52.60 
223.14 223.98 146.16 146.70 52.76 52.64 
223.26 224.74 146.19 146.72 52.82 52.68 
223.30 224.86 146.22 146.76 52.88 52.72 
223.34 224.90 146.25 146.79 52.92 52.79 
223.50 224.94 146.28 146.82 52.96 52.80 

146.34 146.85 53.15 53.05 
146.52 146.88 53.25 53.08 
146.94 146.94 53.68 53.16 

Contad fadory for prices on other crystal frequencies. 

Madn In U.S.A. 

USE THIS HANDY ORDER FORM 
TO HELP YOURSELF 

TO GIANT SAVINGS! 
* 

General Aviatlon Eledmnlcr. Inc.. 4141 Kingman Drive, Indianapolis. Indlana 46226-Area 317-546-1111 
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for GIANT SAVINGS! 
GTX-600 6-Meter F M  
100 channels, 35 watts 

WAS $309.95 WAS $309.95 
NOW 

(lncl. 52.525 MHz) 
$21 gg5 

100 channels, 30 watts 

GTX-2 2-Meter FM WAS $299.95 GTX-10 2-Meter FM 
10 channels, 30 watts NOW 10 channels, 10 watts 

WAS $299.95 $1 9gg5 
(Incl. 146.94 MHz) 

WAS $239.95 
NOW 

(Incl. 146.94 MHz) CLIP OUT AND ORDER NOW! (Incl. 146.94 MHz) 
llm----ll---m-----m-m--- 

@) GENAVEI 4141 Kingman ~ r . ,  Indianapolis, IN 46226 
I 

HEY, GENAVE! Thanks  for t h e  nice prices! Please send me: I 
I GTX-600 @ $219.95 $ -  Lambda/JO 2-M B a r  Antenna @ $59.95 $_- I I GTX-200 @ $1 99.95 $ -  Lambda/6 2-M Trunk Antenna @ $29.95 $- 

GTX-100 @ $21 9.95 $ TE-1 Tone Encoder Pad @ $59.95 $--- 
I 

I GTX-2 @ $189.95 $ PSI-9 Port. Power Package @ $29.95 $- 
(less batteries) 

I 
I GTX-I0 @ $1 69.95 $ -  !J PS-1 AC Power Supply @ $49.95 $- I 
I and the following standard crystals @ $3.75 each: I 
I 

Ind. residents add 4% sales tax: 
$ I 

I Sub-Total $ Cal. residents add 6% sales tax: TOTAL: $--- I 
I All orders shipped post-paid within continental U.S. For C.O.D., Include 20% Down. I 
I NAME - - AMATEUR CALL 

( ADDRESS CITY - STATE & ZIP -- 
I 

Payment by: Certified Check/Money Order Personal Check C.O.D. 
I 

I Note: Orders accornpanted by personal checks will require about two weeks to process. I 20% Down Payment Enclosed. Charge Balance To: 
I 

BankAmericard # Expires -- 
I 

I Master Charge #-- - Expires Interbank # 
Prices and s~ecifications subject to change without notice. 

I 
L l l l l l l l l l l l l l l l l l l l l l l l l  I 
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1 27/64" x 1 3/64" x 3/4" 

10.7 MHz FILTERS 10.7 MHz FILTERS CONT'D. 
XFlO7-A 14kHz NBFM f 40.60 XM107.SO4 14kHz NBFM 
XF107.B 16kHz NBFM $40.60 XF102 14kHz NBFM 
XF107-C 32kHz WBFM 140.60 
XFlO7.D 38kHz WBFM $40.60 

UHF VARACTOR MULTIPLIERS 
MMv432 MMvl296 MMv432H MMv1296H 

No Power Supply Required. 
All specifications apply to 50 ohm Input/output system. 
Construction Die cast aluminum box. 

U. S. A. 

$ ECHO Ill REPEATER MODEL 34 WATTMETER 

A4950 A8949 
A COMPLETE LINE OF FM AMPLIFIERS 

~ l lo t lc l  - "owe, outnut - oa!n orlrt' 
6 M E T E R  FM 2 METER FM t A4950 Ian 'ua3 1 MODEL C 25, 4db %9 ~ - - - -  - 

A4960 - 50W - MODEL D 50W 7db - $99 
A8949 - 100W - 10dh - $270. SUPER 0 KIT 8 0 ~  . 3 wb 960 

450 - UHF MODEL DS SOW 35db - $139 1 MODEL 2 m d b  $167 1 MODEL E - 2 5  - l o b  $So 
MODEL 30 - 30W - 9db - $194 SUPER E KIT 40W. l l d b  - 560. 

i 
MODEL 70 70W Wb $255 MODEL ES 40W l l d b  $115 

OTHER PRODUCTS 10 0 lOOW 7db $239 
ECHO 111 FM REPEATER - $949 1 10 0 IOOW l4db $226 
MODEL 34 WATTMETER $60 1 35 0 lOOW 4db $185 i 

.......... 
COMMUNICATIONS 

948 AVE."E" P.0.BOX 10116 
RIVIERA BEACH, FLA. 33404 

130S1~44-1323 

$24.95? 
A remarkable new CMOS 
IC, created specifically for 

ro power dra 
assis and cu 

43-1 . . .  TYF 

the CW op brings durtis 
keying within everyone's 

reach. One 16 pin IC contains all features of the 
. . .  EK-420 (Oct. '73 OST review) selfcompleting dots. 

dashes and spaces: iambic option; dot memory; 
weight control; key debouncing; sidetone and almost 
zel  in. You add pots, pwr supply, speaker. 
ch, ~stomize as you like. 

80 e 8043 IC, PCB, socket and manual 
............................. $24.95 

80 we plus partial kit excluding pots, spkr. 
ssis, jacks, state +300V. 
ImA keying ....... $49.95 

........ Po iere in US./ $1.50 

W L .  . .  nut 
cha 
200 

stage anywt 

etc. Solid 
........... 
4. by air ... 

CURTIS ELECTRO DEVICES, INC. 
Box 0090. Mounla~n V W .  CA 94040 

LOGIC 
L O G I C  M I C R O I M I N I -  

COMPUTER NEWS 

NEWSLETTER @ 

SAMPLE COPY S 1 .OO 
LOGIC NEWSLETTER 
PO8 2 5 2  
WALDWICK, N.J. 07463 
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The ultimate Ti-band 
Up to 9.5 db Gain 

No other antenna gives you the performance on 10 ,  15 and 20 meters 
equal to that of the Thunderbird. Built, without compromise, to be elec- 
trically and mechanically superior to everything else. 

Separate "Hy-Q" traps for each band. Tuned at the factory for peak 
performance. Get optimum results for your preferred mode on trans- 
mission, phone or CW, using factory supplied charts. 
Cast aluminum, tilt-head, boom-to-mast bracket accommodates masts 
from 11/4" to 2%'' and provides mast feed-through for stacking. (Extra 
heavy gauge, formed element-to-boom brackets used throughout.) 
All taper-swaged, slotted aluminum tubing for easy adjustment, light- 
weight, with full circumference, compression clamps instead of usual 
self-tapping screws used throughout. 
Exclusive Beta Match for optimum matching on all three bands 
and positive DC ground path. 
3 active elements on 20 and 15 meters, 4 on 10 .  
25 db front-to-back ratio. 
SWR less than 1 . 5 : l  on all bands at resonance. 
24' boom, longest in the industry. 
20' turning radius, 6.1 sq. ft. surface area. 61.5 Ibs. net weight. 

6-Element Super Thunderbird 
Model 389 

Other Popular Tri-band Beams by Hy-Gain: 
3-Element Thunderbird 2-Element Thunderbird 3-Element Thunderbird Jr. 
Model 388 Model 390 Model 221 

For best results, always use a 
BN-86 Balun with your beam. 

For prices and information, contact your local 
Hy-Gain distributor or write Hy-Gain. 

w n  
Hy-Gain Electronics Corporation: 8601 Northeast Highway Six; Lincoln. NE 68507; 402/464-9151; Telex 48-6424. 
Branch Office and Warehouse; 6100 Sepulveda Blvd.. r322; Van Nuys. CA 91401 ; 213/785-4532: Telex 65-1359. 
Distributed in Canada by Lectron Radio Sales. Ltd.; 211 Hunter Street West; Peterborough. Ontario. 
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300 MHz PRESCALER MODEL PD-301 

Model PD 301 is a 300 MHz. prescaler 
designed to extend the range of your 
counter 10 times. This prescaler has a 
built-in preamp with a sensitivity of better 
than 50 mv at 150 MHz, 100 mv at 260 
MHz, and 175 mv at 300 MHz. The 95H90 
scaler is rated at typical 320 MHz. To in- 
sure enough drive for all counters, a post 
amp. was built-in. 

The prescaler has a self contained reg- 
ulated power supply. The PD 301 is sup- 
plied without power supply if desired (in- 
put 50 Ohms) (output Hi Z). The PD 301 
has been tested on the following counters: 
Heath Kit l B l O l  - Heath Scientific 105 - 
Monsanto 105A - Miida - Regency - Beck- 
man - Hewlett - Packard 5248 - and many 
home builts. In short to this date we do 
not know of any counter that the PD 301 
has failed to work well with. All prescalers 
are shipped in a 4" x 4" x 1 lh" cabinet 
all wired and tested. 

. --7 

For 
FREQ. 

1 ,  STABILITY 
Depend on JAN Crystals. 
Our large stock of quarlz 

crystal materials and components assures Fast 
Delivery from us. 

CRYSTAL SPECIALS 
2-METER FM for moat Transceivers ea. 53.75 

144-148 MHz - ,0025 Tol. 
Frequency Standards 

100 KHz (HC 13/U) 4.50 
1000 KHz (HC 6/U) 4.50 

Almost al l  CB Sets. Tr. or Rec. 2.50 
(CB Synthesizer Crystal on request) 

Any Amaleur Band in FT-243 1 .SO 
(80-meter. 53.00 - 160-meter not avail.) 4 f a  5.00 
For 1st class mail. add 20C per crystal. For 
Airmail. add 2%. Send check or money ader .  
No dealers, please. 

Division ol Bob Whan 
6 Son Electronics. Inc. 

2400 Crystal Drive 
Ft. Myers. Florida 

33901 
All Phones 

(81 3) 936-2397 

Send 10C for new a t a l o g  with 12 Oscillator 
frequencies in  stock. 

PO 301K Kit With Power Supply $43.50 

PD 301 Complete Unit W* - supply $55.50 
Include $1.50 to  cover postage and insurance. 

Shipped Same Day Order Recelved 

K-ENTERPRISES 
1401 N. Tucker Shawnee, Okla. 74801 

- COIL KITS - 
for HIGH EFFICIENCY 35 WATT 

CLASS D R.F. AMPLIFIER 
as described In October "Ham Rad~o" Daue 20 

L2. T I .  T2. T3 Postpaid $8.25 - 
L1. L3 for 1 6 0  meters $3.50 - 

80 meters 53.30 - 40 meters $2.90 

for MINIATURE 7-MHz TRANSCEIVER 
as described in July "Ham Radlo" page 1 6  

L1. U.3. L4. RFCl. 2, L5-6-7 Postpald $7.00 

SEND FOR LIST OF COIL KITS 

Coil Winding Quick Quoles Stock Coils 
Send Specs w Sample Coil b Choke Forms * Crn~ELLcaLbu. * 

POULTNEY, VT. 05764 802-287-4055 

I THE ONLY ORLD OSL QSL BUREAU B U R E A U 1  to handle al l  

I 
~ - . - 

of your QSLs to anywhere; next door, the 
next state, the next country, the whole 
world. Just bundle them up (please arrange 
alphabetically) and send them to us with 
~avrnen t  of 66 each. I 

1 5 Z b  Rrunu Ava.. Richmond. CA USA 94804 1 
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Desk top AC supply available. Features front 

SINGLE SIDEBAND facing speaker and space for accessory vox 

TRANSCEIVER Band Coverage: 20, 40, 80 and 160 meters 180 
watts P.E.P. and CW input Power Output: 80 watts 

STATE minimum P.E.P. and CW (100 watts typical) Highly 
"SUPER" MOBILE stable VFO Plug-in circuit boards Operates 
COMPACT~only3,,2~Hx9,,2wWX9~2,,D, directly from 12-14 volt D.C. source Built-in 

speaker AR-117 and AR-230 desk top power supply 
EXCELLENT OPERATING available for AC operation Broadband design 
CHARACTERISTICS includes ALC and infinite VSWR projection Super 

RELIABLE selectivity (bandwidth at 120 db is only 9.2 kc) 
Includes 4 I.C.'s, 18 transistors, 32 diodes The 

VERSATILE Price. .. $499.00 
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186dB gain . . . OVER AN 
ISOTROPIC NOODLE INSIDE A COPPER 

BOX SUNK I N  A FULL CESSWOL . . . 

Tired of Wild Claims and Not So Wild Performance? 
Try a KLM Amplifier and/or Antenna for a Pleasant Surprise 

10 watts 
In 

-7 

1400 9.7 dbd KLM 13.9.14.4-5 
ower 
Am,, WRITE FOR OUR 

Big Stick 20 mt r  
Monobander 

NEW FALL '74 
CATALOG 

ON AMPLIFIERS 

140 Watts 
AND ANTENNAS 

Out 

ItLlLM ELECTIZONICS ~ e p t .  H 
1600 DECKER AVENUE 

SAN MARTIN, CA 95046 408683-4240 

only STANDARD 
sells m o r e  STANDARDS -, 
than Erickson ... and here's I whv! 

SR C-l46A 
ERICKSON 
SPECIAL 

4 TH 

Charger 
" S ~ b b y "  antenna 
Leather case 
Ni-Cads 
94/94,34194 and one 
channel of your choice 

-50 Package Discount 

$319 Preoaid - Cashiers 

Y 
Check o r  M.O. 

ERICKSON 
COMMUNICATIONS 
4135 Main Street (New Location) 
Skokie, I L 60076  (312)  677-2161 
Hours: 9-4:30 MS;6:30-9 M, Th, F 

(1 
OWERS & MASTS 

CZ series towers, cranks up, installs 
w i thou t  guy wires. New lacing design 
creates greater strength. 
M i n i  and Magna rotat ing masts.. . high 
strength galvanized tubing, self support  
ing crank-up. 
1 For complete details and  prices pleaae 

1 1  1 check YO-ur local dealer or wr i te  I 

L [O. Box 115. Hanfard. California 93230) 

PRINTED CIRCUIT BOARDS 
Available for any amateur project appearing 

with artwork In any amateur periodical. 
Write for complete details and prices 

D. L. "Mac" McClaren, W8URX 
Pr~nted Circuit Service for the Amateur 

19721 Maplewood Ave. Cleveland. Ohio 44135 

VHFIUHF CONVERTERS 
PREAMPS 

Ten meters through 432 MHz. A post card will bring our 
fu l l  1974 Catalog. 

BOX 112 SUCCASUNNA NJ 07876 I 
t Telephone 201 584 6521 
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' Space age communication 
equipment demands a crystal 
that meets all standards of 
technical advancement. Crystals 
that were acceptable some 
years ago do not meet present 
day specifications. As a general 
rule, your crystal must be 
selected from the best quartz . . . 
(no throw off cuts). Tight 
tolerances demand selected 
angles of cut. The x-ray is 
important in making this 
selection. The crystal should be 
preaged with stress cycling. It 
should be checked for frequency 
change vs temperature change. 
It must be checked for optimum 
spurious response. It should be 
cal~brated to frequency with the 
correct oscillator. International 
Crystals are manufactured to 
meet today's high accuracy 
requirements. That's why we 
guarantee all International 
crystals against defective 
materials and workmanship for 
an unlimited time when used in 
equipment for which they were 
specifically made. 

WRITE FOR CATALOG 

I INTERNATIONAL 1 

I CRYSTAL MFG. CO., INC. 
10 NOIITI-1 LEE 

OKLAHOMA CITY. OKLA. 73102 
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23-channel, highly selective, all solid state 

2 Meter FM Transceiver 
GENERAL: l Freq. coverage: 144-148 
MHz l 23 channels. 2 supplied l Com- 
pletely solid state e Current drain: Rcv 
0.4 A, Xmi t  2.7 A (Hi power) or 1.2 A 
(Lo power) l Voltage required: 13.8 
VDC l Antenna impedance: 50 ohms 
l Freq. adjusting trimmers l Size: 7'/16" 
W x 23/8" H x g7/16" D. (18 x 6 x 24 

Including dynamic microphone, 
D C  power cord, mobile mount and 
desk mount brackets, microphone 
hanger, auxiliary connector, and 
external speaker plug 

AC-10 Power Supply 
for 1 1  5 VAC operation $44.00 

Ricm lubirct to chaw wilhoul notice 

cm) l Weight: 5'12 Ibs. (2.5 kg). 

TRANSMITTER: l RF output power: 10 W min. (Hi  power) 
or 1 W (Lo power) at 13.8 VDC Frequency deviation: 
adiustable t o  k15 kHz max., factory set t o  T6.5 kHz l Auto- 
matic VSWR protection 

RECEIVER: Crystal-controlled, double conversion superhet 
OSensitivitv: Less than .35uV for 20 dB auietino l Selectivitv: 
20 kHz at. -6 dB l ~ u d j o  output: 1 w l Modulation &- 
ceptance: 27 kHz l Image rejection: -65 dB. 

R. L DRAKE COMPANY 1- , 540 Phone: Richard (513) st., 866-2421 Miamisburg. Telex: Ohio 288417 45342 

F R E O U E N C I E S I C A L L  LETTERS1 

A R E A S  OF O P E R A T I O N  

- 

Police Ambulance Rescue Squad 
Fire Paramedic Government 

1975 EDITION 
9 Volumes now available 
Price. . .$4.95 per volume, plus postape and handling. 

. 
POLICE CALL 

.80 per volume for first class or 

.30 per volume for fourth class. 
New Jersey residents sdd 254 per volume for 
sales tax. 

VOLUME 1 . . . Connecticut, Maine, Massachusetts. New 
Hampshtre, New York. Rhode Island. 
Vermont 

VOLUME 2 . . . Delaware. Maryland. New Jersey. 
Pennsylvania 

VOLUME 3 . . . Ohio. Michigan 

VOLUME 4 . . . Illinois. lnd~ana. Kentucky. Wisconsin 

VOLUME 5 . . . Iowa. Kansas. Minnesota, Missouri, 
Nebraska, North Dakota, South Dakota 

VOLUME 6 . . . District of Columbia. Florida, Georgia. 
North Carolina. South Carolina, Virginia. 
Wesl Virginia 

450 MHz CONVERTER 
KIT FOR HAM OR COM'L. 

BANDS, $20 LESS XTAL(S). 
PREAMP KITS $6, WIRED $10 - 
FREQ. FROM 20 TO 230 MHz. 
LED SCANNER KlTS $10. 
VHF FM RECEIVER KITS. 

I - SEND SASE FOR LITERANRE - 1 

182 BELMONT RO. ROCHESTER. N. Y. 14612 

ALL-BAND ANTENNA CONNECTOR 

L>"tvt>":L *#8,,P<mt Drmt>-<.,,, . l>,r>tee,. 
~ ~ ~ t b r ~ ~ ~ c t ~ t r .  Hq.mlatrcetl A t  vnut ~ F A I -  
rr 'r ,  12, $3.95 postpd. ('#lrnpnn~c,n 3"- 
rtlln$vn. 2 for 9% ppd. In\tnxrs,n. 
in< ludrd 

BUDWlG MFG. CO., r.0. sa 9711, R-, m u .  
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March 1968 (first issue) December 1972 
FEATURING: 5-band SSB exci. FEATURING: Satellite commun- 
ter, IC-regulated power supply, ications, UHF swr bridge, RTTY 
Remotelytuned 10-meter beam, monitor, receiver, FM channel 
Transistor curve tracer, Double- elements, helical mobile an. 
balanced mixers. 

May 1969 
collector's 

FEATURING: Potpourri of in- 
January 1973 

t eg ra ted -c i r cu i t  applications. items 0 FEATURING: M a t c h i n  ne t -  

FM repeater receiver perform- 
works, digital readout V ~ O ,  f m  

ance, RTTY converter. IC noise 
repeater recoder, six-meter pre. 

blanker, The ionospheric e. 
amp, tuneable phase locked 

layer. 
loop. 

August 1969 February 1973 
FEATURING: Homebrew Para- FEATURING: Communications 
bolic Reflector. Solid.state Q. June receiver design, rf speech clip. 
5er. Frequency calibrator with FEATURING: A practical ap- per, f m  recelver scanner, Pies- 
mos IC's, New multiband quad preach to 432-MHz SSB. FM sey SL600 integrated cricuits, 
antenna, Troubleshooting with carrier.operated relay. Audio solid-state noise blanker. 
a scope. agc systems. Practical IC's, 

Lowmoise 1296.MHz preamp. 

September 1969 March 1973 
June 1972 FEATURING: Solid-state 80-me- 

FEATURING: FM techniques FEATURING: 5 B ~ ~ , - J  ter transceiver reci rocating. 
and practices, IC Power SUP- receiver, FM detector receivhr, A F ~ K  gener. 
~ ~ s j / ~ ~ $ ~ M ~ n ~ ~ , " : " ' f i I ~ ~ ~ ;  repeater control, SSTV synch ator, electronic keyers, mobile 
Amateur microwave standards, generator, microwave experi. touch-tong!. 

rnenting. 

October 1969 August 1972 June 1973 
FEATURING: Hot Carrier Di. FEATURING: F~~~~~~~~ synthe. FEATURING: Digital R'l'lY auto. 
odes. LOW-cost linear I C ~ ,  sizer for Drake R.4, 2304 MHz start, f m  repeater, installation. 
Diversity antennas, solid-state preamp, audio filters, RTTY micropower receiver, broad- 
432.MHz exciter. Tropospheric-  it^^ scope, mobile touch. band amplifiers, logic oscil- 
duct communications. tone. lators. 

November 1969 October 1972 July 1973 
FEATURING: ,Op Amps, . ,. . FEATURING: 4 channel spec- FEATURING: SSTV test gener- 
theory, select~on & appl~cat~on,  t rum analyzer. HF frequency ator, carrler operated relay. 
WWV receiver, Multiband an- synthesizer, all-band di ole VHF receiver, two-meter fre- 
tenna.  Electronic key. S ix-  160 meter vertical, mult i- fund quency synthesizer, antenna 
meter collinear. tion IC's. matching. 

................................................................................. 

#AM WlO BINDERS HAM RADIO BOUND VOLUMES 
Collector's items deserve the best protection Here is a handsome addition to  your library. 
you can give them, and we know of no better Twelve issues (a ful l  year) of Ham Radio 
than our handsome Ham Radio Binders. Bound bound into a rugged, good look~ng, hard cover 
in washable buckram and supplied with year book. Certainly the most deluxe way to  collect 
labels to identify each volume. Each binder Ham Radio and perhaps the only way to  ac- 
holds 12 issues. quire some out of print back issues. Years 

$4.50 ewh 3 for $12.00 
1971. 1972, 1973 and 1974 available. 

$14.95 each 
................................................................................. 

There's no place like a good collection of March 1968 (first issue) 

HAM RADIO back issues to find answers May 1969 • October 1972 

you're looking for. Go over the list above August 1969 December 1972 

and find the ones you need. 
September 196!3 January 1973 

. . . . . . . . . . . . . . . .  Enclosed is .for October 1969 February 1973 

the items I have checked. g November 1969 March 1973 

June 1971 C] June 1973 

June 1972 C] July 1973 

0 August 1972 
Name .............................................................................. Call ............................................ 

Just $1.00 each ppd. 

. .Binders $4.50 each 3 for $12.00 

............ Bound Volumes $14.95 Specify year@) 
.................................. zip 
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I 

I 

Slmple. 1 cahle connect~o~l lo  transm~tler's oulput. 

ES 220K - Line frequency time base. 
1 KHz resolution . . . 5 diglt: $79.50. Case extra: $10.00 

ES 22 1 K - Crystal time base. 
100 Hz resolut~on . 6 d1g11: $109.50. Case extra: $10.00 

DIGITAL CLOCK: 

N~CIDSDIIL.LSYOI(I . ch- am% . I d . o l -  OUWt 
*,,h n*n $ 1 1 . 0  

Win or call for com~lere info 

I Case extra. Metal $7.50 Send check or money order for $99 95 11lur $1 50 for I 1 rh~oo~na lndlana res~dentr add 44 r#lr.r lax Crvslalr I 
I CRYSTAl TIME BASE: 1 - . . . - . . . - . . . . . - - . . - - . 

ES 201K - Opt. addltion to ES 112K. 124K or 500K 
ECM 4 1 2  North corporation Weonbacn Awe. 

Mounts on board. Accurate to ,00296. . . . $25.00 cvanrvllle. Ina~ana 47711 

I.D. REMINDER: .- i 

ES 2M)K- Reminds operator that 9 mlnutes and 45aconds 
have passed. Mounts on ES 112 or 124 board. Silent LEO 
flash: $10.95. Optlonal audio alarm $4 extra. 

Each kit contains complete parts list with all parts, schematic illustrations I 
md esy to follow, step by step instructions. No special tools required. I OUALITY. VALUE. INTEGRITY, 

RTTY 
Phase-lock loop RTTY PC boards 

Dependable S0l1d state components and c~rcuitry. tay reading. 
7 segment d~splay tuba wlth clear, br~ght numerals. These products 
operate from 117 VAC. 60 cycles. NO moving pans. Ouiet, trouble tree 
nrlnted clrcuit. 

ORDER YOURS TODAY: VARIETY AND FAST PPD. DELIVERY. 
Use your Mastercharge or 
Bankamer~card 

WANTSOME? Try TRI-TEK 
Money Back Guarantee 

10e Stamp For Latest Flyers Full of 
New and Surplus Electronics Bargains. 

Tri-Tek. Inc. Box 14206, Phoenix, Az. 85063 
. ... ' I  I . I Store Locat~on: 6522 N. 43rd Ave., Glendale, Az. 

CMOS RTTY reqenerator PC boards 
phase-cohereni afsk PC boards 

AOK l o r  Oscar 7 s o d  S.A.S.E. 
tdemetty DlGlCOM for info. 

Sutte 903 1 8 5  Devonshne St Bolon. M A  02110 
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* + * + +  Power Supplies * * * - * *  

AS LOW 
AS 3 7 ~  

PER WATT 

12 Amp regulated 2% 
50 Mv max. ripple 

24 Amp regulated 2% 
50 Mv max. r i ~ ~ l e  

8 .  

11-14 VDC adjustable output 11-14 VDC adjustable output 

ps-12 kit - $69.95 PS-24 kit -199.95 
wired - $85.95 wired - $114.95 

shipping weight - 12 Ib. shipping weight - 24 Ib. 

- REPEATERS- 
* 144 M h z  220 M H z  * * 15 WATTS OUTPUT * * .25 M V  SENSITIVITY * * UNSURPASSED * 

RELIABILITY SIMPLICITY FLEXIBILITY 
QUALITY 

COMPLETE PACKAGE 
receiver exciter pwramp powersupply cortimer identifier 

FACTORY ASSEMBLED AND TESTED-$595.95 
Kits start at $754.95 (receiver exciter pwr amp cor) 

call or write for details 

/mYh~ engineering 
- DIV. Of BROWNIAN ELECTRONICS CORP. - 

I 320 WATER ST. P.O. BOX 1921 BINGHAMTON, N Y  13902 607-723-9574 1 
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H E R E  I S  A F I S T  FULL 

\of 2 METER POWER 

American Made 
Oual,ty ar Import Price 

5 Channel, Narrow Band 
2.2 watt F M  Transceiver 

This light weight, "take anywhere" 
transceiver has the "Regency-type" 

interior componentery to give you 
what others are looking for in 

portable communications. You get a 
heavyweight 2.2 watt signal . . . or if 
you want, flip the HI/LO switch to 
1 watt and the receiver gives you 
0.7 uv sensitivity and 0.5 watts 

audio. Both transmitter and receiver 
employ band-pass circuitry so that 
power and sensitivity are maintained 

across the entire band. Get one 
to go. . . . only 

$17!0° 
Amateur Net 

e-&gwELEcrr(oNIcs. INc. 

7707 Records Street 
Indianapolis, Indiana 46226 

An FM Model For Every Purpose . . . 
Every Purse 

HR-2MS HA 212 AR-2 
8 Channel Transcan 12 Channel 20 Watt  2 Meter F M  

2 Mete r  FM Transcaiver 2 Meter F M  Transceiver Power Amplifier 

- D u a l  t o n e  
decoder decodes 
one Touch-Tone 
d ~ g ~ t .  

Avatlable for 1, 
2. 3. 4. 5. F. 7. 
8, 9, 0. *, and 
other dual tones 
700-3000 HZ. 

Latch and reset 
c a p a b ~ l i t v  
built-in. 

COR control built-in. 
Relay output SPST %-amp. 
Octal plug-in case. 
Compact 1-%" square. 3" high. 
Free descriptive brochure on request. 

T-2 Touch-Tone Decoder ... $39.95 PPD. 
Specify digit or tone frequenc~es. 

I (Include sales tax in Calif.) 

If you want an excellent tech- 
nical magazine then this is 
the one for you. Want to know 
what British amateurs are up 
to? This is the only publica- 
t ion which gives complete 
coverage of amateur radio in 
Great Britain. Well written and 
very interesting. 

Your subscription also covers 
a one year membership in the 
Radio Society of Great Britain. 

1 Year (12 issues) $12.00 

Radio Communication 
Greenville, NH 03048 
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Announcing another first from the company and the designer of the world famous 
HCV-1B SSTV Camera and the HCV-2A SSTV Mon~tor, now the HCV-3KB Slow Scan 
N Keyboard. This IS the first commercially made SSTV Keyboard and i t  is built w ~ t h  
the same quality as al l  SEEC/THOMAS equipment. We w ~ l l  not attempt to list all the 
features of the HCV-3KB here and we suKgest that you write for ful l  specificattons. For 
those that are not famlliar with S S N  Keyboards, the HCV-3KB eliminates the need for 
a menu board or other number/letter set-up arrangements which is very time con- 
suming to set-up a meaningful text by arranging letters one at a time, by hand on a 
board or other surface. I t  also "frees up" the SSTV camera for other uses, such as 
llve shots of the operator or other subject matter. Simply type out the message you 
wish to send. U. S. Patent pDD-033469. 

BASIC SPECIFICATIONS . 30 Characters Per SSTV Frame. 6 characters ICs. Op Amps. Transistors i n  Plug-In Sockets. 
Horizontally and 5 Characters (lines) Vertically. 

Built-ln 115,230 60 Hz Power Supply. Special 35 Characters per frame available. 
Meets al l  standard accepted SSTV speci- Special 16%" x 81/2* x 334" Aluminum Cab- 
f~cations. inet.Black & White or  Opt~onal 2 tone Gray 
Posltive.Nenative Color (Video) Reversal. or Blue and White - S~ec i f v .  . . 

& 1/2 ~;ame Rates. 
4 Shade Gray Scale Generator. 

Special Introductory Cash With Order Price: 
$455.00. Regular Price 5495.00. Five Ways to 

' Dual Fast & Slow Scan RF & Video Outputs Purchase: Cash. C.O.D. (20% Deposit). Master- 
(Special.Optional). Later mod kit  to be avail- charge. BankAmericard. SEEC Financing Plan 
able for Fast.Scan & RTTY. (up to 36 months). Note: All Credit Cards Pay 
Plugln Printed Circuit Board-Gold Flashed Regular Price of $495.00. All prices F.O.B. 
Edge Connector. Hendersonville, Tn. Standard 1 year warranty. 

ALSO AVAILABLE FROM SEEC 
HCV-1B SSrV Camera (Reg. $475.00) $452.60 
HCV-1B SSTV Camera with ALC (Reg. $ 515.00) $492.00 
HCV-2A S S N  Monitor with 2 CRT Filters (Reg. $425.00) $398.00 
HCV-28 S S N  Monitor with Built-In Fast Scan Viewfinder (Reg. $520.00) $493.00 
HCV-70FSVFK Fast Scan Viewfinder Modification Kit  for 70 6. 70A Monitors $69.95 

Factory installation $37.50 addlt~onal. 
Sony TCllOA Cassette Recorder $134.95 
Heavy Duty Camera Tripod $34.95 

A complete line of Camera and Monitor accessories are available - please write for current prices 
and delivery. Five Ways to Purchase: Cash With Order. C.O.D. (20% Deposit), Mastercharge. Bank. 
Arnericard. SEEC Financing Plan (up to 36 months). Note: All Credit Cards Pay Regular Price shown. 
All prices are F.O.B. Hendersonville. Tn. Call or  write us for complete specifications on any of our 
equipment or to  be put on our m a ~ l i n g  list. We have a 24 hour telephone answering service to  better 
serve you, plus on the air technical assistance from the designer. WB4HCV (Jim). Two locations to 
better serve you. Our main Plant at 138.8 Nauta-Line Dr.. and our lab at 218 Tyne Bay Dr.. Henderson- 
vllle. Complete 80-2 meter operation from either location. Drop In to  see us i f  you are ever near 
Nashville. TN. 
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DATA 
SIGNAL 
the latest in station accessories 

,, ,"H 4 
CRICKET 1 ELECTRONIC KEYER 
A popularly-priced IC keyer with more features 
for your dollar. Cricket I is small in size and 
designed for the beginner as well as the most 
advanced operator. I t  provides fatigue.free send- 
ing. Easy to copy at al l  speeds. Turn on its 
side and use as a straight key for manual key  
ing. AC/DC. 

Shipping Weight 3 lbs. $49.95 

SPACE-MATIC 21-8 
The Switchable Keyer. It's up to eight.keyen- 
in-one. Use the switches to make this your very 
own personal keyer, both today and tomorrow. 
Add such features as dot dash memory or ad. 
just spacing with the turn of a switch. Com- 
pletely perfect. 

Sh. wt. 4 lbs. $1 19.50 

TOUCH-TONE DECODER 
A highly reliable tweive digit decoder with input 
protection, and PLL circuitry for extremely 
stable operation. Heavy duty output relays, 
small size, plug-in circuit board. All these ma- 
jor features at an UNBEATABLE price. 

Sh. vrt. 1 Ib. 
lTDl2K Kit $114.50 
m D l 2  Touch-Tone Decoder $129.50 

- 
Write today tor complete details 

Data Signal, Inc. 
Successor to Data Engineering, Inc. 

2212 Palmyra Road 
Albany, Ga. 31701 

912-435-1764 

- CLEAN SIGNAL - 
- ALL CHANNELS - 

* 

C , , U  C . . \ a  I . . 1 .(r ..M 

ONLY RP GIVES YOU BOTH 
PLUS 

SUPER ACCURACY (.0005%) 
FULL 2M FM COVERAGE 

144-148 MHz 
WORKS WITH YOUR FINE AMATEUR 

OR COMMERCIAL GRADE RADIO 

MFA-22 SYNTHESIZER 
SEND FOR 
FULL DETAILS $ Electronics 

810 DENNISON DRIVE 

1881 BOX 1201 
CHAMPAIGN. I L  61820 
Phone: 2 17.352.7343 

Here is an interesting general 
electronics hobby magazine. 
It's loaded with lots of inter- 
esting simple circuits and 
ideas, not only about radio, 
but in all phases of electronics 
including test gear, audio, re- 
mote control and security 
electronics. 

We are sure that you will find 
a number of worthwhile pro- 
jects in this British magazine. 

1 Year (12 issues) $8.00 

Radio Constructor 
Greenville, NH 03048 
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Spend 8 fabulous days in exciting Hawaii 

on SAROC's Hawaiian Holiday 

Your holiday includes: 
a Attendance at the SAROC Ha- 

4 nights 
Kuilima a 
shore 

at Del 
In Oahu's 

Webbs e 
beautiful I 

O~t iona l  visit to t h  e other is1 

sportation 

aikiki 

bxotic 
north 

lands 

ip air tran! from 
,, ,.,,dies or San Francisco on 
Western 

Connecti~ 
Eastern 
via Unite 

Leave J i  -...-A m. 

Airlines 

ng flights 
and Mid. . -. .. 

from set 
.a. . 

ected 
cities 

'eturn 

More Details? CHECK-OFF Page 94 january 1975 81 



COOL 30-0-30 V - 2.5 AMP SHIELDED TRANS- 
FORMER - NEW - AMERICAN MADE YES - 3 pound w~th,,l%" deep core ver t~cal  end 
bell mount. 2% w. x 3" h. x 3%" deep, 
with 6.3 V - 1A winding. f $4.85 ppd. 

I A NEW - IMPORTED 
MINI-METERS -- 
50-0-50 aA, 1'' square, J/l" 
deep. Center zero p last~c 
body fits %" dia. or W" x 

opening. White scale can 
be rear lighted. Ideal for 
tuning null. $1.25 ppd. 

I NEW - UNUSED 
ORGAN MFR. OVERRUN 

AUDIO AMPLIFIER - Med. Power 4%" x 6" 
P.C. PLUG-IN ASSEMBLY 

1 63 Comoonents Tested 55.75 d id.  

I 
. . 

INTEGRATED CIRCUITS 

I 
~ 

7400 33& ea. 741 c 0 p ~ m T  - 55 ea 
7473 604 ea. 747 Dual Op Amp $1.2f ea: 
7475 906 ea. 723 Regulator $1.00 ea. 

I UNPOlTEO TOROIDS - All toroids 
are center tapped 88MHY or 44MHY 

Price is a \ow 5 for $2.75 ppd. 

METER PROTECTOR 
. - Protect that expensrve meter. Our 

installed according to  instructions. - Price: 751 each or 4 for 52.50 D D ~ .  
- - - - - - 

PRINTED CIRCUIT BOARD MATERIAL - ALL 
G10 - Direct from the factory mfg. by West- 
inghouse. Al l  board is 1/16" wlth 2 02. copper. 

3" x 3" 
3" x 6" 
6" x 9" $2.7b 

12" x 12" $6.00 
All ppd. U.S.A. 

VERTICAL MOUNT PC BOARD 
POTFNTIDMETERS . - . -. - . . - . . . - . -. - - 

American made (CRL) high quality 
pats. Available in  the following 
slzes: 25,000 ohms. 50.000 ohms. 
100,000 ohms. 

Price Is 5 for 51.00 D D ~ .  

3 inch 4 ohm VC Square frame 
with 4 mounting holes. 

$1.20 each ppd. 

PL-55 TYPE PHONE JACKS 
High quality American made 
jacks. % inch mounting 
with hex nut. Extends 11h 
behlnd the panel. 

I price: 50d each or  ,k- 
3 for $1.25 ppd. 

ILLUMINATED ROCKER 
SWITCH @$ American made UL  approved. 

Rating: 125 Volt AC 3 Amp 
125 Volt DC .5 Amp 

DPOT with a 6 volt i l lumlnatlng bulb. Your 
choice of color. Red or White. 
Price Is 80e each or buy 3 for $2.25 ppd. USA 

9 PIN SOCKET - SNAP-IN MINIA- 
TURE for P.C. Board Mtg. 

6 for $1.00 ppd. 

ALUMINUM BAlTERY BOX 
American made, high quali- 
ty. Holds two type 'C' cells. 
All terminals insulated. 

ALUMINUM HEAT SINK 
Very nice American made 
heat sink. 1/16 inch thick 
and approx. dimensions are 
1" x 1" x 1" high with an 
I/g inch hole in the center. 

Price is a low 35d each or 
3 for $1.00 ppd. 

RE0 NYLON CABLE TIES 
BALL-BEAD TYPE - 4!/4 LONG 

Puce I s  70 for 51.00 nod. 

HIGHEST QUALITY. 
AMERICAN MADE 
POWER CORD 
6 Foot Gray Cord. Good 
For At Least 7 Amps. 
Plugs Into Auto Ciga- 
rette Lighter. A Hard 
To Find Item. 
75d Each or 
3 For $2.00 ppd. 

NEW NEW NEW I 
3/16 inch Die. LED Lites 

Rod 1.25 ea. ppd. 
Green $.40 ea. ppd. 
Yellow $.40 ea. ppd. 
S u ~ e r  BI-LED - Lites red 
with polarity one way and 
green when you reverse the 
polarity. Neat for many 
thinqs. 

P r~ce  is a low $.75 en. ppd. 
- - 

Transformer - 115 Volt Primary - 12 Volt 
1.2 Amp Secondary $2.45 ppd. I 
JUST ARRIVED - Transformer, 115 VAC pri- 
mary, 18 volt, 5 amp ccs or 7 amp inter- 
mittent duty secondary $6.00 ea. ppd. I 
General Purpose Germamium Diodes 
Similar to lN34a etc. 16 for $1.00 ppd. 
All Cathode banded. 100 for $5.00 ppd. 
Full leads. 1000 for $40.00 ppd. I 
- 

Transformer - American Made - Fully shield- 
ed. 115 V Primary Sec. - 24-0-24 @ 1 amp 
with tap at  6.3 voll for pilot li ht. 

Price - A low $8.90 each ppd. 

Power Transformer.. 115 Volt AC Primary. 
Secondary #1: 32-0-32 Volt 8 1 Amp. 
Secondary #2: 6.3 Volts. Low Current For 
Pilot Lights. Size 2!hU x 2%'' x 3". 

Price: $2.50 Each ppd. . . 

6.3 Volt 1 Amp Transformer. Fully Shielded. 
$1.60 Each ppd. 

SEND STAMP FOR BARGAIN LIST 
Pa. residents add 6% State sales tax 

ALL ITEMS PPD. USA 

Canadian orders for less than $5.00 add $1.00 
to cover additional postage costs. 

Rm. rueinnhenked 
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flea A market 
I RATES Commercial Ads 35$ per 
word; non-commercial ads 10$ per word 
payable in  advance. No cash discounts 
or agency commissions allowed. 

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 preceding month. 

I SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 

PORTA-PAK the accessory that makes your mobile 
really portable. $59.95 and $39.95. Dealer inquiries 
lnvlted. P. 0. Box 67. Somers. Wlsc. 53171. - 
SURPLUS TEST EQUIPMENT. VHF and microwave 
gear; write for bulletins. David Edsall, 2843 St. 
Paul, Baltimore, Md. 21218. 

B.A.R.T.G. SPRING RTTY CONTEST, 0200 GMT 
March 22nd to 0200 GMT March 24th. 1975. Not 
more than 30 hours of operation is permitted. 
Times spent listening count as operating time. The 
18 hour non operating period can be taken at any 
time, but off periods may not be less than 3 hours. 
Times on and off the air must be shown on the 
Log and Score Sheets. Separate categories for 
mult i  op. and SWL's. 3.5 thru 28.0 amateur bands. 
Contact each station once on each band, but ad. 
ditional contacts on other bands are allowed. ARRL 
countries list and in addition each W/K and VE/VO 
call area will be counted as a separate country. 
Messages exchanged will consist of: Time GMT. 
This must consist of a ful l  4 figure group. RST and 
message number. The message number must con- 
sist of a 3 figure group. All two-way RTTY contacts 
within one's own country earn two points. All two. 
way RTTY contacts outside one's own country earn 
ten points. All stations receive a bonus of 200 
points per country worked including their own. 
NOTE: coilntry may be counted again i f  worked on 
another band but continents are counted once. 
Scoring: Exchange points times countries worked 
plus country points times bonus points times num- 
ber of continents worked. Send logs and score 
sheets before May 31st to GBCDW, 89 Linden 
Gardens, Enfield, Middlesex, England EN1 4DX. 

TELETYPEWRITER PARTS, gears, manuals, supplies. 
tape, toroids. SASE list. Typetronlcs, Box 8873, Ft. 
Lauderdale. FI. 33310. Buy parts, late machines. 

MANUALS for most ham gear made 1940/65, some 
earlier. Send SASE for specific quote. Hobby In- 
dustry, WDJJK, Box H-864, Council Bluffs, Iowa 
51501. 

OHIO - The Intercity Radio Club Annual Auction 
will be held Friday. Feb. 7th at the Navy Reserve 
Training center on Ashland Road in Mansfield. 
Doors open at 6:00 P.M., look, swap, buy at 7:30 
P.M. No flea fees or commission. Auction at 8:00 
P.M. Eats. Donation two dollars at the door. For 
information write KBJPF, 120 Homewood, Mans- 
field. Ohio 44906. 

QSL's, Sample catalog 200. N & S Print, P. 0. 
Box 11184, Phoenix, Ar~z. 85061. -- 
HT220 UHF, 4-freq., remote mike jack, with charger. 
2 batteries, 2 antennas, never in service. Kurt 
Straub. 2936 Williamette, Apt. 7. Eugene. Ore. 97405. -- 
WANTED: GENERAL CLASS (or higher) hams to 
join 4.500 member Morse Telegraph Club. Hun- 
dreds of hams already belong. Send modest $3 
annual dues (includes subscription to great slick 
paper newspaper "Dots and Dashes") to GST A. J. 
Long, 520 West Schwartz Street, Salem. 111. 62881 
for membership card and assignment to nearest 
chapter. 

MOTOROLA HT220 HANDIE-TALKIE, hi-band, 4-freq., 
omni housing wlth internal speaker mike and re- 
mote speaker mike less battery and antenna. 
$310.00, with nicad battery and antenna, $340.00 
postpaid. Cashier's check or money order. Marty 
Herlihy, K6KTP, 2338 Berry St., Lemon Grove, 
Calif. 92045. 714.466-7558. 

EXCLUSIVELY HAM TELETYPE 21st year. RTTY 
Journal, articles, news, DX. VHF, classified ads. 
Sample 30$. $3.00 per year. Box 837, Royal Oak. 
Michigan 48068. -- 
TWO-METER FM ANTENNAS, lh; 5/8W "Cartop" & 
fixed station. Unique designs. Send for literature. 
MARSH Devices. P. 0. Box 154 (h), Old Green. 
wich, Conn. 06870. -- 
PC's, Send large S.A.S.E. for list. Semtronics, Rt. 
#3. Box 1, Bellaire, Ohio 43906. 

432 MHz TRANSMIT CONVERTER, 5 watt output, 
6939 mixer, 6939 amplifier, solid state LO chain. 
We also have receive converters for 144. 220 and 
432 MHz. Send for free information. Carmichael 
Communications. P. 0. Box 256. Carmichael, CA. 
95608. -- 
SWAP-N-SELL ADS FREE in TRADIO. Box 4391. 
Wichita Falls. Texas 76308. -- 
HAM OPERATOR WANTED for ketch sailing from 
Taiwan in March through Singapore to States - 
share expenses - Contact Captain Hal Newell, 
No. 17 Chi Yan Road. Pei Tou, Taipei, Taiwan, 
R.O.C. - phone 89260!j. 

WANTED: tubes, transistors, equipment, what have 
you? Bernard Goldstein. WZMNP, Box 257. Canal 
Station. New York. N. Y. 10013. -- 
COLLINS OWNERS: Why pay $200 for 200 HZ xtal 
filters? I have 300 Hi! cw/xtal fllters for 75S1- 
75S3B . 75A2 . 75A4 or any 455 kHz I.F. receivers. 
Collins number X455KF300. These are mil.spec 
Collins xtal filters metal case in sealed Collins 
boxes. spec. sheet included. No receiver mods in 
early 75838 (before 1'368). Few minutes work in 
other cases. instructions included for 75A4. Tested 
and Guaranteed, shipped UPS to your door. $49.95. 
WlEBC, Gary Firtick, 40 Pilgrim Trail. Woodbury, 
Conn. 06798. (203) 263-3138. -- 
CANADIAN JUMBO SURPLUS and Parts Catalogs. 
Bargains Galore. Send $1. ETCO-HR, Box 741. Mon- 
treal "A" H3c 2V2. 

SIDESWIPER FANS: Beautiful Scandanavian.styled, 
hand-made sideswiper, teak base, only $11.00 post- 
paid. Kungsimport. Boa: 257. Kungsbacka, Sweden. -- 
COMPLETE STATION FOR SALE - SR-400A, SSTV 
RTTY, two meter, servicing book, etc. Send for 
list. Cline, Box 216, Lsogan, Utah 84321. -- 
SWAN, 250, 6 meter transceiver, with 117XC Ps. 
A-1. $300. Russell, 19680 Mountville, Dr., Maple 
Heights, Ohio 44137. -- 
TELL YOUR FRIENDS about Ham Radlo Magazine. 
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CLEQG INTERCEPTOR "B" with Clegg Allbander 
HF tuner. A-1. $300. Russeil, 19680 Mountville Dr., 
Maple Heights, Ohio 44137. - 
SELL: ROBOT S S N  Models 80 Camera and 70 Mon- 
itor. Original cartons and instruction books. Excel- 
lent condition. $500.00. Gordon Buckner, W0VZK. 
Box 721. Marshall. Missour1 65340. - 
VLF RECEIVER URM.6 14-250 kHz. with calibrated 
field intensity meter and power supply. Use for 
WWVL. geophysics, ultrasonics, o r  tuneable IF. 
$500. WPHQV, Box 26. New York 11205. - 
DO-IT-URSELF DXPEDlTlON - Stay at ZFlSB - 
Cayman Is. Vertical antenna and Carlbbean a t  your 
doorstep. Diving/f~shing ~f band folds. Write Spanish 
Bay Reef Resort, Box 800K. Grand Cayman. B. W. I. 

UP45  CALCULATOR Nearly new $290. W2HQV. 
Box 26. New York 11205. - 
ROCHESTER, N. Y. - Hamfest date o f  1975 - 
May 31st. Marriott Inn is new headquarters. In. 
formation? Write WNY Hamfest. Box 1388. Ro- 
chester. N. Y. 14603. 

COLLINS 75S3, mint  $450. 351D2 mobile mount, 
new $60. 1368-2 noise blanker $75. Heath 58200 
mint  yr. old $200. Omega-T ant. noise bridge 1-300 
MHz $25. (209) 733-3215. Dick Smideler, 3731 
Evergreen. Visalia, CA. 93277. - 
TELETYPEWRITERS - Kleinschmidt - portable. 
fixed. sets, punches. parts. reconditioned. reason- 
able. Mark/Space Systems. 3563 Conquista. Long 
Beach. Calif. 90808. 213-429.5821. 

RTTY N S I  PLL TU wired. tested. guaranteed $25.95 
ppd.. less switch. meter. power supply. Board only 
$4.75. Nat Stinnette Electronics. Tavares. FL 32778. - 
RECIPROCATING DETECTOR, wri te Peter Meacham 
Associates. 19 Loretta Road. Waltham, Mass. 02154. 

DAYTON HAMVENTION at HARA Arena. April 25. 
26. 27. 1975. Program brochures mailed March 
10th. Write for information i f  you have not attend- 
ed the last two years to  HAMVENTION. P. 0. Box 
44, Dayton. Ohio 45401. 

FIGHT N 1  wi th  the RSO Low Pass Filter. For b r s  
chure write: Taylor Communications Manufacturing 
Company. Box 126. Agincourt. Ontario. Canada. 
MIS 384. - 
LEARN DESIGN TECHNIQUES. Electronics Monthly 
Newsletter. Digital. linear construction projects. 
design theory and procedures. Sample copy $1.00. 
Valley West. Box 2119.C. Sunnyvale. Calif. 94087. - 
QRP TRANSMATCH for  HW7. Ten-Tec and others. 
Send stamp for  details to  Peter Meacham Asso- 
ciates, 19 Loretta Road, Waltham. Mass. 02154. 

WANTED: Following parts of ANflNH.2 tape re- 
corder - AM-1634/TNH-28 o r  AM-1251/TNH. State 
condition and price. Richard Leary. 9380 Larkspur 
Drive. Westminster. CA 92683. - 
HOMEBREWERS: Stamp brings l ist  of high quality 
components. CPO Surplus. Box 189. Braintree. 
Mass. 02184. - 
SOCIETY OF WIRELESS PIONEERS offers Life Mem- 
bership to  active and former C.W. operators on 
cornm'l.. military, gov't., etc. wireless/radio cir- 
cuits. Contact: Society of Wireless Pioneers. Dept. 
H. P. 0. Box 530, Santa Rosa. California 95402. - 
QSL'S - BROWNIE W3CJI - 30358 Lehigh. Allen- 
town. Pa. 18103. Samples with cut catalog 35C. - 
SELL' HALLICRAFTER SRlU) 5 band SSB/CW trans. 
ceiver; AC, DC suppl~es, mobile mounting rack. 
manual, extras. Best offer. Frank London. 65 Hills- 
dale Avenue. Wethersfield. Ct. 06109. 

VERY inter-est- in^! Next 5 b ig  issues $1. "The Ham 
Trader. Sycamore I L  60178 - 
HAMMARLUND HQ-I7OAC-VHF RECEIVER. 160M t o  
2M. clock and IF noise lmmunizer installed. $275.00. 
WA30BW (215) H02.9293, Ralph Conner. 149 Glad. 
stone St., Philadelphia. Penna. 19148. 

DRAKE 
DRAKE DRAKE 

NOW SHIPPING NEW-BOXED 1975 MODEL 

TR4C TRANSCEIVERS, AC-4 POWER SUP- 

PLIES. MS-4 SPEAKERS - LIST $741.95. 

- WlLL ALLOW I N  TRADE FOR YOUR - 
TR-J/AC.J/MS 3 $350.00 
TR-4/AC-4/ MS-4, $425.00 
TR-4/AC-4/MS-4 ABOVE s /n  31320 $475 00 
TR-6/AC-4/MS-4, SIX METER $475.00 
TR.4 NO1 $ 50 00 
DC.3 OR $ 50.00 
RV-4 V.F. $ 65.00 

SHlP YOUR TRADE-IN INSURED U.P.S. OR 
PARCEL POST. SPECIAL HANDLING PRE- 
PAID. UPON RECEIPT, WlLL SHlP YOUR 
NEW TR-4C VIA PREPAID INSURED U.P.S. 
CHECK. C.0 D.. OR MASTER CHARGE AC- 
CEPTED ON BALANCE DUE US. 

WRITE OR PHONE TODAY, BILL SLEP 
(704) 524-7519 

6LEP ELECTROFWXCC) 
P. 0.  BOX 100, HIGHWAY 441 

OTTO, NORTH CAROLINA 28763 
mcO 

HILDRETH ENGa. 
Experiment w i th  Cp-~mpa 
the easy way. Contalns 
741C Cp Arnp.Solderless- 
connectors,Switch. .... 

S 11 85 POSTPAID ADD $1 00 
TO INCLUDE BATTERIES P O  

RTTY VIDEO DISPLAY UNIT 
I,,! 8 h4tP l , i <  

VIDITYPE '"I ' " 1  LELAND ASSOCIATES 
~nOD(L 8 T i $ 5 5 ~  f ~ \ $ , ~ L ~ ~ T O N B U R ~  48219 RD 

I CATALOG / 
I GOVERNMENT SURPLUS I 
I ELECTRONIC E Q U I P M E N T  I 
1 For 1975 1 1 FREE UPON REQUEST! W r i t e  f o r  

C o p y  o f  Catalog WS-75 Now! 
Address:  A t t e n t i o n  D e ~ t .  HR 
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FREE D A T A  S H E E T S  
W l T H  E V E R Y  I T E M  
7 3 9 1 7 4 9  I C  W l T H  
EVERY $10 ORDER* 

REDUCE YOUR PROJECT COSTS 
MONEY-BACK GUARANTEE 
24-HOUR SHIPMENT 
A L L  TESTED A N D  GUARANTEED 

TRANSISTORS (NPNI: 
2N3563 TYPE RF Amo & 0% to I GHz 101.2N918) 6151.00 
213565 TYPE Gen. ~u'rpose Hlgh Ga~n 1Tb.92/106 6151.00 
213567 TYPE Hlgh-Current Ampl~fterlSw 500 mA 4151.00 
2N3866 TYPE RF &r Amp 1-2 W 100 600 MHz 51.50 
213903 TYPE GP Amp & Sw to 100 mA and 30 MHz 6lS1.00 
2N3904 TYPE GP Amp & Sw to 100 mA 170-92/1061 5151.00 
213919 TYPE RF &r Amp 3.5 W C 3 30 MHz 53.00 
214274 TYPE Ultra.Hlqh Speed Swllch 12 ns 4/51 00 
MPS6515 TYPE H~gh.Ga~n Ampl~ l~er  h ~ €  250 3151.00 
Assort NPN GP TYPES. 2N3565. 2N3641. elc. 1151 $2.00 
2N4249 TYPE (PNPI Low Noore Amp 1 UA to 50 mA 4/51 00 

FET's 
N CHANNEL ILOW NOISE) 
2N4091 TYPE RF Amp & Sw~tch (TO 1811061 3lSl 00 
2N4416TYPE RF Ampl~ l~er  to 450 MHz I T 0  721 ZlSl 00 
2N5486 TYPE RF Amp to 450 MHz lplastlc 2N44161 3151 00 
E l00 TYPE Low Cost Audto Ampl~ l~er  4/51 00 
lTE4868 TYPE Ultra Low Notse Aud~o Amp 21S1 00 
71574 TYPE H~gl i  Speed Sw~tch 40!! 3151 00 
Assort RF & GP FET s. 2N5163. 215486. etc 181 52 00 
P CHANNEL 
2N036D TYPE Gen Purpose Amp 8 Sw I T 0  1061 3151 00 
E l75 TYPE H~gh speed Swtch 12522 I T 0  1061 3/51 00 

JANUARY SPECIALS: 
2N3638 TYPE PNP TRANSISTOR GP Amp & Swttch 5lS1.00 
2N5163TYPE N CHANNEL FET GPAmp & Swttch 4lS1.00 
741 Freq. Compensated Op Amp (DIPIT0 5IMINI DIP) 3151.00 
IN914 or IN4148 TYPE GP DIODE 100 Vl lO mA 15/51.00 
MM5316 0101lal Alarm Clock Snooze/Alarm/T~mer 

Hrs. ~ ~ n s . S e c s  - wtth SpecslSchemar~cr 311.95 
MM5736 6.0og1t 4.Functlon Calculator 18 PIN DIP 5 3.95 

8 L I N E A R  IC's: 
308 M~cro.Power Op Amp ITO-5/MINI.DIPI 51.00 
309K Voltage Regulator 5 V 6 1 A 110-3) $1 50 
324 Ouad 741 Op Amp. Compensated IOlPl 51 90 
380 2 5 Watt Aud~o Amplnlver 34 dB lDlPl 51 29 
555X Ttmer I p - 1  hr. 011. p~nou l  from 555 IOIPI S .85 
109 Popular Op Amp IOIP'TO-51 5 .29 
773 Voltage Regulator 3 30 V C 1-250mA IDIPITC-5) 5 58 
739 Dual Low.No~se Aud~o PreamplOp Amp (DIP1 S l  00 
1458 Dual 741 Op Amp IMlNl OlPl 5 .65 
2556 Dual 555 Tlmer 1 p e t  to 1 hour IOlPl 51.55 

DIODES 
1N3600 TYPE HI Speed Sw 75 Vl200 mA 61S1 00 
IN3893 TYPE RECTIFIER Slud Mount 400 V/12 A 2151 00 
IN4608 TYPE GP & Sw 80 V/400 mA 6\51 00 
IN749 ZENER 4 3 Volt 1410a31 400 mW 4/51 00 
IN753 ZENER 6 2 Volt ('10%) 400 mW 4151 00 
IN755 ZENER 7 5 Volt l'IO"'"l 400 mW 4/51 00 
IN157 ZENER 9 1 Voll 1'10%) 400 mW 4/51 00 
IN758 ZENER 10 Volt l'1046l400 mW 4/51 00 
IN965 ZENER 15 Volt (+10%)400 mW 4151 00 
IN968 ZENER 20 Volt I*13Cr1400 mW 4151 00 
05 VARACTOR 5 50 W Output C 30 250 MHz. 7 70 PF 55 00 
F7 VARACTOR 1 3 W Outp111 C I 0 0  500 MHz 530 pF 51 00 

.MAIL NOW' FREE DATA SHEETS rupplmd woth every ,tern from 
lhss xl FREE 739 or 749 Low N o w  Oual OD Amp oncluded ($1 00 
YRIUCI w t h  every  order 01 S t 0  01  marc portmsrkcd proor l o  2 20 75 

ORDER TODAY All #rams r u b 1 ~ 1  to rrroor u l a  and D r l c n  sublecl to 
chanp. wllhout nollce 
WRITE FOR FREE CATALOG ollcrlng hundreds of wm~cnnduclo~s 
no! lolled here Send 1 M  Stamp 
TERMS All orders murl be preoa~d We psv portage $1 00 handltng 
charqc an orders under $10 Call1 resodents add 65, %ales lax 

ADVA n E c T R o r w c s  
BOX 4181-T, WOODSIDE, CA 94062 
Tel. (41 5 )  851-0455 

0 C . W  RADIO RECEIVER 
200500 K c  & 1 5  I 8  Mc 8 Tub.  
6 Band Cornrnunocat~ons Rsceava. Excal. 
I m t  Used w t h  t u b a  and Dvnamotw 
Checked out lsBEzd 

B C - 3 4 2  R A D I O  R E C E I V E R  w i t h  A C  
....................................... P o w e r  S u p p l y .  C h e c k e d  $69.50 

M I L I T A R Y  R E C E I V E R  T R A N S M l l T E R  
R e c e i v e r  R.392 URR 
U s e d ,  c l e a n ,  r e p a r a b l e  $125.00 
T r a n s m i t t e r  T-195.GRC-19 

... U s e d ,  c l e a n ,  r e p a r a b l e  $50.00 
S C H E M A T I C S  I N C L U D E D  .. - 

BRAND NEW BC-645 TRANSCEIVER 
EASILY CONVERTED FOR 
4 2 0 M C  OPERATION 
7 h 1 s  equtpment  or lgtnal ly 
cos t  over S 1000. You get  
a l l  I n  o r ~ g ~ n a l  fac tory  carton. 

Dependable T w o  Way C o r n r n u n ~ c a t ~ o n  m o r e  t h a n  15 mtler.  

L O W  I M P E D A N C E  H E A D S E T  

Amateur Television 

M a g a z i n e  9 
8. seen a s  w e l l  a s  h e a r d  

S 2 . S O  A Y E A *  

SUBSCRIPTIONS O N L Y  

MONEY SAVER! 
This l i t t l e  ad g w d  for one 2" x 8" de- 
luxe desk namealate w i l h  sat in smooth 

L "woadora~n" f ~ k h  i n  non-tarnishable an- I r od~zed-aluminum holder In gleaming gold 
for only 55.50 ppd, USA, r q u l a r l y  $7.50. 
Two engraved Ilnes. One line 55.00. Order I 
now the way you want it. Guaranteed. I HOLLY ENGRAVING, Box 3926-t, Hollywwd, Florida 33023 

Free brochure. I 

P. 0. B o x  615 P h o n e  ( 2 0 7 )  4 3 9 - 0 4 7 4  
P o r t s m o u t h .  N.H. 0 3 8 0 1  ( 6 0 3 )  4 3 6 - 9 0 6 2  
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Don't wait until 1975 1s half over Get 
your new Callbooks now and have a full 
year of the most up.to-date QSL informa- 
tcon ava~lable anywhere. 

The new 1975 U. S. Callbook wil l  have 
over 300.000 W & K listings. I t  will have 
calls, ilcense classes, names and addresses 

Speclallze in  DX? Then ou're looking for 
the new, larger than ever i975 Foreign Call- 
book wlth over 225.000 calls. names and 
addresses of amateurs outside of the USA. - - Unlted States 

Callbook 
All W & K Listings 

ca $12.95 
- - 

- - .- - - 
1 :L: $. - ~ ~ l l b '  --- -- ----- rn -- -- -- % >-' --- 

" -- 
Foreign Radlo -- 
Amateur Callbook =-- 
DX L~stlngs 

$11.95 
--- 

Order from your favorite e l e c t r o n ~ ~ ~  deal. 
er or direct from the publisher. All dlrect 
orders add 75f shlpplng and handllng per 
Callbook. 

RAOIO AMATEUR (1 b 00 L( INC 
925 Shewood Driw 

Lake Bluff. 111 60044 

CALCULATOR CHIP A1030 
i c , t  I ! )  \ , t t , r  1 ,  ~ I I  l < , ~ ~ k h e l l  ' $ 1  , , I t  

J function t z  p c l . c r l l t : o n - e l ~ ~ l >  
c l o c h : 8  d i j i ~ t  f l o a t i n g  o r  

B- 
f i x e d  IIP: f u l l  memory a n d  c o n -  C . l .  :.!'5 
s t n n t  4 2  p i n  s t a g g e r e d  Ie;id k . / ~ l n t i i  
nT17 ( u n b e n t ) .  

74S206 SCHOTTKY BIPOLAR 
- IS2 l~ t>  s c l l < ~ l  ? A $ .  l % i p < 3 l a r  .'!>ll,l 
K:~ntlo,.~ I!CC<'s~ \lemor\..  
e a .  $ i . 4 9  10  pnk $ 2 9 . 0 0  

10 AMP FULL WAVE BRIDGE RECTIFIER 
1'1 i ' l l '  1 ,111 I I \ . + v G  , 1 I I ? ,  I L , . I f i t  I 

I t l r l  l'!i\' ~ l ~ > I \ , r - ~ l l ~ ,  \Ill\ -'<,.! : 
c.1. s 2 . 2 . ;  I I I  I I : ~ L  5:n.nn t+, % 

2N3055 NPN TRANSISTOR 
b#;..#:,.;,,,-, I r21, . ,*  t<,r , I > , % , \ & , ,  , : , , I t  I l 5 N ;  

\ ( I  lbo\'; l l l ! - :>l l ;  1.1 ;Ilk; c::l\c 1tI-.i 
C;I. Sl . l . 5  l o  f o r  Stb.9.5 

DIP RC NETWORKS 
1 4  ;tnd 1 1 ,  p i l l  IC ~ , g c L . i . i . -  ~ n t n i n i n g  . 
p r e c i k ~ o n  r r q i s t o r - .  : ~ n ~ l  c . ~ p : i i i t o r ~ .  . 

SO SCIII.MATICS A:'\I Lr\Hl.li .I 
S;lmplc i n d i c a t e s  mos t  c o n t : ~ i n  1 0  t o .  
ISR and  1 o r  ? C .  A s s o r t m e n t  o f  R . S 1 :  

I I ' I  , I I I I .  rich ~>n \ i . r ,~ l  k ~ l r  1,111.. 
. I I I C I  I .. , 111~1  nn .I moticv I,.,cL C I I . I I . : I ~ I ~  C . C .  

I I , ? '  i l ' , l I  k !  '.,IliI'.\li!' 1'1.<1\.1. I , < ,  I I 1 . t  

1 . t - %  ~ ~ ~ ~ ~ l . ~ ~ ~ , ~ ~  o t ~  d l  I o r c l ~ r * .  I ~ ) I - ! I I : ~  

l N ' , \ l < l ~ ~ , , t .  [> l< -d<c  .Id4 <. , l '~S t3Y .  

>,,,l , l  .1,,,7p I<>,  t r - v<  < ; i l , , l O , : ,  ii! I t <  1 , ) :  

v . . & W - ~ ~ Z c  
box AF Carmichael, Ca. 956OB 

A ---------------------------------------- 
I 

j C F P ENTERPRISES 
I 
I 
I 

j 866 RIDGE ROAD. LANSING. N. Y. 14882 j 
I I 
I I 
I I Fully Synthesized I I 

The most wanted FM transceiver 
67+ Channels (Direct or 2 600 kHz) 
Full 146-148 MHz Coverage 
Digital Readout 

$489.00 
You'll never have to buy another crystal 

Write today for complete details & our best price ..................................... 
Used FM Specials from CFP 

I Description Trade PRICE Cash 
I Drake TR-22C with 12 Sets of Crystals, Mobile Bracket I 
I Carrying Care, Earphone, and Flexible Ant. 225.00 195.06 1 
I Heath HW-202 with 7% Sets of Crystals and Home-Brew I 
I Reoulated AC Suoolv 250.00 213.00 ! 
I standard SR-C811S .with Manual and 6 Selr of Crystals I 
I 180.00 153.00 1 
I Regency HR-2A with Topeka Crystal Board, BARRA Pre- 
I amp, Manual, and 10 Selr of Crystals 200.00 170.M I 

I SBE 58.144 with 7 Sets of Crystals 250.00 213.00 1 
I I 

I 
This is  just part of our listing - I 

I I 
I Send SASE for Monthly Listing of I 
I Used Equipment and Bargain Goodies I 
I Office & Salesroom Hours by Appointment Only 
I 24-Hour Phone: 607-5334297 ! I 

I 
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'IT'S FEATHER TOU 
WILL AMAZE YO 

PADDLE MODEL~IA 

Adjustable Travel 
Damped Paddle Lever 
Weighted Base, Rubber Feet 

P?W= MODEL IIAW-ASSEMBLED $11.95 ............. MODEL I lAK -KIT 18.95 

BUG OR KEYER FROM THIS 

m10-45 RPM 
Idle Current-3MA 
Battery PWR Internal = External PWR Jack 

MODEL IOAWA-KEYER 
WITH SIDETONE ASSEMBLED ..... 139.95 

........ MODEL IOAW-ASSEMBLED $29.95 
MODEL IOAK -KIT ..................... $23.95 
200-2K PC BOARD KIT .............. 114.95 

OPTIONAL : 200-3K PC BOARD SIDETONE KIT- $5.95 
WlTH 2" SPEAKER, 500 Hz TONE, IDLE CURRENT-?MA. 

ORDER DIRECT OR WRITE FOR BROCHURE 
AND NAME OF NEAREST DEALER. 

<- PHONE: (814) 432.3647 
BOX 185.A. FRANKLIN. PA. 1 6 3 2 3 ~  

I I 

I The Radio Amateur Satellite Corpora- I 
I tion (AMSAT) is a non-profit, tax-exempt I 
I organization founded in t h e  g r e a t e r  Wash- I 
I ington. D. C. area five years ago. It is a I 
I membership o r g a n i z a t i o n  open to all ra- 
I dio amateurs and interested non-amateurs. 
I A M S A T ' s  satellite programs are supported 
I entirely from donations, membership dues, 
I and grants. I 

I 

I Join AMSAT.  Learn more about how 
1 you can p a r t i c i p a t e  with the e x c i t i n g  
I A M S A T - O S C A R  6 communications satel- I 
I lite, and with O S C A R  7 which promises 1 
I to be even be t te r !  R e c e i v e  the quarterly I 
I A M S A T  Newsletter with the latest infor- 
I rnation on this n e w  ham radio frontier. I 
I For membership information, write the I 

j Membership Committee, AMSAT,  P. 0. 
I B o x  27, Wash ing ton ,  D. C. 20044. I 

I 

SQ-AUTO KEYER 

* IAMBIC (Squeeze) sending wi th  dot  and dash 
memories * Keyed timebase * Built-in monitor 
V E G G e l a y  or transistor output models* 
* Regulated power supply * Memories correct 
90% of  operator timing errors * Heavy alum. 
two-tone blue-gray cabinets complement your 
r ig * Built-in tw in  lever magnetic paddle 

SQ-AUTO $49.95 ppd. 

MEMO-512 KEYER 

. . .  A l l  o f  the features o f  the SQ-AUTO plus 
Two  256 b i t  (23 - 28 characters each) message 
memories * Pushbuttons both  select and start 
a message run * Memories are large enough for 

. . .  CQ/ID and contest "Exchange" all you do  
IS send one call per contact! LED end of 
message indicator * Instant reset pushbutton 

Memo-512 $99.00 ppd 

I Specify output model 

-T for  Grid block transistor output 

-R for Reedqelay Send fo r  free literatun 

I ~t your dealer K.E. ELECTRONICS 
2931 Uni t  "F" West Central A n  

Or direct. Santa Ana. California 92704 

WORLDS ONLY WEEKLY DX MAGAZINE 
CURRENT DX NEWS - COMING EVENTS 
DATES - FREQUENCIES - TIMES - ALL THE 
NEWS I N  DEPTH . 160 METERS THROUGH 
10 METERS - DX CONTEST INFO & CLAIMED 
SCORES - MONTHLY PROPAGATION PRE- 
DICTIONS - DX HONOR ROLLS - and a very 
SPECIAL "FLASH C A R D  SERVICE TO both  
SUBSCRIBERS and NONSUBSCRIBERS - 10C 
PER CARD FOR SUBSCRIBERS & 256 PER 
card f r om NON-SUBSCRIBERS. YOU FUR- 
NISH STAMPED AND SELF ADDRESSED 
CARD (CAN BE EITHER AIR MAIL OR 
REGULAR FIRST CLASS POST CARD. JUST 
PUT PREFIX ON LOWER LEFT. BOTTOM ON 
FRONT OF YOUR CARD (WE ONLY FILE 
BY PREFIXES) ANY GOOD DX NEWS FROM 
THE PREFIXES ON YOUR CARDS SENT 
TO YOU IMMEDIATELY ! DXlNG EASY !! 

( DX NEWS IS OUR BUSINESS 

I THE DX'ERS MAGAZINE 
(Gus M. Browning, W4BPD) 

1 Drawer "DX" a C O R W V A ,  S. C. 29039 

I WE ALSO PRINT QSL CARDS - FREE SAMPLES 
& PRICE LIST UPON REQUEST- WE PRlNT 
ALMOST ANYTHING ELSE YOU NEED TOO - 
PRICES RIGHT 
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a NEW antenna principle 
?ROVEN I N  EXACTING TESTS AND MANY YEARS ON THE AIR AT W 0 U B H  - KOAST - M V R U  

B E A M  
A N T E N N A  

only 27 Inch- h i  
by 22 inches wl$ 

A COMPLETEL Y NEW ANTENNA 
Hem is an u l t r a  compac t  beam an tenna  which c a n  b e  tund 
to a n y  f requency between 7.0 a n d  14.5 MHz. Weigh ing only 
18 Ibs. t h i s  antenna may not ou tpe r fo rm  a f u l l  s ized 
b e a m  but it sure  wi l l  g ive  y o u  y o u r  share o f  DX a n d  state- 
side contacts. Wil l  hand le  1 KW over a 100 kHz bandwidth .  

Fu l ly  weather  p roo f  Hi-Q, a t tenuates ha rmon ics  - M o u n t s  easi ly o n  N masting Comes  assembled & tes ted 
Figure 8 pa t te rn  KITS 10-40 $74.50 

LIlTLE GIANT MODEL 100X1000-40 $149.50 
Other models available for 10, 15 & 20 meters Add $3 trans. 

Little Giant Antenna Labs, Box 245, Vaughnsville, Ohio 45893 
Subs~diary "Apollo Products" V~llage-Tw~g Co. 

419-646-3495 

C A S  H 
WIYRC- $6. SPACE ELECTRONICS CO.. 
7SBmolalo~ Wn.Uppr S.ddl*Rlr*. M.J.07W 

can) 327- :w 

MOTOROLA. GE. RCA. ETC. E Q U I P M E N T  
MOBILES, BASES, PORTABLES, MOBILE-TELEPHONES 
REPEATERS, REMOTE CONTROLS, TONE EQUIPMENT 

- 2-WAY TEST EQUIPMENT - 
I (Ooerat~onal Units Onlv) I 

Comm~ss ions /~ inde rs  ~ d e s  
CAL-COM SYSTEMS. INC. 

701-51A KINGS ROW, SAN JOSE, CALIFORNIA 95112 
Teleohanc 24 Hours 408/998-4444 

L 

"THE ELECTRONICS STORE" 
R M S  C O R P O R A T I O N  

675A GREAT ROAD (ROUTE 119) 
LITTLETON. MASS. 01460 

7400 SERIES I.C.'s MATRIC-KEYERS 
HUSTLER ANT. GOTHAM ANTENNAS 
VHF ENG. KITS - VHF-HT-144 - VENUS SSTV 

LARGE INVENTORY OF COMPONENTS I I 
1495 t o  Rte. 119, Groton Exit 19 

Album contains three 12" 
LP's 2% hr. Instructlnn 

THE EASY WAY! 
No 0ooks.To Read 
No Visual G~rnm~cks To 
Dtstrael You 
Just L~sren And Laarn 

Bared on modern psycholopiwt 
techn~ques-Th~s COUM wlll lake 
you beyond 13 w.p.rn. in 
LESS THAN HALF THE TIME! 

Avaolable on rnagnatic t a p  
59.95 - Caselie, S 10.95 

508 East Washington St.. Arcola, I l l i no i s  61910 

BINDERS 
for 

HAM RADIO MAGAZINE 
$4.50 each 3 for $12.00 

HAM RADIO, Greenville, N. H. 03048 

LOW PRICES 
ON POPULAR COMPONENTS 

IF FILTERS . Monol h ~ c  crystal  fi lters a t  10.7 and 
16.9 GH; . Ceramic fi lters a t  455 kHz 

SEMICONDUCTORS . VHF power transistors by  CTC-Varian . J and MOS FETS . Linear ICs - AM/FM IF. Audio PA . Bipolar - RF and AF popular types 

INDUCTORS . Molded chokes . Coil fo rms - with adjustable cores 

CAPACITORS . Popular variable types 

QUALITY COMPONENTS . N o  seconds o r  surplus 
Name brands - fully guaranteed . Spec sheets on  request 

GREAT PRICES . Price breaks a t  low quant i t ies . Prices below large mail-order houses 

WRITE FOR CATALOG 173 
AMTECH, INC. 
P. 0. BOX 624. MARION, IOWA 52302 

(319) 377-7927 or  (319) 377-2638 
i 
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Howard Sams announced increased prices for a number of their pop- 
ular books in December. Rather than immediately passing these costs 
along to you we made a large special buy before these prices went up. 

Now for the very last time you can get these popular titles at the 
lower 1974 prices. ACT NOW! Don't miss this great opportunity to save. 

RADIO HANDBOOK, 19TH EDITION 
by Wil l iam I. Orr, W6SAl 

Latest updated edition of the famous communi- 
cations handbook which is the electronics in- 
dustry standard for  engineers, technicians and 
advanced amateurs. Explains in authoritative 
detail how to  design and build all types of radio 
communicat ions equipment, RTTY circuits, latest 
semiconduitor and computer circuitry. 986 
pages; hardbound. 

Order 24030 

1975 PRICE $16.95 YOUR PRICE $14.95 
REFERENCE DATA FOR RADIO ENGINEERS 
A must  for any serious amateur. I n  45 chapters 
i t  covers not only every area of basic radio 
theory, but  also goes into such modern areas 
as micro-miniature electronics and space com. 
munications. Literally hundreds of charts. nomo- 
graphs and tables round out what is probably 
the most complete reference of this type. Sales 
of over 350.000 testify to i ts wide acceptance. 
1.196 Danes. hardbound. 

0rde.r 20678 

1975 PRICE $23.00 YOUR PRICE $20.00 

73 DIPOLE AND LONG-WIRE ANTENNAS 
by Edward M. Noll, WBFQJ 

This is the f i rst  collection of v ir tual ly every type 
of wlre antenna used by  amateurs. Includes 
dimensions, conf~gurat ions, and detailed con- 
struction data for 73 different antenna types. 
Appendices describe the construction of noise 
bridges, l ine tuners, and data on measuring 
resonant frequency, velocity factor, and SWR. 
160 pages. 

0rde; 24006 

1975 PRICE $4.95 YOUR PRICE $4.50 

HAM & CB ANTENNA 
DIMENSIONS & CHARTS 

by Edward M. Noll, W3FQJ 
This super handy booklet gives al l  the  dirnen. 
sions you need for amateur dipoles, verticals. 
beams, quads, inverted.vee's and other types 
of antennas. Includes numerous examples. Vital 
t o  any antenna experimenter. 

Order 24023 

1975 PRICE $2.25 YOUR PRICE $1.95 
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SOME OTHER LATE TITLES 

- %I 

from HAM RADIO 
The Radio Amateur's * v ~ a  iyv Handbook for 1975 

A. ARRL Staff 
4 . 1 The standard reference for the radio amateur. Covers 

everything from the basics to such new areas as FM 
and slow-scan TV. Theory and practice, it's all there. 
The largest selling technical book ever published. 

702 pages, softbound Only $5.50 
Order AR-HB 

NEW 1975 Callbooks -=.-- 
Buy Now for Maximum Value &%lI&pi 

The early bird really wins here. Now with the new an- .k % -'I 

nual editions of the CALLBOOK, the early buyer gets - - - WY- 

a full 12 months of the very latest information avail- - - 
able. New 1975 U. S. CALLBOOK lists over 275,000 

.--- & ezllkdjk, 
- - .E'Y P amateurs including almost 100,000 changes since the - --- - --- - - - ' %  

1974 edition. The DX CALLBOOK lists nearly 250,000 -&;- M 

amateurs in all countries outs~de of the USA. rc -- fi 
U. S. CALLBOOK FOREIGN CALLBOOK -- -- -- -- 

Order CB-US $12.95 Order CB-DX $11.95 - -- A, 
Please add f.75 per Callbwk for Postage and Handling 

IC Op-Amp Cookbook+.\ss 
by Walter G. Jung 

Sure to become one of the more important 
works in this field. this large new book really 
covers 0p.Amps in great detail. You will learn 
about general purpose and special purpose de- 
vices. You will be given many dozens of useful 
applications and circuits. Also included are data 
sheets for general purpose Op-Amps and a 
linear IC cross reference guide. 576 pages. 

Order 20969 $12.95 

TTL Cookbook 
b y  Donald E. Lancaster 

Another smash hit  from the author of the RTL 
Cookbook. The author gives you the background 
you need to best use these devices in  your 
projects. Great stress has been placed on the 
practical side making this an outstanding ex- 
perimenters book. 

Order 21035 $8.95 

order today from 

Ameco Code Courses 
On Cassette Tapes 
The famous Ameco Code Courses are now avail- 
able on tape in  standard cassette form. 
This new tape format will make Ameco code 
courses even easier to use. As an extra bonus 
each Ameco Cassette Code Course consists of 
nearly twice the material contained on the 
older records at only a slight increase in price. 

JUNIOR CODE COURSE 
Covers from start to 8 WPM 

Order 100-T $4.95 
ADVANCED CODE COURSE 

Covers from 8% to 18 WPM 
Order 103-T $4.95 

SENIOR CODE COURSE 
A double length tape covering the complete 
Junior and Advanced Courses start t o  18 WPM 

Order 102-T $8.95 
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~dverrisers v 
check-off 
. . .  for literature, in a hurry -- 

we'll rush your name to the companies 
whose names you "check-off" 
Place your check mark  i n  the space between 
name and number. Ex: H a m  Radio L/ 234 

INDEX 
A-5 .- 181 
ATV ' 
Adva 265 
Amsat - 220 
Amtech - 006 
Atlas - 198 

'Please contact th is  advertiser directly 

Limit 15 inqtriries per request. 

January 1975 
Please use before February 28, 1975 

Tear off and ma i l  t o  
HAM RADIO MAGAZINE - "check off" 
Greenvills. N. H. 03048 

NAME. ............................................................................ 

............................................ CALL 

STREET .............................................................. 

CITY .................................................................................................................. 

STATE. ....................................... ZIP ................................................... 

I A.5 Magazine 86 
ATV Research 74 

I Adva Electronics 86 
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Atlas 
Barry 
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Caddell Coll Corp. 70 
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Cush Craft  Cover II 

-. 
Dc 
D ~ g ~ c o m m  76 
Drake, Co R. L. 65. 74 

(er's Magaz~ne 90 
tta Slgnal, Inc. 80 
!ntron R a d ~ o  Co. 7 

68 
76 
76 
IV 

Eps~lon Recor 9 1 
Er~ckson Com 72 
Falr Radlo Sa 85 
G & G Radio Supply Co. 86 
General Av~at ion 66, 67 
Gregory Electronics 87 

HR Report 76 
Hal Communtcat~or~s Corp 48, 49 
Ham Radlo 75, 78, 91, 92, 93 
Hamtronlcs, Inc 74 
Heath Company 62, 63 
Henry Radlo Stores Cover 111, 71 

Janel Labs 
K E Electro 
K-Enterpr~ses 
KLM Electron 
Larsen Electronics 60 
Leland Assoc~ates 85 
Ll t t le Glant Antenna Labs 9 1 
Logic Newsletter 68 

72 
64 
90 
78 
74 
84 
9 1  

RP Electron1 80 
Radlo Amateur Callbook, Inc 64, 88 
Radlo Constructor 80 
Regency Electronics, Inc 78 

TPL Communicat~ons. Inc. 89 
Tri-Tek, Inc. 76 
T r~s tao  Tower Co 72 

VHF Engineer~ng, DIV. of 
BrownIan Elect. Corp. 

Vatu-Pak 
We~nschenker, M. 82 
World QSL Bureau 70 
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,#' 
Not just another 2 meter \( 

FM transceiver 

A total coverage , synthesized 
transceiver for  the FM enthusiast 

1 SIGMASIZER 200R 
- 1  

200 channel coverage of 146 - 148 MHz. , I 
' : 1 

I ! I Simplex or repeater operation. 1 

f 10 watt or I watt power output. 1 
I :  
, , Automatic high or low 600 KHz repeater offset (146-147 low; 147-148 i 

high). j 

' I I 
I Priority channel for instant selection at your favorite frequency. , 

I I ' , j "Performance dus" receiver utilizing fmnt-end selective resonators for OP i 
I I timum intermodulation rejection and both HI and LO I.F. filters for 
i 

I I 
I i maximum selectivity. 1 

1 1 1 Built-in tone burst- 

Plus many more exclttng features. 

t , 
Spec~flcat~ons subject to change without notice. Visit your dealer for details I 

\T/ YAESU or write for our new catalog. , 1 

All Yaesu products warranted , 
by the sellrng dealer Complete 

vAESu MUSEN USA INC. after-warranty servrce avarlable 

V m Paramount, Calrl 1 

1 
\ 7625 E. Rosecrans Avenue, Unit X29 Paramount, California 90723 (213) 633-4007 1 
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Bird From VHF Engineering 
We are oWicial distributors for  al l  B i rd  products HT ~~t 2 watts 4 ,-hanoel 2 meter trans. 
81rd Model 43 Wattmeters wlth e~ the r  N or celver kIt ~ ~ . 1 4 4 ~  w/l set xtals $129.95 
SO239 connectors 
2 t o  30 MHz Slugs. Spec~fy power. 

SIOooO RX 144C 2 meter recelver klt, .3pv sens 2 
f:: Eg watt a u d ~ o  

Most VHF Slugs Spec~fy Power TX 144 Transm~t t  

From Drake 
T4x-B, R4.B. A c  4 Trade-ln Specla1 HF Gear from Barry 
Drake T-4XC 
TR 22C Transcelver 

s58000 SABA/PT 10-80M So l~d  State Preamp Broadband 

Drake TR 4C Transcelver , 
w ~ t h  TR s w ~ t c h  use w ~ t h  rcvr or trans. $102.50 

Drake AC 4 Power Supply 
M ~ l l e n  92200 Transmatch $177 00 

Drake R-4C Recelver 
$120 O0 Famous Tr~ton- l l  by Ten Tec. Fully sol~d-state. 200 

Drake W-4 Wattmeter watt transcelver 5 bands - full  break In on 

Drake WV-4 Wattmeter $74 00 CW 
$669 00 

Drake MN.2000 Matching Network slOO 00 Ten.Tec 262 AC Power Supply with VOX $129 00 
Drake MN.4 Ma tch~ng  Network 

R389/URR 15 to  1500 kc. Manual or motor $ 'lo O0 tuned w ~ t h  d ~ g ~ t a l  readout. Very good $395 00 
M~l len.  So l~d  State D~pper  17.300 MHz Model 

VENUS 90652 $ 125 00 
Kenwood R.599a. Wlth accessories Wrlte 

SS-2, SLOW SCAN MONITOR - $349.00 Nye (Johnson) 52 ohm low pass fllter $19 50 
Nye Heavy Duty t ransm~t t lng Key $9 95 

C1, FAST SCAN/SLOW SCAN Nye 275 Watts Matchbox wlth relay $212 00 
CAMERA & CONVERTER - $469.00 

BARRY has Antennas 115 VAC Input - 12 VDC 4 amps O U ~  $29.95 
CushCraft A.147.22 $68 50 Same as above but regulated $47.95 
Savoy DGA-4075, 40.75 meter d~po le  $59 50 Model 108R - 115 VAC/13 6 VDC 8 amps 
Savoy DGA.2M $29.95 continuous 12 amps surge Regulated $69.95 
HyGaln I/, wave 2M grd plane for f ~ x e d  statlon 

$ I 3  O0 Tube Headquarters. Diversified Stock. Heavy 
CushCraft Blltzbug LAC.2 l lghtnfng arrestor. PL- Inventory of E~rnac tubes, chlrnneys, sockets, 
259 both ends g:,:: etc. 3.5002 or 34002 Specify $50.00 
LAC-1 PL.259 & SD.233 
B & W 376 5 pos l t~on grounding Protax coax ~ $ ~ ~ 0 °  swltch $17 95 
CushCraft A.147.4 $13 50 Tubes f 
CushCraft New Rlngo ARX-2 6dB $26 50 serv~ce. 
Hustler 4 BTV Vert~cal Antenna $ 79 95 
HyGa~n 18V 10-80 m. ver t~cal  $33 00 
HyGa~n EN86 Deluxe Balun $1595 
HyGaln 18 AVT/WB 10 80 meters ver t~cal  $97 00 
Newtronlcs CGT144 5 2  dB galn. Trunk I ld 
mount $39.95 loop. S~ngle Knob Control, Smart compact 
Gold Llne Slngle Pole. 5 posttlon coaxial swltch. styllng 
wall bracket or panel mount. 1 KW AM $17 95 

C.D. Ham II Rotator From Barry New Improved SAVE s20 $129095 Deluxe Headsets, Telex and others for ham radio 
or a u d ~ o  vlsual 600 ohms, vlnyl cush~oned: $9.99 

Wlth volume control $1 1.99 
FM.278 w ~ t h  PS.011. Trade-~n Speclal Wrlte 

Regulated Pwr Supply Kenwood 599A L ~ k e  new $395 00 
50ma. 150ma. 500ma. 1.5 amp wlth meter 2M Converter for 599A $ 25.00 

good $59 95 Speaker $15 00 
10 Volt Fil. Transformer. herm. sealed. 115 V Sold only wlth 599A 
50/60 cps. 11.2 vct, 3 1  amp 6H x 5 x 5 $14.95 Gonset 3063 2 Meter Amp l~ f~e r ,  bu~ l t - l n  P.S. 
FR.114U Freq. & Interval Counter, 20.1,000.000 Palr 826's. lOOw exclnt $175.00 
cycles, exclnt worklng cond $195 00 Standard 826MA Trade.~ns Wrlte 
Harnmarlund Dual Sect~on 320 Xm~t 'g  Capacl  Clegg FM.278. 146-148 Mc coverage. Fully syn. 
tor  $24 95 thes~zed 25 w out. Latest model. Wrlte o r  cal l  
B & W 850A PlNet Band switching Inductor for 031 Power Supply for FM.27B $89.95 
4-1000A, etc. $66.75 Col l~ns 152-J1 Phone Patch, good, removed from 
852 for 3-10002, 4CX.1000A $66 75 equlp wlth deta~led schematic $24.95 
CONSTANT VOLTAGE TRANSFORMER. lnput 115 DYCOMM Block Booster D" Kit. 10-15 watts In 
VAC ( 4  60 Hz output. 24 Volts ( 8  15 amps regu. 45.55 watts out contlnu0US Sale $59.95 
lated (plus or mlnus 1%) requlres 6 mfd. 660 DYCOMM B r ~ c k  Booster E" Kit 1-3 5 watts In  
VAC capac~tor  add $4.95 $60 value $14 95 ea 12-30 watts out 
Mallory UHF Inductuner, covers 50-250Mc MA 2 2 meter p 

$9 95 ea. Astat~c D-104 M 
SWR Br~dge  less meter py Automatic Electric. Astat~c UG 8 Sta 
To 800 Mcs. see July 74 CQ pg. 43 TNC - 
connectors, $90 value $ 10 95 BARRY BUYS UNUSED TUBES 
See Barry for thousands of unadvertised speclals Send Your List. 
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GROWS STRONGER 
YEAR BY YEAR 

When you buy a Henry Linear Amplifier, 
you buy quality, performance, reliability.. 
all the features that have made Henry 
amplifiers world famous. But most of all THE "WORKHORSE" 

you buy the integrity of the Henry name. The 2K-4 lonear ampl~f~er of- 
fers englneercng, construction 

Other brands have disappeared from the and features second to none. 
amateur scene...names that were familiar and at a prlce that makes 11 

to all amateurs. Now those companies the best ampl~f~er  value ever 
offered to the amateur Con- 

are gone and their equipment is  orphaned. 

But one name has grown steadily Ilfe of rellable servlce. 11s 
throughout the years. Today Henry am- heavy duty components allow 
plifiers stand preeminent throughout the 11 to loaf along even at full 

entire amateur world ... symbols of the legal power II you want to 
put that strong clear s~gnal on 

finest equipment you can buy. the alr that you ve probably 
Join the great family of happy Henry heard from other 2K users. 
amplifier owners. Treat yourself to the now 1s the time Move up to 

the 2K-4 Floor console or 
best. desk model $895 00 

ILK-ULTRA Small, rugged and rellable coverage from 80-10 meters $595 00 Henry o f fe rs  a l ~ n e  of superb com- 

~ ~ ~ t ~ ~ ~ ~ u , ~ ~ ~  ~ ~ I I O ~ ~ U ~ ~ h ~ ~ d  3 ~ - A  Superlor quality linear amplltier merclal high frequency ampllf lers 
components available, lncludlng a for commercial and military use Two lncludlng the 4K-Ullra and TK-4A 

paw of Elmac 8873 lubes w95 00 E~mac 3-5002 grounded q r ~ d  tr~odes. Channelized A m p l ~ f ~ e r  Also solld- 
three kilowatts PEP Input on SSB with state Vhf and Uhf a m p l ~ f ~ e r s  u p  to 

TEMPOlZWl Small, rel~able and Inex- eff~c~encies In the range of 60°0 PEP 120 w a t t s  
penslve Two Elmac 8874 grounded g r ~ d  output In excess o l  2000 watts Pro- 
tr~odes, lull kllowatt of output for SSB. v~des a power supply capable of fur- 'lease call Or write lor f"'' 

bul~t-ln so~ld state power supply, anten- nlshlng 2000 watts of continuous duty Gal Speclflcatlons Henry Amp'l- 
na relay, lnternal blower, relatrve RF input for R m  or CW with 1200 watts f lers are also avatlable at Select 
~ower ~nd~cator and full amateur band output $1150 M) dealers throughout the U.S. 



When you purchase your new TV transmitter with ElMAC's 8963 the new 25 
kW power triode, you benefit six ways: 1. The 8963 saves 1200 watts per 
hour in filament and screen power over a tetrode. That's over $250 a year 
in your pocket*. 2. The newdesign ripple fin radiator of the 8963 gives 
better and quieter cooling with reduced blower power requirements. 
3. The 8963's cool cathode and husky grid structure mean lower inter- 
nal temperature and increased reliability. 4. Simple triode circuitry 
reduces components and results in less downtime and failures. 
5. EIMAC's 3,000 hour warranty is a potential savings on t o m o m ' s  
tube replacement cost. 6. The 8963 gives you the gain and perform- 
ance of a tetrode with the economy and circuit stability of a triode. 

Put dollars in your pocket 
and enjoy improved trans- 
mitter reliability with the 
EIMAC 8963. For complete 
details, ask your TV equip- 
ment distributor or write 
EIMAC, Division of Vmian, 
301 Industrial Way, San  
Carlos, California 94070. Or 
contact any of the more 
than 30 Varian/EIMAC Elec- 
tron Device Group Sales Of- 
fices throughout the world. 

Q \d 
civlslon 
varlan 
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