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The 2K-4 linear amplifier offers engineering, construction 
and features second to  none, and at a price that makes it the 
best amplifier value ever offered t o  the amateur. Constructed 
with a ruggedness guaranteed t o  provide a long life of 
reliable service, its heavy duty components allow it to  loaf 
along even at full legal power. I f  you want to  put that 
strong clear signal on the air that you've probably heard 
from other 2K users, now is the time. Move up to  the 
2K-4. Floor console ..$995.00 
3K-A COMMERCIAL/MILITARY AMPLIFIER 
A high quality linear amplifier designed for commercial 
and military uses. The 3K-A employs two rugged Eimac 
3-5002 grounded grid triodes for superior linearity 
and provides a conservative three kilowatts PEP input on 
SSB with efficiencies in the range of 60%. This results 
in PEP output in excess of 2000 watts. In  addition, the 
3K-A provides a heavy duty power supply capable of 
furnishing 2000 watts of continous duty input for either 
RTTY or CW with 1200 watts output. Price ... $1395.00 

4K-ULTRA 
The 4K-ULTRA is specifically designed for the most 
demanding commercial and military operation for SSB, 
CW, FSK or AM. The amplifier features general coverage 
operation from 3.0 to  30 MHz. Using the magnificent 
new Eimac 8877 grounded grid triodes, vacuum tune and 
load condensers, and a vacuum antenna relay, the 
4K-ULTRA represents the last word in rugged, reliable, 
linear high power RF amplification. 100 watts drive 
delivers 4000 watts PEP input. This amplifier can be 
supplied modified for operation on frequencies up to  
about 100MHz. Price ... $2950.00 

TEMPO 6N2 
The Tempo 6N2 brings the same high standards of 
performance and reliability to  the 6 meter and 2 meter 
bands. Using a pair of advanced design Eimac 8874 tubes, 
i t  provides 2,000 watts PEP input on SSB or 1,000 watts 
input on FM or CW. The 6N2 is complete in  one compact 
cabinet with a self-contained solid state power supply. 

built-in blower and RF relative power indicator. Price ... $895.00 
TEMPO 2002 
The same fine specs and festures as the 6N2, but for 
2 meter operation only. ... $745.00 
TEMPO 2006 
Like the 2002, but for 6 meter operation. ... $795.00 

TEMPO VHFIUHF AMPLIFIERS 
Solid state power amplifiers for use in  most land mobile 
applications. Increases the range, clarity, reliability and speed 
of two-way communications. FCC type accepted also. 

LOW BAND VHF AMPLIFIERS (35 to 75 MHz) 
Tempo 100C30 Tempo 100C02 
Tempo 1 OOC 10 
HIGH BAND VHF AMPLIFIERS (135 to 175 MHz) 
Tempo 130A30 Tempo 80A02 
Tempo 130A10 Tempo 50A10 
Tempo 130A02 Tempo 50A02 
Tempo 80A30 Tempo 30A10 
Tempo 80A 10 Tempo 30A02 
UHF AMPLIFIERS (400 to 512 MHz) 
Tempo 70D30 Tempo 40D01 
Tempo 70D10 Tempo 25002 
Tempo 70D02 Tempo 10D02 
Tempo 40D10 Tempo lODOl 
Tempo 40D02 

TEMPO 1OOALlO VHF LINEAR AMPLIFIER 
Completely solid state, 144-148 MHz. Power output of 100 watts 
(norn.) w i th  only 1 0  watts (norn.) in. Reliable and compact ... $199.00 
TEMPO 100ALlOIB BASE AMPLIFIER $349.00 

please call or write for complete information. 

11240 W. Olympic Blvd., Los Angeles, Cal~f .  90064 2131477.6701 
931 N. Euclid. Anaheim, Cal~f. 92801 7141772-9200 
Butler, Missouri 64730 8161679-3127 
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/ @BW@B FIXED STATION FOUR BAND VERTICAL 
The 4-BTV is longer for greater aperature, larger in diameter for strength and 
bandwidth, heavier traps for precision and safety factor. Individually, each 
subassembly weighs more to collectively give you an antenna designed for 
convenience of assembly and installation, a wide margin in mechanical stability 
and far superior electrical performance. 

1 Lowesl SWR-PLUS! without damage to the aluminum tubing. 

Bandwidth at its broadest! SWR 1.6 to 1 or Guaranteed to be easiest assembly of any 
better at band edges. multi-band vertical. ' Hustler exclusive trap covers "Spritz" extruded Antenna has 96"-24 stud at top to accept RM-75 

1 to otherwise unattainable close tolerances or RM-75-S Hustler resonator for 75 meter 
assuring accurate and permanent trap operation when desired. 
resonance. 

Top loading on 75 meters for 
Solid one inch fiberglass trap forms for broader bandwidth and higher radiation 

optimum electrical and mechanical stability. efficiency! 

Extra heavy duty aluminum mounting bracket Feed with any length 50ohm coax. 
with low loss-high strength insulators. 

Power capability-full legal limit on SSB and 
All sections 1%" heavy wall, high strength CW. 

aluminum. Length 21 '5". 
Ground mount with or without radials; roof 

Stainless steel clamps permitting adjustment mount with radials. 

ov setting fof total band co&age! 
H U S T L E R  ANTENNA PROD- 40 THROUGH 10 METERS 
UCTS-for slxteen years--original 
designs-cmated and manufactured 
by American Ingenulty, labor and 
materials--used by communicators 
throughout the world. MODEL 
Hustler delgns are patented under 
one or more of the following 
asslgned to New-Tronlcs Corpora- 
tion: 3287732, 3513472, 341 9869, Available from all distributors 15 POUNDS 

3 8 7 3 9 8 5 ,  3 3 2 7 3 1  1,  3599214, 
3582951 who recognize the best! 

15800 commerce park drive, 

new mtronics corporation Exporter: bmkpa*0hi0M142 Roburn Agencies, inc.. New York, N. Y. 



Stay tuned for future programs. 

The HAL ST-6000 demodulator llshina different tone mirs. You can of codes. includina Baudot. ASCII - r -  - -  
lkeyer and the DS-3000 and DS-4000 s e l e c c ~ ~ o r  hard-limiting FM modes and Morse. fie po&rfi, &-.ram- 
KSRIRO series of communications of operation to accommodate differ- mable 8080A microprocessor IS In- 
terminals are designed to give you ent operating conditions. An internal cludedin the circuitry to assure maxi- 
superlative T7Y performance today monitor scope (shown on model mumflexibilityforyourpresent needs 
-and in the future. DS series termi- above) allows fast, accurate tuning. -and forthe future.The KSR models 
nals, for example, are re-program- The ST-6000 has an outstandingly offer you full editing capability. The 
mable, assuring you freedom from high dynamic range of operation. video display is a convenient 16-line 
obsolescence.Sophisticatedsystems Data 110 can be RS-23X. MIL-188C format, of 72 characters per line. 
all, these HAL products are attrac- or current l . These are some of the highlights. 
tively priced-for industry, govern- The D S - a a n d  DS-4000series of The full range of features and speci- 
ment and serious amateur radio KSRand RO terminals provide silent, fications for the ST-6000 and the DS 
operators. reliable, all-electronic l T Y  transmis- series of KSR and RO terminals 

The HAL ST-6000 operates a t  sionandreception,or read-only (RO) is covered in  comprehensive data 
standard shifts of 850, 425, and operation of different combinations sheetsavailableon request.Write for 
170 Hz. The tone keyer is crystal- them now-and tune in to the most 
controlled. Loop supply is internal. sophisticated TTY operation you can 
Active tiitersallowflexibilityin estab- have today ... or in the future. 

HAL Communications Corp., Box 365,807 E. Green Street 
Urbana, Illinois 61801 Telephone: (217) 367-7373 
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Interference on the amateur bands is something that most of us have learned to live with, at least to a 
certain extent, but in recent months I have noticed an increasing number of bad operating practices 
cropping up on our bands. Apparently other amateurs have been troubled, too, because I have received a 
number of letters on the subject. None of these practices is new, but they're more offensive because the 
bands are much more crowded than they used to be. Deliberate interference, tuning up on net frequencies, 
playing music, calling CQ without listening first, offensive language, incorrect identification (or no 
identification at all), using a kilowatt when 100 watts i s  adequate, talking crosstown on 20 meters instead 
of using vhf-fm -the l i s t  could go on and on. 

There's no question that our high-frequency bands are crowded, but deliberate and malicious inter- 
ference, and discourteous operating tactics, aren't going to relieve the situation, anymore than elbowing 
your way to the front of the checkout line at the local supermarket i s  going to get you anything more than 
a fat lip! In case you hadn't noticed, everything is more crowded today - the population has exploded, the 
expressways and turnpikes are jammed, homes are being built on smaller and smaller pieces of land, and 
even on the remotest trail of the high Sierras it's impossible to escape from the inevitable discarded beer can 
- practically everywhere you go you find a mass of humanity. It follows that we'll have more and more 
congestion on the amateur bands, but congestion doesn't mean bedlam. Zeroing your kilowatt on a QSO or 
local net is not going to make them move. Why not join them? They'd probably be glad to have you. 

Today, there is a net for almost every range of interest -they aren't restricted to handling traffic. Some 
of the groups that congregate on the bands are not really nets at all, but simply groups of hams who get 
together for a common purpose. There are DX nets, the county hunters, the early-morning groups on 75 
meters, and various single-frequency gabfests. There are technical nets, satellite operators' nets, EME round 
tables, vhf nets, and, of course, a multitude of local and intercontinental traffic nets, if traffic handling 
happens to be your forte. 

I f  you don't happen to care for net-type operation, fine; there are a good many amateurs who don't. On 
the other hand, if there weren't any nets, imagine what the QRM would be like. There are thousands of 
amateurs who congregate on particular net frequencies. Since they're a member of a net, they just "read the 
mail" a good deal of the time. If they didn't have the net, they would be calling CQ, fishing for a new 
county, or active in one of the horrendous DX pileups. So, when you hear a net in operation, don't use it 
for a tuneup frequency. Whether you know it or not, the most hedonistic of them will stand to handle 
emergency traffic if asked to do so. They a// do a service to the amateur community by minimizing 
interference with channelized communications. 

Deliberate interference and incorrect identification are only two of the bad operating practices you will 
find on any band you listen to. You can also hear any number of stations working cross town on 15 or 20 
meters when they should be on 75 or vhf fm. I have often copied W/K stations on 20 meters, running well 
over S9 in New Hampshire, working their neighbors. With modern linear amplifiers, it's a simple matter to 
turn off the big box when you don't need it. 

Why the big penchant for S9 signal reports, anyway, when you can maintain perfectly adequate QSOs 
with S6 or S7? You may need your linear for a long-haul DX QSO or for making initial contact, but once 
communication has been established, 95 percent of the time you can turn your linear off with absolutely 
no effect on the QSO. Owning a linear is a bit like carrying an umbrella to work every day - there are times 
when it 's a practical necessity, but just because you own one doesn't mean you have to use it a l l  the time. 

I've heard a lot of stations go QRT because of interference and poor operating practices. This i s  not the 
answer. If you hear an amateur on the air with a bad signal, not identifying properly, causing unnecessary 
interference, or being generally obnoxious, tactfully tell him about it. Most amateurs are gentlemen and will 
accept your suggestions with grace. 

And, when you go on the air the next time, use operating finesse instead of brute force. Strive to be a 
first-class operator and encourage your friends to do the same. Let's promote good operating on our bands 
- discourtesy breeds pandemonium. 

Jim Fisk, W1 DTY 
editor-in-chief 
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ICOM introduces the first of a great new wave of amateur radios, with 11aw >lying, 
new versatility, new integration of functions. You've never before laid eyes on a 
radio like the IC-211, but you'll recognize what you've got when you first turn the 
single-knob frequency control on this compact new model. The IC211 is fully 
synthesized in 100 Hz or 5 KHz steps, with dual tracking, optically coupled VFO's 
displayed by seven-segment LED readouts, providing any split. The IC-211 rolls 
through 4 megahertz as easily a s  a breaker through the surf. With its unique ICOM 
developed LSI synthesizer, the IC-211 is now the best "do everything" radio for 2 
meters, with FM, USB, LSB and CW operation. 

The IC-211 is so  new that your local dealer is still playing with his demo. Just 
hang in there and you can grab this new leader for yourself. ICOM's new wave is 
rolling in. 

Frequency Cwenge: 144 to 148 Mhz SekdvHy: SSB f 2.4 KHz a less at -6Odb Powu Supply: Internal, 11N AC w 13.8V DC 
Synthesizer: LSI based 100 Hz or 5 KHz PLL. FM i 16 KHz w less at -60db Power Output: 10W PEP (SSB). 10W (CW. FM) 

using advanced techntques SensHlvHy: SSB 0.25 uv lOdb SlNAD Size: 1 1  lmm H x 241rnm W x 264mrn D 
Modn: SSB (A3.J). FM (F3). C W  ( A t )  FM 0.4 uv for 2Wb 0 S. Weight: 6 8 kg 

ICOM WEST. INC. ICOM EAST. INC. ICOM CANADA 
Su~le 3 Sulle 307 7087 V~ctor~a Dr~ve 
13256 Northrup Way 3331 Towerwood Drive Vancouver B C V5P 3Y9 
Bellevue. Wash. 98005 Dallas. Texas 75234 Canada 
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"HAM RADIO HORIZONS," a new Amateur Radio magazine aimed primarily at the newcomer, 
has been announced by Ham Radio and will be introduced in January. Editorially the new 
publication will be direct-ward the beginning Amateur, with low level technical 
articles plus general interest features for Amateurs and SWL enthusiasts at all levels. 
As an attraction to potential Amateurs, some CB and SWL coverage will also be included 
with the expectation that readers seriously interested in those fields are very good 
Drospects for conversion to Amateur Radio. 

very Broad Market penetration will be a feature of Ham Radio's new publication. 
Promotion in a variety of non-Amateur Radio media is planned and em~hasis will be on 
wide distribution far-beyond the usual radio store outlets. Since it will be written 
for and by Amateurs, its content will appeal to most Amateurs, old timers as well as 
Novices, but its primary goal is to attract new Amateurs and encourage their progress 
up through the Amateur ranks. 

Subscriptions To Ham Radio Horizons are now being accepted at $7.00 per year; after 
Januarv 1st the cost for a one-vear subscri~tion will increase to $10.00. 

~am'~adio Horizons Already H ~ S  a good baLklog of technical articles but it is looking 
for good fiction. humor. and other non-technical contributions. Prospective authors 
shouid contact  om ~ c ~ u l l e n ,  WlSL, Managing Editor, Ham Radio ~orizon's, Greenville, 
New Hampshire 03048. 

FIRST U.S.-BERMUDA TWO METER CONTACT was made by WlNU/VP9 and KlHTV September 14th 
at DlOOZ! Alerted to a potential opening by the AMSAT Net, Vic and hopeful stateside 
two-meter DXers moved to-144.090  and within moments the historic contact began. Vic 
next worked KlWHS, and before the evening ended 30 more stations, from Maine to Pennsyl- 
vania, at least one running only 100 watts to an 11-element beam, had made it across 
the Atlantic to Bermuda. 

FCC LICENSE TIMES continue to improve, with some Amateurs receiving theirs in as 
little as six weeks while most CB tickets are showing up in just over half that time. 
Applicants whose licenses don't arrive in a reasonable time might check with their 
banks - John Johnston said in Hawaii that FCC is getting about 300 rubber checks each 
week, but very few from Amateurs! 

AN UNLICENSED CW OPERATOR can operate an Amateur station under a current interpreta- 
tion of the rules. However. it must be with a control operator present and the un- 
licensed operator's transmissions logged and recorded as- third pHrty traffic 

A TVI-LESS TELEVISION SET is to be built by Texas Instruments under contract from the 
FCC, according to FCC Chiei Engineer Ray Spence. The experimental set will provide 
graphic demonstration that TVI is not all the fault of the transmitter. Consumer com- 
plaints have shifted recently, however, and audio component systems have now become more 
of a problem than TV receivers. 

PLANNING FOR WARC 79 is still very much in the news. Amateur Radio, as defined by 
Article 41, will not be discussed at the 1979 Geneva Conference - the proposed agenda 
includes only ~ r t m e  5, the international frequency table. We will face problems - our 
own broadcasters want parts of 40, 75, and 160, and now the Canadian DOT wants to make 
1605-4000 kHz all maritime and the CBC wants to shove 40 meters down to 6800-7100 kHz 
so 7100 and UD can be devoted to international broadcast! 

Clearly MO;~ Supportive Work needs to be done, both with our own government and with 
other governments friendly to the Amateur Radio Service. 

THE "PERSONAL COMMUNICATIONS RESEARCH ASSOCIATION" was formed in Los Angeles in early 
September by ten legal people who met in Jon Gallo's (WA6PTM) law offices. The non- 
profi: organization, eventually to become the "Personal Communications Research Insti- 
tute, will be a coordinating body for attorneys who find themselves in legal conflicts 
involving the personal communications field, primarily Amateur Radio and Citizens Band. 

Tower Restrictions, anti-TVI/RFI ordinances, and dealings with various governmental 
agencies will be the foundation's prime concerns. If funding permits, it would also 
sponsor major research studies supporting the concept of personal communications. 

Long Term Support will be sought from both industry and individuals but start-up 
costs are being borne by the organizers. All are Amateurs (half with CB Aicenses) with 
experience in helping support the concept that Amateur and CB radio is a reasonable 
and proper" use of an individual's home. 

10,000 MHz DX RECORD was broken by two U.K. Amateurs in August when G4BRS in Cornwall 
worked GM30XX in Edinburgh, a distance of 323 miles (521 km). Despite the much larger 
U.S. Amateur population, the U.K. and other European countries seem to be much more 
active on 3 cm and other Amateur microwave bands. 
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I f  the amplifier you're thinking of buying doesn't deliver a t  least 1000 to 1200 watts output, to the antenna, 
you're buying the wrong amplifier. 
Our New Super Amp is  sweeping the country because hams have realized that the Dentron Amplifier will 
deliver to the antenna, (output power), what other manufacturers rate as input power. 
The Super Amp runs a full 2000 watts P.E.P. input on SSB, and 1000 watts DC on CW, RTTY or SSTV 
160 - 10 meters, the maximum legal power. 
The Super Amp is  compact, low profile, has a solid, one-piece cabinet assuring maximum TVT shielding. 
The heart of our amplifier, the power supply, is  a continuous duty, self-contained supply built for contest 
performance. 
We mounted the 4 - 81 1 A's, industrial workhorse tubes, in a cooling chamber featuring the on demand 
variable cooling system. 
The hams at Dentron pride themselves on quality work and we fight to keep prices down. That's why 
the dynamic Dentron Linear Amplifier beats them all a t  $499.50. 

The No-nonsense Amplifier Radio Co.. Inc. 
2100 Enterwise Pakway - -~ 

~ .- 
Twinsburg. Ohio 44087 a t  a NO -Nonsense Price $499.50. 21,425-373 
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wideband 
rf autotransformers 

Design data for 
broad band impedance 

transformers 
using a single core 

The use of transmission-line transformers wound on 
toroidal forms has become very popular in the last few 
years. These transformers serve many useful purposes, 
probably the most common being the transformation of 
balanced to unbalanced circuits and vice versa (baluns) 
over a relatively wide bandwidth. They were first de- 
scribed by G. Guane1la.l The basic paper on the subject 
in this country was written by Ruthroff.* 

Transmission-line transformers are restricted, how- 
ever, as to available impedance transformation ratios and 
circuit configurations. Some of these restrictions can be 
relaxed by using an autotransformer instead of a trans- 
mission-line transformer, for although the construction 
techniques for the two types of transformers are similar, 
there are some very subtle differences in their operation, 
design, and application. 

The purposes of this article are to point out the 
differences between transmission-line transformers and 
the more conventional autotransformers, and to give 
some design considerations for autotransformers. Auto- 
transformers have many applications that can't be 
realized with transmission-line transformers, such as un- 
bal anced-to-unbalanced or balanced-to-balanced im- 
pedance transformations, or impedance transformation 
ratios other than an integer squared. Some impedance 
transformation ratios that can be obtained with trans- 
mission-line transformers by using multiple cores can be 
obtained with a single core by using an autotransformer. 

transmission-line transformers 
The distinguishing feature of the transmission-line 

transformer is that the "winding" i s  composed of two 
conductors with equal and opposite currents flowing in 
each conductor, as in a balanced transmission line. The 
net magnetizing ampere-turns in the core is zero. 
Because of this, there is considerable difference in the 
means by which energy is transformed between the 
input and output circuits for a transmission-line trans- 
former and an autotransformer. 

This article was originally published in the February 2, 
1976 issue of Electronic Design, and is  republished here 
with the permission of the editor. 

I Quoting from reference 3 in describing a transmis- 
sion-line transformer, "the inductance of a conductor is  

1 directly proportional to the relative permeability of the 
I surrounding medium. A high permeability material 

placed close to the transmission line conductors acts on 
the external fringe field present and can magnify the 

1 inductance appreciably and thereby provide lower cutoff 
frequency. There is no influence upon internal magnetic 
fields nor upon the characteristic impedance of the line. 
The power transferred from input to output is  not 
coupled through the ferrite material, but rather through 
the dielectric medium separating the transmission line 
conductors. This i s  an important concept for design. 
Relatively small cross-section ferrite material can per- 
form unsaturated at impressively high power levels. In 
contrast to this, conventional transformers couple power 
from primary to secondary entirely through a high 
permeability core which must be chosen to suitably 
carry the total power without saturating." 

With the autotransformer, the permeability of the 
core and the number of turns determine the low- 
frequency response, while the high-frequency response 

f lg. 1 . Basic autotrans- 
former circuit used as a 
step-down devlce, In thls 
appllcatlon Zi, = k2z, for 
k between zero and 1. 
where Zi, and Zo are input 

to the common terminal. 

and output (load) impedances and k Is the tap location, 
expressed as a fraction of the total number of turns referenced 

of these transformers is obtained by very close coupling, 
both capacitively and magnetically, between the 
windings. This i s  obtained by the twist. 

autotransformers 
The basic autotransformer circuit i s  given in fig. 1. 

When the transformer is used as an impedance step-down 
device, the relationship between the load impedance and 
that presented to the input terminals is given by 

zin = k 2 z o  (1) 

where 2, is the load or output impedance 
Zi, i s  the impedance presented to the input 

terminals 
k i s  the location of the tap (stated as a fraction 
of the total number of turns referenced to the 
common terminal). 

By John J. Nagle, KQKJ, 12330 Lawyers Road, Hern- 
don, Virginia 22070 
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f i g .  2 .  Transmission-line transformers for unbalanced-to- 
unbalanced loads. A and 6 are for 9:l and 16:l transformation 
ratios respectively. (Data is from reference 3). 

When using transmission-line transformers, it's necessary 
to have two identical windings. The tap must be placed 
at the center, giving a four-to-one impedance transforma- 
tion. This case has been well covered in the literature 
and will not be considered further. Unfortunately, im- 
pedance ratios other than four-to-one are frequently 
required, and methods of obtaining both integral and 
nonintegral impedance ratios are not so well known. 

unbalanced-to-unbalanced loads 
Pitzalis and Couse3 give circuits for obtaining 9:l and 

16:l impedance ratios for unbalanced-to-unbalanced 
loads. These circuits are shown in figs. 2A and 2B 
respectively. The 9: 1 transformer requires two cores, 
while the 16:l unit requires three cores; in these circuits, 
there is  one bifilar winding on each core. 

Because of the requirement for equal and opposite 
currents in the windings, transmission-line transformers 

are restricted to impedance ratios of ( + ) 2 ,  (-:j2, ( - F ) 2 .  

. . ( T ) 2  where n i s  an integer. In general, the impedance 

transformations available with this type of circuit are 

fig. 3. Method for extending the impedance-transformation ratio 
of an unbalanced-to-unbalanced transformer from 4 : l  to about 
6:l (after Krause and Allen, reference 4).  

given by 

impedance ratio = (N, + 1)' (2) 

where N ,  is the number of cores 

Impedance transformation ratios other than those ob- 
tainable from transmission-line transformers are f re- 
quently required, and so the autotransformer must be 
considered. Krause and Allen4 have given an interesting 
method for extending a 4: 1 transformation ratio to 6: 1. 
After the usual bifilar winding is  wound on the core, a 
third winding is wound over the original winding, as 
shown in fig. 3. The length of this winding is given by 

L ~ = L [ S W ~ ]  (3) 

where L3 i s  the length of the third winding 
RL is the load resistance 
L is the length of the bifilar winding 
Rs is the source resistance 

If impedance transformations greater than about 6: 1 are 
attempted, bandwidth reductions may occur. 

fig. 4. Autotransformer using a trifilar winding 
gives impedance step-up ratios of 1 :9/4 or 1 :9, 
depending on which tap is used. 

The addition of this third winding changes the device 
from a transmission-line transformer to an autotrans- 
former, since the tertiary winding has no conductor to 
carry an equal and opposite current. Care must be taken 
to ensure the core does not become saturated by the 
unbalanced current flow. 

The characteristic of transmission-line transformers 
cited previously is also evident from fig. 2; in a true 
transmission-line transformer, the current flow must be 
equal and opposite in the two conductors on the core, 
just as in a transmission line. Many of the devices one 
sees parading as transmission-line transformers, including 
some to be described later, are not true transmission-line 
devices but are simply broadband transformers of the 
autotransformer variety. 

It's possible to obtain transformation ratios of other 
than 4:l  by autotransformer techniques; these have the 
further advantage that only one core is needed. If a 
trifilar winding is made by tightly twisting three separate 
conductors together to form a single winding and the 
three conductors connected in series aiding, the circuit 
of fig. 4 results. This gives impedance step-up ratios 01 

1 :: or 1 :9, depending on which tap is used. This device 
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i s  of the autotransformer type and is  not a transmission- 
line transformer since the currents are not equal and 
opposite through the individual conductors, although 
the construction techniques are similar and the band- 
widths obtainable appear to  approach those of a trans- 
mission-line transformer. 

Going one step further and using a quadrifilar 
winding, impedance step-up ratios of 1 : (3/4)2, 1 :(1/2)2, 
and 1 :(1/4)2 can be obtained, as shown in fig. 5, thereby 
increasing the flexibility afforded the circuit designer. 
I t ' s  difficult to say how much further the process can be 
continued, but the possibilities appear limited by the 
number of wires it's practical to put on a core. It should 
also be expected that the usable bandwidth will decrease 
as the number of windings increases. 

The type of construction just described has the 

fig. 5. Autotransformer with a quadrifilar winding will give 
step-up ratios of 1 ~ ( 3 / 4 ) ~ ,  1 : ( 1 / 2 ) ~ ,  and 1 :(1/412. 

advantages of accuracy and convenience. As broadband 
rf transformers of the type described have only a very 
small number of turns, it's difficult to place a tap accu- 
rately. With the transformers to be described, the avail- 
able transformation ratios depend only on the number 
of windings put on a core, so that miscounting a turn or 
two won't cause an error. The total number of turns can 
be selected to obtain the required inductance. The 
arrangement is convenient because the taps are placed at 
the junction of two windings, which is easily accessible. 
A further advantage is that the impedance transforma- 
tion ratios available are the square of a rational number 
instead of the square of an integer, as with transmission- 
line transformers. 

balanced-to-balanced loads 
In the preceding material we've assumed the un- 

ba l a n ced-to-unbalanced case. When three or more 
windings are put on the same core, as in figs. 6 or 7, the 
transformer may also be used for balanced-to-balanced 
impedance transformations. A three-winding core is 
shown in fig. 6 which will give an impedance ratio of 
0.1 11:l; a four-winding core will give an impedance 
ratio of 0.25:l; see fig. 7. An advantage of using an even 
number of windings i s  that the center tap may be 
grounded. 

IBALANCEDJ i ZL 

fig. 6. A trifilar-wound transformer that provides a balanced-to- 
balanced impedance transformation of 0.1 1 1  : l .  

I t 's  desirable to be able to  determine early in the 
design stage whether a given impedance transformation 
can be obtained with an n-filar winding with taps at the 
junctions or whether a tapped winding must be used. 
The following slide-rule algorithm will easily determine 
this: 

Assume it's desired to match a 50-ohm coaxial cable 
to a 72-ohm load using an autotransformer. Set 50 on 
the A scale of a slide rule opposite 72 on the B scale. 
Now scan the C and D scales for two integers that line 
up; notice that 6 on the C scale i s  opposite 5 on the D 
scale (fig. 8). This indicates that a hexifilar winding 
connected across the 72-ohm load, with the 50-ohm 
cable connected between the fifth and sixth winding, 
will be required as shown in fig. 9. A resistive pad used 
to obtain the same impedance match would require a 
loss of 5.7 dB. 

The same procedure may be used for balanced lines 
except that in scanning the C and D scales of the slide 
rule, it's necessary to look for integers separated by two 
or any other even number. For example, let's say we 
wish to match a 383-ohm balanced line of AWG 18 
( lmm) wire spaced % inch (12.5mm), such as open-wire 
TV line, to 200 ohms balanced (200 ohms was chosen 
since it's the impedance obtained in going from %-ohm 
coax through a 4: 1 balun). 

fig. 7. A balanced-to-balanced impedance transformation of 
0.2S:l may be obtained with a quadrifilar winding. The center 
tap may also be grounded. 
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fig. 8. Slide-rule algorithm for determining the turns ratio for 
matching 50 ohms to a 72-ohm load. Impedance ratios on the A 
and B scales show that the turns ratlo should be 5:6 (C and D 
scales). 

After setting 200 on the B scale opposite 383 on the 
A scale, we note that the closest integers separated by 
two are 7 on the D scale opposite 5.05 on the C scale 
(fig. 10). Because only integral numbers are allowed, an 
exact match can't be obtained. I t  is therefore necessary 
to move the slide slightly so that 5 and 7 are aligned on 
the C and D scales. This puts 200 on the B scale opposite 
390 on the A scale, and will give a vswr of 3901383 = 
1.02:l (this may or may not be acceptable, depending 
on the application). At any rate, it's the best that can be 
done with an n-filar winding. If a better match is re- 
quired, a tapped winding must be used. The circuit i s  
shown in fig. 11. 

A note of caution is  necessary in applying this algor- 
ithm. Make certain that the proper side of the A and B 
scales is used in setting up the impedance ratio. In the 

impedances were in the decade between 100 and 1000, 
so that in both cases the same half of the A and B scales 
would be used. If, on the other hand, you re trying to 
match 75 to 120 ohms (both unbalanced), you should 
use 75 from the left-hand side of the A scale with 120 
from the right-hand of the B scale and obtain 5.05 over 
4 on the C and D scales. If you mistakenly set 75 on the 
left-hand A scale opposite 120 on the left-hand B scale, 
the result would be 2 over 5 on the C and D scales, 
which is  incorrect. This is shown in fig. 12. 

I believe the above algorithm using a slide rule is more 
convenient to use than trying to calculate an exact turns 
ratio on a pocket calculator, even a programmable type. 
A slide rule can tell you at a glance the possible com- 
binations that will give the desired turns ratio and how 
close it's possible to come if there are no exact ratios. 

fig. 10. Slide-rule Setup shows a turns ratio of 5:7 will match 200 
to 383 ohms (approximately). both balanced to ground. 

first example above, both impedances were in the decade 
between 10 and 100, while in the second example both 

Also the more common four-function calculators won't 
square nor extract square roots, which you'll need to go 
from turns ratio to impedance ratios, or vice versa. 

core configuration 

fig. 9. Hexifilar winding on an autotransformer for matching a 
72-ohm load to a SO-ohm transmission line. Circuit illustrates the 
tap placement in the example of fig. 8. 

One of the important parameters in the design of a 
successful wideband rf transformer i s  the core shape. 
Most neophytes in transformer design, including me, 
begin by using toroids, probably from tradition. Toroids, 
however, are seldom the best choice. We will, therefore, 
discuss the subject of core shape briefly; the following 
material was taken from references 5 and 6. 

The factors limiting the high-frequency response of a 
transformer are leakage inductance and winding capaci- 
tance; these factors suggest a winding that has as few 
turns as possible. On the other hand, the low-frequency 
response is limited by the available shunt inductance, 
and this suggests that a large number of turns may be 
necessary to meet the low-frequency specifications. I t  is 
therefore of considerable practical interest to find a core 
shape that will maximize the shunt inductance while 
minimizing the leakage inductance and shunt capacity, 
and to rate various core shapes numerically on this basis. 

november 1976 13 



Such a number is called the form factor and is defined as *--, .,.. .,.- . 7- 

lu, 4, form factor = -- 
A ,  

where I , ,  is length of one complete turn of wire 

I , .  is effective length of the magnetic circuit 

A,, is effective cross sectional area of the core 

All the above factors must be in the same units, usually 
millimeters. The smaller the form-factor number, the 
more desirable the core for high frequency, broadband 
transformer use. 

In most core manufacturers' literature, the quotient 
l,.YA,, i s  given its own symbol, usually C 1 ,  so that 

form factor = !,,,CI (5) fig. 12. YOU must watch the slide-rule scale settlngs carefully or 
errors will result. This example shows the slide rule set to the 
wrong half of the A or B scales, which gives an incorrect turns 

383 LUMS 
(NOMINAL I 

ratio for matching 75 to 120 ohms. 

1 
The factor C, i s  given by Snellings as 

2,. m W M S  
(WHEN 21 - 390 OHMS1 

The objective is to minimize the product l,,,C, ; this can 
be done by minimizing either or both factors. C, can be 
decreased by either increasing d 2  or decreasing d l .  How- 

11 2 ever, when the ratio - 3- 1, increasing d2  increases I,,, 
1 

far more than a proportional decrease in d l  so that it's 
desirable to make d l  as small as possible. As only a few 
turns of wire are used for most broadband rf trans- 
formers, the inner diameter can usually be reduced to a 
very few millimeters. This results in a toroidal form 
quite different in shape from the usual toroid and is 
more often referred to as a bead. 

There is  a practical limit, however, as to how far the 
form factor may be reduced in this manner. Further 
improvement can be made by placing two toroids edge 
to edge, as shown in fig. 13, and threading turns through 

fig. 11. A 7-winding autotransformer for matching 
a 200- to 383-ohm load. 

It's of interest to consider briefly the form factor for a 
toroid and various ways to minimize it. This will lead to 
a more optimum core shape. A detailed discussion is 
given in reference 6, pages 265-267. 

The length of a single turn of wire, I,,, , for a toroid is  
given by 

I,,, = d 2  - d l  + 2h (6) 

where d2 and d l  are the outer and inner diameters of 
the core respectively 

11 is the axial length (height) 

table 1. Form factors for comm0nlY used toroid and balun core sizes. 

core 
shape type A 

1 0.525(13.3)  
1 0 .277(7.0)  
1 0 .136(3.5)  
3 0 .250(6.4)  of 3 

0.250(6.4)  
4 0 .284(7 .2 )  

TYPE 3 3 0 .220(5.6)  

5 0 .380(9.7)  

nominal dimensions, in. (mml 

B C D 
0.295(7.5)  0 .407(10.3)  0 .225(5.7)  
0 .160(4.1)  0 .244(6.2)  0 .1  14(3.6)  
0 .079(2.0)  0 .093(2.4)  0 .057(1.4)  
- 0.242(6.1)  O.lOO(2.5) 
- 0.471(12.0)  O.lOO(2.5) 
- 0.218(5.5)  0 .104(2.6)  
- 0.250(6.4)  O.OgO(2.3) 
- O.lgO(4.8) - 

form 
factor 
13.0 
14.3 
14.0 

9.5 
8.8 
8.8 
7.8 

29 .0  

TVPE I 

nominal dimensions, in. (mm) 
A B C 

form 
factor 

TVPE 4 
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the two holes. In practice, a single core would be used 
having the shape shown in fig. 14. This type of core is 
often referred to as a balun core. A disadvantage of this 
core shape is that each turn must be threaded through 
two holes, but since the number of turns is small, this 
isn't a serious limitation. Table 1 gives the form factor 
for various commonly used toroid and balun core sizes. 
This data was taken from reference 5. From this table, i t  
can be seen that the balun shape has a lower form factor 
than the toroid. 

low-frequency response 

The design of wideband autotransformers is similar to 
that of transmission-line transformers. Although both 
are relatively straightforward, some compromises must 
be made from a practical standpoint. For the autotrans- 
former, the desired low-frequency response determines 
the number of turns and the size of the core. The 
low-frequency response will be down 3 dB at a fre- 

fig. 13. Placing two toroid cores side by side 
gives a better form'factor than a single toroid. 
The winding is through the two holes. 

quency, f l ,  when the primary reactance is equal to the 
total shunt resistance. The shunt resistance is the parallel 
combination of a) the load impedance referred to the 
primary, b) the parallel equivalent of the generator 
resistance, and c) the transformer losses expressed as a 
shunt resistance across the primary. These are shown in 
fig. 15. This will occur when 2 r f 1 L p  = R C J q  where Kc,q is 
the parallel combination of the load, generator and loss 
resistances referred to  the primary. Solving for Lp gives 

The response will be down 1 dB at a frequency 3fi. 
Most core manufacturers publish a factor, A L ,  which 
gives the inductance per turn (or per turns squared) or 
per hundred turns. In the megahertz region, AL varies 
with frequency so this factor is usually presented as a 
curve. A L  should be chosen for the lowest frequency of 
interest. Using this factor and the inductance found 
from eq. 8, the required number of turns can be calcula- 
ted. If it's not possible to wind the desired number of 
turns on the selected core, it will be necessary to use a 
larger core or a core with a higher permeability, thereby 
requiring fewer turns. Where wide temperature variations 
are possible, cores with high permeability should be 
avoided, as these cores also have a higher temperature 
coefficieqt than cores with lower permeability, which 
may cause problems at the temperature extremes. 

high-frequency response 
The high-frequency response is a different problem. 

In general, to maintain good high-frequency response, 
the number of turns should be as small as possible. Thus 
some juggling is necessary among the number of turns, 
core permeability, and core size and shape. 

fig. 14. A balun core as devel- 
oped from two toroidal cores 
placed side by side. 

design example 
Transformers of this type are not difficult to wind. If 

you've never tried winding one before, you may have to 
wind two or three before you get one you like, but keep 
trying; analyze your deficiencies in light of the above 
material. When you find the right combination, you'll 
probably be pleasantly surprised at the performance of 
the transformer. 

We'll close this discussion with a sample design. Let's 
say we want to transform approximately 5.5 ohms to 50 
ohms over a frequency range of 2 to 50 MHz; the 
maximum power level will be 0 dBm. 

The impedance transformation ratio is approximately 
9:1, so a trifilar winding is required: 4 9  = 3. With the 
relatively low power requirement, a small core is accept- 
able. I chose a Fair-Rite Products core no. 2843002802 
on the basis that i t had the smallest form factor. The 
number of turns to wind on the core is easily deter- 
mined: To keep the transformer losses low, the mini- 
mum impedance presented to the lowest-impedance tap, 
with the secondary open circuited, should be approxi- 
mately five to ten times that presented to the same 
terminals with the secondary loaded with its rated 
impedance. Since impedance presented to the lowest- 
impedance tap will be about 5.5 ohms when the total 
winding is loaded with 50 ohms, the impedance 
presented to the lowest-impedance tap with the load 
open circuited should be about 25 to 55 ohms. This 
calculation should be made at the lowest rated fre- 
quency of the transformer. When made for the lowest 

Reg - mRALLEL COMBINATION 
OF R,, . R, . Rraro 

7- 
N . TRANSFORMER TURNS RATIO 

fig. 15 .  Derivation of the autotranformer primary inductance in 
terms of the total shunt resistance, which is the parallel combina- 
tion of a) the load impedance referred to the Primary, b) the 
parallel equivalent of the generator resistance, and c) transformer 
losses expressed as shunt resistance across the primary. 

november 1976 15 



fig. 17. Response of the transformer shown -2,. - 
D 

i n  figs. 4 and 16. Load was a 5.6-ohm rals- 
tor across the lowest-lmpedance tap. Trans- 

\. ---. - -. 
former input was from a 50-ohm generator. -. - -0 

Output voltage i n  dB below 0 dBm and - -20 
secondary winding phase shift are shown. - %i.TAm - SHIFT f \. 

\ --3o 2 
--40 2 

\, v 
--so 8 

I b. 

impedance tap, this calculation will determine the 
number of trifilar turns. 

From the core manufacturers' literature for the core 
used, one turn will give a parallel impedance of about 30 
ohms at  2 MHz, so that the transformer will require one 
(trifilar) turn. The three strands will be connected in 
series aiding. The circuit is shown in fig. 4 and a photo 
of the completed transformer is given in fig. 16. Fig. 17 
shows the voltage across a 5.6-ohm resistor connected 
across the lowest-impedance tap when the transformer is  
driven from a %-ohm generator. The measurements 
were made with a Hewlett-Packard 8405A Vector Volt- 
meter with a reference channel connected to the trans- 
former input and the slaved channel connected across 
the load impedance. 

The generator output was set to 0 dBm into a 10-dB, 
%-ohm resistive attenuator. The left-hand ordinate in 
fig. 17 gives the output voltage in dB below 0 dBm. As 
the transformer has a 3: l  voltage step-down ratio, the 
output voltage would be expected to be -19.54 dB 
(-9.54 - 10 dB) below the input to the 10dB pad 
(disregarding the impedance change). The right-hand 
ordinate gives the secondary voltage phase shift in 
degrees. 

From fig. 17 it can be seen that the output i s  con- 
stant within a few tenths of a dB from 1 to 100 MHz. 
While this bandwidth is not as great as that obtained 

fig. 16. Photo of the transformer design shown in  fig. 4. Small 
size Is key t o  good high-frequency response. 

with transmission-line transformers, an impedance trans- 
formation ratio of 9: 1 is obtained with one core and 
other impedance ratios are conveniently available, 
making the transformer useful for many applications. 

summary 
The n-filar broadband autotransformer using only a 

single core gives greater flexibility than is possible with 
transmission-line devices, thereby achieving greater 
economy. Furthermore, autotransformers can be used in 
either balanced-to-balanced or unbalanced-to-unbalanced 
applications. While the autotransformer as described 
above may not be a cure-all for a circuit designer's 
problem, it certainly is  a versatile component in his bag 
of tricks. 

Those interested in experimenting with wideband 
transformers or baluns may obtain an assortment of the 
various cores shown in table 1 from Fair-Rite Products 
Corp." 

'Fair-Rite Products Corporation, Walkill, New York 12589. 
Price: $10.00 postpaid. 
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400% MORE RF POWER SUPER LOGARITHMIC 
PLUGS BETWEEN YOUR MICROPHONE AND TRANSMITTER SPEECH PROCESSOR 

Up To 400% More RF Power is 
y o u r s  w ~ t h  t h i s  p lug-~n u n i t .  S~mply , plug the MFJ Super Logar~thmic 
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phonea or connect between audlo stage for 
speaker opmtion. - 

Selectable BW: 80, 110. 180 Hz 60 dB down 
one octave from center freq. of 750 Hz for 80 Hz 
BW Reduces noise 15 dB 9 V battery 

2-3116 x 3-1 14 x 4 in. CWF-?PC. wired PC 
board. $18.95 CWF-PPCK, kit PC board $15.95 

. . - f  $4995 

SBF-2BX SSB Filter 
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CPO-555 Code Oscillator 

Clearly copy weak unnd.blo algnala ( I m w  
slgnal 3 l o  5 "S" units). 

More than 20 dB low noise gain Separate 
input and output tuning controls give maximum 
gain and RF selectivity to significantly reject 
out-of-band signals and reduce image responses 

Dual gate MOS FET for low noise, strong signal 
handl~ng abilit~es Completely stable Op- 
timized for 10 thru 30 MHz e 9 V battery 
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73, Martin F. Jue, K5FLU I 
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audio filters 
for improving SSB 
and CW reception 

The FX-60 active filter 
is put to work 

as a tunable 
lowpass filter for ssb 

and as a narrow 
bandpass filter for 

CW applications 

Except in more expensive receiver designs, manufac- 
turers have given little attention to the problem of 
processing detected audio. The usual practice is to roll 
off the higher-frequency audio signals using shunt 
capacitance or perhaps include an inductor to introduce 
reactance at the higher audio frequencies. 

This article provides design and construction details 
for a lowpass filter for single sideband and a narrow 
bandpass filter for CW reception. The filters are designed 
around the FX-60 integrated circuit,* which is a cull 

*Kinetic Technology, Inc., 3393 De La Cruz Blvd., Santa Clara, 
California 95050. 

from the manufacturer's product line but which is per- 
fectly acceptable for the applications described. 

improving receiver performance 
To detect a single-sideband audio signal from the i-f 

carrier, some form of mixer i s  used with a bfo signal. 
The products resulting from this mixing consist of the 
audio signals plus an additional number of signals in- 
cluding the bfo frequency, the i-f, and a variety of 
complex sum and difference frequencies. Many of 
these signals are within the audible range and are heard 
as hiss. 

The chief advantage of the single-sideband signal is its 
narrow audio bandwidth. By limiting the audio band- 
width within the transmitter and transmitting only one 
of the sidebands, we can concentrate the power where 
it 's most effective, resulting in communicable informa- 
tion. The transmitted audio bandwidths will vary from 
1.5 kHz to almost 3 kHz; in the process of limiting the 
transmitted signal bandwidth, normally both the very 
low frequencies and those above approximately 3 kHz 
are eliminated from the transmitted signal. The low 
frequencies are limited by using only nominal coupling 
capacitors between various audio processing stages and 
restricting .the bandpass with a ceramic-, crystal-, or 
LC-filter section. Obviously, when the received signal i s  
detected, the high- and low-frequency components con- 
tain no intelligence and can be eliminated. While re- 
stricting the received audio bandwidth to the useful 
range of information frequencies, we can improve the 
receiver overall performance and signal-to-noise ratio. 

single-sideband filter 
Fig. 1 shows a very simple lowpass filter for use with 

single-sideband receiver systems. A number of circuits 
are available in the various amateur handbooks for per- 

By M.A. Chapman, KGSDX, 935 Elmview Drive, 
Encinitas, California 92024 
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forming this type of audio processing. Normally these frequency tolerance over slightly wider ranges than the 
circuits employ a series of toroidal-core LC sections in a prime product-line devices, but in all other respects i t s  
variety of T or pi  arrangements. This i s  a very effective performance characteristics are identical. 
scheme for single sideband audio filtering; however, to To minimize loading previous receiver circuit stages, 
provide the necessary large inductive reactance, the the single-sideband filter circuit of fig. 1 employs a 
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fig. 1. Schematic of the 2.5-kHz detected-audio lowpass filter tor single-sideband application. 

toroids and capacitors are physically quite large, and the 
performance curves indicate rather poor uniformity. 

The circuit illustrated in fig. 1 uses an inexpensive 
hybrid active filter, which employs multiloop negative 
feedback for lowpass transfer functions. Tuning the fil- 
ter frequency and selecting Q are easily accomplished by 
adding external resistors. U1, the FX-60 device used for 
the lowpass audio filtering, is a cull unit available in 
small quantities from the manufacturer, whose product 
line includes this device with very rigid parameters (and 
at a much higher price) under alternative part numbers 
FS-60, FS-65 and FS-61. The FX-60 will vary in center - 

high-impedance buffer stage, 01. This stage provides 
only nominal gain and isolates the filter from previous 
receiver stages. The lowpass cutoff or rolloff frequency 
is  determined by the two precision resistors at terminals 
2 and 10 of U1 (18.2k. 1%). Using the manufacturer's 
relationship for determining the lowpass rolloff point, 
we find that 

455(1#) - f = - 2.5 kHz (nominal) (1) 
18.2(10-f) 

where f, is the filter cutoff frequency. This relationship 
results in a sharp rolloff of audio frequencies above 2.5 

Construction of the CW bandpass filter which uses three active filter ICs. The bandwidth of this filter is 100 Hz, with a center 
frequency of 1000 Hz. All other audio frequencies are at least 20 dB down. 
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fig. 2. Schematic of the 900-Hz audio bandpass filter for CW. Bandwidth i s  < 150 Hz with minimum relative attenuation of > 20 dB. 

kHz. A relative minimum attenuation of 15 dB is ob- 
tained within less than one octave; and as the frequency 
increases, this relative attenuation continues to increase. 
The overall gain of  the single-sideband filter i s  achieved 
by including a simple operational amplifier, U2. The 
selection of a pA741 device here is  based on its internal 
frequency compensation and stability over the band- 
width of interest. 

CW filter 
Fig. 2 is a somewhat more sophisticated audio- 

processing system for CW bandpass use in a receiving 
system. In CW reception we are normally interested in 
the audible quanties of the beat note resulting from 
mixing a bfo signal with an i-f carrier. Normally this beat 
note i s  clearest and most distinguishable at frequencies 
between 800-1000 Hz. Most manufacturers provide a 
bfo signal injection at approximately 1 kHz above or 
below the i-f for CW detection. This bfo signal is most 
often generated by a separate crystal or LC oscillator to 
maintain frequency stability. 

Ideally we would like to pass the detected CW signal 
through some type of bandpass circuit that would allow 
only the 1-kHz beat note to be heard and that would 
discriminate against all other audio frequencies. Tech- 
niques for enhancing the CW beat note audio tones are 
described in several amateur handbooks and are similar 
to the single-sideband filter in that an LC system is used. 
These schemes rely on peaking the 1-kHz audio tone 
with tuned circuits of modest Q. Obviously, to provide 
tuned circuits at these low-frequency levels the L and C 
components must be physically large, which creates 
packing problems. Sharp bandpass filter characteristics 
are difficult to achieve using this LC filter method. To 
provide narrow bandpass features at 1-kHz would re- 
qutre that the LC system Q be quite high. Recall that the 
Q of a tuned circuit is 

where X L  = 271L and R = reactance of the coil producing 
the inductance. 
Since Q is proportional to  LIR and both values are large 
for inductors usable at the CW beat frequencies, the LC 
filter is obviously difficult to implement and requires 
series-tuned circuits to  narrow the audio passbnad. 

The circuit illustrated in fig. 2 uses the FX-60 in a 
multimode bandpass arrangement whose center fre- 
quency is ideally 1 kHz with the 100-Hz bandpass. I t  has 
a minimum relative attenuation greater than 20 dB for 
all other detected audio frequencies. 

This ideal center frequency and bandpass width can't 
be achieved without considerable expense. First you'd 
have to use the FX-60 manufacturer's prime-line device, 
the FS-61; secondly, all the tuning resistors from pins 2 
and 10 of U1, U2, U3 in fig. 2 would have to be 1% 
precision resistors. The cost of such a system would be 
several hundred dollars. However, if you're willing to  
accept a compromise in the center frequency and a slight 
increase in bandpass width, a very high-performance CW 
bandpass filter can be built for one-tenth the cost of  the 
ideal system. 

Normally the FX-60 output will fall on the low side 
of the manufacuter's nominal center frequency, which is 
the reason it's a cull unit. Using the resistance values 
indicated in fig. 2, the center frequency would be ideally 
1 kHz. Because the FX-60 units are on the low side, the 
actual bandpass center frequency will be between 
900-950 Hz. Also because of the variations between 
units and the tolerance of the 5% carbon composition 
resistors used for tuning on pins 2 and 10 of U1, U2 and 
U3, the bandwidth will increase from the ideal (100-Hz) 
to approximately 150 Hz. As with the single-sideband 
filter, a high-impedance input buffer (01) is used, opera- 
ting at unity gain. Bandpass signal amplification is 
achieved using a simple class-A common-emitter 
amplifier, Q2. 

An improvement in bandwidth can be achieved in the 
CW filter by using matched pairs of resistors from pins 2 
and 10 of U1, U2 and U3. How much improvement, of 



course, depends on the accuracy of your measurements 
and on your patience in selecting these resistors. 

construction 
The photos illustrate the construction of both the 

single-sideband and CW filters. Each is  assembled on a 
single-sided PC board, with all components mounted on 
the side opposite the etched foil pattern. Fig. 3 illus- 
trates the relative component placement and all input- 
output points. Generous use is made of isolation resis- 
tors and bypass capacitors for both the plus and minus 
12 volt bus lines of the ssb filter unit. 

I f  the lowest practical information bandwidth is  
.approximately 250 Hz, then the 0.1-pF interstage 
coupling capacitors are more than adequate, considering 

you can be assured they've been thoroughly tested, thus 
there's little chance they won't function initially. 
Because of their conservative design, these devices have 
an almost indefinite life and a very small possibility of 
infant mortality. 

Resistors were chosen to reduce noise generation and 
not for power dissipation. Total power dissipation for 
both filters i s  in the order of a 100 mW, being concentra- 
ted at the output stages of both assemblies. You may 
substitute '/4 watt or smaller resistors without concern of 
thermal restrictions. 

hints and kinks 
Many n-channel depletion-mode, audio-type fets may 

be used as substitutes for the devices in the Q1 buffer 

Construction of the ssb lowpass ssb filter which uses a single KT1 FX-60 active filter IC. 
Operational amplifier (in TO-5 package. left) provides overall gain. 

the high input impedance of successive stages. This same 
reasoning applies to the power bus decoupling capaci- 
tance (22 pF). You can substitute lower-value capacitors 
freely without serious performance effects assuming, of 
course, that the power bus ripple content is reasonably 
low. The feedback control resistor for U2 i s  shown as a 
potentiometer; however, after assembly and test, a fixed 
resistor may be mounted permanently to the board in 
the space provided. 

Fig. 4 shows component placement for the PC 
assembly of the CW filter. Note that the FX-60 is 
mounted to an IC socket for the single-sideband filter 
and directly to the board for the CW bandpass unit. I did 
this purposely to illustrate that either assembly method 
is acceptable. IC sockets are used to allow easy device 
removal should they be faulty at the time of initial 
installation or fail during use. These units are culls, so 

'Undri l led boards are available f r o m  the author for  $3.00 each 
postpaid. 

stage. The 2N5458 has a modest I,,, value and if 
alternative devices are used, they should have the same 
general ratings. Units such as the 2N5459, which has a 
higher I D S =  value, will require that the source resistor be 
reduced to approximately 500 ohms and that a lower- 
value drain load resistor be used. This drain resistance 
value can be obtained by temporarily connecting a pot 
in the drain circuit and adjusting the quiescent voltage 
for approximately 6 volts at Q l  drain termination. Re- 
move the pot and install a resistor with a value closest to 
that measured on the pot. The CW filter output stage is a 
simple class-A common-emitter amplifier. Any similar 
circuit arrangement and device types with which you're 
familiar can be used, since the circuit is capacitively 
coupled. 

Two important considerations must be kept in mind 
in the design of the Q2 stage. First, the FX-60 output 
impedance is in the order of 100 ohms and to develop 
maximum output voltage to the base of 02, its input 
impedance should be 500-1000 ohms minimum. 
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Secondly, in the output stage, the ac load consists of the The output-level adjustment allows the filters to be 
collector resistor and the output coupling capacitor re- used either as unity gain or preamplification gain stages. 
actance together with the level-set potentiometer in Where preamplification i s  not required, the feedback- 
parallel with the signal. If your favorite class-A circuit i s  level set on the single-sideband lowpass filter should be 
used here, some adjustment may be required in the adjusted for about 80% or less of the maximum voltage 
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fig. 3. Printedtlrcult layout for the single-sideband IOWpaSS filter. 

collector resistance and base bias to achieve maximum 
signal output levels as a result of the added loading. 

Never apply power to the FX-60 without the external 
resistors attached to pins 2 and 10, or the internal 
circuits will latch and functional properties will be 
destroyed. 

application 
Table 1 summarizes the performance of both circuits. 

Both filters provide considerable voltage gain, which 

gain available. Adjustment at levels slightly below maxi- 
mum will ensure good audio-signal stability, low noise. 
and minimum distortion. 

When the CW filter is used in receivers having crystal 
bfo oscillators, it is necessary to first assemble the CW 
filter and test its performance using an external variable 
audio oscillator to determine the center frequency. This 
frequency will usually fall between 900-950 Hz. 

After determining the bandpass-f il ter center fre- 
quency, a bfo crystal must be used whose frequency 

B 
BOARD 
MOUNTING 
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-- FILTERED 
l U O l 0  
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fig. 4. CW filter printed circuit board component assembly. 

may be used to supplement or replace audio preamplifi- 
cation stages in your receiver. Usual receiver detection 
systems have audio output levels between 10-100 milli- 
volts, depending on the type of circuits used, with s~tbse- 
quent audio amplification. As shown in table 1, the 
maximum peak-to-peak output-voltage swing is greater 
than 6 volts, indicating that the filter may be used at any 
point within the receiver audio system between the 
detector and final audio amplifier. 

corresponds to the receiver i-f and the filter center 
frequency. As an example, suppose your receiver i-f is  
455 kHz and the measured center frequency of your CW 
bandpass filter is 920 Hz. The correct bfo crystal fre- 
quency i s  then X, = 455 kHzk920 Hz. You have two 
choices: 455.92 kHz or 454.08 kHz. Therefore the i-f 
carrier can be heterodyned from 920 Hz above or below 
the nominal center i-f to obtain the desired CW audio 
signal. 
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It is not uncommon for many receiver manufacturers the curves furnished by the FX-60 manufacturer and 

to  use a single-sideband crystal bfo frequency for CW trimming the resistance values to offset the center- 
reception. This is entirely reasonable, since the i-f pass frequency tolerance of the particular FX-60 device 
band might be in the order of 2.5 kHz wide. The upper- being used. 
or lower-sideband crystal is chosen to beat with the The filters can be wired so that each is selectable by a 

fig. 5. Full-size printed- 
c i r c u i t  boards for the 
single-sideband lowpass fil- 
ter, above. and the CW 

filter, below. 

single-sideband i-f signal at f 20 dB from the i-f center 
frequency. These bfo frequencies will usually be slightly 
above 1 kHz; perhaps 1.3 kHz in the nominal case, 
which is adequate for CW detection. However, these 
frequencies result in audio tones slightly higher than 
desired. It i s  not possible to use the CW filter circuit 
described here with this type of detection schkme. You 
must either alter your receiver bfo crystal frequency or 
use resistance values in the tuning of U1, U2 or U3 to 
move the center frequency up to  correspond with the 
receiver crystal beat frequency. This can be done using 

table 1 .  Performance summary of the receiver audio filters for 
CW and single-sideband. 

parameter CW filter lowpass filter 

maximum voltage >30 > l o 0  (50  nominal) 
gain (note 1) 
center frequency 1 kHz ? 10% nom~nal not applicable 

rolloff frequency N/A 2.5 kt iz  * l o %  nominal 
1st octave relative >20 dB >15 dB 
attenuation 
noise (note 2) <15 m V  < l o  m V  
maximum peak-to- < 9V Q l O V  
peak output signal 

(1)  Voltage gain of CW filter may be increased by device and 
value selection of Q 1  stage. Maximum possible Q 1  voltage 
gain --" 10; nominal voltage gain of Q 2  stage z 10. 

(2)  Actual nolse generation depends on source-voltage ripple 
content indicated relative to maximum p-p output signal with 
input grounded. 

panel switch, or each filter can be installed as an integral 
part of your receiver without a switch. For CW, the 
filters can be cascaded to attenuate high-frequency audio 
noise. In any event, the filters should be wired to avoid 
ground loops and oscillation. Isolate the PC-board 
ground plane from the receiver chassis and allow the dc 
return to enter the board at only one point. 

Long leads carrying the input signal to the filter 
should be shielded. Ground the shield to the filter 
PC-board ground plane near the 0 1  input and leave the 
other end of the shield open. The output signal may or 
may not be shielded, depending on the filter location, its 
lead length, and signal level. I f  output shielding is used, 
the shield should be terminated at the input of the 
subsequent stage, and the filter output shield should be 
unterminated. These wiring methods will avoid the 
possibility of introducing a ground loop and will reduce 
external noise pickup. 

Applications of both filter units with receivers using 
LC bfos may be optimized by adjusting bfo frequencies 
to  correspond to  a) the filter pass band cutoff frequency 
in the case of the lowpass unit and b) the filter pass band 
center frequency for CW filter. In most cases this can be 
accomplished by adjusting the single-sideband bfo fre- 
quencies for maximum clarity of the received signal and 
by adjusting the CW bfo for maximum amplitude of the 
best tone. 

ham radio 
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200 meters and up 
receiving converter 

for 
low frequencies 

With this 
two-transistor converter 

you can explore 
the fascinating world 

below the a-m 
broadcast band 

The story of early amateur radio has been told in 200 
Meters and Down, a book authored by Clinton 6. De- 
Soto in 1936 and published by The American Radio 
Relay League It makes interesting reading and estab- 
lishes the background for the scientific hobby of ama- 
teur radio as we know i t  today. 

More than fifty years have passed since radio ama- 
teurs abandoned the very-low frequencies and started to 
explore the spectrum above the a-m broadcast band. Just 
what are the longer wavelengths being used for today? 
The only way to find out i s  to listen. Considering that 
the World Administrative Radio Conference will be held 
in Geneva, Switzertand, in 1979 and that the WARC-79 
task group in this country i s  considering a proposal for 
an amateur band in the 150-200 kHz r e g i ~ n , ~  it seems 
appropriate that the experimentally inclined amateur 
should be exploring the low-frequency radio spectrum. 

This article presents construction information for a 
simple solid-state converter that can be used with any 
good-quality communications receiver to tune the fre- 
quency spectrum below the a-m broadcast band. 

frequencies available for communications 
The FCC permits the use of nonlicensed transmitters 

in certain parts of the medium- and low-frequency radio 
spectrum. Section 15, paragraph 15:203, permits the use 
of a 1-watt transmitter and a 50-foot (15.2m) antenna* 
between 160 and 190 kHz. Paragraph 15:204 permits 
the use of a 100-mW transmitter and a 10-foot (3m) 
antenna* in the range 510-1600 kHz, which includes the 
a-m broadcast band in the United States. Any trans- 
mission mode can be used on these frequencies as long as 
any emissions outside the band edges are suppressed 20 
dB below the unmodulated carrier. 

background 

For the past six years I've been experimenting with 
these frequencies for communications use, and as of this 
writing my 189.7-kHz beacon "K" is regularly copied by 
an amateur in Riverhead, Long Island, New York, some 
90 miles distant. My 1575-kHz beacon is copied by 

'Antenna length also includes the length of any feed line 

By Ken Cornell, WZIMB, 225 Bal t imore Avenue, 
Point  Pleasant Beach, N e w  Jersey 08742 
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another amateur in Lincroft, New Jersey, 18 miles away. 
Not bad for QRP,with mini-antennas! 

For listening on the medium-, low- and extra-low 
frequencies, a good receiver is desirable. While there are 
many usable surplus receivers on the market, they still 
command a fair price and in many cases require conver- 
sion surgery. Converters for vhf and uhf are common, 
and the same basic heterodyne logic can be applied for 
the lower frequencies (see fig. 1). 

The main purpose of this article is to review and 
update a converter described in reference 3. This conver- 
ter uses two pnp transistors, one as a mixer and the 
other as a crystal-controlled local oscillator. It's designed 
to work with a receiver tuning the 80-meter band and 
uses a 3500-kHz crystal. 

In this case, 10 kHz will appear at 3510 kHz and 500 
kHz at 4000 kHz on the receiver dial. A I-kHz fre- 
quency readout or better, depending on the receiver 
tuning accuracy, can be obtained through the tuning 
range. The only coil that must be changed is the anten- 
na-to-mixer input coil. This coil and its tuning capacitor 
must provide a resonant circuit through the converter 
tuning range. 

My Riverhead, Long Island, New York anchor man 
uses this converter with his Drake R4-A receiver, and his 
recept ion reports o f  experimenters using the 
160-190-kHz band are outstanding. My receiver for the 
lower frequencies is an HR05TA1. I have all the coils 
for reception from 50 kHz to 30 kHz. I also use a 
Central Electronics model DO Q-Multiplier and a Heath 
panadaptor as accessories. 

My type of experimentation required a receiver that I 
could use for portable work with a 12-volt battery, so I 
duplicated this converter and made minor revisions so 
that i t  would work with my Yaesu FT-101 transceiver. I 
was quite pleased with its performance. I am also making 
some experiments in the 7-10 kHz range, which the 
HRO doesn't cover, and the converter does a good job 
there as well. 

tuning capacitor 
The only complicated construction for this converter, 

as detailed in reference 3, is the rf tuning capacitor. I t  
calls for two 3-gang variables with the stators wired in 
parallel. The two-capacitors are mounted side-by-side 
using dial cords for tuning. Such construction could tax 
the patience of the most experienced amateur. 

This problem can be resolved in two ways. One is to 
obtain a 5-gang surplus variable capacitor.* These capaci- 
tors appear to have a total capacitance, with the stators 
wired in parallel, of 2000 pF. The capacitors I obtained 
have a 318-inch (9.5mm) diameter shaft. I purchased 
some 318-inch (9.5mm) female-to-%-inch (6.5mm) male 
shaft reducers from Lafayette Radio (part no. 32-64165) 
to accommodate a common dial to mount the capacitor 
behind the panel. 

*I obtained mine from Ralph Sanserino, 8422 Crane Circle, 
Huntington Beach, California 92646. A similar capacitor i s  
offered by Fair Radio Sales, P.O. Box 1105, Lima, Ohio 45802. 

The other way is to use the largest variable capacitor 
you can obtain. I f  it's the common BC-set type, a rotary 
switch can be used to shunt fixed capacitors across the 
variable capacitor to increase its range, otherwise many 
more coils will be required through the 10 to 500 kHz 
range. An estimate is that, with a 400-pF variable, you'd 
need about a dozen coils in this case. 

improved converter 

I used the converter as is for some time but decided 
to make some circuit changes to permit more flexibility. 

Y MIXER 

R E C E I V E R  fig. 1 .  Basic converter hetero- 
dyne logic. f ,  is the desired 

- a  

received-signal frequency, 
the local-oscillator frequency. 

J j  =-ti +f2.0rf l  f . f 3  = fi. oscILLaToR 

To achieve this flexibility, I changed the local-oscillator 
circuit to a Pierce type and used a Motorola HEP-802 fet 
transistor, which eliminated the need to change the 
oscillator coil to suit the crystal frequency. The mixer 
output coil is a plug-in type. The circuit of my revised 
converter is shown in fig. 2. 

construction 

Because of the large size of the rf tuning capacitor, 
which is 6 inches long by 3% inches high by 2% inches 
wide (1 5x9x6.5cm), all thoughts of miniaturization were 
abandoned. I made a plywood box 10% inches wide by 8 
inches deep by 8% inches high (27x20x22cm) that con- 
tains the converter, which is built on a baseboard. The 
panel is black plastic, and the cover is hinged for access 
to the interior and also has a carrying handle. Except for 
the input tuned circuit, all components are mounted on 
a small piece of copper-foil board located on the right- 
hand side of the rf-tuning capacitor, which is centered 
on the base. Sufficient space is available on the base- 
board and panel for mounting coils and switches. The 
space on the left-hand side of the rf tuning capacitor 
contains an audio filter for extreme selectivity. 

The secret of success with this converter is the anten- 
na-to-mixer input tuned circuit (C2, L1, C3), which is a 
pi network. I t  must be resonant at the received-signal 
frequency for maximum sensitivity. Thus constant 
peaking of capacitor C2 is necessary as you tune through 
each L1 coil range. 

coils and switching arrangement 

The simplest method for mounting L1 is to make i t  a 
plug-in coil, or a more complex method is to mount the 
coil on a suitable base and wire each pie to a rotary 
switch on the panel. I used a combination of these 
methods in the converter shown in fig. 2. 

On a coil-winding machine I wound a series of five 
pies on a 318-inch (9.5mm) diameter dowel." Each pie 
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contains 50, 100, 150, 200, and 300 turns of 18/42 Litz 
wire. The winding i s  continuous and a tap is provided 
between each pie. 

I used a two-gang, eight-position rotary switch wired 
in the following manner for L1: One gang of the switch 
was used in the first five positions for this coil. The sixth 
position was wired to a plug-in coil socket, and the 
seventh position was wired up through the second gang 
of the switch to a pair of binding posts. These binding 
posts permitted the addition of fixed capacitors across 
the plug in coil, assuring the ultimate in tuning flexi- 
bility, especially in the extra-low-frequency ranges. 

A suggestion for plug-in coils, i f  desired, i s  to mount 
them on a dual banana plug, a common item available 
from most radio-part suppliers. These plugs can be 
stacked, so that you can use one plug with a capacitor 
connected across the pins, and when plugged into the 
permanent socket, the plug containing the coil can be 
plugged into the capacitor plug. This makes for a flexible 
arrangement to obtain various LC ratios. 

checkout 
After the converter has been assembled and checked 

for wiring accuracy, use your vom to check coil continu- 
ity and possible short circuits, such as a bad bypass 
capacitor. Apply power and check the local-oscillator 
frequency on your receiver for reliable operation. In my 
case, a sluggish 3500-kHz crystal (FT-243 type) would 
start oscillating only when I pinched the crystal between 
my fingers - I later found that if I placed a small value 
of capacitance between the Q2 gate and ground, the 
crystal would trigger right off. I used an ArcoIElmenco 
no. 120 (1-12 pF) and adjusted it for optimum per- 
formance (This capacitor is C7 in fig. 2) .  

The number of stations that can be heard on "200 
meters and up" are too numerous to list here, but the 
low end of the a-m broadcast band will provide signal 
sources to check out the medium frequency portion of 
the converter. For low frequency, look for WGU-20 on 
179 kHz. This is the first of several planned civil defense 
preparedness stations. It i s  located in Chase, Maryland, 
and gives Eastern mid-Atlantic weather reports and 
accurate time. There is also TUK on Nantucket Island 
(194 kHz) and SF1 in San Francisco on 192 kHz. On 
extra-low frequency, various Omega navigation stations 
are scattered around the world (13.6 kHz). 

in conclusion 
The major problem when using a converter with an 

auxiliary receiver is fundamental frequency feedthrough. 
This is because the receiver is trying to do the job it was 
designed for, and i f  the converter is not well shielded 
and an unshielded wire connection between converter 
and receiver is used, feedthrough can occur i f  strong 
stations are in your area. While I have had no serious 

'The Morris hand-operated coi l-winding machine, complete w i t h  
all gears and cams, is available f rom Lafayette Radio Electronics, 
11 1 Jericho Turnpike, Syosset, Long Island, New York 11791. 
Catalog number 32-F-87018. 
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R2 . 50-100k: 82k nominal 

Y 1 3500 kHz  is used for the 80-meter 
band but  other crystals can be used 
t o  suit your  heterodyne logic (fig. 1) 

fig. 2. Schematic o f  a medium-, low-, and extra-low-frequency 
converter for  use w i th  an amateur communications receiver. 

problem on 80 meters, I believe I'll have to line the 
inside of my wood cabinet and plastic panel with alumi- 
num foil i f  I use the converter with a broadcast receiver. 

A wave trap can also be used to attenuate an inter- 
fering signal. This trap is nothing more than a coil with a 
variable capacitor across it. The trap is placed in series 
with the antenna and is  located as close as possible to 
the converter. 

references 
1. Clinton B. DeSoto, Two-Hundred Meters a n d  Down, Ameri- 
can Radio Relay League, 1936  (reprints are available f rom the 
A R R L ) .  
2. "Presstop." ham radio, November, 1975, page 6. 
3. William H. Fishback, W1 IKU, "A VLF Converter for Cornmu- 
nications Receivers," QST, September, 1968, page 18. 
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electronic bias switch 
for 

negatively biased 
amplifiers 

This circuit 
is designed for the 

Heath SB-200 
but can be adapted 

to any linear amp 
using negative 
bias voltages 

Several excellent articles have appeared recently in the 
amateur literature describing automatic electronic bias 
switching of linear amplifiers. Bryant1 published an 
article in QST describing the use of electronic bias 
switching in the ETO Alpha 77 amplifier. Also included 
was his adaptation of the circuit for use with the Heath 
SB-220 linear amplifier. Gonsior2 published an article in 
ham radio describing his refinements of the Bryant cir- 
cuit to allow for controlled rise and fall times to create a 
softer switching action on the bias circuit. 

Realizing the importance of electronic bias switching 
for conservative amplifier operation, I adapted these 
techniques to the Heath SB-200 linear amplifier, which 
uses negative rather than positive bias voltages. Amplifier 

I efficiency is enhanced using electronic bias switching, 
because no power is dissipated under no-signal condi- 
tions. 

system operation 

The Heath SB-200 is designed for linear class-B opera- 
tion. During the transmit mode the amplifier output 

, tubes, type 5728, are biased with - 2  volts on the grids. 
This bias voltage allows 90 mA of plate current to flow 
under no rf drive conditions. With 2400 volts on the 
572B plates, the quiescent power consumption is nearly 
240 watts continuous. Thus the tubes must dissipate this 
power under no-drive conditions, creating heat that 
doesn't contribute to amplifying action. I f  the tubes are 
completely cut off when no rf drive i s  present the plate 
current would be zero. Hence, the power dissipated 
would be zero under no-signal conditions. This is the 
purpose of the electronic bias switch. 

Fig. 1 is a block diagram of the switch, along with the 
SB-200 bias circuit. The SB-200 uses negative grid 
voltage to bias the tubes, whereas the SB-220 uses posi- 
tive cathode voltage to bias the amplifier for linear 
operation. The electronic switch senses the presence of 
rf drive voltage and switches on the class-B bias voltage 
only when drive is present. With no rf drive, the tubes 
are cut off by a large negative voltage, and plate current 
ceases to flow. The electronic switch is very fast and 
responds to very small rf input voltages. By introducing 
a small delay into the switch action, a softer on-off 
action can be created, which results in a softer sound at 
the receiving end. 

Fig. 2 shows the electronic switch circuit used with 
the SB-200. The circuit is very similar to that described 
by Gonsior.' There are two major differences, however, 
between this circuit and those published previously. 
First, negative voltages are controlled in the SB-200 
rather than positive bias voltages. Thus, the circuit must 
be connected in an opposite manner to the previous 
designs. Second, the circuit must be connected so that 
the rf input has a good rf path to ground. This is the 
reason for the 0.001 pF capacitor across the transistors. 
The negative voltages switched are about -150 Vdc 
maximum. The transistors were chosen to withstand 

By F. E. Hinkle, WASKPG, I10 Engineering, 9503 
Quail Trail, Austin, Texas 78758 
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these voltages without the need for additional crowbar The circuit of fig. 2 was built on a small piece of 
protection as developed by Bryant.l Almost any high- Vector board. The board was then attached to a piece of 
voltage transistors may be substituted if care is used to aluminum strip about 2 inches (51mm) longer than the 
ensure that the maximum voltage ratings are not circuit board and formed as shown in the photo. The 
exceeded. These transistors are Motorola devices and aluminum strip was then attached to one of the trans- 
cost less than $2.00 new. The capacitor across the former-mounting screws protruding below the chassis. A 

fig. 1 .  Diagram showing 
interface of the elec- 
tronic bias switch with 
the Neath 88-200 amp- 
lifier. Circled points A 
and B are connections 
t o  the  circuit-board 
schematic of fig. 2. RFC 

TO BlAS 

RIB 
2 0 0 0  

RELAY COIL 

- - - - - - - - - 
THlS WRt! 
REUOYEO hr 

ANTENNA RELAY 
JACK 

i RELAY CONTACTS pe s- O- 

ELECTRONIC BlAS SWITCH 
FOR NEGATIVE BIAS VOLTAGES 

RF INPUT 
JACK 

collector-to-base junction of 01 is an integrating 
capacitor in the Miller feedback principle. This capacitor new nut was used to fasten the aluminum strip to the 

value may be adjusted to reduce the turn-on time of the bolt. The yellow wire from the r f  relay coil was then 
removed and attached to the pair of 56-ohm resistors as 

switch. 
shown in fig. 2 at point A .  The removed yellow wire was 

SB-200 modifications located on the relay coil terminal nearest the edge of the 

The photo shows the electronic bias switch as chassis (lower left corner of the photograph). 

installed in an SB-200 amplifier. The location of the The yellow wire in series with the 33-ohm 1-watt 

circuit board was chosen to permit the use of one of the resistor located at the Ant Relay jack was removed next 

wires removed during modifications. Using the following (see fig. 1). A piece of spaghetti tubing was placed over 

procedure, only two wires need be removed from 
SB-200 terminals and one wire added. No holes were TO BIAS NEGAT~VE P D ~ N T  

drilled into the chassis, and the original circuit can be 
reconnected in a matter of minutes. 

0 
I t - -  . -.- COLLECTM 

(CASE) 

2 N 3 7 3 9  
BOTTOM VIEW 

7 0 - 6 6  CASE 
I A I J 

COAX 
GROUND ONLY CHASSIS 

THlS END GROUND 

fig. 2. Schematic of the electronic bias switching circuit for the Heath 58-200 amplifier. Components are mounted on a 
piece of perf board, which fits into an unused space below chassis. No holes need be drilled. Only two wires are rernovad 

from terminals in the 58-200 and one wire added to make the modification. 

28 november 1976 



Underchassis vlew of the SB-200 showing additlon of the electronic bias switching circuit. Circuit board is mounted onto an 
aluminum strip, whlch is bolted to one of the transfromer mounting studs. 

this yellow wire since i t  isn't needed. A new wire was 
then soldered onto the terminal from which the second 
yellow wire was removed. This new wire was then 
attached to the relay coil terminal just vacated. The 
Antenna Relay jack will now operate the rf relay coil 
but not the bias circuits. 

A small piece of coax was then soldered between the 
circuit board and the rf relay contacts (point B, figs. 1 
and 2). These contacts will have the input rf present on 
them when the relay is energized. The relay lug to which 
the coax was connected was the one nearest the top of 
the photograph, second from the top of the relay. Rf 
energy should be fed to the circuit board only if the 
relay is energized. The circuit board ground wire was 
attached to the aluminum strip but could be attached to 
any convenient ground lug. 

operation 
Proper operation of the electronic bias circuit i s  easily 

identified. Turn on the amplifier. If there is no rf drive 
from the transmitter, the amplifier plate current should 
be zero, indicating that the amplifier is biased to cutoff. 
Place the transmitter in the tune position. With the small 
amount of rf present at the output, the electronic bias 
switch will detect the rf and apply class-B bias voltage to 
the amplifier. The plate current should be 90 mA. As the 
rf drive is  increased the plate current will increase as 
usual. When rf drive is removed the plate current should 

again decrease to zero. The amount of rf-drive voltage 
necessary to enable the bias switch is  about 2 volts. 

When the transmitter i s  placed in the ssb mode, with 
no speech, the plate current will be zero. With speech 
the plate current will increase in accordance with the rf 
driving voltage. 

The electronic switch will respond to very small 
voltage levels, so it's mandatory that the ssb carrier be 
suppressed sufficiently. If an indication of amplifier 
plate current is present in ssb mode with no speech, the 
transmitter balanced modulator should be checked for 
proper carrier suppression in accordance with the 
manufacturer's spe~ification.~ 

Although the circuit modification was for the SB-200 
linear amplifier, there is no reason why i t  would not 
function in other amplifier designs which use negative 
voltages for biasing. References 1 and 2 should be 
consulted, however, for more insight into the operation 
of the bias switch and possible applications to other 
amplifier designs. 

references 
1. J. A. Bryant, W4UX. "Electronic Bias Switching for RF Power 
Amplifiers," QST, May, 1974, page 36. 
2. M .  Gonsior, WGFR, "Electronic Bias Switching for Linear 
Amplifiers," ham radio, March, 1975, page 50. 
3. Heathkit Assembly Manual, SB-200. Heath Company, Benton 
Harbor, Michigan. 
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MARK 

- 

RFSR 

FOX B 

RTTY 
test-message generator 

Tired of fighting 
the cumbersome old 

fox box? Here's a compact, 
lightweight replacement 

using TTL logic 
and a mos 

read-only memory chip 

RTTY buffs are familiar with the "fox box", a large, 
heavy electromechanical machine complete with 
commutator that generates the test message, "THE 
QUICK BROWN FOX JUMPS OVER THE LAZY DOG 
1234567890." The disadvantages of this monster are 
well known, but when it came to testing a TTY machine 
for each function, the old fox box was a necessity. 

This article describes a successor to the fox box that 
weighs only a couple pounds and is designed for the four 
popular RTTY speeds of 60, 67, 75 and 100 wpm. It 
generates "THE QUICK BROWN FOX JUMPS OVER 
THE LAZY DOG 1234567890 DE." Someone more 
ingenious could probably figure out a way to insert a call 
sign; this feature was not included, because this unit is 
normally used on a local loop with no requirement for a 
call sign. 

A schematic of the test generator main frame is 
shown in fig. 1. It is  designed around the MM5220DF 
"quick brown fox generator," which is one of a series of 
preprogrammed read-only memory (rom) ICs by 
National Semiconductor, Inc. All logic in the test gener- 
ator i s  TTL except for the MM5220DF IC, which is  a 
mos device. All parts can be easily obtained except the 

By Ken Ebneter, KSGSC, and Jim Romelfanger, 
KSPKO. Mr. Ebneter may be reached a t  1 1 7% 4th 
Street, Baraboo, Wisconsin 539 13; Mr. Romel fanger's 
address is 822 Wauona Trail, Portage, Wisconsin 
53901. 
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fig. 1 .  Schematic of the solid-state replacement for the old electromechanical "fox box.'' Design is based on National Semiconductor's 
"quick brown fox generator.'' a mos read-only memory chip. The other devices are T T L  ICs. 

MM5220DF. This device can probably be obtained from delivers a very sharp negative-going pulse train, which is 

any National Semiconductor distributor or from Taylor TTL compatible. Four series resistors and 10K trimpots 

Electric Company." set the various baud rates. The clock can be adjusted for 
the proper speed by connecting a frequency counter to 

circuit descri~tion the clock output and setting the four trimpots for the 
desired baud rate as chose' by rotary switch S2; i.e., 

clock. This simple circuit was burgled from the Micro- 45.45 for 60, 50.0 for 67, 56.88 for 75, and 74.2 for 
TO Keyerl with some obvious modifications, fig. 2. I t  100 wpm. 

View showing power-supply components. main frame. The clock drives the binary counter chain 
consisting of U2-U4. U2 is  connected as an 8-bit divider. 
In addition to feeding the remainder of the divider 
chain, U2 output is also fed to U5, a one-shot that 
provides a load pulse for output shift register U10, U11. 
Counters U3, U4 provide the six address lines for the 
mos IC. The outputs from the counters must first be 
changed from TTL level (positive logic) to mos- 
compatible levels (negative logic). This i s  done by using 
gates U6, U7 and 3.0k pullup resistors. For each of the 
64 different addresses, a different output word will 
occur, consisting of a Baudot letter or function. The rnos 
output is buffered back to TTL level by gates U8, U9. 

Parallel data from the memory is fed to shift registers 
U10, U11 along with a hard-wired start pulse (space) and 

'Taylor Electric Company, Industrial Sales Division, Post Office 
Drawer 11 N, Milwaukee, Wisconsin 53201. (Latest price quote is 
$18.00). 
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IOK 
6 0  WPM 

1 0 0  W P M  w 

fig. 2. Clock/circuit schematic for the R T T Y  test-message genera- 
tor. Desired baud rate is selected by  the rotary switch for the 
four popular R T T V  speeds. 

two stop pulses (mark) to be run out in serial form by 
the clock pulses. This action produces a stop pulse 
slightly longer than normal. The information from the 
read-only memory is loaded into the shift register by U5 
during the time of the hard-wired start pulse. 

When reset/run switch S3 is  in reset, the 7493 
counters are reset to zero, and the output shift register i s  
allowed to run in a steady mark condition. When S3 is  in 
the run, the counters begin to count the 64 different 
conditions for the address lines of the ROM with the 
741 21 one-shot loading the shift registers with each new 
output from the ROM. The first two outputs produce 
carriage returns, CR, and the final count, 63, produces a 
letter shift. The counter will return to zero and start a 
new line until the switch is flipped to reset or until the 
printer runs out of paper. (Actually, the printer won't 
stop, which could be rough on its platen). 

C R 3  

HEP 2 4 4  

(FCO 8 1 0 1  
0 

+5v 

C R I ,  C R 2  P A N E L  L E O S  
C R 3  6 - V O L T  Z E N E R ,  H E P 1 0 4 7  
C R 4 - C R 7  H E P 1 7 0  OR M 2 . 5 A  C R ~  

fig. 3. R T T V  test-message generator output circuit, which is 
designed for standard 20. or 60-mil loops running at 100  volts 
minimum. Bridge voltage is high, so the M2.5A or equivalent 
diodes should be used. 

output. The output circuit (fig. 3) is designed for 
standard 20- or 60-mA loops running at 100 volts mini- 
mum. It will not work with the so-called low-voltage 
loops. The diode bridge allows the loop to be connected 
with either polarity. Be sure to use diodes such as the 
M2.5A or equivalent, as the voltage will be high. Zener 
diode CR3 (5.6 volts) prevents the voltage from ava- 
lanching the opto-isolator. The opto-isolator can be an 
FCD-810, available from HAL." The LEDs (optional) 
are for mark-space indication and are mounted on the 
control panel to indicate whether the system is  in stand- 
by or run mode. 

fig. 4. R T T V  test-message generator 
power supplier. Two are required to 
accommodate the T T L  logic and the mos 
read-only memory IC. 

C A I - C R B  M 2 . 5 A  
CR9.  CRlO 12V Z E N E R .  

HEP 1 0 4 1 5  

power supplies. Since both TTL and mos ICs are used, 
two power supplies are required; one for the TTL (plus 
5V) and one for the mos logic (plus and minus 12V), fig. 
4. For the 5-volt supply we used a 6.3-volt filament 
transformer. At the low-current drain of the TTL chips, 
the LM309K regulator works fine. However, it might be 
prudent to use 12 volts ac in the bridge for the 5-volt 
supply to make the LM309K work a little harder and 
provide somewhat better regulation. 

The 12-volt supply, as shown, was used because i t  was 
simple. A center-tapped transformer could have been 
used but i t  would have required more components. The 
MM5220DF seems to be quite happy with the slight 
amount of ripple obtained with only 500 pF of filter. 
Use good-quality 12-volt zeners to ensure proper opera- 
tion of the ROM. In both supply bridges, M2.5A I kV  
2.5A diodes were used because they were available. 

'HAL Communications Corporation, Box 365, Urbana, Illinois 
61801. 

reference 
1. Chet Opal. K3CUW, "The Micro-TO Keyer," OST, August, 
1967, page 17. 
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Since 1969, the year in which TEN-TEC introduced 
the first solid-state HF transceiver, progress has been 
rapid. It was in this year that we produced the POWER- 
MITE which triggered the booming ORPp activity. Two 
years later, the ARGONAUT followed, demonstrating that 
Ham Radio can be more than just push-button corn- 
munlcation. 

Then, in 1972, a break-through -the 100 watt "405" 
solid state linear amplifier.which requires but two watts 
of rf drive power. And in 1973 the 200 watt TRITON 

perfection. 

It is notably significant that TEN-TEC is the only 
manufacturer that has placed a five-year pro-rata war- 
ranty on output transistors - with an unlimited guaran- 
tee the first year against failure from any possible cause 
under normal operating conditions. 

You can put your full trust in the integrity of design, 
quality, craftsmanship and performance to specifications 
of any TEN-TEC product. Year after year after year . . . 
See your local TEN-TEC Dealer, or write for full details. 

SSBICW 5 watts Input. Fully solid-state. 

100 watts inout. Fully solid-state 

SNIERVILLE, TN. 37862 
SSBICW 200 watts input Fully solrd-state EXPORT:5715 LINCOLN AVE. 

CHICAGO, ILLINOIS, 60646 

More Details? CHECK-OFF Page 126 november 1976 33 



practical 

crystal-f ilter design 

Construction and 

available of equal nominal frequency. A crystal filter is 
to be built around these crystals. Whether the filter is to 
be used in a receiver i-f setup or in a transceiver is 
another matter. I recommend consulting references 4 
and 5 in advance to make sure that the crystal-filter 

alignment techniques 1 center frequency (which sets the i-f) will lead to a 

for building crystal filters 
that approach 

commercial standards 

The principles of crystal-filter operation are well docu- 
mented in the amateur literature; some excellent sources 
are found in references 1 through 3. In  this article we'll 
explore the practical aspects of crystal filters, and show 
how they can be built with available crystals without 
resorting to sophisticated test equipment. 

crystal selection 

To the best of my knowledge only two sources of 
inexpensive high-frequency crystals are available: the 
surplus market and aviation equipment in which, until 
the late 1960s, crystals were used in large quantities. 
Frequency synthesizers have changed this situation, 
because today a single (or few) crystals control many 
different frequency channels. 

The source of crystals is further narrowed because 
only those in type FT-243 holders should be used for 
the filters described here. These holders are sturdy and 
their construction permits convenient removal of the 
crystal for grinding. HC-6IU holders can't be easily 
opened for grinding in the home workshop. Crystals in 
HC-6IU holders can be used for ' the filters described 
here, however, by selecting those that will match the 
filter design requirements, which are discussed later. In 
any event, you should have a large quantity of crystals 
to choose from before beginning this project to ensure 
finding crystals that will match with satisfactory accu- 
racy. 

design example 

Let's assume that a number of FT-243 crystals are 

conversion scheme that will be as free as possible from 
spurious response. 

The first step in selecting the four crystals used in the 
filter is to  make sure they're as electrically similar to  
each other as possible. My standard procedure is to 
select crystals from the same manufacturer which are 
designed for the same parallel capacitance of the crystal- 
oscillator basic circuit. By so doing, I enhance the 
probability of ending up with crystals that are close 
relatives rather than distant cousins - a precaution that 
makes some of the later design steps easier. 

activity check 

Given the same oscillator circuit, some crystals have 
higher output than others. Your available crystals should 
be classified by grouping together those of approxi- 
mately equal activity. This is easily done by inserting a 
meter in the collector circuit of the oscillator shown in 
fig. 1. Higher-activity crystals will show higher meter 
readings. 

Next comes the frequency selection of the four 
crystals to be used in the filter circuit of fig. 2. From an 
electrical standpoint, the best procedure to find the 
pole-zero spacing is that reported in reference 2. How- 
ever, the purpose of this article is to make matters as 
simple as possible, so we'll resort to  another method. 

crystal-frequency selection 
To check the crystal resonant frequency using the 

circuit of fig. 1, the signal from the oscillator is injected 
into a frequency counter. If a counter isn't available, a 
communications receiver with a calibrated dial will do. 
What i s  recommended in the latter case is to read the 
crystal oscillator harmonics at as high a frequency as the 
receiver can cover. If, for example, the receiver goes to 
30 MHz and the crystal fundamental frequency is 5.5 
MHz, the harmonic at 5.5 x 5 = 27.5 MHz should be 
used. By so doing, the accuracy of the frequency read- 
out is improved. Keep in mind that all we're concerned 

By Jack Perolo, PYZPEIC, Caixa Postal 2390, Sao 
Paulo, Brazil 
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with is the difference in the resonating frequency of the 
oscillator-crystal combination when changing from one 
crystal to another. In other words, i t  i s  a secondary 
matter for this purpose if one crystal resonates at, say, 
5,501.600 kHz or at 5,502.300 kHz; what really matters 
is to establish exactly how much higher or lower the 
resonating frequency is of crystal A vs A'; B vs B'.  

Using this technique I have observed that, for a 
spacing of resonating frequencies of about 1.3 to 1.5 
kHz, the resulting filter bandwidth (at - 6  dB) is 1.8 to 
2.1 kHz. Using a resonant-frequency spacing of 2.0 to 
2.2 kHz, a suitable ssb filter can be obtained with a 
bandwidth at -6  dB of 2.5 to 2.7 kHz. 

Referring to fig. 2, two matched pairs of crystals are 
needed for this type of filter. Using the technique just 
described, choose two crystals of like manufacturer, like 
nominal parallel capacitance (for the circuit), like 
activity, and like resonant frequency. The last require- 
ment i s  the most difficult to  achieve. I consider two 
crystals to be matched when, after meeting the first 
three requirements, they resonate in the same circuit 
with a maximum difference of 25 Hz. If this criterion 
can't be obtained with the crystals at hand, then one of 
the crystals must be ground, as outlined below. 

I f  you're lucky, or have a large selection of crystals to 
start with, chances are that the four crystals needed for 
the filter can be obtained simply by proper selection 
without any grinding at all. If this seems possible, even 
though the filter bandwidth may end up slightly differ- 
ent from that required, I strongly recommend using the 
selected crystals to avoid grinding. Crystal grinding is an 
extremely delicate operation that's bound to cause some 
disappointment at the beginning. 

The crystals must be matched pairs, so always start 
grinding the crystal of the planned pair that resonates at 
the lower frequency. The grinding operation increases 
the crystal resonant frequency. 

BC-168 

CRYSTAL 

fig. 1. Oscillator circuit recommended for checking crystal 
activity and resonant frequency when choosing matched crystals 
for the filter. 

Let's pick a numerical example, assuming the follow- 
ing crystals are available to build the filter: 

A. 5501.267 kHz 
H. 5501.291 kHz 
C. 5502.018 kHz 
D. 5502.326 kHz 
E. 5502.1 20 kHz 
F. 5501.914 kHz 

Crystals A and B differ by only 24 Hz, so they need no 
further processing. If they were not matched, crystal A 
would be ground to move its resonant frequency closer 
to that of crystal B. If you're shooting for a difference in 
resonant frequency of 1.5 kHz for example, crystals D 
and E are recommended as a starting point. They should 

CIOS~UP of the four crystals and coupling coil installed on the aluminum plate. Note matching resistor under plate at right. Crystals and 
coil can are fastened in place with epoxy cement. 
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be ground to resonate at (5501.267 + 5501.291 kHz)/2 ground further. If i t s  frequency is higher than this value, 
+ 1.500 kHz = 5502.779 kHz +12 Hz. the crystal grinding was too extensive and this crystal is  

no longer useful for this particular filter. Select another 
grinding procedure crystal and repeat the process, reducing finger pressure 

Begin by preparing a scratch-free glass plate about 6 x and the number of strokes. 
6 inches in area by about %-inch thick (152 x 152 x 6 The procedure should be repeated until the crystal 
mm). Wet the top surface of the glass with water and resonates at the desired frequency; then the second 

I / C R Y S T A L  FILTER 

I 
I 
I I 
I 
I PRINTED CIRCUIT HOLDING CRYSTAL FILTER 7 d""" L -------------------------------------- -1 

fig. 2. Schematic of the crystal filter using two matched sets of surplus crystals, together with Input and output isolating stages. A pair of 
crystals are considered matched when they resonate In the same circuit with a maximum frequency difference of 25  Hz. 

add a small amount of abrasive powder, 400 mesh or 
finer (available in hardware stores). Remove the crystal 
from i t s  holder and, by gently applying pressure with 
one finger, move the crystal in a circular motion on the 
prepared surface of the glass plate. 

I t  i s  extremely important that perfect parallelism be 
maintained between both sides of the crystal. After a 
few circular strokes, turn the crystal 90 degrees, apply 
the same number of circular strokes, and continue until 
the crystal has completed a full turn (360 degrees). Try 
to maintain the same finger pressure during each 90- 
degree segment of the grinding operation. Do not turn 
the crystal over during the grinding operation. 

The ground crystal must now be washed in clean 
water and dried. Lay the crystal on a piece of absorbent 
material until all moisture evaporates. Next, clean the 
crystal again in a petroleum-derivative solvent; this oper- 
ation ensures removal of any residual oil that may have 
been left on the crystal by your finger. Dry the crystal in 
open air and reinstall i t  in its original holder, taking 
pains to avoid touching the crystal surface with bare 
fingers. Use a pair of tweezers for this operation. 

Check the crystal resonant frequency again, using the 
same original oscillator circuit and receiver setup. If its 
frequency is below 5502.779 kHz, the crystal must be 

f i g .  3 .  B i f i l a r - w o u n d  
coupling coil for the two 
pairs of crystals Used in the 
filter. For filters in the 5 to 

sirts of 7 + 7 turns of no. 
6 MHz range, the coil con- , 
28 AWG (0.3mm) enam- 
eled wire on a 10.7-MHz i-f 
transformer with a slug diameter of 3/32 inch (2.4177111). 

crystal should be ground until i t s  frequency matches i t s  
selected mate. In this process, more abrasive powder 
should be added if necessary. Two recommendations are 
in order at this point: 

1. As the selected frequency approaches the desired 
value, a single stroke in the grinding operation can ne- 
gate hours of work. The idea is to proceed slowly, avoid 
getting tired, and try to retain a parallel relationship 
between both sides of the crystal during grinding. You 
may have to remove and reinstall the crystal into i t s  
holder many times before satisfactory results are ob- 
tained. 

2. If the crystal before grinding resonated at, say, 
5502.390 kHz and after grinding i t s  resonant frequency 
decreased to, say, 5501.920 kHz, then the crystal upper 
and lower surfaces have become out of parallel. You can 
either discard this crystal and start again from scratch, or 
if you want to recover the crystal, its thickness should 
be measured and the crystal should be ground until 
parallelism has been restored, bearing in mind that 
grinding causes the crystal frequency to increase. 

Grinding a crystal out of parallelism to decrease' its 
frequency is not recommended, as crystal activity will be 
decreased. Furthermore, the chances of obtaining spur- 
ious response from the filter are increased. 

filter assembly 
Matching the four crystals in two pairs is the most 

time-consuming part of the project. The crystals must be 
assembled on a subchassis together with the coupling 
coil. I use an aluminum plate measuring 1 x 3 x 118 
inches (25 x 76 x 3 mm). The crystals and coil are 
fastened in place with epoxy cement. The coil must be 
bifilar wound, with as close coupling as possible. If the 
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coils are wound simultaneously, the connections shown 
in fig. 3 should be made to obtain the desired bifilar 
configuration. To ensure close coupling, the coil should 
have a slug of the "closed cup" type, or a toroid should 
be used. Tuning a toroid is  more critical, and that's why a 
I prefer the closed-cup variety. 

filter alignment C R ~ S T A L  
OSCILLATOR n 

Different precautions must absolutely be taken if the 
filter is to perform comparable to commercial units. The 

MIXER I-F STRIP 

crystals must have been thoroughly cleaned after the 
grinding procedure, or else the filter will perform errat- 
ically as a function of time. 

The input and output leads should be as short and 
rioid as possible a chanse in lenqth of the input and/or - - - 
output leads will cause the filter to have a dramatically fig. 4. Setup for filter alignment. The setup at A is the recorn- 

mended arrangement; an alternative method is shown in 8. In 
different bandpass response. To avoid this problem, I both cases the vfo should be stable and accurately calibrated. 
install the filter over a printed circuit board with isola- 
ting stages before and after the filter. By so doing, I'm 
assured that filter alignment will remain steady over the alignment. If no vfo is available with the required fre- 
years and remain independent of filter application. quency and stability output, a suitable alternative 

Whatever convenient setup i s  used, filter alignment method is shown in fig. 48. 
can be made using different approaches. Evidently the The approximate center frequency of the filter 
best i s  to use a signal generator and a scope with a sweep should be determined, then filter response should be 
system so that filter response may be directly displayed determined by varying the vfo frequency k3.0 kHz 
on the scope and adjusted accordingly. Since this is a around the center frequency. This operation should be 
rather sophisticated technique requiring some expensive performed a t  100- or 200-kHz increments, recording the 
test equipment, I assume that those who have a scope vfo reading and the corresponding meter reading on 
also know how to use it; consequently no description of paper in each case. If a calibrated vfo isn't available, i t s  
this option is  given. Instead I'll describe an easier align- frequency can be determined with good accuracy by 
ment procedure, although it's more time consuming. using the technique previously described for determining 

The setup of fig. 4A is  recommended for the filter the frequencies of the crystals. 

Crystal filter installed on a printed circuit board. complete with an isolating stage ahead of i-f (with a 3N140  transistor) and another 
following i t  (with a BF1 15 transistor). Pillars support the whole assembly. 
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5e42 5643 5644 5645 5646 5647 

FREQUENCY (kHz) 

fig. 5. Bandpass characteristics of a 5645-kHz foursrystal filter 
built by the author using the technique described in the text. 
Frequency differences in the two matched pairs were 6 and 14 
Hz, respectively. Insertion 10s of this filter was about 5 dB. 

At this point four variables are at hand to achieve a) 
the least amount of insertion loss, and b) the flattest 
bandpass response: 

1. Value of Ri, .  
2. Value of C . 
3. Position ofthe coil slug. 
4. Value of Rout .  

While the value of Ri, and Rout can't be too far from 
560 ohms or so, items 2 and 3 may vary considerably 
from one case to  the next. For filters in the 5 to 6 MHz 
range, I've consistently obtained good results using 7 + 7 
turns of no. 28 AWG (0.3mm) enameled wire for the 
coil. The coil form i s  a 10.7-MHz i-f transformer with a 
slug diameter of 3/32 inch (2.4mm). The value of Cp 
will vary between 27 and 68 pF; 39 to 47 pF is  the most 
common value. 

Fig. 5 shows the bandpass characteristics of a 
5645-kHz crystal filter built recently using the technique 
described. The coil used in this filter has 7 + 7 turns, as 
described; Cp = 39 pF, Ri ,  = 470 ohms, and Rout = 560 
ohms. The passband ripple is  below 1 dB and the 6016 
dB shape factor i s  about 1 :2.1. The crystals were 
originally for 20 pF parallel capacitance and were 
ground and checked with the oscillator of fig. 1. They 
were considered to be matched when they displayed 
these operating frequencies: 

A 5644.410 kHz 1 ,f= Hz 
A' 5644.416kHz 
B 5645.627 kHz Hz 
B' 5645.641 kHz 1 

The measured bandpass at -6  dB is 1.82 kHz; two 
spurious responses were recorded 13.3 and 18.3 kHz 
above the bandpass center frequency. The insertion loss 
of the filter i s  about 5 dB. 

Several distorted patterns (all of which were obtained 
at one time or another while the filter was being cali- 
brated) are shown in fig. 6; all indicate that some adjust- 
ment was missing on the filter. It goes without saying 
that a system with four variables deserves some respect 
and, unless the alignment problems are properly tackled, 
no result will be achieved. Consequently only one para- 
meter at a time should be varied to obtain useful 
conclusions. 

ripple, spurious response, and insertion loss 
Passband ripple can be adjusted to as low as 0.3 dB, 

an extremely good figure even by commercial standards. 
Spurious response generally appears as one or two signals 
some 10 or 20 kHz removed from the filter center 
frequency. Both responses generally show the same 
attenuation, about 40-35 dB below the midband signal. 

Insertion loss becomes generally higher by attempting 
to obtain a ripple-free, perfectly symmetrical bandpass 
response. At any rate, I do not consider the insertion 
loss a critical item, as this attenuation can be easily 
compensated by adding an extra stage of amplification 
after the filter, whereas other characteristics of the 
crystal filter cannot be externally compensated. 

FREOUENCY 

fig. 6. Examples of bandpass response of improperly adjusted 
filters, indicating that some important step or steps were missing 
when calibrating or grinding the crystals or when alignment was 
attempted. 

I t  must be remembered, however, that the filter re- 
sponse may be substantially deteriorated if the i-f strip 
following the filter is misaligned; I recommend checking 
the entire i-f response, complete with the filter, to make 
sure that nothing has gotten out of hand. No shielding of 
the filter, as shown in the photos, i s  necessary as long as 
it i s  operated away from high-powered stages. 

acknowledgement 
Thanks go to Maiso, PY2GP, for many of the observa- 

tions reported and for much guidance on filter con- 
struction. 
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transmission line calculations 
with your 

pocket calculator 

How to use your 
four-function calculator 

to design 
transmission-line 

matching transformers 
and matching stubs 

As many amateurs have discovered, cut and try trans- 
mission-line adjustments can become a frustrating 
experience. Strange things have been known to happen 
when you fiddle around with different lengths of coaxial 
or open-wire line. When you dig out a textbook on 
transmission-line theory, those hyperbolic functions and 
associated complexities can be intimidating, to say the 
least! 

In recent years the Smith chart has been the engi- 
neer's tool, and those of us who were able to meet it on 
even terms acquired a new and different concept of 
transmission lines. Unfortunately, Smith charts are not 
the easiest things for the amateur to acquire, and al- 
though its application and use have been described in the 
amateur magazines,lv2 its mastery takes a good deal of 
practical use. 

More recently, the computer has appeared on the 
scene, but few of us have access to its mysteries, so once 
again the average amateur is le.ft out in the cold. How- 
ever, a ray of hope has appeared in the shape of the 
popular hand-held electronic calculator. If you will com- 
promise to the extent of a book of trigonometric tables, 
the humble four-function calculator can do a pretty 
good job of coming up with the answers. Where do you 
locate that matching stub or transformer? If your 
handy-dandy device is sophisticated enough to do trig 
functions as well, you won't even need the trig tables! 

To begin a t  the beginning, consider a length of trans- 
mission line, of characteristic impedance Z,, terminated 
by a mismatched load having a resistive component, R, 
and a reactive component, X (see fig. 1). If you now 
refer to the Smith chart of fig. 2, you will see that i t  has 
a scale around its circumference which is labeled "Angle 
of Reflection Coefficient in Degrees." You will also see 
that a set of rectangular coordinates has been superim- 
posed on the Smith chart. The locus of all the centers of 
reactance circles has become the X axis, while all of the 
centers of resistive circles are located on the Y axis. This 
allows us to express Smith chart functions in simple 
trigonometric terms, and eliminates the complex j opera- 
tor, which the simple pocket calculator cannot handle. 

This article will show how, given a complex load of R 
+ jX (or G + j B ) ,  appropriate points may be computed 
where either a suitable matching transformer or shunt 
stubs may be located to match out the transmission line. 

By Henry S. Keen, WSTRS, Fox, Arkansas 72051 
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REFERENCE PLANE REFERENCE PLANE 
OF INTEREST OF LOAD 

fig. 1. Transmission line terminated with a complex load. Design 
of matching transformers or matching stubs, and their proper 
location, may be determined with a Smith chart, or by using the 
simple four-function calculator, as discussed in the text. 

In addition, a general relationship will be given, with 
which the impedance (or admittance) resulting from 
looking a t  a known complex load through a given length 
of transmission line may be determined. 

It may also be determined from the Smith chart that 
as you back off from the load, moving toward the 
generator (transmitter), that the angle of the reflection 
coefficient will be reduced as you recede toward the 
generator. 

There are two general methods of matching a mis- 
matched transmission line to eliminate standing waves. 
The first is to insert a matching transformer (usually a 
quarter wavelength of line, of a different characteristic 
impedance than the line to be matched). The second, 
which is more adaptable to coaxial lines, i s  to install a 
shunt stub at the proper spot on the line. 

The location for a matching transformer, if you are 
using open-wire lines, i s  quite simple as you only have to 
run a neon lamp along the line to locate a voltage 
minimum or maximum. These are points where the 
reactive component is zero. If plotted on a Smith chart, 
this impedance would fall upon the "real" diameter, 
which is marked as the Y axis in fig. 2. At this point you 
would cut the line and insert a matching transformer 
having a transformation ratio equal to the square root of 

fig. 2. Smith chart with superimposed rectangular 
coordinates (see text). 

the vswr. Whether i t s  characteristic impedance would be 
higher or lower than the main transmission line depends 
upon whether you had chosen a minimum or a maxi- 
mum voltage point. 

With coaxial lines, however, y'ou cannot detect 
voltage maximums and minimums as you move a neon 
lamp along the line, so all points have to be computed, 
based upon knowledge of the complex impedance of the 
load. Bridges for measuring such complex quantities 
have been fi ir ly well covered in the literature, and need 
not be discussed here.3*4 

transformer location 
Starting with the load impedance of R, + jX, you 

must first normalize the load by dividing both the 
resistance and reactance of the load by the characteristic 
impedance of the line. Thus, 30 + j60, normalized to 50 
ohms, for example, would be 301.50 + j601.50 = 0.6 + 
j i .2 .  

Secondly, you must find the angle of the reflection 
coefficient, 8, using the relationship 

2X 
tan 6' = -  RZ+XZ- 1 

In this usage, whenever X is positive, 8 also is 
positive, and when X is negative, 8 i s  negative, as on the 
Smith chart. When the denominator is positive, 8 lies 
between zero and go0, and when the denominator is 
negative, 8 lies between 90" and 180". 

In the case of our assumed impedance of 0.6 + j1.2, 
for example; 

tan 8 = Z(1.2) 
0.36 + 1.44 - 1 

- 3 

Therefore 8 = 71'34' 

Inasmuch as the length of line included affects both 
the incident and the reflected wave, the transformer 
should be located 35'47' (half of 71'34') back from the 
load. Such accuracy as represented by the 47' is unneces- 
sary for any amateur operation, but it's nice to know 
that you can figure it that closely (assuming, of course, 
that you accurately measure the load impedance). This is 
a point of low impedance (0"). If you wanted to locate 
the transformer at a high impedance point, it would be 
located an additional 90' back from the load. 

The vswr represented by this load may be calculated 
by first finding the reflection coefficient, r from the 
following expression: 

r =  2 x  
[(I + R)Z + Xz] sin 8 

Solving eq. 2 for the example above 

r =  Z(1.2) 
[(I + 0.6)z + 1.2Zlsin 71'34' 
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The corresponding vswr i s  Therefore, the admittance equivalent is 0.333 - j0.667 

Therefore, the transformation ratio would be m o r  
about 2:1. 

From eq. 5 tan 8, = - 2(- 0.66 7) 
0.3332 + 0.6672 - 1 

When coaxial transmission line is used, you rarely 
from which we deduce that 8, is negative (B, is 

have the chance to select the characteristic impedance of 
negative) and that 8, is between -90" and -180" 

a matching transformer, so the matching must usually be 
(denominator is negative). 

accomplished by means of shunt stubs, which can be 
calculated in the following manner: Convert the com- arctan 3.000 = 71'34' 
plex admittance R, + jX, to the admittance form, as The value of 8, i s  therefore - 180" + 71 "34' = -1 08'26' 
follows, using the normalized resistance and reactance The reflection coefficient, r, has not changed from 

Conductance, Go = R o 
R$ + XZ 

x o  Susceptance, Bo = ---- 
R$ + X$ 

(3) 
previous calculations and i s  s t i l l  0.63245. When this 
value is used in eq. 7 

- 1.2649 = 1,633 
In transferring from impedance to admittance, the - 

sign changes, so that R ,  + jXo becomes Go - jB, (and dzz? 
R, - jX, becomes Go + jBo). This is because inductance Therefore, the nearest point to the load, where a 
is considered a positive reactance, while inductive shunt stub could be located, is where Y 1  = 1 .O + j1.633. 
susceptance is negative. Consider clockwise rotation on the Smith chart from 

stub matching - 108"26', so applying eq. 5 again, using these figures, 

1. Using the admittance counterpart of eq. 1 find 8 from 
the expression 

tan 8 = 2Bo 
GZ +BZ - 1 

2. Using the admittance counterpart of eq. 2, find r 
from the expression 

2 B = - -  o_ ----- 
[(I + G0)2 + 8: ] sin CP 

(6) 

3. The admittance must move down the transmission 
line to  a point where C1 = 1.0, at which point the new 
value for B may be found from 

Substitution of this new value of susceptance, E l ,  
with G=l in eq. 5 will give the value of I9 at the location 
for the stub. I f  B, should be positive, the added stub 

2 1 633) tan 6 = --A- 
(1 .O)z + (1.633)2 - 1 

Therefore, the total distance will be (1 80" - 108~26 ' )  + 
(180" - 50'46') = 200~48 '  This will require a length of 
line half that, or 1 0 0 ~ 2 4 '  (0.2789 wavelength). 

Since B1 is positive, the stub must be inductive and 
present a shunt susceptance equal to -1.633. The stub 
length is determined from 

cot-I I .633 = 31 "29' (0.08745 wavelength) 

The characteristic impedance of the stub is assumed to 
be the same as the main transmission line. 

If you had wanted to use a capacitive stub (or a shunt 
capacitor), you'd have chosen B1 to be -1.633, which 
would have placed the new value of 8,  as -50°46', and 
would have called for a length of 0.4247 wavelength 
between the load and the shunt susceptance. 

will be negative (i(ductive). You can choose either type general relationship 
of stub. but the widest bandwidth will be obtained when 
you choose the point closest to the load. When a given normalized complex admittance, Y,,, is 

As an example, let's return to our original assumed to be translated a distance 0 (in electrical degrees) down 
load impedance which normalized to 0.6 + j1.2. a line of admittance Y o ,  the classical formula is 

From eq. 3 C, = 0.6 - 0.6 - - 
0.62 + 1.22 1.8 

This relationship looks innocent enough, but when 
Y L  i s  complex to begin with, then you must, after 
expanding and combining terms, also rationalize the 
denominator. There are numerous pitfalls which can trip 
up the unwary (when I used this expression, I always 
checked the results on a Smith chart just to be sure). 
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However, the same translation of a complex admittance 
can be accomplished in the following manner: 

Given: YL = GL + jBL (or ZL = RL + jXL) 

to extend the transmission line by 8 degrees and find Yj 
(or XI 

1. From eq. 5, find 8, (or use eq. 1 for 2) 

2. From eq. 6 or eq. 2 find I' 

3. Subtract the quantity 28 from 8,, giving 8 

4. F indX , - ' I ' ~ i n8~  and Y j = l  - rcosOj  (9) 

5. Calculate 

substitute R1 for C 

I feel that this process is not as messy as eq. 8, in 
addition to being compatible with the pocket calculator, 
particularly those which have trigonometric capability. 
It may be that some or all of these steps might be 
programmed on the more sophisticated HP-25 or HP-65 
calculator, which would make the process a breeze. 

Another application of these relationships might be 
to translate the impedance of an antenna, as measured 
through a length of coaxial cable, back up to the 
antenna itself. In such an application, the length of the 
coaxial line in electrical degrees must be accurately 
known for each frequency of measurement. 

When moving toward the load, instead of away from 
it, as was done in the foregoing discussion, twice the 
electrical length of the line through which measurements 
are taken must be added to the calculated angle of the 
reflection coefficient. Integral half wavelengths (180~) 
of line, which result in a complete revolution on the 
Smith chart, would of course be discarded. Therefore, if 
you neglect losses in the transmission line, the electrical 
characteristics of the antenna might be determined to a 
fair degree of accuracy without disturbing the electro- 
magnetic field around it. The use of a carefully measured 
and known length of coaxial line for this purpose would 
be most helpful. A standard test line should be of 
considerable value to the antenna experimenter as a 
primary piece of test equipment. 
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1 CRYSTAL FILTERS and DISCRIMINATORS 
10.7 M H z  
XF107 -A  
X F 1 0 7 - B  
XF107.C 
X F 1 0 7 - D  
XF107.E 

F ILTERS,  8 P O L E  
1 4 k H z  
1 6 k H z  
3 2 k H z  
3 8 k H z  
4 2 k H z  

N B F M  
N B F M  
W B F M  
W B F M  
W B F M  

10.7 M H z  FILTERS,  4 P O L E  1 X M l O 7 - S O 4  1 4 k H z  N B F M  

10.7 M H z  FILTERS,  2 P O L E  
X F 1 0 2  1 4 k H z  N B F M  

SOCKET ( f o r  X M 1 0 7 - S 0 4 )  t y p e  D G 1  

10.7 MHz D I S C R I M I N A T O R S  
X D 1 0 7 - 0 1  3 0 k H z  N B F M  
X D 1 0 7 - 0 2  5 0 k H z  W B F M  
I2xport Inquiries Invited 
S h i p p i n g  $ 1.25 p e r  f i l t e r  

1 432 MHz SSB TRANSVERTER. MMt432 -. . . - ~ - - ~ -  - - - - 
Use your HF Transceiver on the 432 MHz band with the addition of thc 
MMt432 linear Transverter. The MM1432 operates on a l l  modes; SSB, CW, 
AM, FM. It contains BOTH the l~near  transrnlt up.conver:er and the re- 
ceive down-converter. An internal PIN diode T/R connects t o  your Trans- 
ceiver T/R line. The MMt432 is F T l O l  and similar HF r i g  compatible. Add 
the 70/MBM48 MULTIBEAM and operate dlrect into OSCAR 7 mode 0. 
Write for free application note. 

Spec i f i ca t i ons :  
Output Power 10 W peak 
Drive, 10 meters 
Receiver N.F. 3%: :z 
Receiver gain 3 0  dB typ 
Bandwidth 4 MHz 
Prime P o w r  12 V D.C. 

UHF PRE-SELECTOR FILTERS 
Very low loss bandpass filters for the 432 MHz and 1296 MHz bands. 
Uses include Rx pre-selector and Tx driver output filters. LO versions also 
available. The fixed tuned design cannot be mlsadjusted; only in-band 
signals get thru. 

M O D E L  Ps1432 M I 2 9 6  

;7p'ffER:?: 
420.450 M H z  1250 -1340  M H z  
O . l dB  P E A K  O . l db  P E A K  

I. L. TYP.  0 .15dB  0 .2dB  
C O N N E C T O R S  B N C  T N C  
I N / O U T  I M P E D A N C E  5 0  O H M S  5 0  O H M S  
S h i p p i n g  $3.50 $34.95 $34.95 

Send 26C (2 stamps) for f u l l  line catalogue of KVG crystal products and 
a l l  your VHF & UHF equipment requirements. 
Pre-Selector Fi l ters Pre-Ampl lk rs  Converters 
Varactor T r i  lers Transverters Antennas 
Decade  re-Pcalen Digital Counters Crvstals 
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Hank Olson, W6GXN 

power-supply 
servicing 
Probably the most common service job in electronic 
equipment involves the power supply. The power supply 
in amateur equipment is usually connected to the 110 
or 220-volt ac line through switches, fuses, or circuit 
breakers. This connection is  a- significant interface 
between your equipment and the real (and imperfect) 
world. If your power supply is not connected to a source 
of perfect sine-wave power, then you can expect prob- 
lems, especially if the supply is used to power solid-state 
equipment. In this month's column we discuss a number 
of power supplies and voltage regulators and how to 
troubleshoot problems that may develop - what to look 
for, how to isolate faults, and how to make repairs. 

l ine-vol tage transients 
The most common power-supply problems don't 

occur from plugging the supply into a source of the 
wrong line voltage; such errors usually result in an open 
primary fuse or open circuit breaker, which is  easily 
fixed. A more important problem occurs from line- 
originated transients, which cause the input voltage to 
depart from a pure sine wave. A line-voltage transient 
can be a positive high-voltage spike riding on the most- 
positive excursion of the 60-Hz sine wave (fig. 1). The 
duration of this spike i s  very short, so it doesn't contain 
enough energy to open a fuse or trip a circuit breaker. 
However, it can appear on the power-transformer 
secondary winding (if the transformer has sufficiently 
high frequency response) and result in overvoltage on 
one or more of the rectifiers. 

Overvoltage occurs when the rectifier peak inverse 
voltage (PIV) exceeds the rectifier rating. In tube recti- 

By Hank Olson, WGGXN, Post Office Box 339, 
Menlo Park, California 94025 

fiers this i s  called flashback; in modern silicon rectifiers 
it's usually called destruction! Some silicon rectifiers 
(more expensive types) are made to recover from low- 
duty -cy cl e overvoltage; these are the "avalanche- 
protected" variety. Because they're more expensive, you 
probably won't find them in your commercial amateur 
equipment. Some of the principal makers of these 
avalanche-protected diodes are Semcor, Unitrode, and 
Varo. What you're most likely to find in your commer- 
cial gear is  the 1N4001-IN4007 series or something 
similar, which are not protected and which are worth 
about 5 cents each in OEM quantities. If they fail, you 
may not find these rectifiers in your equipment except 
for their wire ends; the package will have disintegrated 
into small black granules rattling around in the bottom 
of the equipment case. 

If the above seems overstated, i t  was because I 
wanted to make a point: by far, the most common fault 
in power supplies is rectifier failure. In modern circuitry 
using silicon rectifiers, the diodes will most often be 
shorted; the only open-circuited rectifiers I've seen are 
those resulting from package fracture or disintegration. 

typical circuits 
To troubleshoot power supplies, we must first know 

what circuits might be encountered. In fig. 2 are seven 
common rectifier-filter configurations, a l l  using capaci- 
tor-input filters. The first i s  the simple half-wave recti- 
fier, which is  the least expensive, but which produces 
60-Hz ripple (making filtering more difficult). The 
second is  the full-wave rectifier, which requires a center- 
tapped transformer. The third is  the full-wave bridge, 
which requires no center tap but which requires four 
rectifiers. The conventional voltage doubler is shown 
next, followed by the cascade voltage doubler. The full- 
wave, full-wave bridge, and conventional voltage doubler 
all produce dc output with 120-Hz ripple. The cascade 
voltage doubler produces 60-Hz ripple very much like 
the simple half-wave circuit. 

The last two circuits of fig. 2 are variations on the 
full-wave bridge. The circuit in fig. 2F produces both 
positive and negative voltages (as in power supplies used 

O- TRANSIENT ON 
S I N E  WAVE 

lu 0 

t 
T I M E  

fig. 1. Representation of a 60-Hz line-voltage wavetrain with a 
transient spike, which can cause overvoltage on  power-supply 
rectifiers. 



for operational amplifiers). Looking a t  this circuit care- Power supplies that do have a central regulator, how- 
fully, we see that it boils down to simply a positive and a ever, generally use some sort of series circuit, much like 
negative full-wave rectifier operating from the same those in fig. 4. Figs. 4A and 46 show the positive and 
center-tapped transformer. The other full-wave bridge, negative versions. The negative regulator works in 
fig. 2G, is the dual-voltage version. It produces half the exactly the same way as the positive regulator and will 
dc output at the transformer center tap as produced at be more common in older designs that used germanium 

VOLTAGE L5!3~~h &+ 

the plus terminal of the bridge. This supply is similar to 
that of fig. 2F but with a different point grounded. 

Seven rectifier-filter circuits with typical component 
values, together with plots of voltage and current out- 
put, are shown in fig. 3. The graph of fig. 3H shows that 
wide variations occur in the output of the different 
circuits even though the same transformer and filter- 
capacitor values are used. Although choke-input filtering 
is  not too common in modern commercially built ama- 
teur gear, i t ' s  possible to use such filtering with the 
full-wave and full-wave bridge rectifiers. Typical 
examples are shown in figs. 3F and 3G. 

voltage regulators 
Following the rectifier-filter section there will 

frequently be no signal regulator, because many circuits 
in commercial electronic equipment are not very sensi- 
tive to voltage variations. In a typical receiver, for in- 
stance, the only stage that may use regulated tVcc is  the 

local oscillator. In even the best and most expensive 
designs, the audio output stages are operated from un- 
regulated +Vcc. 

fig. 2. Typical power-supply circuits. A, 6, and C depict half-wave, 
full-wave, and bridge rectifiers using capacltlve-Input filters. A con- 
ventional voltage doubler in D and a cascade voltage doubler in E. 
Variations of the bridge are shown in F and G, the former producing 
both positive and negative voltage and the latter producing half the 
dc output at the +low terminal as produced at  the +high terminal. 

power transistors. The only differences between the 
designs are that, in troubleshooting the positive regula- 
tor, one measures positive voltages to common; in the 
negative regulator, one measures negative voltages to 
common. The other major difference, when fixing older 
germanium designs, is that the base-emitter forward vol- 
tage is closer to 0.3 volts whereas it's about 0.6 volt for 
silicon transistor designs. 

Perhaps the simplest series regulator design is the 
emitter-follower, shown in fig. 5A. In this case no separ- 
ate feedback of the output voltage to the control section 
is  used, but i t  i s  assumed that the base-emitter voltage is  
more or less constant. The base is  held at constant 
voltage by the zener diode, and ripple a t  the base is 
reduced by the filter formed by R1, C1. The next 
most-complex series regulator is shown in fig. 58, where 
feedback is  used from the output. A fraction of the 
output voltage is  fed to Q2 base. The difference between 
this voltage and the zener diode voltage (plus the emit- 
ter-base forward drop of 0 2 )  is amplified to control 01 
base. The third most-complex regulator uses a differ- 
ential amplifier as a control circuit with one side refer- 



enced to a zener and the other to a fraction of the 0 1  base in a negative direction. This action prevents 
output voltage. This circuit is  shown in fig. 5C; note that further current being passed by Q1. If Q2 were a ger- 
a second Zener is  usually used to provide coarse regula- manium transistor R2 would have to be about 3 ohms to 
ted voltage to the differential pair. allow current limiting at 100 mA, again because of the 

lower base-emitter forward drop of germanium 
IC op amp regulators transistors. 

At this point it i s  advantageous to substitute an In the next generation of linear ICs the voltage- 
operational amplifier for the differential pair. Many reference and current-limiting functions and even a small 
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fig. 3. Rectifier-filter circuits with typical component values. 
A through E a n  respectively a half-wave rectifier, full-wave 
rectifier, bridge rectifier, voltage doubler, and cascade voltage 
doubler. Full-wave and bridge rectifiers are shown in F and 
G, using choke-input filters. Response curves of these systems 
are shown in H. The curves for the choke-input systems were o 2# 400 6 0 0  

terminated at 600 mA because of the choke current rating. OUTPUT CURRENT ( ~ A J  

commercial regulators that were designed shortly after 
monolithic IC amplifiers became available are of the 
form shown in fig. 6. 

In fig. 7 are actual circuits of the regulators discussed 
above. Note that in fig. 7D a current limiter has been 
added consisting of Q2, R1, and R2. (Compare with fig. 
6). This feature can be added to most regulators and is 
certainly worthwhile. When 100 mA is drawn, 0.6 volt i s  
developed across R2, causing Q2 to conduct, which pulls 

series-pass transistor were integrated into the regulator 
chip. National's LM300, Fairchildfs.pA723, and Motor- 
ola's MC1460 are representative of this first generation 
of IC regulators. In their small TO-5 packages these 
regulators could handle currents of only 10 mA or so, 
depending on the input-output voltage and the adequacy 
of the heat sink. These ICs can be used with external 
power transistors to provide regulators with amperes of 
current capability. Fig. 8 shows circuits using these ICs 
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with external transistors as combined regulators. The 
LM300 has since been replaced by the improved version, 
LM305, and the MC1460 has also been replaced by the 
MC1469. The pA723 and LM305 are widely second- 
sourced, so you may find them with any number of 
brand names. 

Finally, in the second generation of IC regulators, 
manufacturers have succeeded in putting even the power 
transistors onto the chip. Such regulators are typified by 
the Fairchild pA7800 and National LM340 series of 
three terminal regulators, in power packages. These ICs 
have fixed output voltages; you simply buy the voltage 
type desired. The negative three-terminal regulators, 
pA7900 and LM320 series, operate in similar fashion. Of 
course, since there is  no user control of output voltage 
or current limiting on any particular three-terminal 
regulator, there is also nothing to repair once the input, 
output, and ground connections are checked for proper 
connections and voltages; IC replacement i s  the only 
remaining option. The use of threeterminal regulator 
ICs is  shown in fig. 9. Note that a small capacitor is 
necessary between input and common for stability. 

troubleshooting and repair 
Preliminary checks. Now that we've covered at least a 
fair number of rectifier-filter and regulator circuits most 
likely to be encountered, let's move on to fixing them. It 
is  perhaps superfluous advice, but your first check 
should be to see if line voltage is actually entering the 
equipment under repair. Line cords, especially the 
molded variety, are frequently open (and occasionally 
not plugged in). Next, fuses and breakers should be 
checked; even if they appear OK, check them with an 
ohmmeter. Apparently good fuses can occasionally open 
in a way that will be missed by a visual check. I f  new 
fuses immediately blow, then you must resist the temp 
tation to use much-larger-than-normal fuses to "get 
things going." Such overriding of the fuse function, 
even for "a short time during servicing," will usually 
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fig. 4. Series regulators. Positive and negative versions are shown 
in A and 6. The negative regulator is more common in older 
designs using germanium power transistors. 

cause severe damage to some component that may be 
hard to replace - such as a specially made power trans- 
former. 

Rectifiers. The next step is to check the rectifier diodes 
using an ohmmeter, as mentioned before, these are the 
most likely candidates for failure. It is easiest to discon- 
nect one lead of each rectifier before applying the ohm- 
meter test, otherwise the dc resistance of the power 

UNREGULATED REGULATED 
INPUT OUTPUT 

UNREGULATED REGULATED 
INPUT 1 OUTPUT 

c' T 

REGULATED 
OUTPUT 

4- 

fig. 5. Simple emitter-follower series regulator, A, in which 
base-emitter voltage is held constant by a zenrr. In  6, a fraction 
of the output voltage is fed back to 42, a dc amplifier, to 
control the base o t  9 1 .  The series regulator in C uses a differen- 
tial amplifier, 9 2 ,  93, as part of the control circuit. 

transformer secondary can confuse the issue. If a bad 
rectifier is found, replace i t  with a new part or equiva- 
lent. The Motorola "HEP Cross Reference Guide and 
Catalog" i s  the best of the several replacement hand- 
books in this area, in my experience. My advice is to 
replace all the diodes in a full-wave or a full-wave bridge 
rectifier (unless you have an exact replacement) if only 
one rectifier diode is shorted. In this way, the original 
balance of diodes is maintained. The required PIV in the 
replacement diodes should be twice that of the originals 
to ensure reasonable reliability. 

Such diodes are very inexpensive. As an example, 
consider a full-wave rectifier with capacitor input and an 
output voltage (unloaded) of 15 volts. You could get 
away with using a nominal 50-volt PIV diode such as the 
1 N4001 and still have a 10-percent margin of PIV before 
breakdown. A IN4001 costs 32 cents (1976 Allied 
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Radio Catalog), and a 1 N4002 costs 33 cents. The differ- 
ence is one cent in price, but this one cent buys you 
double the PIV (100 volts). It certainly is  a worthwhile 
penny spent! Diodes (up to about 15 amps) are so cheap 
because of wide consumer use - it's ridiculous to pinch 
pennies on PIV. 

Transient suppressors. After replacing rectifier diodes in 
a power supply, should a repetition of the failure occur 
in a few weeks or months, i t  may be wise to add 
something to suppress line transients. A 0.01-pF 1kV 
disc capacitor across the transformer secondary will do a 
lot to suppress short-duration spikes for example. An 
even more effective spike reducer is  a thyrite varistor of 
the correct voltage. Disc and rod varistors are rated in 
voltage (for both ac and dc) by their manufacturers. 
These components may also be connected across the 
transformer secondary. Such thyrite varistors are made 
by General Electric, National Lead, and Automatic Elec- 
Uic. 

The varistors have the advantage of dissipating the 
transient as opposed to the capacitor, which integrates 
the transient energy into a lower voltage, longer impulse. 
In power supplies using choke-input filters, a thyrite 
vaiistor may be used as in fig. 10 to prevent the choke- 
field collapse voltage from exceeding the rectifier diode 
PIV when the power supply is turned off. 

Load circuitry. After the rectifiers have been given a 
clean bill of health, disconnect the regulator output 
from the circuit that it i s  designed to power. A failure in 
the circuitry that loads the regulator can give the appear- 
ance of a regulator failure, especially if the regulator has 
built-in current limiting. If low output voltage s t i l l  oc- 
curs, the regulator input voltage should be checked. I f  
the regulator input voltage is  low, disconnect the recti- 
fier-filter output from the regulator input. This allows 
the rectifier-filter to operate unloaded, and i t s  output 
voltage should increase a t  least to nominal voltage when 
turned on. We have now three different system blocks 
where an apparent power-supply problem can occur: 
rectifier-filter, regulator, and load circuitry. By discon- 
necting these blocks from each other in steps, the faulty 
section can be isolated and fixed. 

filter capacitors 
I f  the trouble i s  in the rectifier-filter section, the most 

UNREGULATEO REGULATED 
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fig. 6. Sories regulator using an OD amp IC. Circuit is typical of 
many commercial designs that appeared after monolithic IC op 
amps became available. 
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fig. 7. Series regulator circuits of figs. 5 and 6 using typical 
components. The emitter-follower version is shown in A; simple 
series regulator, 8; series regulator using differential dc amplifier, 
C; and a serles regulator using an I C  op amp as a differential 
amplifier, D. The current limiter consisting of Q2, R1, R 2  in D is 
a simple and worthwhile addition that can be Included In most 
regulators. 

probable failure (after rectifier diodes) i s  an electrolytic 
filter capacitor. The failure of electrolytic capacitors can 
either be a short or open circuit. A shorted electrolytic 
can be easily found with an ohmmeter; the only indica- 
tion of an open electrolytic i s  i t s  failure to smooth out 
ripple. Such an open-circuit failure will cause the dc 
voltage to decrease to a value lower than the peak ac 
voltage, as read on most meters. 

An oscilloscope readily shows an open filter capaci- 

48 @ november 1976 



UNREGULATED 
INPUT 

(APPROX + IOV)  

+ 5 v  
REGULATED 

OUTPUT 
(UP TO 100mAJ 

- 1 L 1 1  - 0 
COM 

2N5191 

+o 

UNREGULATED 
INPUT 

VOUT CL CS 

(APPROX. +ZZV I  
'- 

VCC " A 7 2 3  INV. 2 
t C  v +  
, v-  VREF N.I. COMP 

+ 

+15V 
REGULATED 

OUTPUT 
(UP TO IOOmAJ 

2N5194 

0 
+ 5 v  

REGULATED 
OUTPUT 

(UP TO IOOmAj 

U P P R D X  + B V )  5 
+ - + 

100°F 7; -- 500°F 
15 v 

/- IOV 

2 1 0  7 8 

Q - $ 4  

fig. 8. Series regulators using ICs especially designed for the 
purpose. All use external power transistors as part of the regula- 
tor circuit. The regulator in A uses the National LM3OOH or its 
improved verslon, the LM305H.  I n  B the Fairchild pA723  is 
used. C shows another version using a Motorola 1460G, which 
has since been replaced by  the MC1469. The National and 
Fairchild devices have become widely second-sourced and appear 
under a variety of brand names. 

tor, because the increased ripple can be seen immedi- 
ately. Bridging a new (correct value) electrolytic across 
the suspected open capacitor is  a simple way to check 
this problem. What causes most electrolytic open failures 
is excessive ac. This current causes heat and subsequent 
drying of the capacitor electrolyte. If you have a supply 
in which electrolytes consistently dry up, probably no 
thought had been given to limiting ac current in the 
capacitor in the original design. This was a rare problem 
when we had only tubes and selenium rectifiers because 
of their high equivalent series forward resistance. But the 
modern silicon rectifier diode has extremely low equiva- 
lent forward resistance and immense peak current capa- 
bility. A typical IN4001 rectifier, rated at 1 amp, has a 
peak current rating of 30 amps! 

With essentially no limit to  the peak current our 
modern rectifiers will handle, the only limitations on ac 
in the filter capacitor, in a capacitor-input rectifier-filter 
system, are the leakage inductance and secondary resis- 
tance of the power transformer (plus the equivalent 
series resistance of the electrolytic itself). By using a 

clamp-on ac ammeter on the filter-capacitor lead you 
can easily see the magnitude of this current. The solu- 
tion is either to use a capacitor of higher current rating 
(expensive and relatively bulky) or to add a small resis- 
tor, as in fig. 11. One-ohm, half-watt resistors are com- 
mon and inexpensive for this purpose. For dc to 500 
mA, this protective resistor will decrease the output less 
than 0.5 volt, which will usually be tolerated by the 
circuitry (regulator or load) that follows the rectifier 
filter. For larger-current supplies, a smaller resistance 
made from nichrome or constantin wire should be used. 
Note that the exact resistance and its stability are un- 
important here as long as the resistance limits the ac 
current to a value the filter capacitor can accept 
according to i t s  ratings. 

magnetic components 
The only other components in the power supply are 

the power transformer and perhaps a filter choke. These 
components usually fail from long-time overload or just 
plain old age and will have been "cooked." Obvious 
evidence of their demise includes strong odor, charred 
paper insulation, darkened insulation on formvar 
winding wire, and leaking insulation oil from sealed 
units. 

Ohmmeter checks for winding continuity and leakage 
paths to the frame are called for here. Also ac voltage 
measurements across the power transformer secondary 
are appropriate. If all seems well in the rectifier-filter 
section, then the supply may be loaded using appropri- 
ate power resistors or light bulbs to determine if failure 
occurs only under load. The transformer alone may also 
be checked under resistive loads in the same way. 

regulators 
If you have problems in the regulator section, fixing 

becomes more varied and interesting. I t  can be very 
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fig. 9. Using a three-terminal device as a positive regulator, A. 
and as a negative regulator, B, the power transistor is included 
within the chip. The I C  for A can be a National LM340 or 
Fairchild fiA7800; for B is can be a National L M 3 2 0  or Fairchild 
pA7900.  The capacitor between input and common I S  used for 
stability. 
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simple if the regulator i s  one of the three-terminal types, 
in which case the regulator i s  simply replaced. Regulator 
failures in my experience fall in this order of proba- 
bility: series-pass power transistor, regulator IC, small 
transistors, and small electrolytics. Since the regulator i s  
a feedback system, voltage measurements are often mis- 
leading. Unlike open-loop circuits, feedback systems 
usually completely tie themselves into knots when any 
part of them goes wrong. 

The easiest way to fix a regulator is to check (or 
replace) the most likely parts (as above), one at a time, 
until success i s  achieved. Two voltage measurements can 
be helpful - sometimes: measurement.across the cur- 
rent-sense resistor and across the reference. In fig. 7D 
this would be across the 6-ohm resistor for current- 
limiting; any voltage here in excess of 0.6 volts indicates 
that the regulator is current limiting. Also in fig. 70, a 
check across the zener (1 N4611) will show if the regula- 
tor has any reference voltage to which i t  can compare 
the output voltage. 

Reference-zener failure doesn't occur often in good 
commercial designs, but a number of companies use 
inexpensive plastic transistors as reference diodes. The 
reverse breakdown voltage of the emitter-base junction 
of a silicon transistor is used for a zener in the 4-10 volt 
range. These "reference diodes" are inexpensive for the 
manufacturer but nasty to replace, because the repair- 
man has no idea of their exact breakdown voltage before 
failure. My practice is to use a good zener with a sharp 
knee to replace these so-called references. The 1 N4099 
at 6.8 volts is my favorite a t  least as a first cut. 

mysterious part labeling 
When fixing commercially made power supplies you 

may encounter that annoying facet of protectivism 
called "in-house-numbering." For example, Motorola 
makes an MC1466L for Lambda to use in their modular 
power supplies but gives it a Lambda special number. 
There i s  no way you can find out from the IC manufac- 
turer what the part is - short of industrial espionage. All 

T H Y R I T E  VARISTOR I 
fig. 10. Choke-input circuit with a thyrite varistor 
added to Protect rectifiers against overvoltage 
when the choke field collapses. 

IC manufacturers do this for large O.E.M. customers. 
However, the IC manufacturer usually puts his trade- 
mark on the IC or transistor so that at least you have a 
clue. 

There is  almost zero probability that an in-house 
semiconductor is a specially-made device because of the 
cost factor; almost always it will be a standard part but 
re-marked. The circuit and pinning of the device to be 

replaced should be compared with the information in 
the semiconductor manufacturer's data book, then 
usually you can infer what the part is. In modular power 
supplies the Fairchild pA723 and National LM305 are 
by far the most common regulator ICs. 

The main producers of regulator ICs are Fairchild, 
National, Motorola, Silicon General, Raytheon, Tele- 

fig. 11.  Capacitor-input filter with a 1-ohm resistor added to 
limit electrolytic-capacitor current. 

dyne, Signetics, and RCA (that is, all the big linear 
houses). These companies' trademarks are easily recog- 
nized and their data books are commonly available. 
Occasionally you may be able to obtain an in-house 
number equivalent by calling the O.E.M. or his field 
engineering office. When replacing the regulator IC I 
always carefully unsolder the package using a de- 
soldering tool (vacuum type) then install an IC socket. 
This allows a new IC to be tried without further weaken- 
ing the circuit-board traces and pads. 

heat sinks 
One last point on power supplies is the subject of 

heat sinks. Very often commercial designs at the low- 
price end have inadequate heat sinks for power semi- 
conductors. Occasionally you'll even find power semi- 
conductors "heat sink" mounted to a steel chassis or 
bracket. This, of course, saves the O.E.M. money but 
provides poor heat conductivity. A simple retrofit of an 
aluminum or copper plate can often prevent persistent 
semiconductor failures due to overheating. Another pit- 
fall is the application of modular power supplies, es- 
peciall y the molded-in-epoxy block types. These 
modules are frequently designed to be operated with 
good thermal contact to a large aluminum chassis or 
other good heat dissipator. Floating them on a fiberglass 
circuit board in a stagnant air location is  a sure way for 
them to fail. 

conclusion 
We have touched on a number of types of power 

supplies and the ways in which they can be separated 
into sections, the section at fault isolated, and finally 
that section repaired. There are many other regulator 
forms: shunt regulators, switching regulators, and even 
regulators that rely on ferro-resonance in transformers 
and other clever magnetic tricks. These other regulators 
are not so common that space can be devoted to them 
here; but they, too, can be fixed using the same general 
principles: separate, isolate, repair. 

ham radio 
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Drake C-Line 
Both the R-4C and T-4XC cover extra 500 kHz 
ranges throughout the hf spectrum. Additional 
crystals, which are front panel selectable, 
provide new bands as they are needed such as 
those discussed for 10,18, and 24 MHz. 

The excellent performance of the system 
makes weak signal DXing on 160 meters a 
pleasure. 

Both units employ the famous Drake PTO for 
super stability and 1 kHz direct dial readout. 
Calibration remains the same when switching 
between modes. 

With the proper use of the passband tuning, 
notch filter, and eight-pole cyrstal lattice filter 
(ssb supplied, five others for am, cw, and RTTY 
available as accessories), R-4C gives 
outstanding results in severe QRM as compared 
to fixed selectivity Systems. 

Complete transceive capability using either PTO 
is provided, with spot signal for zero beating. 

Also consider the Drake L-4B Linear Amplifier- 
full power2kW PEP ssb and 1000 W-dc cw, full 
rated for RTTY, offering full operator 
convenience with front panel by-pass switch and 
built-in precision high power wattmeter. 

C-LINE ACCESSORIES 
Standard Crystals for T-4XC or R-4C Accessory I-f Filters Ac Power Supply 

Matching Speaker Antenna Matching Networks Rf Wattmeters 
Linear Amplifier Desk Top or Hand Held Ceramic Microphones Noise Blanker 

To receive a FREE Drake Full Line Catalog, please send name and date of this publication to. 

R. I.. DRAKE COMPANY 540 Richard St., Miamisburg, Ohio 45342 

CB 
Phone: (513) 866-2421 Telex: 288-017 

Western Sales and Sewice Center, 2020 Western Street, Las Vegas, Nevada 89102 7021382-9470 
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binaural 
synt hesizer-f ilter 

with tone-tag 
modulation 

A narrowband 
tone-marking system 

that quickly locates 
binaural crossover 

and provides a 
characteristic tonal quality 

to CW signals 

Back in the thirties, before the explosion of electronic- 
component availability and refinements, amateur radio 
was more relaxed. You could tune across the phone 
bands and hear anything from a rock-crusher with broad- 
cast-band quality eating up 20 "kilocycles" of band- 
width to a self-excited oscillator modulated by a 
loop-coupled telephone mike. CW was more often ef- 
fected by a straight key than a bug. And since voltage 
regulators were not yet generally available, many CW 
signals chirped, thumped, clicked or yooped - some 
were pure raspberry (filter capacitors were expensive). 

Added to this charm was brass-pounder rhythms such as 
the "Banana Boat Roll" and "Lake Erie" swing and 
many, many more - most with generous amounts of 
syncopation thrown in. Individuality there was. 

Today the phone bands are sideband-tight and log 
compressed. Almost all CW signals are chirpless dc, with 
or without crystal control. And, with a few exceptions,' 
electronic keyers coldly subtract character from keying. 
Clearly the effect of signal quality in days gone by was 
not all bad by any means. You could often copy a DX 
station precisely because he had the sound of a buzz saw 

TYPICAL INPUT 
SLONALS 

6OOHz 
T IOH*  > 6OOHr 

9 0 0 H r  
) 75OHx + I7OHr PCY 

900Hr  

* 

fig. 1. Block diagram of the basic Tone-Tag modulation system 
for enhancing reception of CW signals. 

or maybe a peanut-whistle chirp. He was different, and i t  
helped. Although some purists frowned on those 
raunchy sounds, they were less piercing to the ear 
(probably less damaging physiologically) and much more 
pleasant to copy. 

system description 

Because of technological progress much of the old 

By Don E. Hildreth, WGNRW, Post Office Box 3, 
Sunnyvale, California 94088 
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character of CW signals is  gone forever; but perhaps to- resistors R1 and R2 (fig. 2) between ground and open a t  
day's technology can restore some of it. Of course you a selected rate not only creates amplitude modulation, 
could make all signals sound like a buzz saw simply by but it does so at the binaural crossover frequency. Every 
cutting some of the power supply filter out of your effort was made to obtain a modulated tone without 
receiver. You'd lose the piercing CW notes, but all signals superimposing startup delays or transients on the basic 
would s t i l l  sound alike. Tone-TagTM is my answer to desired signal. 

I 
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WAVE FORM I N P U T  

L O C A T I O N  SIGNAL AT 

TIME-  
1 IT-V-L fig. 2. circuit details of the basic Tone-Tag mociulation -7 

scheme. Reducing resistance between an operational 
amplifier minus port to ground not only increased gain, 
but the gain is increased most near the filter cutoff 

1 f r e q u e n c y .  The  binaural synthesizer (dashed box) 
appeared in reference 2. 

part of the problem. I use it to accomplish two major 
objectives: 

1. Tone modulate a selected signal without changing ad- 
jacent signals. 

2. Provide a tuning aid to determine quickly and pre- 
cisely the location of the 750-Hz crossover point in my 
binaural synthesizer for CW.2 

You'll note that the first objective can be accom- 
plished whether or not you use a binaural synthesizer. 
You can apply the Tone-Tag principle to any system. 
The general idea is shown in fig. 1. Fig. 2 shows circuit 
details. Although there are many ways to effect modula- 
tion, this method takes advantage of a basic char- 
acteristic of the VCVS active filter class. In this case, 
reducing resistance from a minus op-amp port to ground 
not only increases gain, but the gain is  increased most 
around the filter cutoff frequency. Therefore, switching 

circuit , 

A tone-modulating oscillator, U1, runs at approxi- 
mately 170 Hz (this frequency is between the 4th and 
5th subharmonics of the 750-Hz listening frequency to 
avoid harmonic beat notes). Under no-signal conditions, 
the modulating oscillator's assymetrical square wave is 
inhibited by clamp CR3. The clamp is held in conduc- 
tion by a quiescent -0.7 volt output from op amp U3. 
Divider R3, R4 inhibits modulator diodes CRI, CR2 
when strong signals pass through the system above and 
below 750 Hz. When a nominal 750-Hz signal appears, i t  
is amplified and filtered by U2, a narrow-band filter, 
then fed to amplifier U3. Positive half cycles appearing 
at U3 output periodically open the clamp CR3, which 
allows samples of the 170-Hz oscillator to do its work on 
the modulation diodes. In this way, only those signals in 
the filter passband near crossover are modulated - a 
method that is as effective as it i s  simple. Fig. 3 shows a 
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complete system including a 300-Hz input filter with 
adjustable skirts. 

The 741 IC op amp or its equivalent will work in all 
circuits shown, but a 308 or 301A with a 3-pF frequen- 
cy-compensation capacitor between pins 1 and 8 will 
provide more margin for the U2 circuit in fig. 2. Car- 
bon-film resistors are rated better than carbon composi- 
tion for the active filters, but 5%, %-watt carbon resis- 
tors are usually sufficient. It 's better to use capacitors 
with a tolerance of 10% or better, unless you wish to 
spend some time with a bridge. I've had good results 
with 50- or 100-volt 10% mylar film capacitors (James 
Electronics and others). 

function on input audio signals as low as 10 mV rms; 
therefore, considerable dynamic-range flexibility is 
provided. Hopefully your receiver, in addition to its 
other good features, has a well-designed i-f amplifier and 
detector (mixer for CW); for although an audio 
processor can help a marginal i-f system, i t  will do much 
better with one that provides a good single-signal re- 
sponse and one that does not generate copious quantities 
of spurs. An excellent bandwidth to work with this 
system is  around 1 kHz with a 6-60 dB shape factor of 2. 

operating procedures 
With your receiver bfo set around 750 Hz above or 

SKIRT L E V E L  Lb 

I 
TONE- TAG M O D U T O R  170Hr 
SENSIT IV ITY  

CLAMP OSCILLATOR 

, 

- - - - - - - - - - - - - -  

' 1 F I L T E R / M O D  DRIVER.  MODEL 3 3 0  

fig. 3. Complete Model 1100  system including Tone-Tag, binaural synthesizer, and 4-pole. 300-Hz input filter. 
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input requirements 
Since distortion in the driving receiver and early 

stages of this system can reduce effective binaural ac- 
tion, very linear operation is desirable. This can be 
assured by keeping signals out of the final low- and high- 
pass active filter stages to a level of not more than 5 or 
6 volts p-p. This level will also avoid interaction between 
signal levels and the modulation function. 

As a distortion-effect example, if a receiver produces 
a condition where the second or third harmonics of a 
hypothetical 500-Hz signal are down only 10 or 20 dB, 
then the effect of the excellent binaural separation built 
into the system is largely compromised. A similar case i s  
true for intermodulation distortion, and we have enough 
of these problems with our nonlinear ears. When you 
consider that the maximum physiological binaural 
potential tends to be only about 7 dB,j it's best to stay 
very linear (operate well below saturation) and don't 
listen with more than comfortable volume. 

Available gain in the Tone-Tag system will allow it to 

- - - - - - - - - - - - - -  - - - - - - - - - . - - - . - - - - - . . - - - . - - - - - - 7  r - - - - - - - - - - - - - - -  
I I , I BINAURAL SYNTHESIZER.  MODEL 4 0 0  I I I 

I I 
I I I 
I I 

I I 

below i t s  i-f passband center and with binaural skirts up, 
simply tune a desired CW station to binaural center. At 
this point, coincident with equal energy in your right 
and left speakers or phones, the received signal will pick 
up a gentle tone modulation. At the same time, signals 
to the right and left (higher or lower beat note) will 
remain pure dc. Under heavy interference you may turn 
the skirt-control to drop the wideband skirts, leaving the 
tone-modulated signal unchanged. Usually, however, it 
seems better to leave the skirts - or floor - reasonably 
well up and enjoy three modes of selectivity: binaural, 
Tone-Tag, and the "ear-brain" filter.4 Frequency 
response with typical skirt control positions is shown in 
fig. 4. 

What about using this system for receiving phone 
signals? To me they sound better than with a monaural 
audio system. The stations you hear seem to occupy a 
wide band of space in front of you; but of course, Tone- 
Tag just doesn't come into the picture. Under inter- 
ference or high noise, you can drop the flat skirts 10 dB 
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or so to improve copy. With music, leave the skirts up 
and enjoy simulated stereo. 

conclusions 
With Tone-Tag, one of the desirable factors of old, 

lost through technological improvement, has been 
returned - at your choice of application. Now you can 
apply tone modulation and binaural action to any CW 
signal you select. This provides a much wider field than 
before. And while it is  true you won't have much luck 
binaurally separating or modulating just one of several 
signals within a few Hz of each other, these cases are not 
too frequent. On balance, we are ahead. 

. . . .  

AOJUSTABLE 
SKIRT LEVEL 

0 

t 
$ 
3 

750 Ha 

fig. 4. Frequency response of the binaural bandpass filter and 
Tone-Tag modulation system. The 75442 Tone-Tag filter is cas- 
caded with the 300-Hz input filter, which provides skirts equiva- 
lent t o  those from a 6-pole filter in  addition to enhancement 
from the binaural filters. 

A narrowband filter i s  used as a part of this system; 
but in this case it's not in the direct signal path so it 
doesn't ring and ping with noise and signal alike. This 
system helps the selective process without interfering 
with our fantastic ear-brain filter. 

Considerable experimentation was applied in 
choosing a tone-modulated frequency. Brainwave rates 
were even tried. "Alpha" sounds fine as long as keying 
rates are slow; but for all-around use, the frequency 
shown seemed best to me. 
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calculating 
line-of-sight distance 

Note that the height is  in feet and the answer i s  in miles. f 0 the horizon This approximation is SO close that the distance error 
does not exceed a tenth of a mile until you rise to well 

Users of the vhf/uhf spectrum often want to know the over 60,000 feet in altitude. (This also makes it useful in 
line-of-sight distance from the top of some particular finding the distance to the horizon from an airplane). 
object to the horizon. The distance is given by the You may find i t  interesting to prove to yourself just why 
following formula: this approximation i s  valid. 

Conversely, if you want to know how high you must 
(1 be to see a certain distance, Eq. 2 i s  rewritten as: 

where 

D = line-of-sight distance from the observing point 
to the horizon 

R = radius of the earth to the average terrain sur- 
rounding the observing point 

h = height of the observing point above the average 
terrain 

You may use any units of measure you like as long as 
you are consistent throughout the equation. 

Eq. 1 does not take into consideration variations in 
terrain between the observer and the horizon, which of 
course can alter the actual distance that he will see, nor 
does i t  consider the characteristics of propagation 
(refraction, multipath), which often affect transmission 
range. 

The value of R is  not critical, however, regardless of 
latitude or altitude above sea level. The following ap- 

Once again, remember that distance is  in miles and 
height is in feet. 

If you use the metric system of measurements, the 
following is  an excellent approximation for line-of-sight 
distance to the horizon in kilometers when the height i s  
in meters: 

D (kilometers) = a (meters) (4) 

To see how high you must be to see a certain distance, 
this may be rewritten as 

~2 h (meters) = ----- (kilometers) 
12.7 

( 5 )  

proximations, though based on mid latitudes, willgive 
Table 1 will give you an idea of what the formulas 

excellent results regardless of where you live. 
reveal for both metric and English measurements. You 

R % 20,890,400 feet 

R 6,367,400 meters 

The really important factor is the height of the observing 
point above the average terrain, and this figure should be 
as accurate as possible.* 

While the distance formula is quite simple, it i s  not 
always easy to remember the radius of the earth. For 
those who use the English system of measurements, the 
following is an excellent approximation: 

D (miles) = (feet) 
(2) 

"Excellent topographical charts are avilable that show contour 
lines depicting elevation in feet above mean sea level for just 
about any community in the country. These charts are avilable 
at nominal cost from the U.S. Geological Survey, Denver, 
Colorado 80225, or Washington, D.C. 20242. A folder describing 
topographical maps and symbols is available on request from the 
USGS. Editor 

By William D. Johnston, WB5CBC, 1808 
Pomona Drive, Las Cruces, New Mexico 88001 

table 1. Distance to  the horizon as a function of observing 
height, English and metric measurement systems. 

obsewing height, distance, observing height, distance 
h (ft) D (mi) h (m) D Ikm) 
1000 39 300 6 2 
2000 55 600 87 
3000 6 7 900 107 
4000 77 1200 124 
5000 87 1500 138 
6000 9 5 1800 151 
7000 102 2100 164 

may be surprised that, even a t  fairly high altitudes, the 
horizon really is not very far away. As a friend of mine 
said recently, "Not only i s  the earth round but it is very, 
very round." 

ham radio 

56 november 1976 



7 -  

, Inc. I AMCOI 

NUlumhOl 

. FLORD l ROAD FORT 



ENCY RANGE 420 - 450 

.. Ch.MI 
tndlvldua . Al l  Cryrt 

.I2 K U I <  
-- 

.- ... .- :*ramlc F l lk r  
21.4 and 455 KC I F  
.a Mlsrovolt Senslthlty tor 20 dm I 
waknt: r lb. 14 oz. hn Bathr). 
Battery lndlotor 
size: a 71s i 314 x 2 7m 
Swltekabh 1 L 1.8 Watts OulPUI .. .,.... . Current I . Mleroswi . Unareak. 

MA. TX soa 
ton 
caw 

I MA 

W E  ACCESSORIES AS 140!5 

iimpbx lm 

A 

Y RANOE i 

- 
CCESSOF 

'CCIAL 
'RICE :SCRIPTION 

1 BAWERV CHARQER 
1 10 LA. AA QOULO ... NlCAO OATTERIES 
I EXTRA OATTERV 

TRAV.. ............. 
1 LEATHER CASE 

1402 ................ 
2 LEATHER CASE ... 1405.2202.4502.. 
I1 SPCAKER MIKE FOR 

EARLY MODEL I402 . 9 PIN CONNECTOR.. 
It SPEAKER MIKE FOR 

ALL NEW WAN0 HELC 
w l r n  ROUN 
CONNECTOf 

USES SAME IES AS 140! 

IS INCLUDE 

II 
Antonna 

P3.50 Sim 

1.2202 sm 
2. Flex 

3.1 

0 6 PIN 
t . ...... 
L TONE : e l  SUB-AUOIBL 

ENCODER 
INSTALLED 

'P TOUCH-TON, . ,,. .. 
INSTALLATtON AT 
TIME OF RADIO 
PURCHASE .......... 
INSTALLATION AT 
LATER DATE. ADO.. . 

p.1 10.7 KC MONOLITHIC 
XTAL FIL 

IVSTALS 
T X  or RX 
(Common 

.. 



1402SM HAND HE 
i WA 
XEIV 
144-148 1 

1405SM HAND HELl 
'AT 
VE 
I8 Mi 

SM 
6 Channel 6 Channel 
Operat ion Operat ion 
lndiv ldual  lndiv ldual  
T r immers  a T r immers  
T X l R X  Cr) T X / R X  CI . A l l  Crystals Plug I n  A I i  Crysta 
12 K H z  Cal 1 2 K I i z C 1  
Fi l ter  F i l te r  
10.7 I F  an t  10.7 and 4 
K C  I F  K C  I F  
.3 Microvo l  .3 Mlcrova 
s i t l v i t y  f o r  Sit lvity fo r  
Quiet ing Quiet ing 

.Weight: 1 I 1  Weight: 1 
less Bat tery less Ba t te r  
S-MetertBa . Battery I n  
Indicator  . Size: 8 7/8 
Slre: 8 7/8 x 2 7/8 
x 2 7/8 Switchable 1 & 5 
2.5 Watts M ~ n ~ m u m  Watts Minimum 
O u t p u t  @ 12 V D C  o u t p u t  @ 12 V D c  

C u r r e n t  Dra in  R X  Current  Drain: R X  
14 M A  T X  500 M A  14 M A  T X  400 M A  

M i y o s w i t c h  M ike  (Iw) 900 MA (5W) . Mlcrosw l t rL  --" 

SPECIAL 
iACH RADlC 

S : 

ramic 

1 4 5 5  

t Sen- 
20 d B  ttmLc1111a 

52 Simple !x  Xta 

1c 
Mon~ 
Gua 

90 
Dav 

Warranty 

) Day 
ev Ba 
irante 

OVER 35) 
XTALS I be Modif i 

for 
9RS or CAI 

Vlth 
l 

one Pad - 
I 

B u t t o n  
H igh  Impac  
Plastic C a n  

B u t t o n  
Unbreakab 
Lexanm C i  

Car 

MI 

I - BC1 @ $34.95 EOUlP TRANSCEIVER AS FOLLOWS: 

I -BP1@$14.95 

1 B T 1  @ $6.00 

I - LC1 @ $12.95 " 
I L C 2 @ $ 1 2 . 9 5  C. 

I - SM1 @ $24.95 D. 

I S M 2  Q524.95 !. 

1 ~ 1 - ~ 1 1 - 1 - - - 1 1 1 1 1 1 - I I m I m = - ~ I I m I m I I I -  

OVER 2000 
XMAS SPECIAL DIRECT SALE ORDER BLANK 

UNITS IN STOCK TO: WILSON ELECTRONICS CORP., 4288 S. POLARIS AVE., LAS VEGAS, NEVADA 89103 
OR XMAS SAL I0 - - T x  TTp or @ R x  $49.95 x T A L s  @ $3.75 em. ENCLOSED 1s 

(7021 739-1931 
I 

NAME 

ADDRESS 

CITY 

STATE ZIP 

SIGNATURE 

I - XFI c $9.95 

1 - 1402SM @ $159.95 
Common Frequencies Only. J - 1405SM @ $229.95 - FACTORY XTAL INSTALLAT~ON/ 

1 - 2202SM @ $219.95 NETTING @ $7.50/Radio 

I - 4502SM @ $269.95 M A R S  o r  CAP XTALS @ $10.00 em. 

I T E 1  @ $34.95 F' 
I - SHiPPlNG & H A N D L I N G  P R E P A i D  F O R  X M A S  SPECIAL 

8 (SPECIFY FREQUENCY 1 I N E V A D A  RESIDENTS A D D  S A L E S  T A X  

HR VALID ONLY NOV. 1 THRU DEC. 31,1976 

 CHECK OMONEY ORDER 
OMASTER CHARGE 
q BANKAMERICARD 

CARD # 

EXPIRATION DATE 



microcomputer interfacing: 
a software UART 
This month we return to the subject of the substitution 
of software for hardware, i.e., the substitution of 
machine-level routines and subroutines for specific 
digital hardware devices that store, manipulate, transmit, 
or receive digital information. The hardware device we'll 
discuss i s  the universal asynchronous receiver1 
transmitter, or UART - a 40-pin integrated-circuit chip 
that contains an independent 8-bit asynchronous re- 
ceiver and .an independent &bit asynchronous trans- 
mitter. Data rates range from dc to 60,000 bits per 
second. The receiver and transmitter sections of the chip 
can be programmed for 5, 6, 7, or 8 data bits; 1 or 2 
stop bits; even or odd parity; and parity or no parity. 
The chip also contains a variety of flags. For further 
details, we refer you to manufacturer's literature or to 
references 1 through 3. 

UART interface 
An interface circuit for a simplified software UART is 

shown in fig. 1. Because of the nature of the specific 
application, which we'll discuss at the end of this 
column, there was no need for special flag bits or error 
checking. As a consequence, the interface circuit consists 
of a single three-state input buffer gate (SN74126), a 
single output-data latch (SN7474), two input device- 
select pulses, and one output device-select pulse. With 
appropriate modifications of the device-select pulses, 
this circuit can be used with almost any microprocessor 
chip. In our case, a 8080A-based microcomputer opera- 
ting at 750 kHz was used. This system generates and 
detects, in combination with operating software, asyn- 
chronous serial ASCI I-coded, 5-volt, TTL data. For tele- 
printer operation, additional hardware is required to 
convert the 5-volt logic levels to 20 mA current loop 
~perat ion.~ 

By Paul E. Field, David G. Larsen, WB4HYJ, 
Peter R. Rony, and Jonathan A. Titus 

Dr. Field is guest author of this month's column. Dr. Field and 
Mr. Larsen, Department of Chemistry, and Dr. Rony, Depart- 
ment of Chemical Engineering, are with the Virginia Polytechnic 
Institute and State University, Blacksburg, Virginia. Mr. Titus is 
President of Tychon, Inc., Blacksburg, Virginia. 
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The transmit subroutine, shown in table 1, for the 
software UART occupies 20-25 successive program steps 
in memory once the appropriate PUSH, POP, and RET 
instructions have been included. Also required is  a 9.09 
millisecond time-delay subroutine, which corresponds to 
an asynchronous serial ASCll data transmission rate of 
110 Baud, i.e., teleprinter speed. The program in table 1 
is described as follows: 

Register L is  used as the bit counter for the 11-bit 
ASCll word, and is  set initially to octal 013. The seven 
data bits plus the parity bit, which is bit 8, are assumed 
to be present in the accumulator. At LO = 146, the 
accumulator i s  ORed to itself to clear the carry bit, 
which is shown on the far left in fig. 2. In fig. 2 the 
least-significant data bit is  bit 1. At address LO = 147, a 
RAL instruction is  performed to rotate the start bit to 
bit position DO in the accumulator. Fig. 3 should pro- 

Output JL 3 

5 -Serial  ASCII Out 

fig. 1. Interface circuit between an 8OBOA-based microcomputer 
and a TTL asynchronous serial ASCII input-output device. 

Reprinted with permission from American Laboratory, 
June, 1976, copyright O International Scientific Cornmu- 
nications, lnc., Fairfield, Connecticut 1976. 



vide assistance in understanding the four different rotate 
instructions in the 8080A microprocessor instruction 
set.5 

At LO = 150, the start bit is  output to the SN7474 
data latch, which is shown in fig. 1. The program then 
goes into a 9.09 ms time delay subroutine, after which 
bit 1 is rotated into the DO accumulator position and 
the carry bit i s  set to logic 1. Bit 1 is output to the 

The time-delay subroutine can be modified so that you 
can transmit at data rates from 60 to 9600 Baud for a 
750-kHz clock rate and higher for 2-MHz and 4-MHz 
8080A clock rates. 

The conversion from one data transmission rate to 
another is easily accomplished with the aid of appro- 
priate software time delay subroutines, which replace 
RC time-constant circuits. An additional advantage that 

table 1. Microcomputer subroutine that demonstrates the asynchronous serial transmission of an eleven-bit 
ASCII word at a teletype speed of 11 0 Baud. 

LO memory instruction 
address byte mnemonic description 

Accumulator contains 8-bit ASCll word. Bit 8 is the parity bit, 
which can be set for even or odd parity, or no parity. 
056 MVI  L Set ASCII word bit counter to  013 
013 013 
26 7 ORA A Set carry bit to  logic 0 
027 R A L  Rotate carry bit to  DO in accumulator 
323 OUT Output carry bit to  SN7474 latch 
004 004 
315 CALL Call 9.09 ms time delay subroutine 

<B2> <B2> L O  address byte of time delay subroutine 
<B3> <B3> H I  address byte of time delay subroutine 
037 R AR Rotate bi t  in ASCII word to  DO in accumulator 
067 STC Set carry bit to  logic 1 
323 OUT Output bi t  to  SN7474 latch 
004 004 
055 DCR L Decrement bit counter by 1 
302 JNZ I f  bit counter has value of zero, ignore this 

instruction. If all of the bits in the 11-bit 
ASCll word have not yet been transmitted, 
jump to  address LO = 152 above. 

152 152 LO address byte 
<B3> <B3> H I  address byte 

A t  this point, the 8-bit ASCII word contained in the accumulator has been transmitted. 
Two stop bits have been added at the end of the eight bits and a single start bit, at logic 
0, has been added at the beginning of the eight bits. 

SN7474 latch, the ASCll word bit counter in register L 
i s  decremented, and program control is returned to the 
time delay subroutine, which is called at LO = 152. The 
loop from LO =I52 to LO = 164 is executed a total of 
eleven times, after which register L becomes zero and 
the JNZ instruction at LO = 162 is ignored. A software 
UART transmit subroutine possesses a flexibility equiva- 
lent to the original 40-pin UART chip. With appropriate 
modifications to the program or the original accumula- 
tor data, you can transmit 5, 6, 7, or 8 data bits; 1 or 2 
stop bits; even or odd parity; and parity or no parity. 

Accumula tor  

accrues from the use of software is the potential to 
perform code conversions. For example, 5-level Baudot 
KSR machines are in widespread use and can still be 
obtained for under $50. I t  is not too difficult to develop 
software that converts ASCll to Baudot and thus pro- 
duce an inexpensive hard-copy terminal for the labora- 
tory scientist or engineer, amateur, or computer buff. 

The software UART receive subroutine requires 50 
instructions and will not be repeated here." The basic 
programming concepts associated with the receive sub- 
routine are illustrated in fig. 4, which represents an 
eleven-bit asynchronous series ASCll word that is being 
detected by the 8080A-based microcomputer with the 
aid of the SN74126 three-state buffer gate shown in fig. 
1. The program repeatedly tests the "serial ASCll in" 
line in fig. 1 for a logic 0 state. Once a logic 0 state, 
which corresponds to a start bit, i s  detected, the pro- 
gram goes into a 4.54-ms wait loop. Upon leaving the 
wait loop, the program again inputs the logic 0 into bit 

Carry  D7 06 DS D4 D3 D2 D l  DO 

- R o t a t e  l e f t  R o t a t e  r ~ g h t  - 
*Copies of the transmit and receive subroutines and a descrip- 

fig. 2. Schematic of the accumulator contents after the ORA A tion of a "smart" remote-data entry station are available from 
instruction in the software UARTtransmit subroutine in table 1. Prof. Paul Field, Department of Chemistry, Virginia Polytechnic 
The carry bit is the start bit, which is at logic 0.  Institute and State University, Blacksburg, Virginia 20461. 
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position DO in the accumulator, thus testing the validity 
of the start bit. The start bit is rotated to the carry bit, 
and the program then enters a 9.09-ms wait loop, after 
which it inputs bit 1 into position DO in the accumula- 
tor. Register H is used as the SAVE register, which stores 

can also be generated from software with the aid of a 
second SN7474 latch. 

The software UART routines described above by Dr. 
Paul Field of VPI & SU were in a "smart" remote data 
entry station that was tied through a 20-mA current 

Detect a tar t  b i t  

1 

t t t t t t t t t t t  
atart Bit I Bit 2 Bit  3 Bit 4 Bi t  5 811 6 Bit 7 por~ty  stop stop 

bit bit b i t  b i t  
(Bit 8 )  

fig. 4. Schematic of an eleven-bit asynchronous serial ASCII word being received by the 808OA-based microcomputer. Each bi t  has a time 
duration of 9.09 ms. The logic state of each bit is detected at the middle of the bit. 

the growing ASCll data word. The SAVE register i s  
rotated one position, and the 9.09-ms wait loop is  again 
entered, after which bit 2, which is a logic 0 in fig. 4, i s  
input into bit position DO in the accumulator. The input 
of successive data and parity bits continues until the 
entire &bit data word is entered into the SAVE register. 
The two stop bits are also detected. With appropriate 
modifications, the program can detect parity or framing 
errors or an overrun condition. A data ready flag signal 

loop to a PDP 8lL minicomputer in a physical chemistry 
laboratory. The data entry station intercepted the 
20-mA teletype current loop tied to the minicomputer. 
The remote data entry station permitted students to 
load data into memory and then transmit i t  as a block to 
the minicomputer, which analyzed the data and 
provided a printout. With the aid of the 20-mA current 
loop operated in the full duplex mode, ten or more 
remote data entry stations could be tied to the mini- 
computer. 

This column provides a good demonstration of the 
software-hardware tradeoffs that can be accomplished 
using microcomputers. Similar, and perhaps more 
comprehensive, routines have already been written for 
all the popular microprocessor chips, such as the 16-bit 
PACE or the 8-bit 6800. The faster and less expensive 
microcomputers become, the more likely that all 
moderate-speed digital functions will be executed 
through software. The theme of software replacing hard- 
ware i s  an important one, and we'll return to i t  many 
times in the future. 
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fig. 3. The four rotate instructions in  the 8080A 
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DIGITAL DATA RECORDER 
! for Computer or Teletype Use 

Up to 4800 Baud 
Uses the industry standard tape saturation (NRZ) method to beat all FSK systems ten to one. No 

modems or FSK decoders required. Loads 8K of memory in 17 seconds. This recorder enables you to 
back up your computer by loading and dumping programs and data fast as you go, thus enabling 
you to get by with less mem- 
ory. Great for small business 
bookkeeping. Imagine! A 
year's books on one cassette. 

Can be software control- 
led. Comes complete with a 
software program used to test 
the units in production (8080). 
Manual includes software con- 
trol hook up data and pro- 
grams for 8080 and 6800. 

SPECIFICATIONS - 
MODEL CC7: 
A. ~eco rd in '~  Mode: Tape 

saturation binary (NRZ). 
This i s  not an FSK or Home type recorder. 
No voice capability. No Modem. Runs at 
2400 baud or less Asynchronous and 4800 
baud Synchronous. Runs at 3.l0/sec. Speed 
mechanically regulated 2 .5% or better. 

Two channels (1) Clock, (2) Data. Or two 
data channels providing four (4) tracks on 
the cassette. Can also be used for Bi-Phase, 

I Manchester, etc. 

I 
C. Inputs: Two (2). Will accept TTY, TTL or RS 

232 digital. 

D. Outputs: Two (2). Board changeable from 
TTY, RS232 or TTL digital. 

E. Erase: Erases while recording one track at a 
time. Record new data on one track and 
preserve three or record on two and pre- 
serve two. 

F. Compatibility: Will interface any computer 
using a UART or AClA board. (Altair, Sphere, 
IMSAI, M6800, etc.) 

G. Other Data: 110-220 V - (50-60) Hz; 3 Watts 
total; UL listed; three wire line cord; on/off 
switch; audio, meter and light operation 
monitors. Remote control of motor optional. 
Four foot, seven conductor remoting cable 
provided. 

H. Warrantee: 90 days. All units tested at 300 
and 2400 baud before shipment. Test cas- 
sette with 8080 software program included. 

Also available - MODEL CC7A with variable 
motor speed which i s  electronically regulated. 
Runs 4800 baud Synchronous or Asynchronous. 
Recommended for quantity users who require tape 
interchangeability. Comes with speed calibration 
tape to set exact speed against 60 cycle line. 

$169.95 

NEW - 8080 110 BOARD with ROM 
Permanent Relief from "Bootstrap Chafing" 
This is our new "turnkey" board. Turn on your 
Altair or lmsai and go (No Bootstrapping). Con- 
trols one terminal (CRT or TTY) and one or two 
cassettes with all programs in ROM. Enables you 
to turn on and just type in what you want done. 
Loads, Dumps, Examines, Modifies from the key- 
board in Hex. Loads Octal. For the cassettes, it 
i s  a fully software controlled Load and Dump at 
the touch of a key. Even loads MlTS Basic. Ends 
"Bootstrap Chafe" forever. Uses 512 bytes of 
ROM, one UART for the terminal and one USART 
for the Cassettes. Our orders are backing up on 
this one. #2SIO (R) 

Kit form $140.00 

Fully assembled and tested $170.00 

Fi l l  out form and send check or money 
--------------------------------------------------- 

I Operating & Technical Manual 
(Schematics) Includes Software 

NATIONAL MULTIPLEX CORPORATION 
3474 Rand Avenue, Box 288 
South Plainfield, New Jersey 07080 201-561-3600 
SHIP TO: 

I & Hookups for 8080, 6800, and 

Data Recorder CC-7 $149.95 
Data Recorder CC-7A cii $169.95 

Please enclose $2.00 Sh~pping & Handl~ng 
on each Recorder or 1/0 Board. 

I 1/0. $2.00 
N. J. Residents add 
5 %  Sales Tax 

More Details? CHECK-OFF Page 126 novernber 1976 63 
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nellbu've Been W i n g  for! 

Just look at these photos and specifications. The HW-2036 
gives you the kind of 2-meter performance you WANT! 

HW-2036 SPECIFICATIONS 
Receiver: Sensitivity: 0.5 r V  for 12 dB SiNAD (or 15 dB of Quieting). 
Squelch Threshold: 0.3 r V  or less. Audio Output: 1.5 watts at 10% 
T.H.D. typically 2 watts. (5 kHz deviation). image Rejection: -45 dB or 
greater. Spurious Rejection: -50 dB or greater. IF Rejection: -40 dB 
or greater. Internally Generated Spurious: Below 1 r V  equivalent. Band- 
width: 6 dB at 15 kHz min. and 60 dB at 30 kHz max. Modulation 
Acceptance: 7.5 kHz. min. Transmitter: Power Output: 10 watts min. at 
25OC and 13.8 VDC, into a 5012 load. Harmonic & Spurious Output: 
-70 dB within 20 MHz of carrier; -50 dB elsewhere, -40 dB harmon- 
ics. Modulation: FM, 0 to 7.5 kHz, adjustable. Duty Cycle: 100% with 
infinite VSWR. Tone Encoder: 3 tones, 70 to 200 Hz. approx. f 700 kHz 
deviation. Transmitter Offset: 0 (simplex), -400 kHz, +600 kHz with 
crystals supplied. Provision for one additional offset crystal. General: 
Frequency Coverage: Any 2 MHz segment from 143.5 to 148.5 MHz. 
Both receiver and transmitter must be aligned for the same 2 MHz 
segment. Frequency incrementa: 5 kHz. Frequency Stability: 2.0015%. 
Operating Temperature Range: 15O to 125OF. (-lo0 to 50°C). Operat- 
ing Voltage Range: 12.6 to 16 VDC (13.8 VDC nominal). Current Con- 
sumption: RX: 700 mA max. squelched. TX: 2.6 A max. at 13.8 volts. 
Dimensions: 2%" high x 8V4" wide x 9%"deep. Weight: 6.25 Ibs. 

Actual spectrum analyzer photos of HW-2036 
operating at 147 MHz. Spurs within 20 MI 

of carrier are down a full 70 dB. 

IMr 
Zero 
Ref. - 10 
-20 
-30 - 40 - 50 

-60 
-70 

dB 

148.5MHz 147MHz 147.5MHr 
zero 
Ref. 
- 10 
-20 
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- 50 
-60 - 70 

dB 

132 MHz 147 MHz 162 MHz 



State 'IP r AM- 

The new Heathkit P-meter frequency-synthesized trans- 
ceiver combines state-of-theart technology with operating 
ease, convenience and versatlllty in an easy-to-build 
kit that's about HALF THE COSTof comparable synthe- 
sized transceivers. It's the one to buy and build for real 
2-meter PERFORMANCE! 

Operation is easier than ever! The front panel lever 
switches select any frequency in any 2 MHz segment of 
the 143.5 to 148.5 operat~ng frequency range. You 
select the last four digits, three with lever switches which 
d~splay the frequency directly and the last with a 0/5 
kHz toggle switch which makes ALL 2-meter frequencies 
in the band available. If you inadvertently dial up an 
out-of-band frequency, the transmitter simply will not key. 

And the signal is solid! The HW-2036 puts out a minimum 
10 watts at 25OC and 13.8 VDC. And it operates into 

Prices & specifications subject to change without notice. 

Micoder microphone/auto patch encoder, you'll be able 
to make phone calls through repeaters equipped with 
auto patch input! (And save $19.95 in the bargain!) The 
HW-2036 operates mobile from your vehicle's 12 VDC 
battery, or you can use the optional HWA-2036-3 AC 
power supply for fixed station operation. 

The HW-2036 is our best 2-meter transceiver! Check it 
out for yourself and you'll see ~ t ' s  the one to have for 
years of reliable 2-meter communicat~ons! 

Our HW-2021 hand-held 2-meter transceiver Is the one 
to have if you're working portable. It gives you a full 
1-watt output plus 5 receive and 5 transmit channels and 
flexible simplex/offset. It's hand-held, battery-operated, 
and there's an optional 
auto patch encoder 

an infinite VSWR without failure. The transmitter output to add telephone 
is extremely clean, with spurious output greater than versatility at low cost. 
70 dB below carrier. True FM circuitry means you trans- Crystal-controlled, 
mit and receive with excellent audio quality too. with better than 0.05% 

The receiver is hot! Sensitivity is an outstanding 0.5 cV frequency stability. 

for 12 dB SINAD. An 8-pole IF crystal filter provides an Sensitivity is 0.5 rV for 

ideally shaped bandpass for excellent adjacent channel 12 dB SINAD. 

rejection and its superb selectivity makes ~t the one to The HW-2036 and 
have for crowded signal areas. HW-2021 are two of 

Complete operating versatility! A built-in continuous tone the finest 2-meter 

encoder with three customer-adjusted tones selectable transceivers around. 

on the front panel accesses most repeaters. The HW-2036 Use 'em both for 

provides all the offset capability you'll ever need - complete 2-meter ver- 

built-in simplex, plus and minus 600 kHz offsets, and an satility! Read more 

Aux. position that lets you add a crystal for any other about them, and all 

frequency. And, if you order the HW-2036 with the Heathkit the other superb 
Heathk~t Amateur Radio 
products in the new 
Heathkit Catalog. Send 

I coupon below! 

-_---' Heath Company, Dept. 122-23 Benton Harbor, Michigan 49022 

Heath Company, Dept. 122-23 
Benton Harbor, Michigan 49022 

Please send me my FREE Heathkit catalog. I am not on your mailing list. 

Name 

Address 

city 



tebook 

ten-minute timer by changing RI to  5 kilohms and R2 Astatic D-104 microphone with rela- 
to 45k. tively little success in the DX pileups. 

The SN74121 works well asan astable It is  possible to reset the counter Friends told me the audio sounded 
multivibrator although it was designed (see dashed circuitry), but this requires "thin" so I bought an Electrovoice 
for monostable operation. In the cir- 
cuit of fig. 1, U1 generates pulses at 
4-second intervals. U2 and U3 divide 
the pulse train by 144 which results in 
a period of 576 seconds (9 minutes, 36 
seconds). U4 is then turned on and 
produces a positive output pulse of 20 
seconds duration. Transistor 0 1  actu- 
ates a keyer or other signalling device 
such as a sidetone oscillator, lamp or 
LED. 

The LED connected to pin 1 of U1 
flashes a few milliseconds at the begin- 
ning of each 4-second period and 
makes it easy to adjust the time inter- 
val in comparison with WWV. The tim- 

an additional switch. At my station, I 
identify at the beginning of a QSO, 
and again when the ten-minute alarm 
flashes - then I am in synchronization 
with the timer. 

The timing tolerance over the full 
period is within about *5 seconds. 
However, this requires good quality 
capacitors at C4 and C5 and a stable 
power supply. 

Herbert Seeger, DJ9RP 

audio mixer 
I recently came up with a system 

which materially improved my ssb "talk 

EV-674 dynamic. Reports with the EV- 
674 indicated I sounded smooth but 
muffled, as if talking into a barrel. It 
occurred to me that the best features of 
each microphone could be combined 
with an audio mixer. Radio Shack sells a 
well-made, four channel transistorized 
mixer for $13.95. 

I use two of the channels and mix 
the Dl04 with the EV-674 in the proper 
ratio. My ssb signal now has audio 
punch and quality. I also get through 
the pileups sooner. The "W6KNE Equal- 
izer" should help provide good audio 
for everyone, particularly those opera- 
tors whose natural voice does not come 

ing adjustment is made with trimpot power" and am offering it here to the across strong and with "punch." 
R1. The timing range may be extended amateur fraternity. I had been using an Gary Legel, W6KNE 

fig. 1.  en-minute timer uses 74121 ( U l )  as an astable multivibrator, generating pulses a 4-second intervals. U2  and U 3  
divide the pulse train by 144 which results in a perlod of 576 seconds (9 minutes. 36 seconds). 
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New! 
SOTA 

"STATE - OF - THE - ART" 

SSB 
TRANSCEIVERS 

MADE IN U.S.A. 
SIZE: 3% x 7 x 8% 

MOBILE MONOBANDERS 
MODEL 160 1.8 - 2.0 M HZ. LSB 
MODEL 80 3.5 - 4.0 MHz. LSB 
MODEL 40 7.0 - 7.3 MHz. LSB 
MODEL 20 14.0 - 14.35 MHz. USB 
COMPLETELY SOLID STATE Mosfet mixers for 
excellent I.M. and cross modulation performance. J-Fet 
oscillators for stability. I.C.'s used in digital frequency 
counter, balanced modulator, receiver I .F. amplifier, and 
audio output for functional simplicity. No relays. 
DIGITAL DIAL Frequency can be read at a glance. 
0.3 inch L.E.D. displays are easily visible. Frequency 
counter offers 100 Hz. accuracy. 
SPEECH COMPRESSOR Increases average output power 
approximately 6 db. Level set by mic control. 
NOISE BLANKER Noise pulses are blanked ahead of the 
crystal filter for optimum reduction of interference. 
100 WATTS INPUT P.E.P. or C.W. 50 watts output 
(minimum). 
BROADBAND OUTPUT Infinite VSWR protection. 
Multiple pi-section low-pass filter for minimum spurious 
output. 
RECEIVER FRONT END DESIGN AGC controlled 
pin diode R.F. attenuator for low distortion large signal 
handling capabilities. Triple tuned preselector offers 
superior R.F. selectivity. 
QUALITY CONSTRUCTION Utilizing glass epoxy P.C. 
boards and commercial grade components. All electrical 
connections soldered for reliabilitv. P.C. boards accessible 
for easy servicing. 
STANDARD ACCESSORIES Mobile mounting bracket 
and power connector with 8 foot battery cable are sup- 
plied with unit. 
WARRANTY Full one year warranty on all parts and 
workmanship with exception to damage incurred by abuse. 
Our customer service offers one week turnaround time on 
repairs. 

SPECIFICATIONS 
GENERAL 
MODES: S.S.B. and C.W. wlth S~detone 
POWER REOUIREMENTS: 12-14 volts D.C. neo- -. - .. 

atlve ground only. 12 amps maxlmum. Reverse 
polarity protectlon. 

WEIGHT: 5.4 Ibs. 
RECEIVER 
SENSITIVITY: Less than 0.5 microvolt for 15 db. 

s~gnal-plus-nolselnoise ratio. 
SELECTIVITY: 2.1 KHz @ 6 db., 3.8 KHz D - 60 

rlb. 
IMAGE REJECTION: Better than 60 db. 
AUDIO OUTPUT: 2 Watts at less than 5% distortion 

into 4 ohm load. 
TRANSMITTER 
POWER INPUT: 100 watts P.E.P. or C.W., nominal. 
POWER OUTPUT: 50 Watts P.E.P. or C.W., mini 

mum. 
OUTPUT IMPEDANCE: 52 ohms. nomlnal. 
UNWANTED SIDEBAND: -40 db or better. 
CARRIER SUPPRESSION: -60db or better. 
THIRD ORDER DISTORTION: -30 db. or better. 
SPURIOUS OUTPUTS: -30 db or better. 
AUDIO RESPONSE: 400 to 2.500 Hz.. + 2 db. 
MIC INPUT: H~gh impedance dynamlc or crystal 

microphone. 
EXTERNAL AMPLIFIER CONTROL: Open col- 

lector to100 volts@ 1 amp., maximum. 
OPTIONAL ACCESSORIES: 
MODEL MMB.1 
Plug rn mobile mounting bracket making all connec- 
!Ions to the transceiver at once, prov~dlng quick and 
easy installation or removal from the car. 
Price $45.00 
MODEL PS.1 
Match~ng A.C. power supply with built.in speaker. 
Suppl~es 13.8 VDC regulated at 12 amps. maxlmum. 
1101220 VAC. 50-60 Hz. Pr~ce $125.00 
ORDERING INFORMATION: 
All Prlces F.0.B factory plus shipping. California 
res~dents add 6% sales tax. To order now, send a 
deposit ($25.00 mlnlmuml to secure a delivery posl- 
tlon. Fully refundable at any time. Payment in full 
required prlor to shipment. 

SOTA 
Industries 
308 ENCINAL STREET 
SANTA CRUZ, CA. 95060 
TELEPHONE: (408) 426-8161 

More Details? CHECK-OFF Page 126 november 1976 a 67 



hether you go for fat Moblle 45.  his switch-adjustable Serles 35 Slim- Series 36 HIQ. The 
5-band antenna features a Swan HI-Q . line. Neat, low- most efficient 

coils1 skinny coils1 swi ositlve-stop, 8-position switch drag coils in sllm- single-band anten- 
flickers or automatics, with gold-plated contacts. select 10, line antennas are nas you can buy. 
Swan has the mobile an- 15,20,40 or 75 meters and go t o  work the ticket when Rated at 1000 
tenna that's exactly right knowing this IWgged antenna won't you're operating watts P.E.P. Inter- 
for your needs. So top ofF down.. . . . . . . . . . . . . . $114.95 single-band at changeable coils 

your mobile rig with a 500 watts P.E.P. for 15,20,40 and 
742 *utOm*ic- Ju* resonate or less. Interchangeable 75 meten.These rugged, swan antenna. Every time this triband on 20, 40 and 75 coils for 15, 20, 40 durable antennas in- 

you press the mike button meters. Bandwidth approx- and 75 ciude base, coil and whip. 
you'll know you're deliver- ately 100 KC on each band. $30.95 to s37.75 $39.50 t o  $47.95 

ing the biggest signal NOW you can work any fre- 
quency in those bandwidths Dealers thrOUQhOUt the world or order dlrect from 

your rig is capable of. on a11 three bands and nwer  
Without compromise touch the antenna. Handles 

500 watts P.E.P.. . . . . . . $79.95 
SWAAI@ 

I 

E L E C T R O N I C S  
A subslelary of cumr corwraflon 

0.9. Oceanslde, CAJ 305 Aituort Road, Oceanslde. CA 92054 
n antennas wlth ywr Swan credit cam. 17141 757-7525 
/ons at  your dealer or write to US. 
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products 

new touch-tone 
encoders for variety 
of applications 

Looking for a Touch-Tone encoder? 
Need 12 or 16 buttons for mobile, 
hand-held or desk-mounting applica- 
tions? If so, Pipo Communications may 
have exactly what you've been looking 
for in their recently announced PP-1 
(1  2-but ton)  and PP-2 (16-button) 
Touch-Tone encoders. 

T h e  P P - 1  m e a s u r e s  jus t  
3 1 8 x 2 ~ 2 -  1 7 / 1 6  i n c h e s  
(9.5x50.8x68mm) and the PP-2 
measures 3/8x2-318x2-11 116 inches 
(9.5x60.3x68mm). Both pads are self- 
contained and feature positive touch 
control; that is, the keys depress. There 
are no "potted" parts, so servicing is 
easy, and the units are immune to rf 
interference. They possess low distor- 
tion at high output levels while drawing 
current only when the buttons are 
depressed. The output level is easily 
adjustable from the front of either pad. 

Each unit is supplied with instruc- 
tions for hook-up and use, schematic 
diagram, drilling template and all neces- 
sary mounting hardware. 

These Touch-Tone encoders are 
capable of operating at any temperature 
between zero and 140 degrees F., at any 
voltage between 4.5 and 16 volts dc, 
and draw between 7.5 and 20 mA in 
use. 

The PP-1 is priced at $55.00, and the 
PP-2 at $58.00. (California residents 
please add 6% sales tax.) 

For additional information, write 
Pipo Communications, Box 3435, 
Hollywood, California 90028; telephone 
(213) 852-1515, or use check-off on 
page 1 26. 

new catalog from 
Heathkit 

Heathkit has just announced i t s  
colorful new fall 1976 catalog, a free 
96-page release describing nearly 400 
electronic kits for virtually every do-it- 
yourself interest. Heathkit product 
categories include amateur radio, hi-fi 
components, color TV, test instruments, 
digital clocks and weather instruments, 
radio control equipment, marine, air- 
craft and auto accessories, and many 
more. 

Some of the interesting new products 
described in the fall catalog are: a new 
electronic TV game for Heath solid-state 
TV owners, a combination digital 
clock/indoor-outdoor thermometer, a 
portable power megaphonefyelp alert, 
professional-quality harmonic and IM 
distortion analyzers, a shirt-pocket-size 
color alignment generator, and a touch- 
control light switch. 

Heath Company i s  the world's largest 
manufacturer of electronic products in 
kit form. Their step-by-step instruction 
manuals can be followed easily by any- 
one, and are world-famous for clarity, 
precision and accuracy. 

For your new, free, catalog write 
Heath Company, Department 350-04, 
Benton  arbor, ~ i c h i ~ a n  49022; tele: 
phone (616) 982-341 7, or use check-off 
on page 126. 

alphanumeric 
printer kit 

Southwest Technical Products 
Corporation recently announced i t s  new 
low-cost alpha-numeric printer kit. The 
PR-40 is a 5x7 dot matrix impact 
pr inter capable of p r in t ing  the 

64-character upper case ASCII set with 
40 characterslline at a print rate of 75 
linesfminute on standard 3-718 inches 
(9.84cm) wide rolls of adding machine 
paper. One complete line is  printed at a 
time from an internal 40-character line 
buffer memory. Printing takes place 
either upon the receipt of a carriage 
return, or automatically, whenever the 
line buffer memory is  filled. 

The PR-40 printer i s  available in kit 
form only and includes the assembled 
print mechanism, chassis, circuit boards, 
components, 1201240-volt ac, 50160 Hz 
power supply, assembly instructions, 
one ribbon and one roll of paper. The 
price is $250, postpaid, in the United 
States. Delivery is approximately 30 
days. For more information write 
Southwest Technical Products Corpora- 
tion, 219 West Rhapsody, San Antonio, 
Texas 78216; telephone (51  2)  
344-024 1, or use check-off on page 1 26. 

recharga ble cordless 
soldering iron 

Wahl Clipper Corporation recently 
introduced its new /so-Tip 60 Cordless 
Soldering Iron. The low voltage, bat- 
tery-operated, ground-free unit i s  the 
first that can be recharged from "dead" 
.to "full" in one hour. With the /so-Tip 
60, the user can enjoy virtually uninter- 
rupted service from a single unit, 
making cordless soldering practical for 
heavy-use applications. 

The /so-Tip 60 Cordless Soldering 
Iron has the capacity for up to 125 or 
more electronic joints on a single 
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charge. It can, however, be kept a t  a 
constant "full" charge simply b y  resting 
it i n  the recharge stand when n o t  i n  use. 
The i ron is equipped t o  accept a very 
fast charge when its battery is d o w n  and 
then switch t o  a tr ickle rate fo r  main- 
tenance purpose. An L E D  indicator 
shows when the u n i t  is fu l l y  charged. 

Standard k i t  no. 7800 f rom Wahl 
includes an /so-Tip 60 Cordless Solder- 
ing Iron, a recharging stand, a fine tip, a 
chisel tip and an instruction booklet. 
A n y  o f  the 1 6  Wahl snap-in soldering 
tips are usable w i t h  the new iron. 

For  further information contact Ross 
Advertising, Inc., 5901 N. Prospect 
Road, Peoria, I l l inois 61614, o r  use 
check-off o n  page 126. 

KSR-type terminals 
from Info-Tech 

I nfo-Tech, Incorporated, a manu- 
facturer o f  digital electronic systems fo r  
the amateur radio market and fo r  l ight 
computer use, recently announced t w o  
new KSR-type terminals featuring l o w  
p r i c e  and  versatility. One terminal 
features 1 6  lines o f  32 characters and 
the other, 1 6  lines o f  6 4  characters; 
b o t h  w i t h  RS-232 compatibi l i ty.  

The new terminals interface w i t h  all 
popular micro-computer ki ts and any 
video monitor.  

Detailed technical information and 
prices may be obtained f r o m  Info-Tech, 
Incorporated, 2 0  Worthington Drive, St. 
Louis, Missouri 63043; telephone (314) 
576-5489 o r  use check-off o n  page 126. 

ultra low noise jfets 
National Semiconductor Corporation 

announces a new series o f  ul tra l o w  
noise junct ion field-effect transistors. I n  
the past, special selection b y  the manu- 

The new series o f  National jfets is 
specifically produced for  ul tra l o w  noise 
audio and video applications, including 
p a r t i c l e  detectors, vidicon and I-R 
sensor preamplifiers, and audio and 
v i d e o  t a p e  amp l i f i e rs .  The series 
i n c l u d e s  t h r e e  m e t a l - c a n  devices 
(NF5101, NF5102 and NF5103)  and 

three TO-92 epoxy devices (PF5101, 
PF5102 and PF5103). 

Key specifications f o r  the new fets 
include a typical noise figure o f  1.5 d B  
at  10 Hz, and a common-source trans- 
conductance o f  4000  micromhos min i -  
m u m  w i t h  a drain current o f  0.5 mi l l i -  
amperes. Another feature o f  the new 

TALK 
IT EASY 
Get the most out of your rig 
with LEADER test equipment 

C 

Proper modulation means ( 6 )  LBO-31 OHam 
better results when you're Oscilbscope . . . 
out to make longer lasting :with LA-31 RF Moni- 
contacts. What's more, you a tor Adapter. 
can get maximum power Observe IF c i r cu i t  
output andUsuper"radiation waveforms and monitor 
when you work your rig with SSB and AM 
the help of Leader Test In- s~gnals. W~th use of 
struments. You also achieve LA-31 Adapter, it provides 
optimum operating capa continuous monitor of RF 
proper impedance matchin tput ( to  500W). The 
minimum TVI problems. Easy to A LBO-310Ham will also indicate 
operate. Leader gear is priced to give tuned condition for R m  operation. In- 
you the best value for your communica- ternal 2 tone generator checks SSB. 
tions dollar. It is the ideal "performance Vert. sensi t iv i ty  - 20mVp-pld iv ;  
-test center". DC-4MHz b'width. It's a sensitive, 

general purpose scope, too! 

(A) LPM-885 SWR Wan Meter LBO-31 OHam Scope S269.95 
A sensitive, in-l~ne type power meter LA-31 adapter for u n  with our 
which measures SWR of x'mission lines LBO-310~ or  any =ope with 
and power output from 1.8 to 54MHz. deflection plate conn. s 22.95 
Facilitates adjustment of transmitter 
and antenna systems for better results (C) LPM-880 RF Watt Meter 
May be left in circuit for continuous Measure RF x'mitter power output in the 
power output monitoring in the 1-1000W 0.5 to 120W range from 1.8 to 500MHz. 
range. SWR Power Detector circuit as- Features pushbutton range selection 
sernbly separates for remote measure- with 5 0 f l  load impedance. Also 
ments. Forward-to-Reverse power ratio measures power losses in low pass 
is used for accurate SWR readings. filters and coaxial cables. Complete with 

$99.95 sturdy tilt stand. $149.95 

See vwr dealer or wrSte direct. 

LEADER INSTRUMENTS COUP 151 Duponl Slrscl PI.lndsr. N Y. 1180.7 (516) m-9m 

facturer was required t o  provide ultra 
low noise parts, a factor contr ibut ing t o  1 1 
their relatively high price and l imi ted 
availability. I 
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Larsen 

Repeater or simplex, home station mount. For those using a 314" hole in 
or mobile, 1 watt or 50 . . . what their vehicle we suggest the L M  

really counts is the intelligence that mount for fastest, easiest and most 
eets radiated. Jim Larsen. W7DZL efficient attachment. 
- found that out years ago when he 
was both hamming and running a For the 318" hole advocates there's 

two-way commercial shop. That's the JM mount.. . fully patented 
and the first real improvement i n  when he started working with mobile 
antenna attaching in 25 antennas. . . gain antennas that 

didn't waste power in useless heat. 
Today, thousands and thousands of 

Larsen Antennas are being used. We 
call it the Larsen Kulrodm Antenna. 

Amateurs using them on 2 meters, 
on 450 and six call them the antenna 
that lets you hear the difference. 

Larsen KTilrod Antennas are 
available for every popular type of 

And for the "no holes" gang there's 
the unbeatable MM-LM . . . the 
magnetic mount that defies all road 
speeds. 

Send today for data sheets that give 
the full story on Larsen KElrod 
Antennas that let you hear the 
difference and give you carefree 
communications. 

Illustrated . . . Larsen JM-150-K Kfilrod Antenna and mount for 2 meter band. 
Comes complete with coax, plug and all mounting hardware. Easy to follow 

instructions. Handles full 200 watts. - 
Dealer Inquiries Invited 

rsen nntennas 
11611 N.E. 50th Ave. P.O. Box 16% Vanrouver, WA 1)H66:3 Phone: 206157:%-2722 

In Canada write to: CanadIan Larsen Elrrtron~rs. Ltd. 
1340 Clark Drive Vancouver, H.C. V.5L 3Klf Phone: 6041254-4936 

*' Kiilrod . . . a registered trademark of hrsen Electronics. 

series is tight control of the gate-source 
c u t o f f  voltage. The NF5101 and 
PF5101 have a gate-source cutoff 
voltage range of 0.5 to 1.0 volts; the 
NF5102 and PF5102 have a gate-source 
cutoff voltage range of 0.8 to  1.4 volt 
and the NF5103 and PF5103 have a 
gate-source cutoff voltage range of 1.3 
to 2.5 volts. 

Unit prices range from about $1.00 
for the plastic version and $2.50 for the 
metal package. For further information, 
including electrical and performance 
characteristics of these devices, write to 
National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, 
California 95051 or use check-off on 
page 126. 

Allied Electronics 
catalog 

Off press and ready for mailing is 
Allied Electronic's 1977 Engineering 
Manual and Purchasing Guide. The 
guide is  filled with a wide selection of 
industrial-type electronic parts, com- 
ponents, supplies, and equipment which 
keep amateurs, engineers, technicians, 
and hobbyists requesting Allied's guide 
year after year. And, new in this year's 
guide is the introduction of metric 
measurements on many electronic parts 
and components. 

The 1977 edition of the guide is 212 
pages full of high-quality electronic 
parts and equipment from Allied and 
other leading manufacturers. Choose 
from a wide variety of new products, in 
addition to the traditional items which - - 

have set the standard for Allied's pre- 
vious guides. You'll find wire, cable, 
sol id-state devices, test equipment, 
resistors, trimmers and potentiometers, 
transformers, switches, timers, con- 
nectors, relays, tools, capacitors, new 
solar energy products, test equipment 
and even a microcomputer, plus many 
other electronic parts too numerous to 
list. Allied offers bulk pricing for quan- 
t i ty buyers, and six nationwide stocking 
locations assure prompt delivery of 
ordered merchandise. 

There's no need to rely on a friend or 
business associate for access to Allied's 
1977 guide. Write today for your own 
copy. Send $1.00, to help cover postage 
and handling, to Allied Electronics, 
Dept. 77, 401 East 8th Street, Fort 
Worth, Texas 76102. 
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- 
Why Walt any longer for a rig that offers top performance. dependab~l~ty 

and versatility. . .the TS-520 has proven itself in the shacks of 
. 

thousands of discriminating amateurs, in field day sites, in DX and 
contest stations, and in countless mobile installations. 

Superb craftsmanship is evident throughout. . . in its engineering 
concepts as well as its construction and styling . . . craftsmanship that 

is a Kenwood hallmark. 

MODES USB LSB CW 
POWER 200watls PEP Input on SSB 160 walls 

DC input on CW 
ANTENNA IMPEDANCE 50 75 Ohms 

unbalanced 
CARRIER SUPPRESSION Betler than -45 dB 
UNWANTED SIDEBAND SUPPRESSION Better 

than -40 dB 
HARMONIC RADIATION Better than -40 dB 
AF RESPONSE 400 lo  2600 Hz ( -6  dB) 
AUDIO INPUT SENSITIVITY 0 25pV tor 10 dB 

(S+N)tN 
SEI FCTIVITY SSB ? 4 kHz ( - 6  dB) 4 4 kHz 

(-60 dB) CW 0 5 kHz ( - 6  dB1 1 5 kHz 
(-60 dB) ( w ~ t h  accessory f~ l ter )  

FREQUENCY STABILITY 100 Hz per 30 
mlnutes aller warmup 

IMAGE RATIO Better than 50 dB 
IF REJECTION Better lhan 50 dB 
TUBE & SEMICONDUCTOR COMPLFMENT 

3 tubes (2 x 61468 12BY7A) I IC 18 
FET 44 transuslors 84 dloder 

DIMENSIONS 13 1 W K 5 9  H x 13 2 D  
WEIGHT 35 2 Ibs 
SUGGESTED PRICE $629 0 0  

VFO-520 
Provldp\ h ~ g h  st (01ltty w ~ l h  preclslon gearlne 
Funct~on qwltch prov~des any comb~nalbon wjth 
the TS 520 Rolh are equ~pped wlth VFO Indl 
calors show~ng at a glance whlch VFO IS belng 
used Connects wllh a s ~ n ~ l e  cable and obla~ns 
11s power lrom the TS 520 Su~gested prtce 
$115 0 0  

SP-520 
Allliough thp T ' i  520 has a bull1 In speaker the 
addltlon of t h ~  SP 520 provldes unproved tonal 
qual~ty A perlect match In both deslgn and 
performance Sug~esled prlce $22 95 

W-502 
TRANSMITTIN(.IRECEIVING FREQUENCY 

144 145 7 MHz 145 0 146 0 MHz (opt~on) 
INPUT/OUTPUT IF FREQUENCY 28 0 29 7 

MHz 
TYPE OF EMISSION SSB (A3J) CW (A l l  
RATED OUTPUT 8W (AC operation) 
ANTENNA INPUTlOUTPUT IMPEDANCE 501l 
UNWANTED RADIATION Less than -60 dB 
RECEIVING SENSITIVITY More than l18V at 

S/N 10 dB 
IMAGE RATIO More than 60  dB 
IF REJECTION More than 60 dB 
FREQUENCY STABILITY Less than ' 2 5 kHz 

durlng 1 6 0  rnln alter power swltch 1s ON 
and w~lh ln 150 Hz (per 30 mln) thereafter 

POWER CONSUMPTION AC 220t120V Trans 
mlssjon 50W max Recept~on 12W max 

DC 13 8V Trans 
mlsslon 2A max Recept~on 0 4A max 

POWER REQUIREMENT AC 2201120V DC 12 
16V (standard voltage 13 8V) 

SEMI CONDUCTOR FET 5 Transistor 15 
D~ode 10 

DIMENSIONS 6%' W x 6 H x 13% D 
WEIGHT 11 5 Ibs 
SUGGESTED PRICE $249 00 

CW.520 
500 Hz CW Crystal F~lter $45 0 0  

Maybe the Kenwood TS-520 is the one you have been waiting for. Pr~ces sublect 10 change W I ~ ~ O U I  notace 

Kenwood offers accessories guar- 7 - - . - - . - - - A  
anteed to add to the pleasure of 
ownlng the TS-520. The TV-502 
transverter puts you on 2-meters 
the easy -way. (It's completely 
compatibile with the TS-520.) 
Simply plug it in and you're on 
the alr. Two more units designed 
to match the TS-520 are the VFO- 
520 external VFO and the model 
SP-520 external speaker. All with 
Kenwood quality built in. 

TRIO-KENWOOD COMMUNICATIONS INC. 116 CAST A L O l ~ ! ~ l i i l l ( ~ A R D E N A ,  CA 90248 
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CONSUMER ELECTRONICS 
Sl l74(n~'  I 6  SN7459A 15 
~ ~ 7 . 0 1 ~  16 ~ " 7 4 6 ~ 1  27 SWIIIYN* 3 w PONG zg $55.00 
SN7407Y 71 SNI4iON 5 Yl74l55N 99 
SNl lOlY I 6  SN7477N 39 SN7IiYIN 

s ~ m .  SNl405Y 14 s ~ l l i 4 ~ '  %U~JN' 32 37 S N 7 4 I m  SN74t5;N 1 7 5  : SUPER PONG $79.95 PO N G 
SN74CF.N 10 ~ ~ 7 4 7 5 ~ '  Y I  SN7416IN 99 
SNi11,.9 n ~ ~ 7 4 7 6 ~ '  u ~ N 7 4 1 6 I ~ '  PO GAMES INCLUDED IN SUPER KING ARE: 
SN7IORN 25 SN7479N' 5 W  SN741MN 1 10 
SN:~WN n S t d J r m  LO ~ ~ 1 4 1 6 5 ~  I 10 l PONG l CATCH 
S N ~ ~ ~ P N .  I 8  -748711 38 SN14166N 1 2 5  -I - ""I,'" "0 

PUSH B U l l O N  

SN:IIIN YI SN:481N 70 SNl4lO;N 5 5 4  
oSUPERPONG .HAND'ALL -h- 

SNI4I7N 33 SNI485N I SN~II:DN 2 10 F E A T U R E S  O F  P O N G  A N D S U P E R  PONG ...... ,., ,... ., PB-123 $1.75 ..*.,.. I.".... .... 
SN;OIN 45 SN:4lNzN 39 SN74II7N 8 %  . bWl(mnlll r&On mlIV WRwWCil.1'7ml lllllld 
S N I I I l N  70 SNI4RRN 3 Y I  SN74II1N 1 Y I  rn PI*wl.ld ldlms 10 rmlurwrrrn .-.-.. ---.--. 
SNr416N 35 SN:(RqN 7 2 5  SNI4I74N I 7 5  m G m a ~ p r r r r m m a ~ o t n O l x ( l 6 r h l e d r p n d n p O n ~ k ~ ~ v t  

,.- . c  ,,.,-..* .--. ....*.. ,".c,, 
SN:~,;N 35 SN:~WN' 45 SN:4II5N 99 m s l r ~ m r  P ~ N G  vum m p n m r x n  mlly .,.-.,-"" .>.. PB-126 $1.75 
SNi47W 71 SNidQ1N 15 SNl4l i6N 90 Olp l r l  vo ,mg  Itam m mr sl- Nwn raih pon l  
SN;4?IN 11 SNI4V)N 49 SN7aI7iN 90 . 7 pian, cnallmgl u! Sollfalw THUMBWHEEL SWITCHES 
SN:<,~N' 49 SNU~JN' 49 SN74IKWl P) m m d  "0 'mnh !o a m  mmri 1 , l n a ~  944 ltr vm M u a l h  Dmn. lh? 
SNI I7 lN  37 SNI4OIN 19 SN74IOlN 2 49 tn01nh .no o!hrl tnnnlgva c n  w lsrd 1 0 r n * . 1 m m m ~ l o l  ltr I m l y  r 

T-CtL r"47i"rw' * 1.6," ,  < , . s ~ .  .,".., "..- ... -,...I 
SN7475N 29 SN749')N l9 SN74IR7N 95 . Batwry o ~ r a l d  4 4 rue 0 I l M l q h l  b r R t a  W I N #  *m IN Unn ATARI ;s,R*=*:;a..... : ,  %::,;::::,:;--- fm - 
SNl4XN 29 SN74BN I SN74lMN 1 9 5  A C  Adapt01 (E l i r nma tes  Banem) $9.95 n-.l..a i lxl 
SNI47.N 37 5~769 :~ '  4 W SN74IRSN 7 7 0  S i l l  I * > I  . I O ~ ~ I I P A C O ~ ~ .  : ,.a xrn sr I,mr*arr $I b e N n l  
SN:47Wl 47 SNId(OON* l W SNI~I%# 5 W  
SNi4l lVI  16 SNi410IN 39 SNI4IBIN 6 W  

.("I,," 1 - k U  

SN:(I?N 31 
sNT,%.N ,, ~;:;;;f ; ;;;:;!; ::: 125" dia. ,190'' dia. N[#[i 9nNfi-&r SN'4UN 77 ~ ~ 7 4 1 7 3 ~ '  70 SNI4I9IN 1 7 5  X C 2 0 9 R . d  
SN I4 lW 75 SN14125N 111 SN74!Q7# I ~ ~ ~ ~ < ~ ~ &  

DISCRETE LEDS ;:;;;;;:" ;:j 
SN:UON 15 SNII I76N M 2;:;;;. , xC2010ranpa d l  

X C I  I 1  Y a l l O w  41 1 

SN14413 I SN74137N 10P  
XCl l lO.nn. .  4 1  1 

SN74.1?N 69 SN74124N % SNIII'I5N 75 I C ~ I S S I ~ I I I I  

SNI44lN 15 SN74I41N I 1 5  SN7 I ISN  I 7 5  
SN ' I I IN  75 SNN\47N* 4 W  SN74,P.N 75 
SNII45N 75 S~74143N' 4LO SNillPBN I 7 5  
SN7441N 11 SN~~II~N. SN71199U I 75 ,200'' dia. ,185" dia. .200" dia. 
~ ~ 1 4 4 ' ~ '  69 SN74145N 1 0  SN747frNl 5 6 9  
SNiURU 73 sN7414,~ 2 3 5  s ~ 7 ~ ~ w #  90 X C 2 2 R d  i o n 1  X C 5 2 6 H d  1 0 1 S 1  

.c22.,e." 4, I .....<.em7 451  .,E% '7: .;" 
$ : X C Z ~ Y ~ I I O W  4 1  1 X C 6 2 6 Y e I I o w  1 1  1 x C ~ 5 6 Y ~ l l O W  71  1 

DIP SWI 
S.:45. 77 SN74151N 79 ~ ~ 7 4 7 8 ~  6 w stED 
SN74YN m SN74151N I S H I I Y I N  I 5  

milad nc, I.*, .,., ,:!rilih run* to, rnrrDDl-r 

DISPLAY LEDS 
,Dl> I ,,as., 

YAW OMRS AVAIUBLE  MI REOUfST $1.95 
?~k ciwaum for lm Camb~ncd  74W r 

I 
c m w  ,,,, :: M 0 S 
UYm 
C O I ~  2 :j:;:;; 1 MU1 3 

CD4Mi 
' 90 74C1?N 7 I 5  

C i E m  59 'L"4cU' 74CIIN 1 Y I  
C D ~ ~ ~ ~  59 cndn16 2 5' 7 , ~ ; ~  I I 5  
CI,4011 75 c n ~ 7  2 75 1 4 W  I w 
c n ~ i )  71 ~ 7 4 ~ x 9  79 74~354  7 w T*pt mLARIw m WIN commonly usad w d a  beam L E D S .  
co4nl3 I 7  c o l o v l  74Clo7N I 7 5  , Co,,,,,li, m.O 295  Cam mo,,i\nad r o , n g .  'i,,, , 75 ~ C L I P L I T E  ~ . t o b e ~ . a d  wth XCBIB LEDS. 
Cl l l l l l f i  Y Cn4U'' .,,,, , , ~ ~ a o y  :; ;::;; MiiN 7 5 K l lml  Mlln. .m 4 95 MAN 3640 Common Ca1hoda 01801 

colors-r.a. .,"bar. or V- m e n  

a14019 55 CD11SO 3 25 7 4 ~ ~ 5 7  2 15 
"" ' cmn'"mGm* 175 39 MhN O I O  Common linnr* Hld ordarlng. 

w,om 1.9 w 4 w  1 7 5  7,C,M 3 2 5  
M,W' C~mmonClm* la7 1 9 5  D l  iOl  IGmlnon AnoC rm .XU I 1 5  

CIU077 1 75 U,IIIW 45 7,CI(, 1 2 5  
MAN I Common 300 1 7 5  DL707 ~ o e n m m  A~MI  300 1 x 7  Z E N E R S - ~ l O D E , S R ~ ~ F I ~ ~ s  

CU(O?I 6 ,lCI1, MAN N IG-m *mdegmm 3m I 95 DL 771 ~ a m t m n  camode ya 2 %  nn V o l n  w 

UU07, , YI CO,*, 4) 74Clb( 75 
MAN n C o m m  amme rsm aa I I DL 747 czm~nw A ~ K X I G  m 2 75 IN746 3 I : ~ l l m  I 1 m 1rim5. c m  n v  I u p  m 
MliN 52 I G m m n * m d e q l r m  110 I 7 5  OL 754 Calnnon Gal- hm 7 49 IN1514 5 I 4lXim 4 1 m INUX~' a m  PIV 1 AMP lo;? w :: MAN €4 Commnnlmne I* 4W t 75 DL 31R Cam- Camode I 99 1 ~ 7 5 7  5 6 r t r ~ m  r ! w INWP IMO PIV I AMP w 

CWOI~ I 6 5  CD~S 3.w 74~195  7 75 i: ;: c&ymky& 3~ 1 LO FNDY13 ~ornman &mud. 7~ 75 l N 7 Y  I 7 d m  4 I w r u a m  .x x n ~ , m  s I m aa 1 7 5  F N O ~  c o r n  cam& 
m 1 7 3  IN754 6 1  4M'v 4 1 w t r : , ! ~  .i 1o.n 151  w 

MAN @2 Common lm- Sm I 75 lNOYI7 h m n  Anmr YI) l r )  IIRY) 8 2  4CCm 8 , l w  abr lu  Ir !urn 1 7 l W  

M l N  sr Cam- Clh**  JM 1 75 IMS IS r m m  I ?  w I N I B  n n w  m/i.m - 1NLIZ32 5 6  M m  78 ( Y I ' I 4  5 6  ,. 29 
LMJolM * SOLDERTAlL ' N V O  6 7 Y*'m 711 7a 
LM,O,cN :: LINEAR :".I:::: : !: ' 1N5735 6 1  M m  78 I U i l 6  6 1  lr 28 

LUID~H 75 LMMSBC e 1.24 &a9 76,9 
IN5724 7 1 Y"m 78 IN''" 8 2  1'' X 

LUYY l l  I W LM37W I I 5  LMl4%M 95 (NAY  75 iTm 6rI  W I N I ' C  17 I I  70 

LMl71N 3 7 5  LMl5%V 1 8 5  8 -  1 1 7  1" - " :'" IN453 .LO m GI W ""44 I5 1. 78 

1YB:CN 35 LM377N 4 W L M 2 l l l N  I 9 5  69 IN IRY  I @  Ian 5 1  W l N l l 8 3  M R V  3 5 W  I M 

LM.W I w LMIWN I 39 L M ~ N  295  '8" ' 
,OD,m 61 67 6, 

~NIW~ YIPN IAMP 1 7 1 ~  I I I~ I~~ IWPN ~SUIV  1 7 0  

LM1OBCN I m LMIW I oi LMWN w "p" " " 1 ~ i w 2  r w w  I ~ M P  17 I w tr*ltas ~ s o r o v  3s aur I ,o 
l u m  I l o  1 ~ 3 8 1 ~  I P) L M ~ P J ~ (  55 n'n 37 )6 8OU)ERTh tL  U M D A R D  (nN) IN(m3 XOPN I AMP 179 m rn l t sb  XOPN BAMP 1111 

LMW 99 LM182N I 7 3  LMlW5N U >HAW4 l W  PIV I AMP l)l1 W I N I I B I  4W PIV 35 AMP 3 W 

L M i t i F N  

L M ~ I ~ N  DO N I S ~ ~ H  IDY u c r w  I w  
LU~I~CN I YI N l Y 6 l  6 W LM1575N 90 
L M ~ I ~ N  1 30 N15dOL 6 w LMla35N I 7 5  
~ ~ 3 7 m . 5  1 3 5  N l5v lN  TO MWH' 4 9 5  
LM17IIX.57 I 1 5  ~ 1 5 5 5 p  45 LM:'JY 49 
LM~201.12 1 3 5  NIYIIB' 5 W 7Y;lCN 39 
LM170l 15 I 3 5  NI5618' 5m ~YIZCN 39 
LM~)III.~* ( 75 NIY~A' 5 W 75453CN 39 
LM $70, 5 2 I 75 N l Y n '  1 25 75654CN 39 
~ u v i i r . 8 '  I 75 ~ t 5 6 5 #  I 75 IYu!LN 79 
~ u v a  22' t n NIK~C# 1 2 5  7 Y 9 X N  I 
LM12OT 15 I 7 5  N156 I~ '  l d 7YwCN 
L M ~ O I . ~ ~ .  I 75 ~ 1 5 6 7 f l  I LO R C I U ~ R  
LMVIIT-24 I 75 LM.OPN 45 U?n> I 2 15 
~Mi:ili.5' 9 9 5  LM:mn 19 CUD17 2 56 
L H ~ N  I III L M . ~ ~ W  n CUOI~ 2 4 8  
LMI'W I 70 LM:.ON 79 CUOJ9 1 3 5  
LbIML,K.5 8 %  L 19 ~ ~ l l ~ 6  1 1  
L M I ~ I I * ~  1 9 5  LMT7Jn 55 A 3 2 5  

LM IIIIX ( 1 95 LM:/lH 55 CAiUX) 3 75 

:;;;; ;: : g ::j::; ; 2t 
LMUOl  I( 1 %  L M I I C H  35 CAtllB? 2 W  
LMII IK.~~ I 95 LM.(!CN 35 CA~OXI I M 
LMI~OT 5 1 75 L M I 4 l I I N  19 C A W 6  RS . ; ;;;:;; &';; 
LMISIIT.$~ 1 75 LM748H 39 CA( l i 3  7 15 

~ ~ i r t l l  15 1 75 LMlilRN 39 CAI<Y) 1 3 9  
L M I ~ O T . ~ ~ .  1 75 LMIX l lN  90 CiUl IO 1 7 5  

:iifSi: :! LHI3O;N 8) R U I 9 5  3 75 

:,', " \  , , :: 74LS00 TTL 'X:P Z ;,,,,, $9 ',+ . 6 5  i l i S l S ~  1 8 9  

::::: :: , ;: ::::::: :: 
741i~ 39 14l \RI  7 19 I4LS161 7 75 
?*{$10 39 16LSBS 2.49 i4LbI iA 22'1 
) ( lb l l  ,q 71L\RI, 65 l 4L5115  1.95 ,,,.,,, 2 19 UI\W 1 7 5  r l L s l a l  3 o* 

39 74~:.V1 1 7 5  
,9 7d,svl , 71 :::::: : :; , 7rtsus 7 1s I~LSIP? 7 81 

7rL,,a 7 4 ,  r a9 7 r ~ s i 9 1  7 9. 

"two 19 Ezp; ,;; ;:::'; ;;) 
-41512 45 
),,.lo A I(LS1I7 65 1 r t s i 5?  18'2 
74~),1 19 741S132 1 55 71IS?M) 5'. 
I l l " r 5  3 9  7415111 6 1  i a i i ? : ~  :Q 

,,,: :I 65 14~511 1 8 9  7 4 1 ~ 7 0  5 q', 
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- - 
FAIRCHILD FAIRCHILD - ANNOUNCES THE - 

soLrD sTATE 'TECHNOLOGY KIT 
F O R  THE EXPERIMENTER WlTH TASTE FOR "STATE OF THE ART" PRODUCTS 
C O M P L E T E  SPECIFICATIONS ARE PRINTED ON THE BACK OF EACH TECHNOLOGY KIT  

CY FTUODIO 

SOLID =ATE 

TECHNOLOGY 

H C D L 1 0  14MPI 

'RY 

CARD FRONT CARD BACK CARD FRONT 

FTKOOOl 
FTK0002 
FTK0003 
FTK0004 
FTK0005 

FTKOOlO 
FTK0011 

DIGITS 
0.5" High Common Cathode Digit $1 .OO 
0.5" High Common Anode Digit 1 .OO 

.357" High Common Cathode Digit .75 
0.8" High Common Cathode Digit 2.00 
0.8" High Common Anode Digit 2.00 

0.8" HIGH DISPLAY ARRAYS 
12 Hour, 3% Digit Clock Display 7.00 
24 Hour, 4 Digit Clock Display 8.00 

LED LAMPS 
10 Red LED Lamps 1 .OO 
5 Mixed Colored LED Lamps 1 .OO 

10 LED Mounting Clips 1 .OO 
5 Three Piece LED Mounting Adapters 1 .OO 

PHOTO TRANSISTORS 
5 Flat Lens Photo Transistors 1 .OO 
5 Round Lens Photo Transistors 1 .OO 
3 Flat Lens Photo Darlingtons 1 .OO 
3 Round Lens Photo Darlingtons 1 .OO 

@THESE PRODUCTS ARE PACKAGED FOR OUT- 
STANDING WALL DISPLAY APPEARANCE - 
FULL FAIRCHILD PRODUCT LINE 

TO FOLLOW 

PHOTO ARRAYS 
9-Element Tape Reader Array 

12-Element Card Reader Array 
Reflective Opto Coupler 

COUPLERS 
3 General Purpose Opto Couplers 
Darlington Opto Coupler 

MOS CLOCK CIRCUITS 
Digital ClockICalendar Circuit 

(FCM7001) 
Digital ClockICalendar with BCD 

Outputs (FCM7002) 
Direct Drive Digital Clock Circuit 

with AC Output (FCM3817A) 
Direct Drive Digital Clock Circuit 

with DC Output (FCM3817D) 
Direct Drive Digital ClockICalendar 

Circuit (FCM7015) 
KITS 

Automobile Clock Kit 

DEALER'S AND WHOLESALER'S INQUIRIES 
INVITED -PR ICE LIST AVAl LABLE. 

@BUY WlTH PRIDE THE PRODUCTS BUILT BY 

THE INDUSTRY'S LEADER - FAIRCHILD - 
Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds. 

1021 HOWARD STREET 
California Residents - Add 6% Sales Tax 
Send a 24c Stamp (postage) for a FREE 1977 Catalog. 

$# E s SAN CARLOS, CA 94070 
PHONE ORDERS - (415) 592-8097 

N O W  OPEN SATURDAYS 
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Performance., ' 

all1 A deluxe 2 
meter FM transcelver Full 5 channel capabll~ty. 2 channels 

Included Compact slze 1 x 3 x 9 Inches Separate Internal 

mlke* Bullt-ln meter to monitor battery condltlon Prowslon for 
Private Channel (CTCSS), external mlke or speaker mlke 

Slnce no two radlo appllcat 

are exactly allke Standard ma 
the rugged HORIZON " 2  25 

2 meter FM transcelver for 
HAM. CAP. and MARS The 
HORIZON " 2  IS also available f 
under '$299 Both of these rugged radlos offer you exceptional 
qualltyand outstanding performance at a prlce that's rlght 

@Standard Communications 

P 0 Rex r l ~ l ~ r l l  . LLI Ai~geles. Ca 90009 

150-170MHz 
MOBILE 
UNITS . 

H 4". D 16" 

GENERAL ELECTRIC T. I? L. 
Transistorized Progress Line, FE53JA6, 
Front Mount, 150-1 74 MHz, 12 volt, 35 watts, 
fully solid state receive, 4 tubes in transmitter, 
fully narrow band, complete with accessories, 
shipping weight 50 Ibs. 

NEW LOW PRICE $118. 
(Schematic available on request) 

PORTA-PAK 
I 

NOOELS IN  STOCK INCLUOE: 

BTL BTH NT 28 M T I t  

BEAUTY I S  NOT ONLY SKIN OEEP. YOU GET MUCH MORE THAN GOO0 

LOOKS WITH A PORTA.PAK. THE PORTA.PAK IS A TOTALLY PORTA. 
BLE PERFORMANCE PACKAGE THAT WILL KEEP YOU IN Toucn WITH 

WHAT I S  HAPPENING WHETHER YOUR COMMUNICATIONS NEED IS BUS- 

INESS OR PLEASURE. THE PORTA-PAK I L L  SATISFY YOUR NEEDS. 

OELUXE PORTA-PAK HAS 4.5 AMP HR. SUPER PORTA-PAY H A S  ¶ AMP 

HR. PORTA-PAK INCLUDES THE CASE, BATTERY. AND CHARGER. 

GEL.CELL I S  THE POWER SOURCE. GC-1245 IN STOCK F O R S A M E  DAY 

SHIPMENT: OELUXE $61.50 + 11.15 SHIPPING. THE SUPER. 588.08 + 

12.15. GEL-CELL BATTERY ONLY 12¶.20+ $1.15. RUBBER OUCKIE 

ANTENNAS $1.00. L.E.D. BATTERY CONDITION I N O I C A T O R  $5.00. 

PORTA-PAK, INC. 
P.O. BOX 67 

SOMERS, WI. 53171 
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Enjoy the thrill of dependable long distance contacts on 
simplex or thru remote repeaters. The 20 element co- 
linear DX-Array offers a precise pattern with large cap- 
ture area. This vertically polarized, horizontally stacked 
array provides a narrow beamwidth for the discriminating 
FM user. Wide impedance and gain bandwidths make the 
DX-Array a natural choice for the serious FM'er. A verti- 
cal polarization bracket, model DX-VPB, is required 
(support boom and mast not supplied). Seek out new 
horizons with DX-Array! 

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

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

Dave Olean, K 1 WHS, w ~ t h  his 160 Element 
DX-Array and Polar Mount EME System DX-ARRAY LEADS THE WAY! 

144 MHz. 
ladel: P r i ~  

22 
3: Model 

V MHz. 
I: Price: 

MHz. 
Price: 1 

2 
u n - ~ r r a y  

Frame 8 Han 
(40 E.) 

Frame & Har~ 
ran GI \ 

1 
\ 

%scriptior 
O Element .." . 

-,., 

alun DX. 
lert. Pol. Bra 
(20 €1.) DX-VPB 
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Available in all EIA standard tones 67.OHz-202 
Microminiature in size, 125x2.0x.65 high 

'3 Hi-pass tone rejection filter on board 
I Powered by 6 -16vd~  unregulated, at 3-9ma 
I Decode sensitivity better than IOmvRMS, ba 
I Low distortion adjustable sinewave output 
I Frequency accuracy, f25Hz. frequl-- - - 

stability &1 Hz 
I Encodes continuously and 

during decode, independe 
simultane 
!nt of mik 

hang-ul 
I Totally 
.. - . 

P 
immune 1 

Wired and tested, complete wnh 
(-1 elemel 
359.95 
(-1 field replaceable, plug-ln, trequency 

ng eleme 
lach 

nts 

COMMUNICATIONS SPECIALISTS 
" BOX 15' 

talk 

. Quality for an Economy PI 
Solid State Construction 
Linear Switch (FMISSB) 
Broad Band 

-Hz max., limited 

Ill Model Input Output Typical Frequency Price 111 
Now get TPL COMMUNICATIONS qual~ty and 

rellabll~ty at an economy prlce The sol~d state construc- 
t~on, featuring magnetically coupled transistors and a 
float~ng ground, glves you an electronically protected 
ampl~f~er that should last and last 

The Llnear B~as Sw~tch allows you to operate on e~ther 
FM or SSB The 702 and 7028 are except~onally well 
su~ted for 2-meter SSB Typlcal power output levels as 
h~gh  as lOOW PEP can be ach~eved w~th the proper dr~ve 

The broad band frequency range means that your 
ampl~f~er IS ~mmed~ately ready to use. No tunlng IS 

requlred for the entlre 2-meter band and adjacent MARS 
channels on TPL's new Econo-kne 

See these great new add~t~ons to the TPL COM- 
MUNICATIONS product llne at your favor~te rad~o dealer 

Call or wnte for prices and mfor- 
mation on TPL's complete 11ne of 
amateur and commerc~al ampl~frers wL COMMUNICATIONS M.2. 

1324 W. 135TH ST., GARDENA, CA 90247*(213) 538.9814 

h a l o :  A.C.Si-ds h b n r  Ltd.,285 Ywklmd BId., Willordale, b ta r ioM2J  1% 
E m  : EMEC Inc., 2350 South 30th Avenue, Hallmdole, FIa. 33009 I 

I 
I I 

I I 
I 
I GOLD PLATED I 

/ BI-CENTENNIAL SPECIAL TELEGRAPH KEY 1 

I 
I 
I 
I 

Our standard Nye Viking Speed-X@ Model 114- j 
310-004 with all gold plated hardware and key 
arm on a standard black crackle base mounted I 
on a black plastic sub-base. I 

I 
I 

A truly beautiful key for the man who has every- I 
thing. A fine gift for those special occasions. 

I 

Model 114-310-104 C.P. I I 
I 

$50.00 PREPAID IN U.S.A. I I 
I 
I 

ORDER THRU YOUR FAVORITE DEALER OR DIRECT TO I 
I 

WM. M. RYE COMPANY, INC. / 
1614 - 130th N.E. 

I 
I 
I 
I 

Bellevue, WA. 98005 
I 
I 
I 
! 
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Wired and 1 
K-1 elemen 

tested, co 
t 

ith 
commwN- #peclarrr 

P. 0. BOX 153 
REA, CALIFORNIA 92821 

# - * a h  gse.3on 

Y-1 FIELD REPLACEABLE, 
'LUG-IN, FREQUENCY 
IETERMINING ELEMENTS 

$3.00 each 
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If you want a microcomputer 
with all of these standard features.. . 

B eRAM Complete- 
~ t h  maximum capacity of CG ly factory assembled and tested 

2K Bytes) -not a kit 
lTY Serial I/O 03ional accessories: key- 

* EIA Serial I10 boardlvideo display, audio 
3 arallel 1/05 P cassette modem interface, 
A CII/Baudot terminal com- power supply, ROM pro- 

patibility with TIT machines . grammer, and attractive 
or video units cabinetry ... plus more 

Monitor having load, dump, options to follow. 
display, insert and go functions The HAL MCEM-8080. $375 

.. .then let us send you our card. 
H A L  Communications microcomputer you can 
Corp. has been a leader in b u  . For details o n  the 
digital communications M&M-8080, write today. 
for over half a decade.The We'll also include compre- 
MCEM-8080 microcorn- hensive information on 
puter shows just how far the HAL DS-3000 KSR 
this leadership has taken microprocessor-based 

.and how far it terminal, the terminal that US.. .a. 
take you in your applica- gives you multi-code 
tions.That's why we'd compatibility, flexibility 
l ike to send you 

Eil!ul 
for future changes, 

our card -one PC editing, and a 
board that we feel convenient, large 
is the best-valued, video display 
most complete format. 

HAL Communications Corp. 
Box 365,807 E. Green Street, Urbana, Illinois 61801 

Telephone (217) 367-7373 

ANTENNA SUPERMARKET, PO BOX 1682, ~ e p t .  H, Largo, Fla. 33540 

DIPOLE AND WIRE ANTENNA KITS, complete with HI-Q BALUN. 100' rope. copper 
antenna wire and insulators. 

.......................... 80/40/15 parallel dipole ................... $36.95 160 short. 130' length $36.95 
............................. 40/20/15 parallel dipole ........................ $30.95 80 short, 63' length $31.95 
................................. 80/40 trap dipole ................................ $41.95 40 short. 33' length $28.95 

................... 40/20 trap dipole ....................................... $36.95 Single band models from $24.95 

VERTICALS - complete with Universal Mounting Base. Folds NEW 
to  5' for Easy Transport. Hvy. Duty Aluminum Tubing. Apartment / Portable 

........ .......... 20/15 trap. 13' hgt. $29.95 160 compact 23' hgt. w4.95 apt. roof or patio. 
40/20/15 trap 22' hgt. .... 44.95 80 compact 20f hgt. ........ 39.95 trailer, 

80/40/20 t rap 30' hgt. ..... 69.95 40 compact 15l hgt. ........... 34.95 
home. All bands 

80/40/15 trap 20' hgt. ...... 59.95 20/15/10 ful l  sizevertical 29.95 , " , "s i l~ ' l~~ l~ i~~ t .  5' 
10 meter cov. for above add 9.95 80 40.20 15-10 $49.95 

m1 TO ORDER - Include 51.95 shippirm ($2.95 West Coast) - Include Interbank # and 
24 hour shipment. 30 day guarantee. w Expiration date on Credit 

For Info: 1st Class Stamp. r] - Card orders. 
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432 AMPS 
AND 

TRANSMITTING CONVERTERS 

A R C O S  
AMATEUR RADIO 

COMPONENT SERVICE 
35 HIGHLAND DRIVE 

P. 0. BOX 546 
EAST GREENBUSH, N. Y. 12061 

518-477-4990 

TROPICAL 
HAMBOREE 

JANUARY 22-23, 1977 
(MIAMI BAYFRONT AUDITORIUM) 

MIAMI, FLORIDA 

ADVANCE REGISTRATION 
$2.00 

FOR SPECIAL HOTEL RATES 

AND MORE INFORMATION 

WRITE: 

DADE RADIO CLUB 
P. 0. Box 73, B.A. 

Miami, Florida 33152 
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HERE'S A HOT NUMBER 
(Toll Free) 

CALL 
HAM RADlO CENTER 

ST. LOUIS 

FOR NEW AND USED AMATEUR RADIO EQUIPMENT 
MASTER-CHARGE BANKAMERICARD 

TRADE ON NEW OR USED 
Hours 9 A.M. - 5 P.M. (Central) Closed Sun. & Mon. 

THE HAM-KEY 
NOW 5 MODELS 

Iambic circuit for squeeze keying. 
Self completing dots & dashes. 
Dot memory. 
Battery operated with provision for 
external power. 
Built-in side-tone monitor. 
Speed, Volume, tone &weight controls. 
Grid-block or direct keying. 
Use with external paddle such as HK-1. 

NEW 
MODEL HK-5 

ELECTRONIC KEYER 
@ m,..: $69.95 

MODEL HK-1 ODEL HK-3 
$29.95 $16.95 

Dual lever squeeze paddle. 
Use with HK-5 or any electronic keyer. 
Heavy base with non-slip rubber feet. 
Paddles reversible for wide or close 

Deluxe straight key. 
Heavy base, no need to  attach 
to desk. 
Velvet smooth action. 

MODEL HK-2 MODEL HK-4 
$19.95 $44.95 

Same as HK-1, less base for those Combination HK-1 & HK-3 on 
who wish to incorporate in their own Keyer. same base. 

Available from your local dealer or order direct. 

HAM RADIO CENTER, INC. 
8340-42 OLIVE BLVD. P. 0. BOX 28271 ST. LOUIS, MO. 63132 

More Details? CHECK-OFF Page 126 november 1976 81 



You Can't Beat The System! 

I The SPEC COMM 2 M  FM Modular System 
UNIQUE "SNAP-PACK" MODULAR SYSTEM permits 1 

Transceiver to  function as 3 - without COMPROMISE1 
IT'S A FULL 5 WATT PORTABLE - with the BP-1 

Portable Pkg. The plug-in H.D. NlCAD Battery "Snap-Pack" 
has 3X THE CAPACITY of the usual "penlite" cells - for 8 
hrs. typ. operation per charge. $89.95 

I T 5  A 25  WATT MOBILE - with the BA-1 25 Wt. Amp. 
"Snap-Pack". (Or a 5 Wt. mobile without BA-1.) $84.95 

I T 5  A HlGH PERFORMANCE FIXED STATION - with 
the AC-1 AC Supply "Snap-Pack" $49.95 

SUPER SENSITIVE & SELECTIVE RCVR10.3 uV120dB 
Qt. - 90 dB @ +30 kHz. 

MADE IN USA - finest quality throughout. Famous Spec 
Comm audio quality on both transmit & receive! Excellent 
punch, clarity, & fidelity. 
INQUIRE ABOUT: SCR1000 - DELUXE, HlGH PER- 
FORMANCE 2M REPEATER. Ako - RCVR., XMTR., 
C.O.R., & I.D. Boards as used in SCR1000. 

A VAILABL E SOON: SC1800 - 2M Synthesizer. 1800 Chan- 
nel Combinations in 5 kHz steps, (Usable w/most 2M xtal rigs 
on market!) Only 1.4" high. $225.00 

Send for Data Sheets: XCVRS. & SC1800 available through 
your dealer. 

DEALER INQUIRIES INVITED 

Modu les  Snap  O n  o r  Off 
i n  seconds. 

SC512A - 12 CHAN. 
$249.95 

SC56OA - 6 CHAN. 
$224.95 

lMPROVED MODELS! 

SPECTRUM COMMUNICA TIONS - - - - - - - - - - - 

Box 140 HR -WORCESTER. PA 19490 (215) 631-1710 

111 Professionally Engineered Antenna Systems ill 
Single transmission line "TRI-BAND" ARRAY" 

%. 
\ 

By the only test that means anything.. . 
on the air comoarison . . . this array con- 
tinues 10 outperform all competitibn . . . 
and has for two decades. Here's why For technical data and prices on corn- 
. . . Telrex uses a unique trap ,design plete Telrex line, write for Catalog PL 7 .  
em~lovina 20 H i 0  7500V ceramlc con- Y-Y 

denseis {er antenna. Telrex uses 3 opti- 
mum-spaced, optimum-tuned reflectors 
to provide maximum gain and true F/B 
Tri-band performance. --- ., , . ,ll,l. .it:. +MI,I  i l l l 1 7  0 5 1  

Aha, the SECRET of PC 
Board success finally revealed. 
A perfectly balanced lighting 

tool combining magnification 
with cool fluorescence. Excel- 

lent for fine detail, compon- 

ent assembly, etc. Lens is pre- 
cision ground and polished. 

Regularly $70.00. Now, over 

30% rliscount (only $49.00) 
- 

to all licensed Hams, verified 

in Callbook. Uses T-9 bulb 

( not supplied ). 

Include 83.00 U.S. postage, or 84.00 
in Canada. $5.00 elsewhere. Cali- 

fornia Residents inclr~cle 6': sales tax. 

Or  send starnped en\.elope for free 

brochure of other incandescent or 

fluorescent lamps snit.~l>le for all en- 
gineers, architects, students, etc. 

Mastercharge and BankAmrricard clccepted 

0-0 ENTERPRISES 
Dept. A, P .  0. Box 7776 

San Francisco, C A  94119 
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LARGE .4" DIGITS! 
ORDER KITW850-4 

W7001 B (6 - .4"Digits/Man-641 
W7001C (4 - .6" Digits12-.3" Seconds] 

.31 .28 .26 

.50 .45 .40 
Convert small digit LED clock to large .5" displays.Kit 
includes6-.5" LED9s,Multiplex PC Board & easy hook-up info. 

Kit  WJD-1CC For common Cathode 
Kit WJD-1CA Forcommon Anode '9':. 2/'1gm 

WE PAY ALL SHIPPING I N  CONTINENTAL USA - OTHERS ADD 5OIo [ 10% FOR AIRMAIL] I 

2 F; .60 .55 .50 
SETOF FND-359 .75 .70 .65 
WITH MULTIPLEX 

NYLON WIRE TIES PC B0ARDs6'95 
8"forbundledia. 1 /4'+-1-3/(" lW111.95 

25 AMP BRIDGE 4"forbundledia. 1116"-314" 1001$1.75 

DIODES 
IN4002 12/51 .OO 
IN4003 12/51 .OO 
IN4005 11151.00 
IN4007 101S1.00 

2.5A11000PIV 51 51 .OO 
IN5400 5151.00 
IN914 20's1'00 
IN4148 20151'00 

TRANSISTOR 

GOLD PlNS 
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SWITCHES 
ROCKER SPDT 6\51. 
MINI-SLIDE SPDT 5/51. 
REG. SLIDE DPDT 6\51. 
PUSH BUTTON N.O. 3/51. 

TRANSISTORS 5/51 .W 
' All Prime Marked Units 

2N2222A NPN TO-18 
2N3415 NPN TO-92 
2N3704 NPN TO-92 
2N4249 PNP TO-92 
2N4400 NPN TO-92 
2N4437 NPN TO-92 
2N5089 rJPN TO-92 

JUMBOREOLED*~  Pkg.of 50 8385 10K lOTURN SPECTROL POT SPECTROL 95c 
3lA"x31A"xll4" Hinh Y S ~ - A - 1  1 -1 n~ A1 23-00 

<fi $1.95 earn * 3'$5.00 
100 PIV 

TELEPHONE FORMAT 

BY Chomerics 
KEYBOARD 

2-1/4"~3" 

5 /3Yth ick  

$4.95 
6/828. 

Form It~?xpensive MOLE)( 
Sockets 

100 for $1.25 
PlNS 

Reel of 1000 - S8.50 

COMMON CATHODE 
@ 7=SE(: LED 
FND-71 +I .25" .75 
FND-359 RED .4" .95 
FND-503 RED .5" 1.35 
DL-33MMB RED 3x.1" .75 
DL-750 RED .6" 2.95 
XAN-654 GREEN .6" 2.95 (no D.P.) 
XAN-664 RED .6" 2.95 (no D.P.) 



Your Next I Purchase.-) I I 

I ELECTRONICKEYER 1 
MODEL 10 B 

PADDLE 
MODEL11 B 

1 CW TRANSMITTER 
MODEL 5 0  

Reed relay output (1 amp. 
250V. 20VA). 10-30 WPM @ 
6V-DC supply. 12 MA drain. 
15-45 WPM @9V-DC Supply, 
15 MA drain. 3 MA idlecurrent 
drain. Fixed spacing. Dots 
1: l .  Dash 1:3. Self-complet- 
ing DotlDash. Manual dash in 
tune position. (Batteries not 

, included.) Use the Model 10B 
Keyer wlth your paddle or our 
Model 118 matchlng paddle. 

- 
ELECTRONIC KLYER WITH PADDLE I 

MORSE-1835 
MODEL 12 

SPEECH PROCESSOR 
MODEL 60A 

DiUDah travel adjustment. 
No mechanical switches. No 
bearings to fail. Paddle as- 
semblywei ht is 1 5 pounds. 
Revers~ble t i t  and' Dah 
connections. Rubber feet. 
Damping on paddle operator 
lever. Feather gllde paddle 
movement. 

(PA RES. ADD 6% SALES TAX) 

MODEL 1OBWA KEVER with 
Sidetone assembled 539.95 
MDDEL lOBW assembled $29.95 
MODEL lOBK (Kit 523.95 
200-2K PC BOARd KIT 514.95 
200-3K SIDETONE KIT 5 5.95 
Shio. WI. 1 Lb.. add S 1.00 

Ship. Wt. 4 - ~ b . .  add 5 2.10 

(PA RES. ADD 6% SALES TAX) 

15 watts input. Full break- 
in keying. All solid state. 
Crystal control. 160. 80 or 
40M plug-in coil. Zener reg- 
ulated chirpless keying. Has 
bullt-ln 120 Vac power sup- 
ply. OPTIONS. Built-in keyer 
andlor sidetone. Paddle 
Model 1 l B  IS compatible with 
built-in keyer option. 

THE WORLD AT YOUR FINGERTIPS! 
MODEL 11BW assembled 511.95 
MODEL llBK (Kit) $ 8.95 
Ship. Wt. 2 Lb.. add S 1.35 

(PA RES. ADD 6% SALES TAX) 

(LO-2). Output voltage 100 
MV-RMS nom. 

C-MOS circuitry. Solid state 
output switch. (250V, 1 AMP 
MAX.) 8-45 WPM. Fixed 
$$acing. Dot 1:1, Dash 1:3. 
Self-completing DotiDash. 
No onloff switch required. 
Sldetone has 2-inch speaker. 
Paddle travel adjustment. 
Rubber feet. 4 penlight 
batteries (not included). 

MODEL SOK (Kit $49.95 
MODEL 50W (Wired) 569.95 
Add-on o lions 
SIDETDN~ 200i21 K I ~  5 5.95 

200-21 Wired 5 8.95 
KEVER 200-22 Kit 513.95 

200-22 Wind $18.95 

SEND FOR CATALOG & DEALER LIST. 
ORDER FROM DEALER OR DIRECT. 
FOR U.P.S., C.0.D SHIPMENTS-ADD 854 

RD-1 BOX 185A FRANKLIN, PA.16323 
TELEPHONE (8141 432-3647 

200Kl500 OHM inputs. PTT 
on connector. Instantaneous 
attack and release. 2, 9V-DC 
batteries (not included). 
1.5 MA drain. Frequency is 
?-I12 db.. 300-3000 Hz. 
Process gain control has an 
inlout switch. The process 
threshold is: 1.5 MV-RMS 
(HI-Z). 400 micro V-RMS 

MODEL 12 assembled $49.95 
Ship. WI. 2 Lb.. add S 1.35 

(PA RES. ADD 6% SALES TAX) 

(All units come with 40M plug- 
in coil unless otherwise 
specified. (Additional coil 
klts $3.95 each postpaid.) 

We're Fighting 
Inflation 

for '76 
FOR FREQUENCY STABILITY 
Depend o n  JAN Crystals. Our large stock 
o f  quartz crystal materials and com- 
ponents assures Fast Delivery from us! 

CRYSTAL SPECIALS 

Frequency Standards 
100 KHz (HC 131U) . . . . . . . . . . .  $4.50 

1000KHz(HC 61U) . . . . . . . . . . .  4.50 

. . . . . .  Almost all CB sets. TR or  Rec $2.50 
(CB Synthesizer Crystal o n  request) 

. . . . . . .  Amateur Band in  FT-243 ea. $1.50 

. . . . . . . . .  41$5.00 
80-Meter-. . . . .  $3.00 (160-meter not avail.) 
For 1st class mail, add 20' per crystal. For 
Airmail. add 25'. Send check o r  money 
order. No  dealers, please. 

....... - . . . .  
Mv.of 

~ 

BobWhm&Sonliln: 
2400 Crystml Dr, 
Fl. Wws, Fh. J3QO( 
Atl Phonu: Ql* a 
U W L m -  

MODEL 60AW assembled 529.95 
MODEL 60AK (Kit) 523.95 
Ship. Wt. 1 Lb.. add S 1.00 

(PA RES. ADD 6% SALES TAX) 
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L:. as, 

RX28C . . 

RXSOCKit . 
RX144C Kit . 
RX144C WIT. 

RX220C Kit . 

RX220C WIT 

RX432C Kit . 
RXCF . . 

28-35 MHz i:M receiver with 2 
pok 10.7 MHz crystal filter . . 
30-60 MHz rcvr w12 pole 10.7 

. . . .  MHz crystal filter 
140-170 MHz rcvr wi2 pole 
10.7 MHz crystal filter . . . .  
same as above - factory wired 
and tested . . . . . .  
2 10-240 MHz rcvr wi2 pole 
10.7 MH7 crystal filter . . . .  
same as above - factory wired 

. . . . . . . . .  and tested 
432 MHz rcvr wI2 pole 10.7 
MHz cr.ystal filter . . . . .  
accessory filter for above receiver 
kits gives 711 dB adjacent channel 
reiection . . . . . . . .  

RECEIVERS 
RF28 Kit . I 0  meter RF front end 10.7 MHz 

output 
RF50 Kit . 6 meter ~k irbnt'end 10.7 M H ~  ' 

output . . . . . . . .  
RF144D Kit . 2 meter RF front end 10.7 MHz 

output 
RF220D Kit . 220 MHz R F  iron1 end 10.7 M H ~ .  

output 
RF432 Kit . 432 MHz RF iron1 end i0.7 M H ~  ' 

output . . 
IF 10.7F Kit . 10.7 M H Z I F  module'includes 2 

pole crystal filter . . . .  
FM455 Kit . 455 K H ~  I F  stage plus PM 

detector . . . . . . . .  
AS2 Kit . .  audio and squelch board . . .  

TX144B Kit . transmitter e\citer - I watt - TRANSMITTERS 
. . . . . . .  2 meters . 5  29.95 TX432B Kit. . transmitter exciter 432 MHz . . 39.95 

TX144B WIT. . same as above factory wired TX432B WIT . same as above - factory wired 
. . . .  and tested 49.95 and tested . . 59.95 . . . . . . .  

TX22OB Kit . . transmitter exciter - 1 watt - TXISO Kit . . 300 milliwatt. complete 2 
220 MHz . . . . . . . .  29.95 meter transmitter, . . . .  TX220B W/l . . samc as above - factory wired kss crystal and mike 19.95 

. . . . . . .  and tested 49.95 

PA25OIH Kit . 2 meter vower amo - kit 1 w in POWER AMPLIFIERS 
- 25w &I with sdlid state switch- 
ing. case. connectors . . . .  59.95 PA144125 Kit .  similar to PA144115 kit except . . . . . . . .  PA2501H WIT. same as above - factory wired 25w out 49.95 
and tested 74.95 PA220115 Kit .  similar to PA144115 for 220 MHz 39.95 . . . . . .  

PA4010H Kit. 2 meter power amp - low in - . . .  . . .  
PA432110 Kit . power amp - similar to  PA144115 

40w out - relay switching 59.95 except 10wand 432 MHz 49.95 

PA4010H WIT. n m e  asabove - factory wired PA140110 . I0w in - 140wout - 2 meter 

and tested 74.95 amp - factory wired and tested . 179.95 . . . . . . .  
PA144115 Kit . 2 meter power amp - Iw in - PA140130 . 30w in - 140w out - 2 meter 

15w out - less case. connectors amp - factory wired and tested . 159.95 

and switching . . . . . .  39.95 

PSlSC Kit 

PSI 5C WIT 

PS25C Kit 

PS2SC WIT 

I 5  amp - 12 volt regulated 
power supply wlcase, wlfold-back 
current limiting and overvoltage 
protection . . . . . . .  
same as above - factory wired 

. . . . . . .  and tested 
25 amp - I2 volt regulated 
power supply wlcase, wlfold-back 
current limiting and overvoltage 
protection . . . . . . .  
=me as above - factory wired 
and tested . . . . . . .  

POWER SUPPLIES 
O.V.P. adds over voltage protection to 

your power supplies, 15 VDC max 9.95 
12 volt - power cupply regulator 
card with fold back current 
limiting . . . . . . . .  8.95 
new commercial duty 30 amp 
12  VDC regulated power supply 
wlcasc, wlfoldback currrnl lim~t- 
ing and over voltage protection 
wired and tested . . . . .  239.95 

RPT28 Kit . 
RPT2R . . 
RPTSO Kit 
RPTSO . 
KPT144 Kit 

RPT22O Kit 

RPT432 Kit 

. . . .  repeater - 10 meter 
repeater - 10 meter, wired & 
tested . . . . . . . . .  

. . . . .  repeater - 6 meter 
repeater - 6 meter. wired & tested 
repeater - 2 meter - 15w - 

. . . .  mmplete (less crystals) 
repeater - 220 MHz - 15w - 

. . . .  coniplete (less crystals) 
repeater - 10 watt - 432 MHz 
(lesscrystals) . . . . . .  

TBA 
TBA 
TBA 

REPEATERS 

TUX 144 Kit 

TRX 220 Kit 
TRX 432 Kit 

case and all components to build 
15 watt I 0  channel scanning 2 
meter transceiver (less mike and 
crystals) . . . . . . .  
same as above excepl for 220 MHz 
same as above except 10 watt and 
432MHz . . . . . . . . . .  

TRANSCEIVERS 

RPT144 . . repeater - 15 watt - 2 meter - 
. . .  factory wired and tested 695.95 

RPT22O . . repeater - 15 watt - 220 MHz - 
. . .  factory wired and tested 695.95 

RPT432 . . repeater - 10 watt - 432 MHz - 
. . .  factory wired and tested 749.95 

DPLX144 . 2 meter, 600 KHz spaced duplexer. 
wued and tuned to  frequency . . 399.95 

DPLX22O . 220 MHz duplexer. wlred and 
tuned to frequency . . . . .  399.95 

OTHER PRODUCTS BY VHF ENGINEERING 

CDI Kit . . 10 channel receive xtal deck 
. . . .  w/ diode switch~np 6.95 

CD2 Kit . . 10 channel xmit deck wiswitch 
. . . . . .  and trimmers 14.95 
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SMTIWESIZERS 
SYN I1 Kit . 2 meter synthesizer, transmit offsets 

programmable from 100 KHz - 10 
MHz, (Mars offsets with optional 

9?&jj@J 
adapters) 169.95 . . . . . . . .  

SYN II . . same as above. wired and tested 239.95 ..,,.. II  

TALK,ES 
HT 1448 Kit. 2 meter. 2w. 4 channel. hand 

held receiver with crystals for 
. . .  146.52 simplex . 129.95 '"'E NlCAD . . battery pack. I2 VDC. '/2 amp . . 29.95 

NlCAD . .  battery charger . . . . . .  5.95 
Rubber Duck . 2 meter, wlth male BNC con- 

. . . . . . . .  nector 8.95 

CD-3 Kit . . UHF version of CD-l deck. needed 
for 432 multi-channel operations . 12.95 

COR2 Kit . complete COR with 3 second and 
. . . . . .  3 minute timers 19.95 

forRXwithpriority. 19.95 
SC3 Kit . . 10 channel auto-scan adapter 

. . . .  
Crystals . . we stock most repeater and sim- 

plex pairs from 146.0-147.0 (each) 5.00 
CWID Kit . 159 bit. field programmablc, codc 

identifier with built-in squelch tail 
. . . . . .  and ID timers 39.95 

. . .  

. . .  . 
W I D  wired and tested, not programmed 54.95 
CWlD w~red and tested, programmed 59.95 
Microphone . 2.000 ohm dynamic mike wlth 

. . . .  P.T.T. and coil cord 9.95 

VHF ENGINEERING -1 
DIVISION OF BRO WNIAIV ELECTRONICS CORP. 

320 WATER ST. / BINGHAMTON. N.Y. 13901 / Phone 607-723-9574 



_ J _  five nine plus 

9 
3402 Campus 
Claremont, CA 91 71 1 
[714] 621-1658 

Antenna Products for the Amateur 

Al l  Prices Postpaid in  U.S.A. 
[outside U.S.A. add shipping - 

shipping weight - 1 Ib.1 
California Residents 

add 6% sales tax 

IMPEDANCE CONVERSION 
TRANSFORMERS 

BALUNS 
a 3-30 MHz Bandwidth 

a 2 KW Rating 

a Recessed Connector-Eliminates 
shorting problems 

a Exclusive no soldering antenna 
wire fastening system 

High efficiency toroidal construction 
a ABS Plastic Case 

6:l and 9:l 
$22.95 each 

1.1 and 4:l 
$16.95 each 

Other ratios quoted 
on request 

Ic 

t :& "S - -,,* 
IF YOU DON'T HAVE OUR 

CATALOG YET, SEND SASE ! 
PREAMP, CONVERTER, FM RCVR & 
XMTR KITS, CUSHCRAFT & LARSEN 
ANTENNAS, STANDARD XCVRS. 

FAST MAIL & PHONE SERVICE 

182 BELMONT RD . ROCHESTER, N Y  14612 

2 METER CRYSTALS 
IN STOCK 

FOR THESE; RADIOS ON 
STAN LIAKL) ARRL REPEATER 

FREQUENCIES 
C l m  HT-146 
Drake Drake TR-22 TR-33 rec only 

Drake TR-72 
Genave 
Heathkit HW-202 
Heathkit HW-2021 rec only 
IcomIVHF Eng 
KenMlilson 
Lafayette HA-146 
Midland 13-505 
Regency HR-2A 
Regency HR-212 
Regency HR-2B 
Regency HR-312 
Regency HR-2MS 
S.B.E. 
Sonar 1802-3-4, 3601 
Standard 1461826 
Standard Horizon 
Tempo FMH 

Send for free frequency 
list and order blank to: 

KENSEO R+% 
-mwNATIOI# 
Box 469 
Quincy, MA 02169 
(617) 471-6427 
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SWAN METERS HELP YOU 
GNE IT YOUR ALL 

S)(VR 6ddge mr 21-95 VSWR from 3.5 MHz t o  150 MHz On 
100 microampere meters. Ideal 

Our l itt le dual meter SWR bridge for mobile or home operation 
indicates relative forward power with low in-line insertion loss. E L E C T R O N I C S  
and SWR. Use your swan credit card. A subsldlary of CuDlc C o r m t l o n  

The Unit is capable of handling Applications at your dealer or wr i te 305 Airport Rd. Oceanside, CA 

up t o  1000 watts 92054 (714) 
757-7525 and will indicate 

1:l t o  infinity 
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2 METER FM TRANSCEIVER 
THE FIRST AND STILL THE 
ONLY 2 METER TRANSCEIVER 
THAT OFFERS IT ALL! 

No crystals to buy. 
Complete band  age 143 to 149.99 MHz. 142 
MHz optional. 
Independent tranmklreceivs frequency contml, yst 
simolex with the flin of a switch. 
Autopatch, tone bunt and rub-audible lone 
capabllily by simply plugging in the desired 
module. 
Vew low transminer apurioua Output. Soma 
manufacturers have demonarated then onability to 
eltminate unwanted spurious outputs. The 
Bromstone has demonstrated that non-harmonic 
spur~ous output at leest - 70Dd below the 

Size 9%" x 10%"' 3%" 
rated powar wtput is possible when the radio is pro&y designed end constructed. 
The Brimmone 144 is designed for an unprecedented degree of component 
accessobilily and plug-in modularity. 
The onlv amateur 2 meter FM transceiver with a TWO YEAR WARRANTY. 

We have changed our company name to TEC-KAN, Inc. and at this time we are offering a 
special Fall Sale Price on the Brimstone 144. Check with your dealer on the Fall Special and ask 

I 

for the 6 page full color brochure. 

i - .  .I 
REPEATER AND AUTOPATCH 

CONTROL MODULE 
RPT CM-4 

If you are planning a repester and nard a wntrol circuit, we have jun what you 
need1 Complete contml of repeater sa well as the autopatch. Local 01 remote control. 
If you are uslng tekphone line control for your repeater the RPT CM is ideal 
because 11 uses an optt-coupler for complete llne isolation and low voltsge, low 

HANDI-TALKIE 
SCANNER KIT S K l m  

Six Channd Cmos Scanner Kit hsa provi*orn 
to includs Moan& Touch-Tone Encoder Chip. 
Features dwell and nonnal operaton. 
"Dwell" mode monttom each channel thN 
has a signal on it for 8 seconds. "Normal" 
monitors In conventional manner. Manual 
operatton locks out the scanner. 

Includea LED channd indicatora, schematic and onstallatton Instructtons. Des~gned for 
W~kon 1402SM Talkim. 

Scam Kit M& SKI402 
Includes Touch-Torm Encoder C h i  Modd SK1402TE 

current control. 
$7.50 
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If you are using the TKI SCAP-3D, y w  can call your autopatch line number 
and the RPT CM will automatically answer and connect you allowing yw to 
m d  tones over the phone to turn the repeater on or off, or access the autopatch 
and communicate through the repeater over the autopatch phone line. 

When wlling the repaater on the autopatch line, you haw 20 seconds to either c 
access the autopatch or tum the repeater off or on. If the proper codes are not 
sent withln 20 seconds the RPT CM automatically disconnects. Size 9 'I,, x 4 %. 
If you call the autopatch number, hang up. wait 30 seconds and call the number 
again, the repeater tranaminer will be keyed and a tone sent each time the phone AUTOPATCH SCAP-3D FEATURES 
rings, thus signaling a mobile operator to access the autopatch. If there is no one 
avatleble to access the patch, it will automatocally disconnect after 30 seconds of 3 Digit access, single dogit dlsconnect. 
nngtng. 4 sec. time limtl on access. 

Anto-falsing tone decoders. 
It ako features a COR "Hold" circuit, which is sdjunable from 1 to 5 seconds. AGC wlth J) Db dynam~c range on all inputs and outputs. 
and automatic "time out" t~mer, that rcnets each time the receiver COR drops. 3 dlgit on-off control of repeater or other devices. 
No need to wait for the repeater to drop out to reset the timer. Remote onh~bin or d~sconnect of autopatch as well a ranote "off function. 

Mon~tor amplifier allows monitorong all signals going onto mid out of the rspeater. 
If you are planning a repeater, all you need is a good tramminer and receiver AdlustaMe level controls on all inputs and outputs. 

and the TKI RPT CM Control Module. Jumpers on circutt board and frequency control pots on tone decoders allow 
fteld programming of access codes. 

Price $79.95 Adrunable time out function. Patch will automatically disconnect in 30 to 90 
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TEC-KAN, Inc 
29 16 ARNOLD AVE. 
BUILDING NO. 3 17 

SALINA. KANSAS 6740 1 
Tel. 91 3-823-2235 

seconds after n is accessed ~f no carrier s received. 
90 days warranty. 
~ t g h  -11ty mntdum and po~vester capacitors used in tone d e c ~  clrcuits to 
provtde reloable low drth pertormance. 
Rugged GI0 glass epoxy corcutt board. 
H~gh output level allows tranmmer to be modulmed through a dedicated phone 
lone. 
Provtsions for connecting LEDS for natus Indocallon at the local control polnt. 
R- mrily protection on s u ~ y  line. 
Easily connected and adjusted. 

Price $199.95 



Yaesu. Tern 
l andother tn  
J have. We'll 
ion requlres I . 

1 

Digi-Dial Ad . .  .~ 

CALL TOLL FREE 800-521-4414 
SAVE $80,000.00 IN CRYSTALS 

LISTEN TO 16,000 DIFFERENT FREQUENCIES WITH NO CRYSTALS 
FREE NO OBLIGATION 7 DAY TRIAL 

1 

@iiLiEm] 
:n 

~~c ~ $ 9 .  1- 
16 channels MCP 1 WHAMO-10 OPTISCAN 
30-50 MHz 16 channels 10 channels 10 channels 
146-1 74 MHz 31 18 - 51.655 MHz 30-50 MHz 3@50 MHz 
41 6-51 2 MHz 151.18 - 171.655 MHz 146.1 74 MHz 150-170 or 140-160 MHz 
CE's Price - $296.95 451.18 - 471.655 MHz 440-51 2 MHz 450470 MHz 

CE's Price - $339.95 CE's Price - $278.95 49051 0 MHz 
CE's Price - $296.95 

Toll free U.S.A. 24 hour order & information line 800-521-4414. Outside U.S.A. & Michigan 
24  hour phone 313-994-4441. Certified check or charge card on nzail orders for itnmediatr 
shipment. Dealer inquiries invited. Michigan residents add tax. Foreign orders invited. Call 
toll free or write for your free complete catalog & .specifications. Satisfaction guaranteed or 
your money hack. For engineering advice, call after 6:00 P.M. E.S. T. 

CALL TOLL FREE 
BANKAMERICARD COMMUNICATIONS ELECTRONICS 800-521-441 4 

BOX 1002 DEPT. 3 or 

ANN ARBOR, MICHIGAN 48106 3 13-994-4441 

aptor turns a ......... LlKe magic, Hufco's 
hequency counter ~nto an aosolurely accurare c 
dlsplayl Inexpenslvelyl W~th continual dlsplay o 
transmlt and recelve frequenc~es - as fast as y 
turn your transcelver d~all 

W I ~  the DI~I-D~al Adaptor your wunter easb 
adapts to po. Drake C L~ne, Coll~ns 
Kenwood ~nsce~vers. (Tell us wh~ch 
brand yo1 tell you 11 the adaptor f~ts 

Operat only a wnnectlng cable 1( 

transcelver VFU plug Translates VFO output tc 
through 2 5 rnHz No Internal connect~on or moc 
cat~ons necessary! Complete ~nstructlons lncluc 

No frequency counter? Get both the Dtgl-Dla 
Adaptor and a frequency counter from Hufco V 
have counters startlng as low as SAC OC' 

Order yours today! 
Please rush me: 
DI~I-D~al Adaptor 
539.95 k~ t  form - $49.95 asseml 
Check or money order enclosac 
Complete data on Hu 
franoanrv m18nlars 

. .- . . - . 
Address 

bled CnYl-t 
J. r r  

9 
other 

IIGI-DIAL ADAPTOR 

49.95 asse 

I 
HUKO dox 357, k p t .  ru, I 

Provo, Utah 84601 8011375-8566 - 

Home 
training in 
AMATEUR 
RADlO 

Nl!I. leader i n  ( 'ommunicnt ions.  
Tr lc\ . is ion,  E lec t ron ics  and T\'- 
Radio home training, now offers the 
first i n  Amateur Radio courses, de- 
signed to prepare you for  the FCC 
Amateur 1,icense you want or need. 

Don't lose your favorite frequency 
The FCC has said "either-or" on 
licensing, hut to pass Advanced and 
Ext ra  Class exams, you ncctl the 
technical guitlance as offeretl by NRI. 
N R I  Advanced Amateur Radio is for  
the ham who alrriltly has a General. 
Conditional or Tech Class ticket. 
Basic Amateur Radio is for the be- 
g inne r  and inclut les t r ansm i t t e r .  
3-band rereivcr, code practice equip- 
ment. Three training plans offered. 
Get al l  the facts. Mai l  coupon. No 
obligation. No salesman wi l l  call on 
yo11. SATIOSAI, RADIO 
INSTITUTE,  l\'ashington. 
D.C. 20016. 

............. ............. 63 
MAIL NOW 

NATIONAL RADIO INSTITUTE 46-076 : : Washtngton. 0 C 20016 
Please send me nntormat~on on Amateur Radio 
tralntng. 

. Name Age- . 
Address 

..- -.... , ......... . City s t a t e r a p -  . 
I I I I -1 : ACCREOITEO MEMBER NATIONAL HOME STUDY COUNCIL : ....................................... 
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THAT'S RIGHT. AT SPECTRONICS YOU GET SIMPLY THE BEST IN EQUIPMENT SERVICE 
AND VALUE. THlS MONTH WE'RE FEATURING THE ICOM LINE OF QUALITY EQUIPMENT 
WITH A RADIO FOR EVERY VHF NEED. 

7 

PLL Synthesized for stable, clean operation. Forget about ever buying crystals again! 22 
Repeater and simplex at your finger tips channel capability on a recelver that really 
with 10 watts of power. pulls in the weak ones. Priced r~ght  for every 

budget. 

The FM Grabber. 3 watts of fun with 5 
channels of crystals supplied. Now you can 
take it with you. 

EXTRA SPECIAL THIS MONTH . . . ICOM SSB 

IC 202 IC 502 
2 meter SSB. 3 watts PEP that will astound 6 meter SSB that's a real handful. When the 
you with it's range and sensitivity. A whole band opens a whole continent is at your call 
new world of 2 meter fun. 

Call, write or stop by and see for yourself y it is to step up to simply the best. 
And don't forget to ask for our free catalog so you can shop with confidence for all your 
amateur needs. 

ATTN: MOTOROLA FANS 
NEXT MONTH we'll feature a huge Motorola Goodies List 

just for You. 

SPECTRONICS, INC. HOURS 
STORE HOURS: 

1009 GARFIELD Mon-Thurs 9:306m, Fri. 9:30-8XNl 
OAK PARK, IL. 60304 S a t  9:30-3:W. Closed Sun. 6 Holiday.. 

3 12-848-6777 
TELEX 72:8310 
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ling switches, 
ning manuals. 
'slay are not 

LAY OUT 

- .  

ANNOUNCING 
The Midwest's Newest 

Amateur Radio 
Dealer MID COM ELECTRONICS, INC. 

2506 S. BRENTWOOD BOULEVARD 
ST. LOUIS, MISSOURI 63144 

Phone (314) 961-9990 
AMATEUR RADIO SALES AND SERVICE 

We Stock: lcom 
Atlas Info-Tech 
Collins Kenwood 
Drake Mosley 
Hustler Regency 
Hy-Gain Standard 

GBa PLUS MANY OTHER LINES ;gmcw& 

rancepts 

DIGITAL CONCEPTS CORPORATION 
249 Route 46, Saddle Brook, N.J. 07662 I 

REMOTE CONTROLLED 
ANTENNA SWITCH 

The SW-5 is a heavy-duty remote 
controlled RF switch. Handles 4 
kW PEP with negligible insertion 
loss and SWR below 30 MHz. 
Housed in rugged, weather-proof 
enclosure. 
Safe, low-voltage operation from 
26 VDC supply in control unit. 
Indicator lights show at a glance 
which antenna is in use. 
Requires six-wire control cable. 
Ham-M cable satisfactory to 150 
feet. 
Models from 3 to 9 positions. 
Optional connectors and special 
switching systems are available. 
Five position Model SW-5, $87.50 

(Shipping $3.00 in USA - I A  r r s .  add 3%) 

ANTENNA MART 
Box 1010 ISU Station 

Ames, IA 50010 

Phone: 515-292-71 14 
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BIG 
HELP FOR 
SMALL 
BUCKS. 

Design Mate 1 Circuit Designer 790 solderless 

Used to be, filling your bench 
with really good test equipment 
meant emptying your wallet. 
Because you had to pay a price 
for quality and versatility. A 
high price. 

Not anymore. CSC's 
ingenious new Design Mate" 
line of test equipment combines 
performance high enough for 
most lab applications with the 
kind of versatility and economy 
everyone can afford. Thanks to 
a number of new design 
concepts and manufacturing 
techniques. 

Proof? Check the specs and 
prices, then visit your 
CSC dealer for a demonstration. 
Or write for our catalog and Design Mate 2 Wide-Range 

distributor list. Function Generator 1Hz- 
lOOKHzsine, square, 

C ~ A L  SECIALNES CORPORATKM triangle waves with low csc distortion, 100mV-10V P-P 
output. S69.95? 

EASY DOES IT 
44 Kendall Street. Box 1942 
N e w  Haven, CT 06509 203-624-3103 TW 
West Coast office. Box 7809. San Francisc 
94119 415-421-8872 TWX: 910-372-7992 

Design Mate 3 Precision RIC Bridge 
Fast, easy measurements of resistance 

c 1976. Continental Spec~alt~esCorporallOn 
Manufacturers suggested llsl 
Pr~ces and speclflcat~ons sublecr to change w~thout notice 

More Details? CHECK-OFF Page 126 

(10 ohms-10 meg) and capacitance 
(10pF-luF) within 5%-0f-disl accuracy. 
s59.95* 
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SYSTEMS MODEL 2MlO-70L 
SCS's AMPS ARE BUILT FOR 
ALL MODES OF OPERATION! 
Want more power on FM? You've got 
it with the SM10-70L. Want more 
power on SSB? Just flip the switch 
on the 2M10-70L and you've got it. 

A TRUE 70 WATT P.E.P. OUTPUT 
with 10 watts input. 
WITH LOWER INPUT POWER, THE 
2M10-70L GIVES APPROXIMATELY 
A 10 dB GAIN. 

A l l  so l id  s ta te-microst r ip l ine 
design. 
Broadband-requires no  tuning 
across band. 
Variable T-R delay for SSB/CW 
operation. 
Full VSWR and reverse voltage 
protection. 
Under 1 dB insertion loss in receive 
or bypass mode. 
Harmonics levels tv~ ica l lv  -40 dB . . 

SCS's ALL MODE LINEAR AMPS or better. 
ARE FULL Measures only 7.1 110.2 x 16.5 cm. 
Not economy lines. The Model 2M10- ,,,, , ,- 
70L is the finest linear amplifier for v V L .  I ny. 

2 meters that can be purchased. One year warranty on entire unit. 

Components are of the highest 
quality. 

If not available at your dealer, tell him to get up to date, and call the SCS factory 
for name of your nearest SCS dealer. 

SPECIALTY 
COMMUNICATIONS SYSTEMS, INC. 
8160 Miramar Road. San Diego. CA 92126 Louis N. Anciaux WBGNMT 

I I 

HW-202 SCANNER 
*No holes to drill. Easy installation. g, t- ' : 
*Doesn't interfere with tone  encoder. 
*Mounts neatly over power board. 
com pletely inside radio. 
*Six bright L.E.D.'s visible through 
semi-transparent meter panel. 
*Stops scanning when either signal is 
heard o r  manual selection is made. \..L - . , . . 
+Built-in squelch addition eliminates 
all noise when scanner is scanning. 
*Designed especially for  your HW-202. 
*Assembled. 

POSITIVE TOUCH (KEYS DEPRESS) 
MOBILE *HANDHELD DESK-MOUNT 
NO POTTED PARTS (SERVICEABLE) 
MIL. SPEC. COMPONENTS 
SELF-CONTAINED NO RFI 
LOW DISTORTION, HI OUTPUT 
LEVEL ADJUSTMENT ACCESSABLE 
FROM FRONT 

Supplied with: instructions, schematic. tern- 
plate, hardware. Operating voltage: 4.5-16V. 
PP-1=$55.00, PP-2=$58.00. PP-1A=S68.W 
PP-IA, designed for Standard Communica. 
tions handheids. (Calif. Res. add 6% Sales 
Tax). One day installation available from 
Pipo. New MK5086 by Mostek. 
Available at: Channel Radio and Electronics. 
Santa Barbara. California. 

.$*"  

p , . 1 0 L ~ ~ 3 '  .I: THE EASY WAY! 
B a s e d  o n  m o d e r n  
psychological techni- 
ques - This course will 
take you beyond 13 
w.p.m. in 

LESS THAN $9.95 HALF THE TIME! 

No Books To  Read 
Album contains N O  Visual Gimmicks 

~ i i t r a c t  You three 12" LP's Just Listen And Learn 
2% hr. instruction 

Available In Cassette also lor onlv 010.95. 

508 East Washington St.. Arcola. lL 61910 

i 

ELECTRONIC KEYER 
OWEST PRICE EVER 

* 3-50 WPM. 
*Self-completing do t s  and dashes. 
*Has speed control. 
*Has automatic weight control. 
*Built-in side tone  t o  drive small speaker. 
*Use directly with grid block keying or  add relay 
(not included) as per instructions t o  key any (,g, transmitter. 
*Use 3 penlight cells. 
*Solder plated board. Instructions included. 
*Just add your key, batteries and speaker. 

I ONLY 
525.95 ppd. 

Designed by WB4QDB - Georgia Residents Include 3% Sales Tax Kit - $12.97 ppd. 1 SANDLIN ELECTRONICS ENGINEERING I Assem bled - $16.97 ppd. I 
1 - P .  6. Box 4909  1 mar tine^, Georgia 30907 1 Telephone (404)  863-5852 1 I 
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IJ Ringo Ranger ARX-2 6db 2-M $ 
6TX-200-1 $24995 Base Antenna 

Lambda/4 2-M and 6-M Trunk $ 
2995 1 

6TX-2W $19995 Antenna 29.~ 
m - i a s  $14995 TE-I  one hcoder pad $5995 , 0 TE-11 Tone ~ncodor pad $4995 , mS2 98995 PS-I AC power supply h ae 

with all makes of ttanscoinn $6995 1 
m.1 $24995 14 VDM amp 

and the following stinlard crystals 

pnt.~ $29995 $,ri;;n;;a ................ Z I 
$ $6.50 each: .- ....-.............- S- # 

ACCESSORIES FOR GTX-1 and GTX-11 I 
PSl-lB Optional Nicad battery pack ............ 1 2 9 9 h  1 
PS-2 Charger for GTX-l(T) battery pack ....... 1 )q9' 1 

I 
BankAmericard # Expires n Master Charge # Expires ............................ 
Interbank # Expires 

GLC-1 Leather cawing case $1 295 1 
IN residents add 4% sales tax: I CA residents add 6% sales tax:} 

.... T E - I l l  Tone Encoder (for use with GTX-1) 
Add $4 per Radio for Shipping, Handling, and 

L a  
AU orders shipped post-paid within mnt;nenta/ U.S. 

11mmm~1-mm--m1mm~mmm=- - -m=- - -  
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EBC-144 Jr. 

The Ultimate 
In Versatility. 

ONLY THE EBC-144 JR. HAS: 

* All Repeater Offsets 
* More than 20 Watts of R.F. 
* Better than .35 pV Sensitivity 
* Dynamic Microphone 
* Full Coverage 143.3 to 148.5 MHz 

AVAILABLE NOW FOR ONLY $529.95 
For your EBC-144 Jr. send $529.95. . . 

. . . we'll pay the shipping. 

Two Frequency Monitoring 
* More than 4 Watts of Audio 
* Lighted Front Panel 
* Selectivity with 10 Poles of Crystal Filtering 

Need to be Convinced?. . . Write: 

15 River Street, New Rochelle, N.Y. 10801 (914) 235-9400 

Handymen! Hobbyists! l@y:: :. ' I 
Let Kester Solder aid you in your home repairs or hobbies. For that household 
item that needs repairing - a  radio. TV, model train, jewelry. appliances, minor 
electrical repairs, plumbing, etc. -Save money - repair it yourself. Soldering 
with Kester is a simple, inexpensive way to permanently join two metals. 

When you Solder go "First Class" -use Kester Solder. 

For valuable soldering information send self-addressed stamped envelope to 
Kester for a FREE Copy of "Soldering Simplified". 

m 
KESTER SOLDER 

i Litton 4 2 0 1  W R I G H T W O O D  AVENUEICHICAGO,  ILLINOIS 60639  

IF WE WERE YOU 

MODEL 6154 TERMALINEW 

I'D BUY FROM US 
YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT AlTENTION 

AUTHORIZED 

@aim DISTRIBUTOR 
WEBSTER COMMUNICATIONS 

115 BELLARMINE 
ROCHESTER, MI 48063 

3 13-375-0420 
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BANKAMERICARD OR M.C.# TEXAS RESIDENTS ADD 5% 

ADD 5% FOR FIRST CLASS SALES TAX 

AIR ULTRASONIC 
TRANSDUCER 

Better than 1% Load & Line 
Regulation from 0 to 15 A m p  
Low Ripple Output 
Heaw Duty 10 Ib. tramtownor 

KIT INCLUDES: 
Transformer 
Haatsink (drilladl 

IN  INTRUSION DE- 

NOT ONLY IS THE PS-12 ABLE TO SUPPLY A 
TECTORS, DOOR OP- 

CONTINUOUS 15 AMPS OF LOW RIPPLE, REGULATED 
DC VOLTAGE. BUT IT IS ALSO VARIABLE FROM 3 to 

YOU OUT WlTH A QUALITY 
MENDED CIRCUITS. 

PRICE AND WE GUARANTEE 

COMPLETE WlTH PRE-PUNCHED CUSTOM CASE AND 
MOUNTING BRACKET. CASE IS HEAVY GAUGE ALUM- 
INUM WlTH A BLACK WRINKLE FINISH TOP AND WHITE 

(ie: 3 timer for 3 o'clock) 
Quality Components & P.C. h r d r  

Simulated swinging 
pendulum uses 

LED's NO CASE INCLUDED, LET YOUR 

6 DIGIT LED 
.4" READOUT 
TIMEBASE INCLUDED 

CONTINUITY TESTER 
Code Practim Oscillator 

UNMARKED Continuity Checker 
FUNCTIONAL Transistor, diode or LED checker 

Tone varies with resistance 

A B C  POSITIVE REGULATOR 5Wmd 
VARIABLE FROM 3 to 30 VDC 

7560-50c 



GIVE IT YOUR ALL 
SWR Bfldge far m.95 VSWR from 3.5 MHz t o  150 MHz on 100 

microampere meters. Ideal for mobile 
Our l i t t le dual meter SWR brldge indi- or home operation with low in-line 
cates relative forward power and SWR Insertion loss. 

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

s~mu~taneous~v. use your swan credit card. Appllca- 
The unit is capable of handllng up tlons at  your dealer or wrlte t o  Swan. 

tn innn wattc 

A SubSldiaw of CUOIC cOTWnflon 

305 Airport Rd. Oceanside, CA 
92054 (714) 

6 digit AUTOMOTIVE CLOCK KIT complete 
with a CRYSTAL TIMEBASE accurate to .O1 
percent. 12 volts dc. operation - built in noise 
suppression end voltage spike protection. Read- 
outs blank when ignition is off - draws 25 mA in 
standby mode. Has .3 in. readouts. Use it in your 
car or for all applications where a batteryaperated 
clock is needed. Approximate size 3" x 3.5" x 

WITHOUT CASE 
ASSEMBLED AND TESTED 

CMOS CRYSTAL TIMEBASE KITS with .O1 
percent accuracy. 515 v.d.c. operation. Draws 
only 3 mA at 12 volts. Single I.C. - very small 
size - the P.C. board is 718" x 1-518". Choose a 
main output of 50 or 100 Hz., 60 Hz., 500 or 
1000 Hz., or 1 Hz. Several related frequencies are 
also available on each board, in addition to the 
main ones lined above, Be sure to specify the 
Frequency you want. All kits are $10.95 ppd. 

We can turn your interests in  amateur radio in to  ful l  
t ime career involvement. Heath is a company w i th  in- 
terest and commit tment  t o  ham radio. For 25 years, 
our professional staff has maintained the close ties we 
feel w ~ t h  amateur radio through products and their 
service t o  the ham community. This IS a commit t -  
ment o f  all the hams at Heath including the President. 

I f  you would l ike t o  share our excitement and in- 
volvement, we would l ike t o  hear f rom you. The suc- 
cessful candidate wi l l  have a BSEE or MSEE and a 
m in imum of 3 years experience i n  the design of com- 
munication equipment. You wi l l  have an opportunity 
to  take on to!al responsibility of new receivers, trans- 
mitters, and accessories f rom initial concept to  show- 
ing at professional ham-fests. Of course we would l ike 
y o u  t o  be a licensed operator. 

We are located on the shore of Lake Michigan and en- 
joy a relaxed lifestyle i n  an area ful l  of lakes and 
forests. Heath offers compet i t~ve salary, excellent 
benefits and good prospects for advancement. 

Come grow w i th  us, join the hams at Heath. Send 
your  resume, i n  confidence to :  

I HEATH COMPANY 
Personnel Dept. 

I Benton Harbor, Mich. 49022 

f , 4 1 1  Lquol Opporturiil~, I.~np/oyc'r M / f  
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41111 more trequencies 
with 5 KHz shift-up 
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large 
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h 4 available offsets 

lch'cont~ 
tx and T 

practica 
..E.D. di 
r selectel 

'01, a lar! 
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a prac 
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5-watt, 
eration 
0 ..U- 

Midland introduces ctical 2 output power, switchable to1 watt lob power. 
2-meter mobile tranr with opc There's automatic polarity protection and an 
araarammed througl~uu~ L I I ~  144-140 N I ~ L  APC circuit auardina final o u t ~ u t  transistors, 

... at a I price.  tio on, a 
-scale L igital re; isplays 
squenc] d throug janced 
e Lock Loop tuning circuit. Duplex this is contained in a ruggea, all-metal 
ation with any of four transmitter offsets ~inet 2%'' high by 6%" wide by 9%" deep, 
iilable at a touch of a button.. . or oper- ;igned with a forward-projecting speakel 
iimglex. There is a full-range variable ,  sing for improved sound quality in mobile 

ins1 je lightel 
tor light 

In opera 
adout d 
h the ad\ 
. . .  

Insiae, tne aual conversion supernere 
receiver has active automatic gain c 
multiple FET front end with high Q res 

and ceramic filters in both RF ! 
transmiti ter delivl onest 2! 

filter 
The 1 

I meter, 

rodyne 
:ontrol, 
ionator 
-*---- stages. 
5 watts 

A c 
disc 

1; is pro 
or meter 

urst and 

. . . , 
All 
cab 
des 
h n ~  

Mid~ana-s new MODEL 13-510 is supplied 
complete with push-to-talk microphone, 
crystals for +600 and -600 offsets, mobile 
mounting bracket, power cord and hard- 
ware. You'll find it at your Midland Amateur 
dea 

WIDLAN Q Wrlte tor Midland's Amateur 

INTERNATIONAL Catalog: Dept. HR, Box 1903, 
Vinsas City, MO 04141 
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flea market 
RATES N o n - c o m m e r c i a l  ads 1 0 C  

per word; commercial ads 40$ p e r  word 
both payable in advance. No cash dis- 
counts or agency commissions a l l owed .  

HAMFESTS Sponsored by non- 
profit organizations receive one free Flea 
Market a d  (subject to our editing). Re- 
peat insertions of hamfest ads pay the 
non-commercial rate. 

COPY No special layout or ar- 
rangements available. Material should 
be t y p e w r i t t e n  or clearly printed and 
must include full name and address. We 
reserve the right to reject unsuitable 
copy. Ham Radio can not check each 
advertiser and thus cannot be held re -  
sponsible for claims made. Liability for 
correctness of material limited to cor- 
r e c t e d  ad in n e x t  available issue. 

DEADLINE 15th of second preced- 
ing month. 

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

NEW ADJUSTABLE THREE OUTPUT REGU- 
LATED POWER SUPPLY. plus 900 parts worth 
$400.00 I ~ s t .  Solid state TV recorder electronic 
u n ~ t .  Schernatlcs, parts cross reference. Free 
brochure. $17.95 plus $3.50 S&H. USA. Master 
Charge. BankAmerlcard. Sat isfact~on guaran- 
teed. Madlson Electronics Company. Incorpor. 
ated. Box 369. D77. Madison. Alabama 35758. - 
STOP don't junk t ha t  television set. ASE man. 
ufactures the world's most  complete line of 
television picture tubes. Over 1700 types. 
Most types immediate delivery. Tubes for  Old 
or  New TV's. black & white and color. 2 year 
factory warranty. Lowest prices anywhere. 
Allied Sales & Engineering Inc. Dept. 22, 
P~mento. IN  47866. ~ e l e p h o r k  812:495.6555. 

TELETYPE EQUIPMENT for  beginners and ex- 
perienced operators. RTTY machines. parts, 
supplies. Beginner's special: Model 15 Printer 
and demodulator $139.00. Dozen black ribbons 
16.50; case 40 rolls 11/16 perf. tape $17.50 
FOB. Atlantic Surplus Sales. 3730 Naut i lus 
Ave.. Brooklyn. N. Y. 11224. Tel: (212) 372-0349 - 
VARIABLE CONDENSORS, Johnson 154-3. 19- 
488pt. 2KV, used. excellent condition, $12 
each or  3 for  $30, postpaid. KP4DSD. Box 
297. Sabana Seca. P. R. 00749. - 
WANTED BADLY, used but  i n  A l  operation 
Hallicrafters model HA-10. LF/MF tuner - 
wrlte or  call Ralph Klein W9DKH. 1106 Man- 
i tou St.. Manitowoc. WI zip 54220. Telephone 
area code (414) 684.5203 - stat ing pr ice wanted. - 
VERY In-tor-a?t-ingl Next 4 b i g  issues $ 1. "The 
Ham Trader. Sycamore. I L  60178. 

AN  URM-120 INLINE WATTMETER, like Sierra 
1 6 l  3 elements. 2.1000MHz. 4 power ranges 
$150. Tektronix 317 scope. 10 MHz. $300. AN/ 
USM.14DD (HP.170A copy) with dual trace 
w ~ d e  band p lug in .  $325. AN/USM-44A ( I ~ k e  
HP-6080) 10.420 MHz. piston attenuator $400. 
AN/URM.25D s ~ g n a l  generator 10kHz.50MHz. 
decade attenuator. less accessories $175. B ~ r d  
8R9O load. 2.5 kw. S150 All inztrumentq tn 
~ o o d  c o n d ~ t ~ o n  with -manuals. ~ a m e s  Walter.  
2697 Nlckel. San Pablo. Ca. 94806 

SYNTHESIZER. See Ham Radio. July 76. pg. 
70.73. figures 21 to 24. Ki t  for $115. assembled 
and tested. $140. Power supply t o  run f rom 
117 volts additional $15.00. CTD. P. 0. Box 
708. Cambridge. MA 02139. 

SAVE1 Bomar FM. xtals $4.00 ppd. Dentron. 
Hustler. CushCraft. W. M. Nye, Ameco. Used 
gear. Complete catalog - wr i te Ferris Rad~o ,  
308 E. Harry. Hazel Park. Mich. 48030. 

RECONDITIONED TEST EQUIPMENT fo r  sale 
Catalog 5.50. Walter, 2697 Nickel. San ~ a b l o :  
Ca. 94806. - 
FREQUENCY COUNTER BOARDS. Jan. 76- H a m  
R a d ~ o  includes 500 MHz prescaler c ircui t  
and LED board with instructions, $15.00. Q ~ ?  
March 76 speech compressor, $10.00. Both 
projects come with parts source listing. Double 
sided glass epoxy. dril led and plated. CSJ 
Electronics, 5807 Brookview Drive. Lincoln. 
NE 68506. - 
MOBILE IGNITION SHIELDING provides more 
range with no  noise. Available most  engines. 
Many other suppression accessories. Litera- 
ture. Estes Engineering, 930 Marine Dr.. Port 
Angeles. WA 93862. - 
NEW ELECTRONIC SURPLUS fo r  amateurs 
and industry. Forward SASE fo r  bargain list. 
Electronics Warehouse. 805 North Hazelwood 
Avenue. Younastown. Ohlo 44509. - 
LOOKING FOR USED GEAR? Buyers & Sellers 
r a d ~ o  brokerage has t he  equipment 
a t  the r i ~ h t  orices. Call our  Ham g,","r%? 
line 617.536-8777 MondavFridav. 9-9. - .  - 
NEW TELEVISION CAMERAS, color video re. 
corders. ridiculous p r~ces !  Haas Enterprises. 
6017 Maiorca Ct.. San Jose. California 95120. 
(408) 997.0132. - 
GOVERNMENT SURPLUS C o m m u n i c a t i o n  
Equipment. FREE catalog. Colonel Russell. 
9410 Walhampton. Louisville. KY 40222. 

BUY - SELL - TRADE. Write f o r  free mailer. 
Give name. address and cal l  letters. Complete 
stock o f  major  brands, new and reconditioned 
equipment. Call for best deals. We buy Col- 
lins. Drake. Swan, etc. SSB & FM. Associated 
Radio. 8012 Conser. Overland Park. Ks. 66204. 
913-381.5,Ol. - 
FREE Electronics Surplus Catalog. Electronic 
Specialties. 1659 Wetmore. Tucson. AZ 85705. - 
SIGNAL/ONE REPAIRS. H igh SWR protection. 
K6BE/5. 505.522.3705. 

HOMEBREWERS: Stamp br ings l ist  o f  hlgh 
qual i ty components. CPO Surplus. Box 189. 
Braintree. Mass. 02184. - 
TWO COLLINS 426T-1 POWER SUPPLIES - 
Physically perfect.-electrically unknown, $75.00 
each. Heathkit IM.104. $80.00: Superior TV. 
50A sig. gen.. $30.00; Knight KG670 R/C 
tester. $25.00. WB5MMM. 513 Saturn. Altus. 
Okla. 73521. - 
COMPLETE LINE KLM. CushCraft. Covercraft 
dust covers. SCS a.mplifiers. Regency. Triex 
Towers. Call or wrl te Rad~os  Unlimited. 86 
Balch Ave.. Piscataway. N. J. 08854. 201- 
752-4107. - 
FOR SALE: Heath Apache. Mohawk and SB-10. 
Good condition. $225 package deal only. Pre. 
fer New England sale. Ronald Herman. 13 
Slmpson Road. Windham. N. H. 03087. 

500 MHz  PRESCALER +10 or  + I00 $59.95. 
Free information. CBS Enterprise. P. 0. Box 
1356, Cocoa Beach. Fla. 32931. - 
NAMEBADGES $1.25 - Name and cal l  s ign 
$1.75. Engraved plastic w i th  p in  o r  clutches. 
Black. wh~ te ,  red, blue. Include payment with 
order. Spec~al  prices on  c lub badges and ham- 
fest plaques. Donan Engraving. 1660 Marlowe 
Avenue. Lakewood. Ohio 44107. - 
DIRECT CONVERSION RECEIVER KITS for  AM 
or CW. Write WB9MBH. 3132 North Lowell 
Avenue. Chicaao. l l l lnois 60641. - - 
WANTED: Collins 51J4/R388. R390A. 51S1. 
651S1: HR0500. R1051. Tekt ron~x 545. 547. 
etc. Condition not important, but  pr ice is! 
Send cond i t~on  and price t o  ship. H. Kolesnik. 
WBORVG. 10727 E. Dorado P.. Ennlewood. - 
colo. 80110. - 
FERRITE BEADS: Ferroxcube beads w/specifi. 
cat lon and application sheet - 10 67 $1.00 
postpaid. Includes latest catalog. CPO Surplus. 
Box 189. Braintree. Mass. 02184. - 
SALE: Send SASE for  b i g  list o f  l i fet ime cob 
lection of electronic good~es. John Rogers. 
1927 W. Barry. Chicago. 111. 60657. 

YAESU EQUIPMENT OWNERS - Present or  
Prospective - Join the f~ve-year.old, 2000. 
member, 4O.country. International Fox-Tango 
Club. Members receive valuable monthly News. 
letter, money.savlng purchasing service, tech. 
n ~ c a l  committee consultat~on, free ads. FT 
net. more. Back issues of Newsletter available 
f rom 1972. To loin. send $5 for  calendar year 
(~nc ludes all 1976 issues of Newsletter) or $1 
creditable towards dues. for complete infor. 
mation and sample Newsletter. Mi l ton Lowens. 
WA2A00/4. 248 Lake Dora Drive. W. Palm 
Beach. FI. 33411. - 
HA5 VFO 80-2M (all xtals) $45.00. TX62 6.2M 
AM/CW. 75W. $75.00. (W6RQZ) 1330 Curtis. 
Berkeley. Ca. 94702. (415) 526.7345. 

TELL YOUR FRIENDS about H a m  Radio Maga- 
zine! 

W I T H  T H I S  N E W  B A L U N  

on  al l  bands 160 t o  10 meters. Runs 
coo l  as  a cucumber  a t  i t s  CCS ra t i ng  
o f  2 K W  (Cont inuous output  power  
t h rough  the  ba lun  a t  ma tched  load). 
4"dia. Wt. 1 4 0 ~ .  131.50 PPD. 

A N D  F O R  FULL L E G A L  POWER 

t h e  t i m e  tested Mode l  1K balun I s  s t i l l  
avai lable. Rated a t  1 KW CCS (3 K W  
P E P  input ) .  
11 4'' dia. Wt. 9 01. $16.95 PPD. 

O N L Y  P A L O M A R  B A L U N S  
H A V E  A L L T H E S E  F E A T U R E S  

Toro ida l  co re  f o r  highest ef f ic iency. 
.Teflon insulated w i r e  t o  prevent  a r c -  

over .  O K  f o r  tuned feeders. 
S t a i n l e s s  steel eyebolts t ake  antenna 

tension. Won't rust,  won't  p u l l  apart .  
E p o x y  f i l l e d  case. A b s o l u t e l y  
waterproof.  

.Lightning pro tec t ion bu i l t - in .  

.Wideband 1.7 t o  30 MHz.  
Hang-up hook provided. 

.Now ava i lab le  i n  e i ther  1 : l  or 4 : l  
rat lo.  1 : 1 r a t i o  matches 50 o r  75 o h m  
coax t o  50 o r  75 o h m  ba lanced load 
(dipoles and  inver ted Veer).  4: 1 r a t i o  
matches 50 o r  75 o h m  coax t o  200 to  
300 o h m  balanced load. 

F ree  descr ip t ive  brochure o n  request. 
Order  direct.  

Mode l  2K $32.50 Mode l  1K $16.95 
Center insulator w i thout  ba lun  17.95 

Postpaid U.S. 8 Canada. 
Specify r a t i o  1 : 1 o r  4: 1 

Cali fornia residents a d d  6 lax .  
Send check o r  money o rde r  to: 
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SQUARE - 3" - 49 - .3W. 4 m t g  holes. 
$1.45 ea. ppd.. 2/$2.75 or 4/ $4.80 ppd. 

PIONEER - Round 2y4" x 7/." - 1611 - 
.3W, 4 hole mtg. 

$1.55 ea.. 2/$2.85 or  4/$5.20 ppd. 

OVAL - 2" x 4" x 11/4" deep - 8Q - .1W. 
4 Hole Mtg. $1.75 ea. ppd.. 2/$3.15 or  

4/$5.75 ppd. A y;;d ~ 5 ~ 5 8 5 ~  2. x Y.- - an 
$1.35 ea. ppd. 

2/$2.55 or  4/$4.75 ppd. 

NOBLE l W K  Dual Slide Pptentiometer. 
2% x %" x ?la" with 1% lever. 

$1.45 ea. or 10 for  $12.00 ppd. 

NEW - Just Arrived - NEW - Full Leads - Imported Re- 
sistors. 5% Reststors - 33 - 75 - 180 - 
220 - 330 - 390 - 430 - 820 - 1.5K - 2K 
18K - 22K - 39K - 75K - 82K - 100K - 120K - 2.2K - 3.3K - 3.9K - 4.3K - 1OK - 15K - - 150K - 220K - 270K. Resistors 10% Re- 
slstors, 47 - 10K - 12K - 150K. Both 
tolerances 33 for $1.66 ppd. 
(You choose One Value - 100/$4.15 ppd. 
values) Assorted - 100/$4.55 ppd. 

TUNING METERS - Blue 
tinted plastic body, 0 to  
le f t ,  g radua ted  scale, 
200/tA, 1'/2"W x 1%"H x 
3h,,D. Scale can be rear 
11 hted. Sylvania #18148-1 
f2.25 ea. or 4/$6.95 ppd. 

3000 MFD 
@ 30 Volt 
Capacttors. 

Size 1" Diameter x 3" Long. 90C Each 
or 3 For $2.25 ppd. 

3000 MFD @ 20V Capacitors. Same size 
as above. 80 t  ea. or 3 for $2.00 ppd. 

ALSO 3000 MFD Q 50V, 3" x lY8" dia. 
95e ea. or 3/$2.65 ppd. 

ELECTROLYTIC CAPACITOR - PHlLCO 
6 " . . . 4n x 1%" dia. 
v. .. 

~ u a d  = ~ o ~ 0 0 ~ 1 5 0  MFD @ 400V and 
at  350V D.C. and 20x50 MFD @ 250V - 
TWISTAB MTG. A very nice unit  for Trans- 
cetver Power Suppl~es etc. 

Price is only $1.10 ea. or 3/$2.95 ppd. 

DUAL Electroiy;~~ 1000 & 500 MFD. 15V, 
long leads. % dia. x 2%" long. 

55C each 3/$1.50 ppd. 

CRL Disc Capacitors. .l MFD, 10V %" 
dta.. long leads. 10 for $1.00 ppd. 

100/$8.40, 500/$36.60 (U.P.S. Only) 

UNWTTED TOROIDS - center tapped 
88MHY 
5112.95 -43 Limited Qtys 44 MHY 

5/$3.95 ppd. 

Transistor and Relay As- 
sembly - consists of (2) 
MJE3055 and (2) MJE2955 
transistors (10 amp, 90w, 
6Ov complementary pairs) 
mounted in  "U" channel 

I heat s ~ n k  2%" x 1%'' X 

mounted on PC board wlth 
reststors. $2.85 ea. ppd. 

-400 PIV BRIDGES - 1.5A Gen. Instr. 
&- P.C. Bd type. 60e ea. or 3/$1.75 ppd. 

SEMTECH BRIDGES 
Heat sink w/center hole 
mtg. 10 Amp - Tested - 
200V P.I.V. $1.75 ea. ppd. 
400V P.I.V. $1.95 ea. ppd. 
600V P.I.V. $2.15 ea. ppd. ----- 

25 AMP - TESTED 
200V P.I.V. $2.25 ea. ppd. 
400V P.I.V. $2.50 ea. ppd. 
600V P.I.V. $2.85 ea. ppd. 

SEND STAMP FOR BARGIN LIST 
PENNSYLVANIA RESIDENTS - ADD 6% 

ALL ITEMS PPD. USA 
Canadian orders for less than $5.00 add 
$1.00 t o  cover addit~onal mail lng costs. 
UPS requires your street address. 

Q m. weinrchenker 
rlecfronlc spectalt~es-BOX 353. IRWIN. PA 15642 

flea market 
HOOSIER ELECTRONICS - Your Ham Head. 
quarters in the heart of the Midwest. Factory. 
authortzed dealers for Kenwood. Collins. Drake, 
ICOM. Ten-Tec. Regency. Atlas. Tempo. Swan, 
Alpha, Standard. Hy-Gain. Mosley, Antenna 
Specialists. Dentron. CushCraft. CDE, and 
others. For the best deal around on HF or  
VHF gear, see us first or  see us last, but 
see us before you buy! Write or  call today 
for our low quote and become one of our 
many happy and satisfied customers. Hoosier 
Electronics. P. 0. Box 2001. Terre Haute. In. 
diana 47802. (812) 238.1456. - 
RUBBER STAMP, name/call/QTH $2.50 ppd. 
(CA residents add tax). LWM Press, Box 
22161. San Diego. CA 92122. - 
BIND Ham Radio into books yourself. No 
messy gluing. Illustrated instructions. Send 
$2.50 to Teeter. Dept. 1011. 6123 West Hills 
Road, Fort Wayne. IN 46804. 

FIGHT NI with the RSO Low Pass Filter. For 
brochure write: Taylor Communications Manu. 
facturing Company. Box 126. Agincourt. On. 
tario. Canada. MIS 384. - 
WANTED, low priced transceiver. Need not be 
working. State price and condition. Bob. 
WAPYGJ, Apt. 25, 11 Arthur St.. Binghamton, 
N. Y. 13905. - 
PORTA-PAK the accessory that makes 
mobile really portable. $67.50 and $88.%: 
Dealer inquiries invited. P. 0. Box 67. Somers. 
Wisc. 53171. - 
LARSEN ANTENNAS (our specialty) 2.432 mag- 
netic. trunk-lip 5/8 $33.00. 5/8 ground plane 
$45.00. BankAmericard and Mastercharge ac. 
cepted. 201-962.4695. Narwid Electronics, 61 
Bellot Road. Ringwood, NJ 07456. - 
NEW CANADIAN MAGAZINE. "Electronics Work 
Shop". $5.00 yearly. sample $1.00. ETCOG. 
Box 741. Montreal. H3C 2V2. 

BUILD THIS COLOR N CAMERA FOR ABOUT 
$400. Plus list of deflection yokes, focus coils 
and ampex spare boards - ail in flyer 976A4. 
Copy free on request. Denson Electronic Corp., 
P. 0. Box 85. Rockville. Conn. 06066. 

SWAN. 1200X. linear amplifier, new, i n  sealed 
carton, $250. Russell. 19680 Mountville Dr., 
M a ~ l e  Hts.. Oh. 44137. - 
WANTED: Ha~ey-We l l s  Bandmaster Deluxe 
with VFO. Give condition and lowest accept- 
able price. Rittman. P. 0. Box 7461. Las 
Vegas. Nevada 89101. - 
QRP TRANSMATCH for HW.7. Ten-Tec, and 
others. Send stamo for  detatls to Peter Mea. 
cham Associates. 1 9  Loretta Road, Waltham, 
Mass. 02154. - 
NOVICES, OTHERS: Get un-used 5C Radio 
Amateur Stamp - Info free - S.A.S.E. please. 
Postals ignored. W6LM. Box 308. Wrightwood. 
Calif. 92397. - 
TRAVEL-PAK OSL KIT - Send call and 256: 
receive your till sample kit  i n  return. Samco; 
Box 203, Wynantskill, N. Y. 12198. 

FOR SALE: Burroughs L-2000 with A-562 pa- 
per tape punch and A-581 paper tape reader. 
Excellent condition. John Crosby. K4GBL. 308 
Residence Avenue. Albanv. GA 31707. Phone: 
(912) 883-4420. - 
ARTS ON 7103 KHz DAILY l3OOZ to 19002 
for emergency or routine trafftc. Amateur 
Radio Telegraph Society. 2730 South Tabor 
Avenue. S~lver City, New Mexico 88061. - 
SYNTHESIZER see Ham Radio. July 76 pg. 
20-23. figures121-24. Kit for  $115. ~sse&b led  
and tested $140. Power supply to  run from 
117V add~iionai $15. CTD, P. 0. Box 708, 
Cambridge, MA 02139. - 
WANTED: Car telephones and mobile tele. 
phone parts, heads cables etc. Greg Hyman. 
87 Yonkers Ave.. qonkers . '~ .  Y. 10701. 914. 
~7c .~ -aan  - -, "--.,"". 
TECH MANUALS for Gov~. surplus gear - 
$6.50 each: SP.6OOJX. URM-25D, OS-BA/U. 
PRC-8. 9. 10. Thousands more available. Send 
50c (coin) for 22-,page list. W3IHD. 7218 Ro- 
anne Drive. Washtngton. D. C. 20021. 

MANUALS for most ham gear. 1939/70. L.kt 
$ 1.00. Send SASE (or 25e) for one speclftc 
model quote. Hobby Industry. WPIJJK. Box 
H864. Council Bluffs. Iowa 51501. 

SELLING - Good Clegg 22ER M K l l .  2 meter 
transceiver. AC.DC operation. VFO extra. New 
final amplifier manual $143. Unused Astatic 
D l04  mike. G stand dynamic lOOA mike $27. 
Unused Boiex 8mm turret cinema camera 
xvar 2.5 and Lytar 2.5 lens. leather case. man- 
ual $62. Shipping prepaid. If interested make 
offer. George Konnick. Apt. C5, 1750 West 
Main Street. Riverhead. New York 11901. 

SUPER CALCULATOR VALUE! m a  038 

New Calculators made by one of the 
largest calculator manufacturers (their 
name has been removed so that we can 
offer these at this low, low price). 

Check These Quality Features 
Full 8 digit capacity 
All 4 functions plus constant (K) switch 
Floating or 2. 3.4 decimal pt. set switch 
Clear last entry key 
Automatic display t ime out to  conserve 
battery 
lndicator for input greater than 8 digits 
Indicator for answer greater than 8 
digits 
lndicator for low battery condition 
Quality aluminum keyboard with tactile 
feedback buttons . Size approx. 6" x 3%'' x 1%". White 
case with black trim. 

These were originally designed to operate 
from six AA size nicad batteries. however. 
they were removed by the manufacturer 
before we purchased them. It's up to  you 
to power the calculator - there is room 
in the battery compartment to wire pen- 
light batteries in or use a small trans- 
former and rectifier to make a handy 
desk calculator. 
Please include $1.00 for shipping. 
AA size nicads (used - excellent con- 
dition) 59C ea. 

~ H A N E Y I S  
electronics 

P. 0. Box 27038 Denver. Colorado 80227 
303-973-1052 

Send for our free catalog listing hundreds of bar- 
gains on nicads IC's, transistors, digital ther- 
mometers, clock;, ultrasonics, strobe lights, kits, 
crystals, resistors, capacitors, etC. 

Christmas is coming 
- all in stock for delivery - 

SAVE $$$$ SPECIAL ON ICOM IC- 
230. Call now for price too low t o  
be published. 
Icom, IC22S. IC230, IC22A. IC215, 
IC502 ,  IC202 ,  C o l l i n s  KWM2a, 
75S3C, 32S3C, 30L1, Yaesu FT101, 
Kenwood TS820, TS520, TS700A, 
Atlas 210X DD1, 220cs, 206, Drake 
T4XC, R4C, L4B, MN200, MN2000 
SSRl SPR4 FS4 TR22C TR33, TR4C, 
Tempo 2020, Tempo One, CL146A, 
VHF One, Standard 146A, Horizon 
Two, VHF Engineering Synthesizer 
11, EBC144AJR, all Hygain, New- 
tronics, Antenna Specialists, Savoy, 
Larsen. Mosley antennas. Also Turn- 
er, Astatic, Shure, Spectronics DD1, 
Sc250 Bird 43, Loads, elements, 
r an, National Radio NCL2000, 
r'3X1000, HRO-500, KLM Multi 
-700A, Multi 11, Multi 7 all linears 
in stock. Ten-Tec KRSOA, KR20A, 
Triton 11, Venus SS2, SS2K. C1. DX 
Engineering, CDE, Brimstone, Cush- 
Craft, TEN TO FIFTEEN, TO TWENTY 
PER CENT OFF on everything in the 
house. Top trades given on your 
used equipment. Barry Electronics 
World Wide amateur Radio Since 
1920. 

Barry Electronics 
512 BROADWAY 
NEW YORK, N. Y. 10012 
2 12-925-7000 
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OX OSCILWOR 
Crystal controlled transistor 
to 20 MHz, OX-Lo, Cat. No. 
20 to 60 MHz, OX-Hi, Cat. No. 
Specify when ordering. 

Cat. No. 0351 03. 
Specify when ordering. 

.020h Calibration Tolerance 

(HC 6/U Holder) 

RF POWER AMP 
A single tuned output amplifier de- 
signed to follow the OX or  OF-1 
oscillator. Outputs up to 200 mw, de- 
pending on frequency and voltage. 
Amplifier can be amplitude mod- 
ulated. 3 to 30 MHz, Cat. No. 035104 
Specify when ordering. 

$4.75 ea. 

Shipping and postage (inside U.S.. Canada and Mexico only) 
will be prepaid by International. Prices quoted for U.S.. 
Canada and Mexico orders only. Orders for shipment to other 

countries w~l l  be quoted on request. Address orders to: 
MIS Dept.. P.O. Box 32497. 

Oklahoma City, Oklahoma 73132. 

International Crystal Mfg. Co., Inc. 
10 North Lee 

Oklahoma City, Oklahoma 73102 
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SPECIALS FROM electroqcs a- 
Fairchi ld V H F  Prescaler Chips 
l lCOlFC High Speed Dual 5-4 Input no/nor 15.40 
11C050C 1 GHz Counter Divide by 4 74.35 
11C05DM 1 GHz Counter Divide by 4 lig::g 
llCO6DC UHF Prescaler 750 MHz D Type flip/flop 
llC24DC Dual TTL VCM same as MC4024P 

Phase Freq. Detector same as MC4044P 
2.60 

llC44DC 2.60 
llC58DC ECL VCM 
11C7ODC 600 MHz flip flop with reset 
llC83DC 1 GHz 248/456 Prescaler 29.20 
11COODC 650 MHz Prescaler Divide by 10/11 
1lC9ODM same as above except Mil. version : 
11C91DC 605 MHz Prescaler Divide by 5/6 
11C91DM same as above except Mil. version : 
95H90DC 350 MHz Prescaler Divide by 10/11 9.50 
95H90DM same as above except Mil. version 16.50 
95H91DC 350 MHz Prescaler Divide by 5/6 9.50 
95H91DM same as above except Mil. version 16.50 

Batter ies 
NI-CAD'S AA cells 1.25 volts at 500 mahr. 
Gel-Cell 12 volts at 1.5 Amp Hr. #GC-1215 Or 10/fi::;: 
Crystals JUST ARRIVED! ~h~~~ radios have just been 
1.000000 MHz 4.95 pulled out of service. Set up for approx. 150 MHz. 
5.000000 MHz 4.95 Clean. All tubes included. No accessories. Prices 
10.000000 MHz 4.95 FOB Phoenix. 
3579.545 KC 2.95 Motorola U43 GGT $49.95 

GE TPL $99.95 
GE MT-33 $39.95 

Motorola MC14410CP CMOS tone Generator uses 1 MHz Cr stal to 
produce standard dual frequency telephone dialing signal. Directly cornpatitle with 
our 12 key Chomeric pads. Kit includes the following. 
1 MC14410CP 
1 Touch Tone Pad 
1 1 MHZ Crystal 
1 Printed Circult Board (From Ham Radio Sept. 1975) 
And all other parts for assembly. 

$19.95 

Fairchi ld 95H90DC Prescaler divide by 10 to 350 MHz. Will take any 35 
MHz Counter to 350 MHz. Kit includes the following. 
1 95H9ODC 
1 2N5179 
2 UG-88/u BNC's 
1 Printed Circuit Board 
And all other parts for assembly. 

$29.95 

Fairchi ld l l C 9 O D C  Prescaler divide by 10 to 650 MHz. Will take any 65 
MHz Counter to 650 MHz or with a 82S90 it wil l div~de by 10/100 to 650 MHz. 
This will take a 6.5 MHz counter to 650 MHz. Kit includes the following. 
1 11C9ODC 
1 2N5179 
2 UG-88 U 
1 M C ~ E ~ ~ C P  1 Printed Circuit Board and ail other parts for assembly. 
1 Bridge 82590 add $5.70 to total. 

$59.95 

10.7 M H z  Nar row B a n d  Crys ta l  Fi l ter  $7.95 
Bandwidth 13  kHz 
Type 2194F 
Input & Output Impedance 2700 ohms. 
Two Filters in series gives steeper sides & a 30dB Bandwidth of f 15 kHz. 

Johanson Ferr i te Beads 
T r i m m e r  Capaci tors 12 for .99 or 
.6 to 6 pf. $1.95 120 for 9.99 
.8 to 10 pf. $1.95 
1 to 14 pf. $1.95 
1 to 20 pf. $1.95 

FET's 
2N3070 1.50 2N5460 .90 MFE3002 3.35 
2N3436 2.25 2N5465 1.35 MPF102 .45 
2N3458 1.30 2N5565 5.45 MPFl2l  1.50 
2N3821 1.60 3N126 3.00 MPF4391 .80 
2N3822 1.50 MFE2000 .90 U1282 2.50 
214351 2.85 MFE2001 1.00 MMF5 
214416 1.05 MFE2008 4.20 40673 : 

4.80 40674 1.49 2N4875 1.75 MFE2009 

TUBES 
2E26 4.00 DX415 25.00 7377 40.00 
3828 4.00 5728/T160L 25.00 7984 4.95 
4X150A 15.00 8 l l A  7.95 8072 32.00 
4X150G 18.00 931A 11.95 8156 3.95 
4CX2508 24.00 5849 32.00 8908 9.95 
4X250F 25.00 6146A 4.75 8950 5.50 
4CX250K 27.00 61468/8298A 5.75 
4CX350A/8321 35.00 6907 35.00 

TRANSFORMERS 
F-22A 6.3vct at 20 amps $7.91 
F-21A 6.3vct at 10 amps 5.77 
F-18X 6.3vct at 6 amps 3.56 
F-93X 6 . 5 ~  to 40v at 750 ma. 3.53 
F-92A 6 . 5 ~  to 40v at 1 amp 4.59 
F-91X 6 . 5 ~  to 40v at 300 ma. 2.72 

kddy D-2 
Isolation 115vac at 35va. 2.80 
6 . 5 ~  at 3.3 amps 4.95 
6 . 5 ~  at 3.3 amps 

C-912.034 22vct at 200 ma. 
l l v  at 250 ma. 1.49 

BE.12433-001 30v at 15 ma. .49 
C-404.024 l8vct at 400 ma. 1.49 
BGH-9 6.3vct at 10 amps 

115 vac at lOOva Isolation 6.95 

Erie High Voltage Power Supply 
TSK-209-000 

lnput 24vdc 
output #1 100 vdc - 12.95 

#2 400 vdc + 
#3 15000 vdc 
Size: 3 % " x 2 " x 2 % "  

This power supply was used in a CRT Terminals 

METERS 
General Electric OC Volts 0-80 vdc Catalogue #50-152011 10.44 

RF TRANSISTORS 
2N1561 15.00 2N3866 JAN TX 4.85 2N5590 6.30 
2N1562 15.00 2N3924 3.20 2N5591 10.35 
2N1692 15.00 213925 6.00 2N5635 4.95 
2N1693 15.00 2N3927 11.50 2N5636 11.95 
2N2631 4.20 2N3948 2.00 2N5637 20.70 
2N2857 1.80 2N3950 26.25 2N5643 20.70 
2N2876 12.35 213961 6.60 2N5641 4.90 
2N2880 25.00 2N4072 1.70 2N5643 20.70 
2N2927 7.00 2N4073 2.00 2N5764 27.00 
2N2947 17.25 2N4135 2.00 2N5841 11.00 
2N2948 15.50 2N4427 1.24 2N5842/MMl607 19.50 
2N2949 3.90 2N4430 20.00 2N5849/MM1622 19.50 
2N2950 5.00 2N4440 8.60 215862 50.00 
2N3287 4.30 2N4957 6.30 2N5942 49.50 
2N3300 1.05 2N5070 13.80 2N5922 10.00 
2N3302 1.05 2N5090 6.90 2N6080 5.45 
2N3307 10.50 2N5108 3.90 2N6081 8.60 
213309 3.90 2N5109 1.55 2N6082 11.25 
2N3375/MM3375 7.00 2N5177/MRF5177 20.00 2N6083 12.95 
2N3553 1.80 2N5179 .68 2N6084 14.95 
2N3571 4.10 2N5180 .83 2N6094 5.75 
2N3818 6.00 2N5184 2N6095 10.35 
213824 3.20 2N5216 47.50 2N6096 19.35 
2N3866 1.09 2N5583 5.60 2N6097 28.00 
2N3866 JAN 4.14 2N5589 4.60 216166 85.00 

RF TRANSISTORS 
MRF207 2.00 Kertron KB6008 5.50 MM3002 1.65 
MRF208 10.20 Amperex BLY9O 22.50 MM3009 1.80 
MRF209 12.35 Amperex A209 8.60 MM3375 7.00 
MRF237 1.85 MSC 2001 20.00 MM3904 1.50 
MRF238 8.55 MSC 3000 20.00 MM3906 1.43 
MRF450 16.55 MSC 3001 20.00 MM4000 1.24 
MRF453 19.55 MSC 3005 20.00 MM4001 1.39 
MRF504 6.75 MSC 80205 20.00 MM4003 1.85 
MRF509 5.50 MSC 80206 20.00 MM4036 1.60 
MRF5l l  8.60 MSC 80255 20.00 MM4044 3.00 
MRF620 27.00 Fairchild SE7056 3.00 MM4545 3.00 
MRF621 30.50 MM1051 2.00 MM8006/2N5842 2.15 
MRF8004 1.90 MM1500 32.20 MM1552 50.00 
HEPS3013/75 2.95 MM1550 10.00 MM1553 56.50 
HEPS3014/76 4.95 MM1601 5.50 HEPS5026 2.48 
HEPS3002 11.03 MM1602 7.50 MSC 80256 20.00 
HEPS3003 29.88 MM1607/2N5842 8.65 CTC 01-26 20.00 
HEPS3005 9.55 M M1614 2.75 CTC D10.28 20.00 
HEPS3006 19.90 MM1620 17.50 CTC El-28 20.00 
HEPS3007 24.95 MMl622/2N5849 19.50 
HEPS3008 2.18 MM1661 15.00 
HEPS3010 11.34 MMl669 17.50 
RCA TA7994 50.00 MM1943 3.00 
RCA 40290 2.48 MM2605 3.00 
Kertron K2126 5.50 MM2608 5.00 

2543 N. 32nd STREET C.O.D. 
PHOENIX, ARIZONA 85008 OR 
PH. 602-957-0786 



and HF too. .  . 
Chicago 

Area 
Hams! 

Come in or call for the 

Cash or trade deal on: 
Ameco ASP Atlas 
Belden Bird CDE 
CES Collins Cushcraft 
Data Signal Dentron 
Drake ETO HAL 
Hy-Gain lcom KLM 
Kenwood Larsen MFJ 
Midland Mosley NPC 
Newtronics Nye 
Regency Shure Swan 
Standard TPL Tempo 

Hours: 9:30-9 Mon. & Thurs, \ 
9:30-530 Tues, Wed. & Fri. - 9-3 Sat. - m 

E ERICKSON 
COMMUNICATIONS 
5935 N. Milwaukee Ave. 
Chicago, IL 60646 
(312) 631-5181 I 

flea market 
NOW YOU ALL COME. YOU HEAR. Where? 
Why ARRL Hudson D~vision Convention. No- 
vember 13 and 14. Playboy Resort and Coun- 
try Club at Great Gorge. McAfee, New Jersey. 
Many exhibits, giant indoor flea market. FCC 
and ARRL forums. FCC exams, special Y L  
programs, technical sessions and a Saturday 
night banquet with Jean Shepherd, K2ORS. 
world traveler, columnist and famed r a d ~ o  
and TV personality as the speaker. For infor- 
mation write to  Al Piddington, WAZFAK. 4 
Acorn Dr~ve. East Northport. N. Y. 11733. 

27 NOVEMBER 1976 (9 PM to  1 AM local time) 
The twenty.fourth annual 10 Meter Ground 
Wave Contest s~onsored  by the Breeze 
Shooters. Inc.. of 'Pa. All modes ~ermissible. 
Points are determined on a distance and input 
power basis with separate awards for leaders 
in four circular zones centered on the Po~n t  
in downtown Pittsburgh. Mobiles and Novice/ 
Technician also compete for separate awards. 
Logs must be postmarked by December 6. 
Logs and rules available from Richard Evanuik. 
WA3LUM. 311 Evergreen Ave.. Pittsburgh. Pa. 
15209. 

VINTAGE RADIO. First Southwest Vintage Ra- 
dio & Phonograph Convention. 5th. 6th. and 
7th of November at  the Ramada Inn.Dallas 
East in Dallas. Texas. Forums on collecting 
of antique and vintage radios. restoration of 
antique radios. Classic Radios (McMurdo-Silver 
Scott) antique phonographs, and general Q&A. 
The usual banquet. swap sessions, and an auc- 
tion will also be held. Of special interest will be 
a contest for various equipment submitted by 
convention registrants. Three prizes wi!! be 
awarded in each division. In addition a Best 
of Show" award will also be made. The cate. 
gories are as follows: 1. Crystal Sets; 2. TRF 
Receivers (pre.1330); 3. Regenerative Receivers 
(pre.1930): 4. Super heterodyne Receivers (pre- 
1930) 5. Components and Assemblies: 6. Loud- 
speaiers (horn. etc); 7. Homebrew and Kit re- 
ceivers (pre-1930): 8. AC Table receivers (post- 
1930); 9. AC Console receivers (post-1930): 
10. Classic Receivers (Mc Murdo-S~lver, etc.); 
11. Ham gear (pre.1940); 12. Phonographs, 
outside horn; 13. Phonographs, inside horn: 
14. Telephone/Telegraph. For more information 
and pre.registration packet please contact 
CONVENTION SVRPS, P. 0. Box 19406. Dallas. 
Texas 75219. 

"ICELANDIC RADIOAMATEURS" (I.R.A.), was 
founded thirty years ago. To celebrate. the 
society has issued "The Icelandic Radioama- 
teur Award" (IRAA). The requirements for the 
IRAA have been based on the I.T.U. zonal sys- 
tem in order that all rad~oamateurs may stand 
an equal chance In obtaining the award, re- 
gardless of geographical pos~tion. Rules and 
requirements for the Icelandic Radioamateur 
Award are available from I.R.A.. P. 0. Box 
1058. Reykjavik, Iceland or from HAM RADIO 
Magazine. Our club stat~on. TF3IRA. will be 
operated occasionally throughout this year 
with the special callsign TF30IRA beginn~ng 
with operation from Pjorsardalur area, near 
Mt. Hekla. - 
S 0 W P CHRISTMAS QSO PARTY. The Society 
of Wireless P~oneers will conduct a member- 
ship on-the.air QSO Party on the weekend of 
December 18 and 19, 1976. The Party will 
cover the ful l  48-hour GMT period and will be 
the first "voice" Party scheduled by the So- 
ciety. The purpose of the affair will be to give 
members an opportunity to meet one another 
and to pass along their season's greetings. 
etc. There will be no formal exchange re. 
quirements and no need to submit logs. All 
members w ~ t h  a phone capability, are en. 
couraged to participate. The call will be CQ 
SOWP. While there will be no certif~cates 
awarded, everyone who takes part will be a 
winner by having an opportunity to renew old 
friendships. establish new ones and to con. 
tinue a comaraderie developed over the years. 
Suggested frequencies for the affair are 25 
kHz (2) 5 kHz up from. the low end of the 
general class phone portton of each amateur 
band. 

Stolen Equipment 
STOLEN from auto on Aug. 29. 1976. In  
Tallman. N. Y. area. Heath SB.650 freq. 
counter. Drake MN-2000 matching network. 
Ser~al No. 6485. Please contact Cliff Cooley 
Jr.. 4 Camp Hil l  Rd.. Pomona. N. Y. 10970 
(WNZGHL) or contact Town of Ramapo Pollce, 
Spring Valley. N. Y. 

REGENCY HR-26: Serial #49.02817., Stolen 
from automobile. M~crophone cable 1s hard- 
wired to  set (instead of conventional cable- 
jack). Kristen N. Johnson, WAlTJP. 86 Alton 
Rd.. Quincy. Mass. 02169. 

ALDELCO SEMI-CONDUCTOR SUPERMARKET 
RF DEVICES 
2N3375 1W4WMHz 5 5 0  2NBCBO4W I75MH*  5 4 0  
2N3866 l W 4 W M H r  99 2N6081 15W 175MH1 8 4 5  
2N55R9 3W 115 MHz 4 75 2N6082 75W I 7 5  MHz 10 95 
2N5590 10W 115 MHz 7 80 7N6M3 30W I 7 5  MHz 17 30 
2N551)I 25W 115 MHz 1095 2 N G W  40W 115MHz I 6  30 

HEAVY DUTY RECTIFIERS 
200 VOII 1 W  Amp 008  8 50 
200 Volt 750 Amp 009  12 Y) 
TOW Volt 2 Amp Snlnron Rcet~lncv RCA I0  lor 99 
10 OW volt So18con Rcc l t f~er  Erne 65 mA 7 95 

ALOELCO KITS 
lJ1gtlal C l a k  KII Hours Mnnuter & Seconds Larp. Half Inch LEO 
rradwrr Elapsed ltm #nd#cator 12 hour lormal ~ 8 t h  74 hour 
darm S n m r s  Iralurc AM PM nndlolor Poww S u b ~ l y  m a r  
la81urr ~nd~cator Complete ~ 8 t h  rroa( gram cab~ner $23 95 

2% Rwlu lB  Ohm Spakcrr 75 nm 
7%" Round 1WOhm S p a k e n  1 W each 
SPEC0 ~eplxrmsn! %w.akrrr 1' 3'1 SASE lo, 1111 

.................................................. MOS Time Bm Kit 5 0 1 8  Hr $5.95 
DISCRETE LEOS 

. . . . . .  Jumbo ReB Long or Short h l b  6101 $1 00 
............ .lumbo Oramp. G l e n .  Clean l led  or Grem. 5 tor S1.W 

. . . . .  704 S c ~ ~ c ~ .  Green. Ovanpr. Vellowor Rcd . 5  la, $1 W 
. . . . . . . . . . . . . . . . . . . . . . . . .  RL2 or ~ m r o  Red S lor Sl W 

ZENERS 
IN74610 l N 7 5 9 4 W  Mwea 25 lN472Bto IN4764 I w 35 

C106B S 65 
MPSA14 90 
7N3055 99 
MPF 102 FET 45 
2N3904 or 213906 101 49 
IN5496 or IN6108 40 
MJE 340 17N56551 $1 10 
4ffi73 RCA F f  T $1 55 
741 or ) W  14 Pfn DIP 75 
555 Tlmrr 75 

CA 3028A 011 Amp $1 50 
LM301 0 P  Amp 55 
LM309K Voll Reg 1 10 
LM3BON Audm Amp 1 75 
NE54OL Pow, Ortvsr 5 95 
NE56IB PLL 4 95 
NE5678 PLL 4 95 
NE565A PLL 2 50 
LM709 Man DIP OP Amp 45 

. . .  556 1Dun15551 $1 75 LM74lCE TO5 OP Amp 45  
700 Volt 25 Amp ~ f l d p p  . S I  50 I 4  08 I 6  Pm lC Socket% . , 30 
IN914 IN4148 . I0  lor 99 Wc hsve 14W wrlel IC's sand 
IN34 IN60  IN64 10 107 09 stamp 10% catalog 
HC wore wl m y  mlrr .r mr ~ u # n f , r ~  An l r m $  POI ID.^^ USA Mm 
or*. $600 a, #,I  US1 rrnd O m t r e d  me* or Mnr c.&r tnr,"da 
,,')',,P 

2281H Babylon Tnpk.. Merr~ck. N Y  11566 
15161 378.4555 

SUB-AUDIBLE GENERATOR 
for FM WE CUIE 

Inexpensive mul t l  tone 
system 
Compatible with PL - 
CG - QC 
Low distortion sine- 
wave 
Ad jus tab le  frequency 
( 9 8 - 2 5 0  Hz) .  L o w e r  
available v .5 . A x .8 h 

Rugged. p las t i c  en- 
cased with leads. easy 
to  mount L ~ I O  products 
Input 8-18 VDC un- P.O. BOX 2083 
regulated Smta C1.18 C.Yf. 
Excellent stability 

95051 

Price $19.95 
Calif. res. add 6% 

Freq. set a t  factory f 5.00 extra 

Send for more information 

CHIP 

8043 1C on llbllp gml ! 
............. d l ;  IC. &I. Manual - ..A 

80432 SemCkIt .................... s 49.m 
Add tor air pwtags md handling ... S 1.50 

(See Feb75CO. Aer 75 HR,Feb76OST.Rdlo Handbook 75) ... KB1200 Ka wrd Kqar (Oct 74 QST) SSU1.S Ib EKUOIKM 20 KqedMsmoq (Ocl73 PSf) $439.90 
.... EK430 CMOS Kqsr (Fob 76 QST) $124.95 

IK440 Indructokswr (Ma 76 OST) ..... 5224.95 
Curtls Eledm Dsiices Inc. 

(as) 9ru 3% 
n 

Box MO. Mwnialn View, CA 94040 
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Learn to service Communications/ 
CB e uipment at home with NRl's 
Comp 7 ete Communications Course 
Career opportunities are 
opening up fast Course now available 
for the man trained NRI now offers a special course in CB 
in comunications. Servicing. You get 37  lessons. 8 reference 

texts, your own CB Transceiver, AC power 
The field of communications is bursting supply and multimeter . . . for hands-on 
out all over. In Gtizens Band alone. training. Also included are 1 4  coaching 
class " D  licenses grew from 1 to over units to  make it easy to  get your 
2.6 million in 1975, and the FCC commercial radio telephone FCC 
projects about 15 million U.S. CB'ers by license+nabling you to test, install and 
1979. That service communications equipment. 

installation and 

Ova a million men 
90 have enrolled with NRI 

Send for the free NRI catalog and discover 
why more than a million men like yourself 

The lete program includes have chosen the NRI way the right way to 
lessons. $special reference fern. and get aheadd ~~d hau you learn from bite. 
1 0  training kits. Also included are: size lessons, progressing at your awn speed 
your own eledronics Discove~ to your FCC license and then into the 

a new Antenna Applications Lab* an communications field of your choice. 
400channel. digitally Optical System* There's no obligation and no salesman 

Digital Frequency Counter, and TVOM. 
synthesized VHF TranSdVer. The course covers AM and FM Trans- 

will call. 

The NRI Complete Communications mission Systems; Radar Principles; Marine, 
Course teaches you to service and adjust Aircraft, and Digital aectronics; and Mobile Send ~~n 
all types of two-way radio equipment Communications. You must earn your first for (including CB), using the one unit that class radio telephone FCC license or you 
is best equipped to train you for CB. get your money back. FREE NRI Catalog 

Rush the free catalog of my choice (select NRl SCHOOLS 
M c G r o w - H I I I  Continuing Education Center 

only one, please). No salesman will call. 3939 W~sconsin Avenue. 
' I Comolele Comrnun~collons tleclronlcs wlth C 6  

W a s h i n g t o n ,  D . C .  20016 m 
- .  --...- . FCC Locenser ' Atrcrolt. Mobtle Morlne Elrclron~cr 

1 CB Spec~olrsts Course APPROVED UNDW GI BILL 11 taken lor career purposes. 
' ' Amateur Radto 

Boric and Advanced 
Check tx>x lor detatls 

' 1 lndurlr~ol ond Busmerr Electrontcs 
D ~ p ~ l o l  Computer 
Electron~cs . Electrontr Technoloav . Bosnc Eleclron~cs I ' r TV,Audlo Serv~clng 

If coupon is missing, Choose lrom .S courser 

wTite to: NRI ~ ~ h ~ ~ l ~ ,  I ' A D P ~ ' " ~ c ~  Serv'c'ng 
Homeowner 8 Prolrrr~onol Reoolrs 

McGraw- Hi11 1 Automol~ve Mrchanccr 

Nornr- Age - 
IPlt.orc P,,nl) 

I 
I 

Street - -- I 
Continuing Education i Master Auton~otcve Technncmn Tune-UP and Borr 

Center. 3939 Repotrs 
Auto Acr Cov~dtl~orr~rlg Cttv State /re - - - - - - - 

I 
Wisconsin Avenue. I Air Condrltonlng 8 Relr~gerot>on 

I Rostc Aor Cond~l~onong Servacanq . Mrjrter Course In Air 

I 
Washington, Condlt~onlnq, Rrfr~gerot~on 8 Heotunq Arrrrdlled M e n l b ~ ~  Nol~onol Hornr 5tudv Councrl I 
D.C. 20016 I I 
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8 " .  

the 
you1 
+1C 

iel;~rr~= a IWL ur yutnbwc. .. 
s into your idea of what fre 
ncy you're transmitting on. 
'ou know you're in the ball 
< but you really don't know 
r t  the score is. 
row you can put our new 
'6 in your lineup and have 
capability of reading out 
r frequency right down to 
0 Hz if you need it. (Or 
KHz at the flip of a switch.) 
In a big, bright 5-digit LED 
,lay anywhere between 
iz and 40 MHZ. 

The l . . .- FC-76 also featu~ - a 1  I 

"Antenna" connector v 
position sensitivity swi 
low signal levels down 
millivolts. 

SO you can use the counter 
as a sensitive test frequency 
meter, too. One ttiat's good 
enough to calibrate receivers, 
realign transmitters, compare 
dial readings or wherever you 
need accurate frequen-- - 
measurement. 

And with built-in 11: 
power supply plus 13.8 

~ k h  n r V C  
tch for 
to 50 

7 VAC 
VDC 

bin1 
real 
tior 

I 

j ts the F 
lobile 01 

F-76 is ; 
fixed s1 

311 
ta- 

sltlve or negatlve ground) 
ding pa 
dy for rr 
I duty. 
IUOW here 3 t: Y u U  I 

beat: $169.95. So why wait: 
Use your Swan credit card. 
ADDliCatiOnS at your dealer 

;r ~ L E C T R W N I L :  
A rubldlaw of Cublc Cormratlon 

305 Airport Road. Oceamide. CA 9i 
(714) 757.7525 

:e WB Oceanside. CAI 

OUR NEW 
FC-76 FREQUENCY COUNTER 

DOESN'T JUST GET YOU 
IN THE BALL PARK. 

IT GIVES YOU THE SCORE. 
A 



SWAN 
AUTHORIZED DEALERS. 

5. Dewm 

ngman ' Radlo Shop. KI 

~LI~ORNIA 
Antenna Klng. Twance 
Fontilna EIPcCmnln Fontam 
caw ~adLo- ic :san'o~eg~'  
Ham RadlO outlet Burltnoam I INTRODUCES THE HPnw Rafllo mc LOS ~nqhles' 

iry Ram0 mc P"=hDnm' 
merit Elertron 
stern Radlo Sal 

ADD 
Electronlcs Sal 

IA 
~areur  adl lo center rn . Mlan 
a rwr  EleCtmnKf SuwW. Orla 

Her 
out 
w e  

COLOR 
CW 

FLDRll 
11- 
ndo' 

IDWA 
801 

@ANY 
AS! 
Ele 

b Smlth ElectronKs. ~ t .  Dodge 

I 
ioclated Radlo commun~cat~o in 
ctronlcs mc . sallna' 

MASSY 
TUI 

?CHUSms 
.rs Radio El~CtKU'IlCS. Medford 

CAN 
ctronlcs DfStrlbutOn, mc . Muskegon' 
310 SUDPIV 8 EnglnPerlng co . clawson 

ESDTA 
ctronics center. tnc. wlnneawlts' 

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

M6SE 
Ele 

URI 
o Amateur sales. st ~ o s e ~ h  
m RadlO center. st LOUIS 
nw RadlO lnc Butler' 

&NA 
?ley Radlo Suwlv. B l l l i m  

4AMPSHlRE 
anr Raalo concord' @ More Sensitivity, Less Interference. 

.25 pV Sensitivity plus 75 db adjacent channel 
selectivity and 70 db image rejection 

NEW JERSEY 
Atklnson 8 Srnlth, nc. Eatontown 
Ceorqr Marko. Little Fall$" 

NEW MEXICO 
ElectrOnlCS M&UI~. HOIJM 
GenP HilnSen company. corrales' 

NEW YORK 
Harrlson Radlo. Farmlngdale 
Wesrcnesfer Comrnunlcatlom specialins. vonkers" @ More Power Out 

35 watts nominal with a minimum of 30 watts 
across the band 

. . . for a lot less 

NORTH CAROLINA 
FrPCY RaOlO 8 SUO@V ComDanv. AShevllle 
S I ~ D  ElecrronlCS company, otro 

on0 
Amateur El~Ctmnlm Suwlv, Cleveland' 
coston Electronlcs. clncinnarl 

OIUnoMn 
RaOlo store IK. Oklahoma cw 

WECON 
Portland RWIO. Pomand' 

PENNMVANW 
narntronirs, Trevose 
wnlteslfle Elecrronlcs. Pittsbom 

4 CAROLINA 
lateur RadlO Electronlcs. K , Cawe 

+ DAKOTA 
rqhar0t Amateur center. watertown 

SEE 
,ck RadlO 8 SuPPWCO. Johmor '*" 

Amateur Net 

INC. 7707 Records Street 
Indianapolis, Indiana 46226 

Jlpment Co., Sa 
!. OdeSSa 
mc . Dallas' 

ICS SUPPIV. IK., 

TEXM 
AD1 
Fle 
Ele 
Ma 
wa 

THE FM LEADER pltance and EQI 
ctronic Module 

.." 
WASH 

ABI 
An 
HC 2 METER SZW 220 MHz 

6 METER &TI 440 MHz MSiBI 
WOCONSIN 

Amateur EIectronK Suwlv. M l l w a u W  
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N & BOB'S 
PER BUYS "f: 

............................................................ HY GAIN TH6DXX $192.00 
TH3MK3 3 ELEMENT BEAM, 20, 15, 10 ............... $160.00 
MOSLEY CLASSIC 33 $179.00 
HY GAIN 204BA $144.00 
HY GAIN 402BA $160.00 

.................................................................................... BN86 $15.95 
CDE HAM-II ROTOR ........................................................... $129.00 
CDE BIG TALK ROTOR + 100 FT. OF CABLE ...... $100.00 
KLM (MODEL KR400) ROTOR + 100 FT. OF CABLE 

$100.00 

18HT HY TOWER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $218.00 
ROHN 256 TOWER & ACCESSORIES .............. Call or Write 

BELDEN 8214 RG-SIU FOAM COAX ................... 23ClFT. 
................................................... BELDEN 8237 RG-81U 19CIFT. 

................ BELDEN 8 WIRE ROTOR CABLE #a448 ..14$!/FT. 
BELDEN 8210, 72 OHM KW WINLEAD $19 PER 100 FT. 
AM PHENOL PL-259 59C 
CALL FOR QUOTES - TS-520, TS-820, TS-7OOA, 210X. 

............................... TEMPO 2020 & MULTl 2700 Call or Writa 
BOOKS 

............................................. SWAN-SILTRONIX SWR-1 $18.95 
................................................. ELECTRA BEARCAT 101 $319.00 

.................. RAnHEON 811A. SEALED BOXES $15 per pair 
.......................................... ETO AMPLIFIERS Call for Quote 

ALL PRICES FOB HOUSTON. CALL TODAY FOR ITEMS NOT LISTED 

OUR STAFF: WGJ, K5M0, W5MBB. WASZNY, WA5UUK. WBSJIS, KH)HQ, W5HVU, WMTCU, W5AB. K5BCB 

MADISON ELECTRONICS SUPPLY, INC. 
1508 McKlNNM AVENUE, HOUSTON, TEXAS 77002 

71316584268 CALL US! Nites 7131497.5683 

I PRE-AMP 

HIGH GAlN LOW NOISE 

35dB power gain. 2.5.3.0 d B  N.F. a t  150 

MHz 2 stage. R.F. protected, dual-gate 

MOSFETS. Manual ga in  control  and pro- 

vision f o r  AGC. 4%" x 1%"  x 1%" alum- 

i num case wi th  power switch and choice 

o f  BNC or  RCA phono connectors (be 

s u m  t o  specify). Available factory tuned 

t o  t he  frequency of your choice f r om 5 

MHz t o  250 MHz wi th  approximately 3% 

bandwidth. U p  t o  10% B.W. available on  

special order. 

N. Y. State residents add sales tax. 

Modal 201 price: 52% MHz $29.95 

Vanguard 
Labs 

196-23 JAMAICA AVE. 

HOLLIS, N. Y. 11423 

50, 144 & 220MHZ modeb 
I watt mm. output 
Compatibk wdh HF SSB equ@ 

$129.50 
WF S@l Co. 
2246 B e d  St 
bud DE 19956 (302) 846-2691 
12 Button touch-tone pads ca l~bra ted and 
guaranteed 90 days (abuse excluded) wtth 
d ~ a g r a n l  114.00 
Attractova plast ic mount ing box w ~ t h  
brackets 14.75 
Complete working system ready t o  con. 
nect to your transmatter 524.95 

TELEPHONE EQUIPMENT COMPANY 
Post Office Box 596 Leesburg Florida 32748 

(904i 728-27j0 

Radio 
Amateurs 
Reference 

Library 
of Maps 

and Atlas 

WORLO PREFIX MAP - Full color. 40" x 28". 
. . .  shows pref~xes on each country OX zones. 

t ~ m e  zones. c~ties, cross referenced tables 
$1.25 

RADIO AMATEURS CREAT CIRCLE CHART OF 
THE WORLO - from the center of the United 
States! Full color. 30" x 25". l~st ing Great Clr. 
cle bearings in degrees tor six major U.S. cities: 
Boston. Washungton. D.C.. mi am^. Seattle. Sari 
Francisco Los Angeles. $1.25 
RADIO AMATEURS MAP OF NORTH AMERICA1 
Full color. 30" x 25" - mcludes Central Amer 
Ica and the Cartbbean to the equator, showlng 
call areas. zone boundar~es, pref~xes and ttme 
zones. FCC frequency chart. plus useful ~nforma- 
tlon on each of the 50 Untted States and other 
Countries $1.25 
WORLD ATLAS - Only atlas complled for rad~o 
amateurs Packed wtth world.wlde ~nformatlon 
- sncludes 11 maps. In 4 colors wlth zone 
boundar~es and country pref~xes on each map. 
Also onciudes a polar projection map of the 
world olus a mao of the Antarctlca - a com. 

I plete set of maps of the world. 20 pages. Sue 
8 % "  x 12" $2.50 1 
Complete reference library of maps - set of 4 I as lasted above 

I See your favorite dealer or order direct. I 
I Mail orders  lease include 75r per order I 
I lor postage and handling. I 
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Advance Registration $12.50 per person; with 
Hotel Sahara Late Show and two drinks $23.00 
per person or with Hotel Sahara Congo Dinner 
Show (entree Cornish Hen), no drinks $30.00 
per person. Tax and Gratuity included. 

Totie Fields and Bert Convy are scheduled enter- 
tainers in Hotel Sahara's Congo Room. 

Advance Registration must be received by 
on or before January 1, 1977. 

The NATION'S TWELFTH ANNUAL LAS VEGAS PRESTIGE CONVENTION 

HOTEL SAHARA'S CONVENTION SPACE CENTER 

January 6-9, 1977 

Registration includes: registration 

tickets, admission to technical sessions, Friday 
cocktail party hosted by T. P. L. Communications 
and TRI-EX Tower Corp. with 1- ; Sat- 
urday cocktail party hosted by Ham Radio Maga- 
zine with - ; Hotel Sahara Buffet Brunch 
on Sunday, Tax and Gratuity. 

Hotel Sahara room rate for -1 registered 
delegates $17.00 per night plus room tax, single 
or double occupancy. 

Hotel Sahara room reservation request card will 

be sent to registered delegate. 

Send your check or money order to , P. 0. Box 945, Boulder City, NV 89005 

More Details? CHECK-OFF Page 126 november 1976 1 1 1 
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Amateur VHF-FM Transceiver 
Drake TR-33C 

SCPC* Frequency  C o n t r o l  
L o w e r  R e c e ~ v e r  Ba t te ry  D r a i n  
Expanded  Por tab le  An tenna  Cho ice  

'Single Crys ta l  Per Channe l  
12 Channels - only one crystal per channel rovides 

simplex OR repeater owration on ANY channel. 4 than- 
nels suppl~ed. 5 transmit offset positions, 3 supplied 
All FET front-end crystal filter for superb receiver inter. 
mod rejection Small convenient microphone included 

New lower power drain circuit on squelched receive 
Nicad rechargeable batteries supplied Built-in battery 
charger AC and dc power cords supplied Telescoping 
screw-on antenna supplied, rubber helix optional Chan. 
nel indicator light when using external dc supply Carry 
strap supplied Meter Indicates receive strength, xmit 
output, or battery voltage External speaker jack on rear 
panel Auxiliary jack on rear panel - may be used for 
tone-pad connections, etc. Traditional R.L. Drake serv- 
ice backup. 

Drake HIGH T.1 PASS FILTERS Filters FOR N SETS 
prwide more than 40 dB attenuation a t  52 MHz and 
lower. Protect the N set from amateur transmitters 
6-160 meters. 
Model No. 1603 DRAKE TV-300-HP. For 300 ohm 
twin lead. $7.95 
Model No. 1610. DRAKE N-75-HP. For 75 ohm 
TV coaxtal cable; TV type connectors installed. $9.95 

LOWPASSFlLTERSFORTRANSMlmERS 
have four pi sections for sharp cut off below channel 2, 
and to attenuate transmitter harmonics falling in any 
TV channel and fm band. 52 ohm. 50-239 connectors 
built In. 
Model No. 1608. DRAKE TV-3300-LP. 1000 watts max. 
below 30 MHz. Attenuation better than 80 dB above 41  
MHz. Help TV i-f interference, as well as TV front-end 
problems. 419.95 
Model No. 1609. DRAKE TV-5200-LP. 200 watts to 52 
MHz. Ideal for six meters. For operation below six 
meters, use TV-3300-LP or N-42-LP. 419.95 
Model No. 1605. DRAKE N-42-LP is a four section 
filter designed with 43.2 MHz cut-off and extremely 
high attenuation in all N channels for transmltters 
operating at 30 MHz and lower. Rated 100 watts 
input. $10.95 

MAGNETIC MOUNT 

318.' lmplc hole maunl 518 
114 we"= 11 50 

Larsen Antennas to 111 Any  M o b ~ l e  Un l t  

Magnettc Mount or Gutter Clamp 518 wave - 538.50 
Spec~fy. 2 meters. 220. 450. 114 wave - $18.50 

M o d e l  310-001.  
S t a n d a r d  K e y .  

M o d e l  310-003.  
S t a n d a r d  K e y .  
n ickel  p la ted  hard. 
ware, w l t h  sw i tch  
- $8.25. 
M o d e l  320-001 

31 0-003 S t a n d a r d  Heavy 
D u t y  K e y  w ~ t h  
n ickel  p lated hard-  
ware. n o  swttch - 
58.20. 

M o d e l  320.003. 
Same as -001 ex- 
cept w ~ t h  s w ~ t c h  
59.35. 

Model SSK . 
Code practice set 
w i t h  key 
518.50 

S e n d  SASE f o r  C o m p l e t e  Catalog. 

"W2AU" BALUN 
-n- 
m nn nu* - ---- 

$4.60 uh - LIFETIME GUARANTEE 111 APPROVID LIAOINI U M  AND COMMIRC1. BALUN I* IllF. W O W  .iag0 Standard lcom Hbathklt Ken C I m  THE PROVEN BALUN ; ::z:\:::b:,:::!r : , "~ , : ~~~  sD,Nt,,r';2,:;,"p" 11000 " 
Rwsncy Wnlran VHF E ~ J  Drake And Olhers 3 *OW I I I  SIIIMLIII $7111 1111101111 :d'lp uoubi. sl#rtr Plate6 

4 IYPIOYIS I B 11&110 11, P ~ d i  I, 8 1  I n ?  Y l r i  UD 

Plearscnclov S2 00 lor h~ppmp w l h  your order I R t v o c I s  CInTIR IMSULITOR n,'l~,!and; An.cnna Pull ot Over 603 Lbr 
I BUIL1 I* LlGl(lMlNd A l l l S l l l  i, s; Y c o l ~ l  Balun - au ld  A lY l  S n a  

Digital Dial D W B  $229.00 , , , ,  dd: ,, 
,,I,8r: P .  .- I . . ,C 

88 
i s u l l r  IN WIG UP HOOK w c r  r o d  inral!.d v e n  ~ v t l n s r n d  ~ O ~ N I  -2 - 

AC Console 22045  wlth - .  
Xox-Semi Break I n  CW 

now B ~ I N C  u s l o  81 111 IUIICWB w mt us u m o  rmn. r u  -"'- 
RCI CIA CINAOIIM 0111ns1 001 nus m o w n o s  o f  n m  mr 
WORLD O Y I l  
THEY RE BulLr TO UST... 

(111111- 
Z ' Y '  

Moblle Antenna Matching BIG SIGNALS DON7 JUST HAPPEN- ,--. 
TransformwMT-1 527.00 GIVE YOUR ANTENNA A BREAK 

ALL BAND PREAMPLIFIERS Vox Adapter Ki t  for 220- 
C o l t  81 I mod*I% I I m ~ l l b t s  M 01 15 ohm u l l l l lw td  kens 11-1 h W 
or 15 111 ha114111 11.0 4 l m o t 4  m.ltht$ 50 01 15 ohm rab.l.rH 

CS-AC Console-VX5 $49.00 - IC.1, 1,ni to I00  1 1  100 on- bnmel  ,Old 
AVAILABLE AT ~ L L  LUOIIIG OULERS n nol, ORDER olnrcr - 6 THlU IsOYniRs I"* 0 s  , , h . >  *'&U " J " ?  ,,,:* 3 I"< . , " C  ct  Q",#t,y ha, LC", w, 

....L.. . .  .... a TWoMODftS AVrllULt Use-VX5M Drear,( r~ ndmnc, "at."% ,he rol l4  lor I*. pasf WIIICYIII*TII 
I 0  rear5 es eL.. b d n .  * ........ Remote VFO Digital Read. 11 1 - n * l  5 r*s#w 1". ~ W E ~ ~ S ~ O I  01 ~ n e  8 1 i ~ n  wllh I b#ll n i,gntnan' rrfntrr rm on, 4 *r. .I, 

out-Model 206 $299.00 I*., 'O"*ll' w e b  ,*.I I",..., 

MODEL PLF employs o dual gate FET p,or~d~ng noiw 

Overoll goon IS in excess of 20 db Panel contoms 
switchmg that tronrlerr the ontcnno d~rerlly to the fa. 
celrsr or to the Preomp. 
Model PLF 1 IN AC. 60 Hz. Wired a Tcs?ed $44.00 

MODEL KLP ir identwo1 ~n oll rcspertl to the PLF ex. 

E,LECTRONlCS - - - - - - - - - -  - - - - - - - - - -  
I FREE Surprise G$t With Every Order 1 
I Mastercharge a n d  BankAmer ica rd  accepted o n  non-discounted orders I The Atlas 21 0x121 5x 

Sol id state SSB/CW transceivers 

I Orders over S l O W . 0 0  m a y  deduc t  5% A d d  $2.00 fo r  shipping a n d  hand l ing  o n  al l  orders I 0 2 0 0  wat ts  P.E.P. input 
N o  t ransmit ter  tun ing  

Mail your order to Distributor: TUFTS RADIO, 386 Main St., Medford, I .TI,. u l t ~ m a t e  in sensit ivity, w lsc t i v i t y ,  a n d  
I Mass. 021 55. Phone (61 7) 395-8280 over load i m m u n i t y .  I .Plus extended f requancy coverage fo r  
I PLEASE SEND ME: M A R S  operat ion when u w d  w l t h  l o x  I crystal oscollator. 

. . . . . . . . . . . . . . . . . . .  I , 2 1 0 x o r 2 1 5 x  

Name Address 2 1 0 x  o r  2 1  Sx w i t h  noise blanker j%: 
I AC C o n w l e  110 /220V . . . . . . . . . . . .  147. I ci ty State z ip Portable A c  s u p p l y  1 1 0 / 2 2 0 v  . . . . .  100. 

I . . . . . . . . . . . . . . .  I Plug- in Mob i le  k i t  48. 

tPr~c<.s F 0 0 Medlord Mass AII units can be shopped u P S Mass restdenls add 5'0 sales laa 
. . . . . . . . . . . . .  l o x  Osc. lass crvstals 59. 

L ,,,------------------ 1 
f 

TUFTS 
I<, 1, :lo t ectronlcs 
386 Maon St.. M o l d  MA 09155 
?haw 617 395 e m  

NEW ENGLANDS 
FRIENDLIEST HAM 

STORE '- qDengAMto9PM 
M o ~ . - ~ ~ ~ .  

Sat. 9  - 6 

/. DDNrlaN 
1 6 0 - 1 0 ~ ~  SUPER TUNER^^ 

Want a n  antenna tuner t o  match  everyth ing 
b e t m e n  1 6 0  and 1 0  th rough  balanced line. 
coax l ine and  random line, pump o u t  the 
i u ~ ~ ~ e g a ~ ~ ~ m ~ t a n d ~ o o k a n d s o u n d g o o d  
dotng  t t?  SupertunerTM is the one  f o r  v o u  
a t  just $129.50 

160-10AT-3K SUPER SUPERTUNERTM 
~~~~~~~d englneared to be compatible 
With the  fu l l  power highly efftcient 
ampliflem available to the  amateur. 
our  o p ~ n i o n  the fenest tuner o n  the  marke t  
today.  t 2 2 9 . 5 0  

8 0 - 1 0 ~ ~  SKY MATCHER^^ 
Here,s an antenna tuner for 80 through 
meters, handles full legal power and matches 
your 52 ohm tranrcelver to a random w,re 
antenna, 10AT Is for only t59,50 
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YOUR BEST BUY IN KITS 
Features 3 Regulated COUNTER 

7 Digit 0-300 MHz Freq. Counter $99.00 
put wave forms. 8 digi- 7 Digit 0-500 MHz Freq. Counter $139.00 
tal level switches. 2 no 8 Digit 0-30 MHz Counter 

with Options ............. (Special) $99.00 
bounce pulser switches. 0-300 MHz Prescaler 

8 LEDs with drivers. 1 AP Super strip. for 8 Digit Counter ..................... $19.95 
Easily constructed. Designed by RETS 0-600 MHz Prescaler for 

........................ Electronic Schools. 8 Digit Counter .... $39.95 
1st t ime offer .............................................. $139.00 Cabinet accessory package available for - all of the above 
C l k k  Kit (complete less case) ......... $12.95 Anyone of the a 
Function Generator Kit .......................... f 10.95 

Please add $1.00 Shipping/Handling on any order under $15.0? 
Send SASE for flyer. Featuring Electronic components and kits ava~lable. 

HAL-TRONIX 
P. 0. Box 1101 Southgate. Mich. 48195 

(313) 285-1782 

Transfonners 
110 V pri.. 10.5 V. 1.5 amp & 12 v 

1 amp sec. .................................... $3.00 
110 V pri., 35 V 1 % amp sec. $2.50 
2% amp. 1000 V PIV Diodes 

! 
6/$1.00 

Line Cord Strain Reliefs 25/$1.00 
9 V Battery Clips ............... 15/$1.00 
8.0-14.0" mini bulbs with p ig tails / 

10/$1.00 
LE.D.'S 
High Dome: Re 

Tr im Pots 
Miniature style: 5 K ............ 5/$1.00 --- 

10 K ........... 5/$1.00 
LT-300 Headphones: boom dynamic mike: 
600 ohm earpieces ................... .$10.00 

Orders over $5 wil l  be shipped prepaid 
in  continental USA 

Use "Check-Off" for complete product catalog. 

HC3SFel.T 
@ eLecTRoNlce q 

2610 SUNSET BLVD. 
STEUBENVILLE, OHIO 43925 
Phone 614 264.6464 

CTC- UHFNHF 
WWER TRANSISTORS FOR AMATEUR USE 

J I O ~  UNOCRWDOD CAPACITORS 

We have the worlds largest selec- 
tion of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 113 page 
ad in the April 1976 issue of this 
magazine or call or write for addi- 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 
196-23 JAMAICA AVENUE 

HOLLIS, N. Y. 11423 

FAST SCAN AMATEUR TELEVISION EQUIPMENT 
SOLID STATE 

BROADCAST QUALITY 
PERFORMANCE AX-10 TRANSMllTER 

FOR TECHNICAL DATA 
AND PRICING, 
WRITE TO: AM-IA RCVR MODEM 

APTRON LABORATORIES BOX 323. BLOOMINGTON, IN 4,401 
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For years many of our readers have asked for a 
magazine with the quality and dependability of 
H A M  RADIO, but written at a level where it could 
be enjoyed by the beginner and the non-technical 

here. HAM RADIO HORIZONS is 
written for everyone in Amateur Radio but 
especially for the beginner and novice. 

THE FUN OF AMATEUR RADIO HOW DO I GET ON THE AIR? 
Ham Radio Horlzons will stress the fun side of our hobby. Many Novices get their license but never proceed any further. 
You'll learn about contests, about DXing, about awards, about Ham Radlo Horlzons will see to it that our readers get off to a 
hamfests and much more. fast start. We'l l  show them how to assemble a good beginning 

station and then how to put it on the air and make it work. 
THE PEOPLE IN AMATEUR RADlO 
Ham Radio Horlzons will stress the people side of Amateur HOW DOES MY STATION WORK? 
Radio. You'll meet many of the personalities who make up our Ham Radlo Horlzons with good basic theory articles-articles 
hobby-both the well known and the not so well known. that will help the reader to better understand his station and 

help him to get better performance and higher reliability from 
WHAT IS AMATEUR RADIO it. 
Ham Radlo Horlzons will work to turn its readers on to 
Amateur Radio. People who have never been Amateurs will NOT JUST FOR BEGINNERS 
enjoy this magazine and wil l  learn of our fascinating hobby Ham Radio Horizons will be written so that everyone who has 
and why they should be part of it. any interest at all in Amateur Radio will enjoy it. XYL's will 

better understand the hobby. Old timers will enjoy articles 
AMATEUR RADIO AT WORK about days gone by. Today's operator will learn about the 
Ham Radio Horlzons will show the serious side of Amateur latest goings on. 
Radio. It's readers will see us in action in disasters and 
emergencies. The purpose of Amateur Radio wil l  be very well AND THERE WILL BE  MORE 
demonstrated. These are just a few examples of what you can expect from 

Ham Radlo Horlzons. We'l l  be covering the whole Amateur 
HOW DO I GET LICENSED? Radio scene. You'll be finding plenty more such as 
Ham Radlo Horlzons will help beginners to pass their Novice propagation, coming events and important news relating to ail 
license exams. There will be easy to understand theory, tips on of us. 
learning the code and information on the very latest rules and 
regulations. 

SAVE 30% 
Ham Radio Horizons will regularly be $10.00 per year (12 big 
issues) but here is a chance to subscribe at special low charter 
subscription prices. Al l  subscriptions ordered in  1976 will cost 
only $7.00. So Hurry, Hurry, Hurry. 

First Issue Dellverea in  January, 1977 

HAM RADlO HORIZONS 
GREENVILLE, N.H. 03048 

I don't want to miss a single issue of your exciting new magazine. Here's $7.00 (53.00 savings) for the first 12 issues. 

.................................................................................................................... Name.. 

................................................................................................................... Address 

City ..................................................................................... Zlp ............................... 

More Details? CHECK-OFF Page 126 november 1976 1 15 



Ham Radio's guide to help you find your loc m 
Florida Marvland Alabama 

COMM CENTER, INC. 1 9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 

, LAUREL, MD 20810 1 301-792-0600 
New & Used Amateur Equipment. 
All Inquiries Invited. 

LONG'S ELECTRONICS 
3521 TENTH AVE. NORTH 
BIRMINGHAM, AL 35234 
800-633-3410 
Call us Toll Free t o  place your order 

GRICE ELECTRONICS 
320 EAST GREGORY 
PENSACOLA, FL 32502 
904-434-2481 
Your Gulf Coast Drake & Kenwood 
dealer. 

California Massachusetts 
COMMTECH ENTERPRISES 
13754 VICTORY BLVD. 
VAN NUYS, CA 91401 
213-988-2212 
Headquarters for Yaesu, Kenwood, 
Drake, Icom, Collins, Atlas. 

TUFTS RADIO ELECTRONICS 
386 MAIN STREET ERICKSON COMMUNICATIONS, INC. 

5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL  60646 
312-631-5181 
Headquarters for all your Amateur 

MEDFORD, MA 02155 
61  7-395-8280 
New England's friendliest 
ham store. 

~ a d i o -  needs. 
HAM RADIO OUTLET 
999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 
Northern California's largest 
new and used ham inventory. 

-- 

Michigan 
AUDIOLAND 
36633 SOUTH GRATIOT 
MT. CLEMENS, MI 48043 
313-791-1400 
All major brands, new/used 
equipment & accessories. 

PURCHASE RADIO SUPPLY 
327 E. HOOVER 
ANN ARBOR, MI 48104 
313-668-8696 or 668-8262 
We still sell Ham parts! 

KLAUS RADIO, INC. 
8400 NORTH PIONEER PARKWAY 
PEORIA. IL  61614 
309-69 1-4840 
Let us quote your Amateur needs. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, 1L 60304 
31  2-848-6777 
Chicagoland's Amateur Radio 
leader. 

HENRY RADIO 
931  N. EUCLID AVE. 
ANAHEIM, CA 92801 
714-772-9200 
The world's largest distributor of 
Amateur Radio equipment. 

HENRY RADIO CO., INC. 
11240 W. OLYMPIC BLVD. 
LOS ANGELES, CA 90064 
213-477-6701 
The world's largest distributor of 
Amateur Radio equipment 

Indiana 
RADIO SUPPLY 4 ENGINEERING 
1203 WEST 14  MILE ROAD 
CLAWSON, MI 48017 
313-435-5660 
10001 Chalmers, Detroit, MI 
48213, 313-371-9050. 

HOOSIER ELECTRONICS 
P. 0. BOX 2001 
TERRE HAUTE, IN  47802 
812-238-1456 
Ham Headquarters of the Midwest. 
Store in Meadow Shopping Center. Minnesota 

ELECTRONIC CENTER, INC. 
127 THIRD AVENUE NORTH 
MINNEAPOLIS, MN 55401 
612-371-5240 
ECI is still your best buy. 

M-TRON 
2811 TELEGRAPH AVENUE 
OAKLAND, CA 94609 
415-763-6262 
We sewice what we sell. Kansas 

ASSOCIATED RADIO 
8012 CONSER P.O.B. 4327 
OVERLAND PARK. KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Sewing the world's Radio Amateurs 
since 1933. 

-- 

Missouri 
HAM RADIO CENTER, INC. 
8342 OLIVE BLVD. 
P. 0. BOX 28271 
ST. LOUIS, MO 63132 
800-325-3636 
Call toll free. Kentucky Colorado 
MIDCOM ELECTRONICS, INC. 
2506 SO. BRENTWOOD BLVD. 

C W ELECTRONIC SALES CO. 
1401 BLAKE ST. 
DENVER, CO 80202 
303-573-1386 
Rocky Mountain area's complete 
ham radio distributor. 

COHOON AMATEUR SUPPLY 
HIGHWAY 475 
TRENTON. KY 42286 
502-886-4535 
Ten-Tec dealer - Call 24 hours 
for best deal 

ST. LOUIS, MO 63144 
314-961 -9990 
At Midcom you can try before you 
buy! 

116 november 1976 ~ 



ma teur Radio Dealer 

New Hampshire 

EVANS RADIO, INC. 
BOX 893, RT. 3A  BOW JUNCTION 
CONCORD, NH 03301 
603-224-996 1 
lcom & Yaesu dealer. 
We service what we sell. 

New Jersey 

ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201 -542-2447 
Ham supplies since "55". 

New Mexico 

JIM'S TV AND ELECTRONICS 
805 N. FIRST 
GRANTS, NM 87020 
505-287-8148 
Stocking Icom. BAC & MC. 
Open 6 Days. 

New York 

ADIRONDACK RADIO SUPPLY, INC. 
185 W. MAlN STREET 
AMSTERDAM, NY 12010 
518-842-8350 
Yaesu dealer for the Northeast. 

CFP COMMUNICATIONS 
211 NORTH MAlN STREET 
HORSEHEADS, NY 14845 
607-739-0187 
Jim Beckett, WA2KTJ, Manager 
Dave Flinn, W2CFP, Owner 

GRAND CENTRAL RADIO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
212-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 

HARRISON 
"HAM HEADQUARTERS, USA" 
ROUTE 110 & SMITH STREET 
FARMINGDALE, L. I., N. Y. 11735 
516-293-7990 
Since 1925 . . . Service, Satisfaction, 
Savings. Try Us! 

Ohio 

UNIVERSAL SERVICE 
114 N. THIRD STREET 
COLUMBUS, OH 43215 
614-221-2335 
Give U.S. a try when ready t o  buy. 

Oklahoma 

RADIO STORE, INC. 
2102 SOUTHWEST 59th ST. 
(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY. OK 73119 
405-682-2929 
New and used equipment - 
parts and supply. 

Oregon 

OREGON HAM SALES 
409 WEST FIRST AVENUE 
ALBANY, OR 97321 
503-926-459 1 
Yaesu dealer for the Northwest. 

Pennsylvania 

ARTCO ELECTRONICS 
302 WYOMING AVE. 
KINGSTON, PA 18704 
71 7-288-8585 
The largest variety of crystals 
in N. E. Penn. 

-- - -- 

ELECTRONIC EXCHANGE 
136 N. MAlN STREET 
SOUDERTON, PA 18964 
215-723-1200 
New & Used Amateur Radio 
sales and service. 

"HAM" BUERGER, INC. 
68 N. YORK ROAD 
WILLOW GROVE, PA 19090 
2 15-659-5900 
Communications specialists. 
Sales and service. 

HAMTRONICS, INC. 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same location for 25 years. 

South Dakota 
BURGHARDT AMATEUR CENTER 
124 FIRST AVE. N.W. P.O. BOX 73 
WATERTOWN, SD 57201 
605-886-7314 
America's most reliable Amateur 
Radio Dealer - Nationwide! 

- 

Texas 
ALTEC COMMUNICATIONS 
1800 S. GREEN STREET 
LONGVIEW, TX 75601 
214-757-2831 
Specializing in ham equipment for 
the Ark-La-Tex. 

HARDIN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH, TX 76112 
817-461-9761 
You bet Ft. Worth has a ham store! 

-- 

TECO ELECTRONICS SUPER STORE 
1717 S. JUPITER ROAD 
GARLAND, TX 75040 
800-527-4642 
Call Toll Free for Service Today! 

Virginia 
ARCADE ELECTRONICS 
7048 COLUMBIA PIKE 
ANNANDALE, VA 22003 
703-256-4610 
Serving Maryland, D.C., and Virginia 
area since 1962. 

Washington 
AMATEUR RADIO SUPPLY CO. 
6213 13TH AVE. SO. 
SEATTLE, WA 98108 
206-767-3222 
Amateur center of the 
Northwest. 

-- 

Wisconsin 
AMATEUR 

ELECTRONIC SUPPLY, INC. 
4828 WEST FOND du LAC AVENUE 
MILWAUKEE, WI 53216 
4 14-442-4200 
Open Mon & Fri 9-9, Tues, Wed, 
Thurs, 9-5:30, Sat, 9-3. 
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X-MAS IN THE 
HAM SHACK! 

THE AMATEUR'S CODE by Paul M. &gal 
X Y L  AND DEALERS NOTE: 
THlS SIX PARAGRAPH DESCRlPnON - 
OF WHAT MAKES AN AMATEUR RADIO 
OPERATOR - IS PRINTED ON PARCH- 
MENT READY FOR FRAMING AND 
BELONGS IN EVERY HAM SHACK. one 
week delivery. CHM's permission to reprint 
granted by ARRL. 
mailed free in  USA CODE $ 3  

750 MHz FREQUENCY 
COUNTER 

110 v OPERATION. 5 DIGIT READ WlTH 
10 DIGIT CAP. (5 displayed 5 i n  memory) 
COMMERCIAL QUALITY CASE THAT 
MATCHES L-2-K AND PS-2000. BNC 
INPUT-AUTO RANGE - OVER RANGE 

.iND. ALL NEW AMERICAN PARTS - 
ASSEMBLED AND TESTED. 
fob san bernardino, cal i f .FC-750 $ 425 

2-METER LINEAR (KW) 
DON'T MISS OUT ON OSCAR AND 2 
METER DX. AM-SSB-CW-FM MODES. 16 
in  W X 5 in. H X 17 in  D IN A CASE THAT 
EVEN THE XYL WILL WANT IN THE 
LIVING ROOM! ALL NEW AMERICAN 
PARTS-FULLY ASSEMBLED AND TEST- 
ED. (requires powef supply offered below 
or equivalent) 

fob san bernardino. calif. L-2-K $ 450 

COMMERCIAL QUALITY 
2KW POWER SUPPLY 

220/115 v POWER SUPPLY THAT DELN- 
ERS: B + :  2.200 v at 500 ma. WlTH 
METER/FILIMENTS: 0-6.3 v AC WlTH 
METER/SCREEN: 0-250 v WlTH METER/ 
BIAS: 0-90 v WlTH METER. SUPPLIES 
ALL REQUIRED VOLTAGES FOR THE 
ABOVE LINEAR. MATCHING CASE WlTH 
THE L-2-K, 16 in. W X 8'/1 in. H X 17 i n  D. 
(the XYL will like this one too). ALL NEW 
AMERICAN PARTS-WEIGHT APPROX. 
100 Ibs. ASSEMBLED AND TESTED. 

fob san bernardino. calif PS-2000 $790 

PERCENT OF 
QUIETING MEASUREMENT 
A SYSTEM TO MEASURE THE PERCENT 
OF QUIETING 1N FM RECEPTION. AC- 
CURATE AND CONSISTENT PERCENT 
QUIETING REPORTS PLUS FINE TUNING 
FM RECEIVERS AND ANTENNA SYS- 
TEMS MAKES THlS A WINNER! THlS 
PIECE OF GEAR IS A MUST FOR THE 
SERIOUS VHF'ER. ASSEMBLED AND 
TESTED. 

shipped paid in  U.S.A. FQ-A $ 65 

FREQUENCY DEVIATION 
MEASUREMENT 

A 2 METER FREQUENCY DEVIATION 
METER AT ITS BEST. STABLE. ACCUR- 
ATE AND EASY TO OPERATE. MULTI- 
RANGE FOR WIDE OR NARROW FM 
DEVIATION. SUPPLIED WlTH BATTERY 
AND 146.94 MHz XTAL (other freq avail). 
ASSEMBLED AND TESTED. 
shipped paid in  U.S.A. FD-2 $ 85 
SORRY- NO COD'S Calif. Res add 6% tax 

CHM products inc. 
p.0. box 6193 

san bernardino, california 92412 

staidarc 
other kit! 
Uses 7 s 
scarce P 

bit) W ~ I T  ( so mnz KI 
icy C.UUIIL~ IUI a II*~s(Y $25! EOUENCY COUNI cna 
d easy-to-find parts, too! (Unlike 
s.) Any Radio Shack has them. 
;egrnent LED readouts - no 
Ilx~e* tubes! No tncky clystal 

ovens, either! 
Kit includes a classy cabinet with front 
panel, PC boards, hardware, instruction 
and diagrams. A proven design! An 
unbeatable offer! 

r call today! 

rrovo, LIT 84601 (861) 37S85 

I N e w  ITEMS . . . N e w  BARGAINS! I 

I 

Shortwave Listening 
1976 World Radio TV Handbook - 110.95 

Gated 10W/100/50/25/10 kHz Calibrator - 554.00 

Barlow Wadley & R.L. Drake Receivers 

1976 "Confidential" Frequency List - 55.45 

GILFER, Box 239, Park Ridge, NJ 07656 

MILITARY 
SURPLUS WANTED 
Space buys  more and pays more. H~gh -  

SPACE ELECTRONICS CO. 
div of M ~ l i t a r y  E lec t ron~cs  Corp. 

35 Ruta  Court ,  S. Hackensack, N.J. 07606 

1 FREE UPON R E Q U E S T !  
If you haven't rccelved our new C a b -  

In@ v i r ~ t c  for  f ree coov todav. Address: Deot. HR 

I I 
I 
I 
I 
I 
I I FEATURING COMPLETE YAESU LINE I 
! " I I 

est pr ices ever o n  U.S.  M ~ l i t a r y  sur- 
p lus ,  espec~a l l y  o n  Col l ins  equipment 

W e  pay freight.  Call col lect  
now f o r  our  h iah  o f fe r .  201 440-8787. 

ORDER TODAY 
I 
I I 
I 

WRITE OR CALL FOR 
I 
I 
I 
I 

TRADE IN QUOTES 
I 
I 
I I 

Mail Orders accepted. N. Y. residents add I 
sales tax. See us for all your Amateur Radio 
needs. SASE will get our l ~ s t  of used Ama- - - 

! teur Equipment. 

Expanded Store Hours i JirnBeckett 
I 

I WA2KTJ C F P COMMUNlCATlONS ~ues.-Thurs. Fri. 10:oO-9:00 10:00-7:00 p.m. 0.m. j . 
I 

- 

211 NORTH MAIN STREET Sat. 10:00.7:00 p.m. ; I 
I 
I 

I 
I 

! 



MODEL 204 MONOBANDER PLUS DB33 

The Wilson 204 is the best and most economical antenna of its type on the market. Four elements on a 26' boom 
plus a Gamma Match (no balun required) make for high performance on CW & phone across the entire 20 meter 
band. The 204 Monobander is built rugged a t  the high stress points. Using taper swaged slotted tubing permits larger 
diameter tubing where i t  counts, for maximum strength with minimum wind loading. 

The Dl333 is the newest addition to the Wilson line of antennas. Designed for the amateur who wants a lightweight, 
economical antenna package, the 0833 compliments the M204 for an excellent DXers combination. 

All W~lson Monoband and Duoband beams have the following common features: 
Taper Swaged Tubing Adjustable 52 a Gamma Match 
Full Compress~on Clamps Quality Alurninum 
No Holes Drilled ~n Elements Handle 4kw 
2" or 3" Aluminum Booms Heavy Extruded Element to Boom Mounts 

WILSON AMATEUR ANTENNA SPECIFICATIONS 
Forward Front-to Front-to Boom Longest Turning Surface Wind load Assembled Shipping 

Gain Badc Ratio Side Ratio Length Number Element Radius Area at 80 MPH Weight Weight 
(dB) (dB) (dB) (ft) Elements (ft) (ft) (r( f t )  (Ibs) (IbsJ (IbsI Price 

M520 12.0 26 30 40 5 36'4 27 '0  5.0 125 90 96 $269.00 
M204 10.0 25 30 26 4 36'4" 22'6" 3.9 100 46 49 139.00 
MI55 12.0 26 30 26 5 24'3" 1 8 ' 0  3.7 93 41 44 139.00 
MI54 10.0 25 30 20 4 24'3" 15 '9  3.0 75 30 32 89.00 
MI06 13.0 26 30 31 6 19'0" 16'1" 2.9 73 34 36 99.00 
M104 10.0 25 30 17 4 18'0" 1 2 ' 9  2.0 50 20 22 64.95 
DB54(20) 12.0 26 30 40 5 36'4 27'0" 7.9 198 105 119 299.00 

(15) 10.0 25 30 4 24'3" 
DB43(15) 8.5 20 30 26 4 24'3" 15'8" 4.3 108 36 38 119.00 

(10) 10.0 25 30 3 18 '0  
DB33(15) 8.5 20 30 17 3 24'3" 12'2" 3.8 95 31 33 89.00 

(10) 8.5 20 30 3 18'0" 

The above Antennas are FACTORY DIRECT O N L Y !  The low prices are possible b y  eliminating the dealer's discount. Most antennas 
i n  stock. I f  you order any antenna, you may purchase a CDR Ham II for  $144.45 or a CDR CD44 for  $117.45. Send check o r  money 
order, or phone i n  BankAmericard o r  Master Charge. A l l  2" Boom antennas shipped UPS, 3" b y  truck. 

G Wilson Electronics Gorp. 
4288 S. Polaris Avenue, Las Vegas, Nevada 89103 702-739-1931 TELEX 684-522 

More Details? CHECK-OFF Page 126 novem ber 1976 1 19 
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luality to 
:ad brands. 

edib lecounte 
wunters  can l 
K 357, Der 

el 

I it out. It adds up to unheard-of 
1st With guaranteed c 
and exceed overpric 
prove it to you now! 

..p 

ct for: CBers, Hams, Service 
.&COMMERCIAL BANDS WIRED 6 TESTED AVAILABLE lOOHZ READOUT 
L TIME-BASE '1 H z  OPTIONAL MASTER C H G  / B AMERICARD OK A D D  $2 ' 

l today l  

1758566 

IS starting at! 
3e factory win 

,t. 61, Pro1 

. -- 

' an- 

645.95are ab 
ed and tested 

to, UT 84f 

SO available! 
I. Wr i te  o r  cal 
iol(801) 3 

-BINAURAL~SYNTHES~ZER FOR CW 
AND 

MANY OTHER AUDIO SIGNALS 
. .  USE O N  VOICE AND MUSIC. 

, MAKE STEREO INTO SIMULATED 
QUAD WlTH A 81-SYN 400 I N  
EACH CHANNEL 

REDUCE INTERMODULATION 
DISTORTION I N  HI-FI SYSTEMS. 

- FORM A-F DISCRIMINATORS - 
SEPARATE BRAIN-WAVE FREQUEN- 

BI-SYN 400 - USES 2 EA 9 VOLT ASSEMBLED AND PC BOARD48 OlMFD CIES WITH LF UNITS - A N D  MORE. 
BATTERIES, MATES SUPPLIED TESTED PC BOARD MYLAR-FILM CAPS 
WITH RCA CONNECTORS WRITE FOR BROCHURES AND 
(LESS BATTERIES) 129 95 117.95 16 95 SPECIAL REQUIREMENT QUOTES 

NEW - MODEL 1100 WlTH "TONE-TAG", ALSO PC BOARDS 

HILDRETH ENGINEERING P. 0. BOX 3, SUNNYVALE, CA 94088 

ALL PRODUCTS FULLY ACSIHRLtD TFSTFI) hN1) WARRANT1 D :yyy ~~1~~~~ COMPETITIVELY PRICED! ::::;;:~y::;:;yny:~;gv~:k~;;::~~;ANDLtNC 

&TJ ;*=JFZq .. 20 25  

30 10 

549 95 532 95 539.95 
EPC -300 EPC-I 44-R L A - 1  44 

3 0 0  M H z  Rescaler 2 Meter  FM Transmi t ter  3 0  Wa t t  2 Me te r  Power  Amplifier 
o Bullt-In l I T  uar 60 HZ powcr supply 0 ? Chdnnclr 144 148 MH7 o Frequency range 144148 MI17 
o S l re3Y."wx?YI"hx4"L o Power Outpul 2 watts tvp~cal I watt 0 Maximum RF outpul powcr 10 watts 

0 BNC onput. output ronnrcton man(" l ?SVDC o Maximum RF snput power 5 walls 

o Input ~mpcdance = 50 ohms o 50 ohm output impedance o Supply voltage 13 6 VDC 

o Output TTL. Fan out of I 0 Nsnow hand FM t 5 KHz o Snjall rlrc I 718" w x 518" h x 3%" L 

o Sens~t~valy 14 mv @ I SO MHz. o Rugpcd halanccd cm~tler outpsl o V~rtually bum.out p r w l  balanced 
I SO mv (a 300 MHz trdn*lstor cmltter output transtator 

0 Small SlZC 1 718" W X 1" h X 31" L 0 Fully Lompnuhle w t h  the EPC.144-B 
0 50 ohm tnput & output ampedancc 

Elprocon o Sold u a fully tcatcd & ammhkd 
Sad Sell Aadmad Stunpad ELECTaONlC PROTOTYPE CONSULTANTS c~rcuat hoard Ins caw. conncclon 

Emrlop For Mom tnfarm.tion 1907 W Campbell I Phunta. Anzons 85015 and heat stnk 
J 

FEATURES:  

Crystal 
Controlled - 
Digital ly 
Synthesized Tones. . Low Current Drain I CMOS Logic. 

CODER 

RFI  Immune . 16-Button Tactile Feedback 
Keyboard. 

W i l l  Interface t o  Transceivers Using Dynamic 
Microphones wi th  Only Two Wires. 

Provisions for Three Wire Interface Are Provided. 

Gold-Plated Keyboard Contacts Provided for Max- 
imum Reliability. 

Operating Voltage Range 9-lBVDC. 

Size; 2.1" x 2.1" x .250t' Without Case. 
2.1" x 2.1" x .312" Wi th  Case. 

2" Square Velcro Available for Convenient 
Mounting - Dashboard - Sun Visor - Radio - etc. 

................................................... T o n e  E n c o d e r  $34.50 
....................................................................... C a s e  $ 2.00 
............................................................... V e l c r o  .f .50 

12-Button Tone Encoder (Case and Velcro 
not Available) ............ $34.50 

O h i o  Res idents  A d d  4.5% Sales Tax 

S e n d  C h e c k  o r  M o n e y  O r d e r  To: 

The Barber Corporation 
P. 0. B o x  6 3 5  

Waynesv i l l a ,  O h i o  4 5 0 6 8  513 -897 -2926  

Electronic Distributors, Inc. 
1960 Peck St. 

Muskegon, Michigan 

I TRAGIC WASTE OF RF 
could be your fate as precious watts zig-zag round 
the world t o  shower just a l i t t l e  - or l i t t le  or 
none - on that hoped for DX station. BUT WE 
HAVE AN ALTERNATIVE - THE JOYSTICK VFA 
(Variable freq. ant.), whlch gives low angle, omni- 
directional, harmonic free radiation on a l l  bands 
160 thru 10  (+ MARS and receiw on a l l  BC & 
SW). Stalwarts W6TYP and G4OJY achieved 
notable results i n  contests - just t o  mention two 
of the many who have sent glowing reports of the 
VFA i n  use, often i n  poor QTH and/or under QRP. 

250W P.E.P. &/or SYSTEM 'A' $69.90 Recetv~ng . . Only 
500W P.E.P. &/or Im- SYSTEM 'j' $91-33 proved Q Factor Receive 

Air Mail  cost included 
(each system 3 sect~ons easily assembled t o  make 
unit  7' 6 "  long. Matching ATU.) Not only w i l l  
you save space but you w i l l  save $SS a t  present 
low exch. rate and by buying direct UK manuf. 
Rush your order - Mastercharge or check, or 

I 
ask f o i  brochure. 

PARTRIDGE (HR) ELECTRONICS LTD. 
B R O A D S T A I R S  K E N T  E N G L A N D  

G 3 C E D  TEL. T ~ A N E T  k 2 5 2 5  G 3 V F A  I 
120 november 1976 More Details? CHECK-OFF Page 126 



HAM'S ALMANAC 
'For early December sh~pmen l  Orders recelvedplor 
l o  Dec wl l lbe heldfora s~nglebulk shlpmenl Al low4 
l o  6 weeks lor dellvery 

A p p r o x i m a t e l y  8'/2 x 11 lnches,  o p e n s  t o  17 x 
11 In ca lendar  f o r m a t  w t h  hole f o r  h a o g f n g  
- B r a n d  n e w  m o n t h l y  c a r t o o n s  b y  L e s  
Funs ton .  W A G H J L  - Propagation fo recas ts  
b y  P ro f  Os te rmond-Tor ,  e x - Y M 4 X R  who 
h o p e s  t o  b e t t e r  h ~ s  c l a l m e d  70% accu racy  
w t h  new t e c h n ~ q u e s  - O S C A R  d a t a  - 
F r e q u e n c y  a l l o c a t ~ o n s  - M e m o r a b l e  e v e n t s  
1955-1 976 - "Frame 1t"pro lect  - a n d m o r e  
. P r l c e  53 00 p o s t p a ~ d  v la  3rd c l a s s  m a l l  

Label & postage affixed directly to cover Add 75C for 
sh~pmenr In  envelope vla t s l  class mall 

Alkan Ptvducts 
Box 3494 Scottsdale, Ark. 85257 

! H E L P !  

DISC CERAMIC CAPACITORS 
$5.00/LB. PPD. IN U.S.A. 

I f  you don't I~ke  the pound you get - call a 
write and we'll send another pound FREE. (And 
you keep the first pound.) 
.7-9pF Glass Piston Trimmer, JFD, VC-1 52.25 ea 

10  for 51.75 ea 
4.7 MFD/lOV Spragw 158D S7.50/Hundmd -.- 

Gmat Repeater Rprr iv~r .  215.765 IV1H2 Plug in  
front-end & vtdeo utrlt wtth BW 1 5 KC - 1 
MC built- in dev~at~on meter. Orfenre Eleclronics 
Model TMR-5A. Only 1 in  stock. SPECIAL S215.00 

RVCR 2 to 30 MHz deprnd~ng on the plug-in 
front end. Provtsion for X T A L  control. Makes a 
fine slngle.channel H.F. RCVR. $125.00 
CAVITIES . . . CU 691 antenna coupler, 200-400 
MHz, contains 6 very Hi.9 silver plated cavities 
& 4 directional wattmeters 5100.00 
100 kHz solid state standard fqucncy oscillator. 
Complete in  own. Size: 41/4" x 2" x 1%". 
Jam~c  Knight's part #JKTO-23. Octal plug-in. 
Hermetically sealed. 525.00 
WE ARE BUYERS as well as sellen. What have 
you? We don't have a catalop, by the time we'd 
publish I t  the merchandise would be gone. 

DISC-CAP, 19075 ERAEMORE RD. 
NORTHRIDGE, CA. 91326 213-360-3387 

-ECONOMY LINE- 

The Greatest Dollar 
Value in FM Transceivers ! 

CRYSTALS IN STOCK FOR ALL POPULAR CHANNELS 

15 Watts 
for 146 MHz 

NOW ONLY $169.50 
including 146.52 crystals 

Both of  these units provide 12 Channels with individual 
trimmers for Receiver and Transmitter Channel Netting 
Both have a big clear S MeterlRF Output Meter 
Superb Receiver Sensitivity and Selectivity 
Crisp, Clear Audio on Transmit and Receive 

sold only by elk44 
Order direct toll free today . 

MASTERCHARGE & BANKAMERICA CARDS WELCOME 
(P l rase  a d d  2% o n  c r r r l o t  r a r d  pu rc l l ases .  

we p a y  s h i p p i n q  o n  o r d e r 5  a c c o r n p a n l e d  by c h e c k  or m o n e y  o r d e r . )  

- 
208 C c n t c r v ~ l l e  Road, L a n c a s t e r .  PA 17603 

Toll f ree s d l e s  & s e r v i c e s  - Phone ( 8 0 0 )  233-0250 
In Pa. call ( 7 1 7 )  299-7221 ( c o l l e c t )  

More Details? CHECK-OFF Page 126 november 1976 121 



DUPLEXER & 
CAVITY 
KlTS ... 

NOW. 
available LLk , for you - 

fully assembled 
and tuned! 

UPGRADE YOUR REPEATER WITH 
A RF TECHNOLOGY DUPLEXER. 

.ALL DUPLEXERS AND CAVITIES 
ARE TEMPERATURE COMPEN- 
SATED WITH lNVAR@ AND MEET 
ALL COMMERCIAL STANDARDS 

ONLY TOP QUALITY MATERIALS 
GO INTO OUR PRODUCTS. 

1 BOTH KlTS 8 ASSEMBLED DU- 
PLEXERS AND CAVITIES ARE 
AVAILABLE TO YOU AT A SAVINGS 
TO YOU. 

Mod. 62-3...6 cav., 2 mtr., insertion 
loss 0.6 db with isolation 100 db 
typical; pwr. 350 w. Klt $349 
ea.-Assembled $439. 

Mod. 4220-3 ... 4 cav. 220 MHz 
insertion loss 0.6 db with 80 db 
isolation typical; pwr. 350 w. Kit 
$249 ea. - Assembled $329. 

Mod. 4440-3 ... 4 cav. 440 MHz, 
insertion loss 0.6 db with 80 db 
isolation typical; pwr. 350 w. Kits 
$249 ea. - Assembled $329. 

Mod. 30 Cavity Kits: 2 mtr. $65 ea., 
220 MHz $65 ea., 440 MHz $65 ea., ; 
6 mtr. $115 ea. Add $15 for 
Assembled Kit. 

Also available: 6 mtr., 4 cav. Kit 
$399-Assembled $499, 2 mtr. 4 cav. 
Kit $244Assembled $329, 440 MHz 
TV Repeater Duplexer 

Only hand tools are necessary to 
assemble Kits! 

Send your order to: Distributor: 
TUFTS RADIO, 386 Main St., 
Medford, Mass. 02155. Phone (617) 
395-8280. 

(Prlces F.O.B. Medford. Mass. All units can be 
shipped U.P.S.-C.O.D. orden require $50 
deposit. -Mass. residents add 5% sales lax.) 

Transmitting Variables R. F. Chokes 

Receiving Variables Couplings 

Sockets Plugs 

Grid Dip Meters Transmatches 

RF Switches And Much More 

ONE OF THE GREAT LINES IN STOCK AT 

I SEND FIRST CLASS STAMP FOR FLYER I 
I i 

CMOS KEYER 
Assembled PCB, built-in 
s~detone 5-50 wpm 
operate; on 5-12 V ~ C  
instant start with jadprod 
spaclng, grid block and cathode 
keying, 2.3 x 3.5 inches. 

$24.95 ppd. 
Ask about our Memory Keyer 

1 DGM ELECTRONICS I 
( 787 BRIAR LANE. BELOIT, WIS. 53511 1 

I 

VH F/UHF CONVERTERS 
PREAMPS 

Ten meters through 432 MHz. A post card 
will bung our full 1976 Catalog. 

lo boratories 
3312 S.E. V A N  B U R E N  BLVD.  
CORVALLIS,  OREGON 97330 

Telenhnne: 503-757-1 134 

I FREQUENCYCOUNTER 1 
I d p  K i t  

6Dig i t  7 Segment L E D  Readout 
Crystal Timebase (.001%) 

Read Khz./Mhz. t o  over 3 0  Mhz. 
lnput  Sensitivity 100 mv. @ 1 Megohm 

Add $2.00 Shipping-Allow to 4 weeks delivery. 

DELUXE 150 MHz. COUNTER 

100 mv. Sensitivity @ 1 5 0  Mhz. 
lnpu t  Impedance 1 Megohm 
Crystal Timebase (.001%) 

Pushbutton Switches Select Hz/Khz/Mhz 
For  8 Dig i t  add $12.00 

Add $3.00 Shipping-Allow to 5 weeks delivery. 

DIGITAL CAPACITANCE 
COUNTER 

Kit 

4 Dig i t  L E D  Readout 
Ranges t o  over 1000 Mfd. 

+1% (+_I Pfd. below 100 Pfd.) 
Add $2.00 Shippinq-Allow to 4 weeks delivery. 

Almost all popular 
Amateur Radio Books 

available for immediate 

HAM RADIO 
GREENVILLE, NH 03048 
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CA$H FOR 2-WAY FM RADIO 
MOTOROLA. GE. RCA, ETC. EQUIPMENT 

MOBILES BASES PORTABLES MOBILE. 
TELEPHONE< REPEATERS R E M O ~ E  CONTROLS, 

TONE EQUI~MENT,  2-WA'Y ,TEST EQUIPMENT 
Operat~onal Unlts Only 

Comm~ss~ons/Finders Fees 
CAL-COM SYSTEMS. INC. 

701-51A KINGS ROW, SAN JOSE, CALIF. 95112 
Telephone 24 Hours 408/99B-4444 

i 
/ 

+PT- osc4q 
P ,, ' ? 

Support the AMSAT Team 
That Brought Us OSCAR 6 and 7 

Since November 1974. Amateur Rae 
dio has had not one, but two longli fe 
OSCAR satellites available for use by 
the international Amateur Radio com. 
munity. 

AMSAT is  now developing Phase Ill 
spacecraft, intended for much higher 
orbits. AMSAT Phase Ill promises to 
be a considerable step forward be. 
yond OSCAR satellites launched to 
date, making possible reliable corn. 
munications over transcontinental dis- 
tances for hours at a time. 

Please write now to find out how 
you can help make this possible. 
AMSAT Membership Dept.. P. 0. Box 
27. Washington, D. C. 20044. 

DIPOLE /'ANTENNA CONNECTOR 
H V E  QUC IHQ I) rlsnol. ~onner lo r  y *a. I . , . , .  \ < I  Il sot *", molded ,"lo 
g1.33, I,II*C, p , . , 5 , , c  ,I,><," to ac<ept 
coa.  PI ILil r,iug on fecalmnc D C ~ P  
c a p  ~CIP. r0.t l t l lrner dry Ins~,~,c- 
,,on5 ,,,Cll,d,.r( (.,,d,ll,lCld A t  ""Ll. 

rlmler, or $1.95 porlpmsd. Conr- 
p. t*~#on onwlarorr 2/$.99. 

BUDWIG MFG. CO. PO BOX 91H.  Ramona. CA 91065 

1 SSB & CW Fillers for 

1 DYNAMIC ELECTRONICS 

Supcriw reception throwh 
QRM & QRN. Buill in AC 
supply & AF Power Amp. 
SSB filters are fw CB or I 
Ham UK. 
DE-1OZA SSB filter 551.95 
DE.1031 CW & SSB $59.95 
DE-104A CW filter $49.95 
Other filters B products 
are available. 

, Box896. Hartsellc, AL35640 I 

CORE MIX01 MIX 02 
fD SIZE u - 125 u - 40 

F.240 1300 400 2.40 6.00 
F-125 900 300 1.25 3.00 
F.07 6W 100 .87 2.05 
F-50 500 190 1 .50 I 1.25 . 
F.37 400 140 1 .37 1 1.25 
F.23 190 60 1 .23 1 1.10 

Charts above chow uH per 100 turm. Uu iron powdu 
toroids for tuned circuits. UI. furita toroids for 
b ~ d b m d  hansformm. 0 1  for .1.70 MHz. 0 2  for 
10-150 MHz. 
Farr~te beds 20400 MHz (fit HLI wirm) $2.00 Dm. 
Wtbbnd chokn 20.500 MHz (2-850 ohms) 95d Ea. 
Spclty corm mza and mix. P r k  and h i p  501 USA and 
Canada. Air pared p a t  delirwy worldwid. $2.00; 6% 
tar In Cd~t.; Fa t  u w ~ u ;  Corn hipped from stock via 

first 
time 

'**IuE~,E.. rTJ $169.95 rF EY 

SYNTHESIZER PLS-1 
Slngle quartz crystal d ~ g ~ t a l  PLL prov~des 
Slne output from 10 MHz to 15 MHz ROM 
translates panel select~on frequency 11 re- 
qulred 115V A C or 12V D C power 

SOLID STATE ELECTRONIC 
QUASI-LOGARITHMIC SPEECH 
PROCESSOR Model SP-21 
Assures 99Ol0 m o d u l a t ~ o n  Includes a 
patented background suppresslon of 
nose  VOX capabll~t~es and lncludes 
batteries and cable 

$99.95 

FREQUENCY COUNTER Model MX- 
40 
7 d ~ g ~ t  7 segment LED Dlsplay Range 10 
Hz to 40 MHz lnput sensltlvlty 10 MV 
RMS-protected lnput lrnpedence 1000 
OHMS Dlsplay Interval 4 Sec T ~ m e  Base = 
quartz + 001% 

0 Check or Money Order 
0 Master Charge 
0 C O D  
Bank Card No 
Exp Date 
S~gnature 
Name 
Address 
City State Z I P  - 
MEMTRIX 350-12 South Maln Slreet 
DIV of E D C Cheshlre Conn 06410 

DIST DLRS REPS lnqulrles ~nvtted 
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xORLANDOHAMCATlON 77 ORLANDOHAMCATION 77 
0 
a Presents O 
Z 
a 
-I The SOUTHEASTERN 

; 
Z 

CL: 
h :: 

r 

YOU CAN COUNT ON 
THE DAVIS FREQUENCY 
COUNTER FOR: 

500 MHz 

ARRL CONVENTION 
- ~ 

@ +  .0002°/o ACCURACY 
UNBEATABLY LOW COST 

? 

and r! 
0 

a 
" The Greatest ORLANDO HAMFEST ever!!! 5 ZI 

AT ORLANDO FLORIDA'S SHERATON'S TWlN 
0 6 

7 - n 
z TOWERS HOTEL & CONVENTION COMPLEX 8 

I 
J D 
CT a FEBRUARY 1 2 & 1 3  1977* c) 

0 D - 

yc ADVANCE REGISTRATION $3, AT DOOR $4 I! b 0 
2! SWAPFEST TABLES $5 PER DA Y 
2 For Harnfest  information write; HAMFEST SECRETARY, GEORGIA 

DENMAN K4ZXS, 405 ENKA WAY, ORLANDO FLA 32811. 
0 
E 
a FOR HOTEL RESERVATIONS AND INFORMATION WRITE TO; 

1 SHERATON TWIN TOWERS, HOTEL, 5780 MAJOR BLVD. ORLANDO 
0 
n FLORIDA 32805. Rooms Slngl9 $28, double $36 per day. 

2 *SWAPFEST TABLES W I L L  BE AVAILABLE FRIDAY FEE. 11 A T  6PM 

a A SWAP AREA WILL  BE OPEN FRIDAY NIGHT. NO addltlonal charge for 

[r Frlday night regulred . 
0 
ORLANDOHAMCATION 77 ORLANDOHAMCATION 77 ORLANDOHAMC 

I 
- - - - - - -- 

CUSTOM "AMATEUR RADIO" CHRISTMAS SPECIAL $5.95 
T-SHIRTS FOR YOU, P T 

GIFT FOR A FRIEND, OR FOR CLUBS! $ I 
Your call and name prtnted In bold, 2 inch high 

black letters on these sky blue, made In USA, 50% 
polyester/50% cotton T-shtrts that restst shrinkage. 
The center design IS a ttnlque, copyr~ghted commem- 
oratlve to Amateur Radto, featuring the basls and 
purpose of the Cewtce. The prlntlng won't wash out, < 
because it i s  Rexlble plastic that IS impregnated Into 
the fabric! 

You get i t  all for only 55.95 plus 754 partage and 
handling per shirt. (Michigan residents add 2 4 t  Sales 
Tax per shirt.) When ordering, specify (1) mailing 
address, (2) call letters, (3) first name, and (4) 
shirt size. (S, M, L, XL) 

Write about specials for clubs, groups, businesses, etc. 
Send check or momy Order with shirt order to: 

Freestvle. P. O. BOX 606 
I . 

Walled Lake, Michigan 48088 
Guaranteed delivery by Christmas on 

orders received by December 5. 

FEATURES: 
8 Digit Dlsplay 
Large . 3  LED Readouts 
Automatic Dp. Placement 
Resolution to 1 Hz 
High Input Sensitivity 
Automatic Input Limitlng 
Input Diode Protected 
Selectable Gate Times, 1 m r  and 1 rec. 
Provision lor 10 sec. 
High Stability 10 MHz Crystal Time Bare 
Plug-in Time Base 
Plug-in Prescaler 
All Metal Cabinet with 
High Quality Components 

Ktts Include all parts, drilled and 
plated PC boards, cabinet. switches. 
hardware and a complete instruction 
manual Including calibrating 
~nstructions. 

All parts guaranteed for 90 days. 
Factory Service available for $25. 

Factory assembled units are tested and 
calibrated to spec~fications, and are 
fully guaranteed for 1 year. 

I PRICES: 
500 MHz kit . . . . . . . . . . . . . . . . . . . . . . . . . . $249.95 
500 MHz factory assembled . . . . . . . . . . $349.95 

I Instructton 8 Calibration Manual 
(refundable with purchase) . . . . . . . . . 53.00 

I DAVIS ELECTRONICS 
636 SHERIDAN DRIVE, TONAWANDA. NEW YORK 1415 

1 COMPARING KEYERS? 

Check these features . operotes on 110VAC or12 VDC 
n o  bot ter ies  to  change 

.not a k i t ,  w i r e d  a n d  tes ted 
you r  choice o f  d o t  a n d / o r  
dash  m e m o r y  

ern-one i n t roduc to ry  p r i ce  $49.00 
MONOLITH ELECTRONICS 

box 2952 sta.A,Champaign,lll.61820 

124 november 1976 More Details? CHECK-OFF Page 126 



"I, 
- -- -- - 

C.t.l l0.l  1111116L..ll m1S.d 

11.0. 

C.l *0.11113Z09.unts.t.d 

:O3-HALF WATTERS 
Cat "0.1 1. IU4b .  I 1 1 1 1  -iKOad-O 

CaI.No.11111052.10Ow.~~Od 

c . t . ~ ~ . ~ ~ n ~ o s r . ~ o o ? . ~ ~ o d  r S I . S ~  

:llO-SUPPRESSOR DIODES U 5 0  for 
Cat N o . l l M J l l 7 . u n l ~ . l ~ d  1 1 , S Z  

C.t.*o.tlHI144.LOO?.lDod S1.S. 

$11n-PRECISION RESISTORS 1 0 0  for 
C.t.*o.llW12OS.1oO-.~ood . 

< 
* $I... 

CIIB-PANEL S W I T C H E ~ T F C ~  
C . ~ . N O . I  I" J26l l .b l  Oak 

Cat No.11113297.nunv t ) l p s  

- -  
#l44-RCA PHONO PLUGS& 4 0  (Or 
Cat . l lo . l lW1283.L00". .ood 

P15.-MAGNIFIED MAN-3s 
C.1 Ma11113325.1.n. r.l.rt. ::.:! - -- - -- 
:l5S-MODULAR SWITCHES 17 11 (0. 

-- - 
: r . r - ~ r ~ s r l c ~ r ~ ~ ~ s l s T O ~ s  0 a 5  lor 
C~1.~o.L11(3343.100'1.m.i.rl~l, . S1.e. 

:1e3-MINI TRIMPOTS 
'I* 

C.l N0.11M3395.10r 0 r I S1.n. 

:1?2-25 AMP ACRS 0- 
C.,.*o.llnJ,55.LOOIm.*~.I *I... 

:IT>-25 AMP TRIACS 
C . ~ . N O . ~ ~ H ~ ~ S S . ~ O O " . ~ ~ . ~ ~ . I # ~ ~  

:I..-1.-WATT METAL FILM 0 1 5 0  lor 
Cat Mo.ll11>4L3.100".MLed.l - S I ..I -- ~ -- .................. .......................................... 

i DELTROL TUBULAR SOLENOID 
c.1 N. ~ i n 3 z e b  

8 , .  .,.-- r ~ ~ f l . ~ . ~ ~ .  I . ,  I,,,, n q  >. .em thv -e  t ~ ~ ~ ~ ~ u l n s  

Most r , > n ~ n . , n l ,  ,,..,I ,,ir.n 
b.tf..>. 12\'11,' ill" ",,," 

SOLID STATE 
5 V  DC RELAYS 

C.1. Wo l l Y J 3 9 7  

Linear Amplifiers 
The Black Cat@ JB 2000 10B0 linear 

amplifier delivers the power you need and 
rugged performance you can count on. 
Designed and built with the same quality 
craftsmanship and pride that backs every 
Black Catmproduct, the JB2000 10/80 lets you 
stay up as long as you like, whenever you like. 

Containing a 120VAC - 240VAC, Solid 
State self contained power supply, with a 
power input of 2000 watts PEP SSB, the JB 
2000 10/80 linear amplifier greatly increases 
your signal. Whether building a new station or 
renovating an old, the Black Cat@ JB 2000 
10/80 is the perfect addition to any ham 
operator's equipment roster. 

Also included in the Black Cat@ line of 
durable and dependable ham accessories is 
the test equipment to insure that you stay on 
the air: the JB 1000 Dummy Load, JB 1000 SM 
Oscilloscope/RF Wattmeter/SWR Bridge, and 
JB 2000 SW Power Meter/SWR Bridge. 

For complete information on all 
Black Cat@ products. contact your 
nearest Black Cat@ dealer. or write: 

1 ELECTRONICS I 
"HOME OF BLACK CAT(* PRODUCTS" 

Wawasee Electronics Co., Inc. 
P.O. Box 36 Syracuse. Indiana 46567 

Phone: (219) 457-3191 
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AQerTisers v' 
check-of f 

. . . for literature, in a hurry- we'll 
rush your name to  the  companies 
whose names you "check-off" 
Place your check mark in t h e  soace b e t w e e n  

name and number. Ex: Ham Radio 234 

I N D E X  

C o m p u t e r  
R o o m  - 502 

C u r t ~ s  - -  0 3 4  
C u s h  C r a f t  -- 0 3 5  
D-D -- 269 
D G M  -_- 458 
D a t a  Signal - 270 
D a v t s  _- 3 3 2  
D e n t r o n  - 259 
D ~ g ~ t a l  .- 503 
D ~ r e c t  Tech .  " 
Dlsc .Cap -. 4 4 9  
D r a k e  - 039 
D y n a r n ~ c  --. 041 
E. T. 0. Inc. 
Elect .  D l s t  0 4 4  
E l e c t r o s p a c e  _ 407 
E L P R O C O N  301 
E p s ~ l o n  - 0 4 6  
E. 8 .  C. . 5 0 4  
E r i c k s o n  _ _ 0 4 7  
F a ~ r  -- 048 
59+ 4 2 9  
F r e e s t v l e  ' 
~ e n a v e  _ _  168 
G ~ l f e r  _ . 207 
G r a y  -- 0 5 5  
G r e g o r y  - 201 
Hal 0 5 7  
H a l - T r o n i x  -- 254 
H a r n L i n e  466 
H a m  R a d i o  1 5 0  
H a m  C e n t e r  - 4 9 1  
H a m t r o n i c s  . 2 4 6  
H e a t h  . 060 
H e ~ g h t s  ._ 061 
H e n r v  0 6 2  
~ ~ l d r e t h ;  2 8 3  
H o s f e l t  _ . 3 9 0  
H u f c o  . . 4 0 3  
Hy .Ga in  064 
I c o m  _. 0 6 5  
In fo .Tech  3 5 1  
I n t ' l .  X t a l  . 0 6 6  
J a m e s  . 3 3 3  
J a n  067 
J a n e l  -. 068 

J e n s e n  - 293 
K e n s c o  - 394 
K e n w o o d  
K e s t e r  S o l d e r  -- 492 
L a r s e n  - 078 
L e a d e r  - 412 
Lin 451 
L y l e  - 373 
M & D - 494 
M F J  - 082 
M H z  - 415 
M a d i s o n  - 431 
M a t r i c  - 084 
M a x i r n i l i a n  - 438 
M e r n t r i x  - 505 
M t d C o m  - 479 
Midland - 086 
Mlni-Prodycts . - 3 9 5  
M o n o l i t h  
N a t ~ o n a l  Multi - 396 
N. R. I. - 397 
N a t ~ o n a l  S e m i  -_ 323 
N e w T r o n i c s  - 171 
N e x u s  -. 4 5 4  
N o r t h s h o r e  R F  - 296 
N u D a t a  -- 4 5 5  
Wrn.  M. N y e  - 214 
O o t o e l e c t r o n i c s  - 352 
O ' r l ando  Hamres t - .  
P a l o r n a r  - 0 9 3  
P a r t r t d g e  -- 4 3 9  
P ~ p o  - 481 
P o l y  Paks - 096 
P o r t a - P a k  - 274 
R P  - 098 
C a l l b o o k  - 100 
R e g e n c y  - _ 1 0 2  
SST  - 375 
S a n d l i n  - 471 
S A R O C  ' 
S O T A  506 
S o u t h w e s t  

Tech .  - 263 
S p a c e  - 105 
S p a c e t r o n  ' 
Spec .  Comm. 

Sys.  - 318 
S p e c t r o n i c s  - 191 
Spec .  C o r n m .  - 366 
S p e c .  I n t .  -. 108 
S t a n d a r d  -- 109 
S w a n  - 111 
T P L  - 2 4 0  
Tec.Kan - 507 
Tele .  E q u i p .  4 9 6  
T e l r e x  _ 377- 
T e n  T e c  
H a r n b o r e e  ' 
T u f t s  . 321 
V H F  E n g .  - 121 
V H F  S i g n a l  - 4 9 7  
V a n g u a r d  ' 
V a r t a n  - 0 4 3  
W a h l  5 0 8  
W a w a s e e  4 9 8  
W e b s t e r  C o r n m  4 2 3  
W e b s t e r  R a d l o  2 5 5  
W e ~ n s c h e n k e r  1 2 2  
W h l t e h o u r e  3 7 8  
W ~ l s o n  1 2 3  
W t r e  C o n c e p t s  - 4 7 6  
Y a e s u  127 

.P lease contact this a d v e r t i s e r  d i r e c t l y .  

L imi t  1 5  i t ~ q r r i r i c ~  1,cr r .c r l t rcs t .  

November 1976 
Please use before December 31. 1976 

T e a r  o f f  and mail to  
H A M  R A D I O  M A G A Z I N E  - " c h e c k  off" 
Greenv i l l e .  N. H. 0 3 0 4 8  

N A M E  

C A L L  

STREET 

C I T Y  

S T A T E  Z I P  .. . 

126 november 1976 
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nothing There's I 
like it rn 

RAOlO AMATEUR callbaok 
Respected worldwide as 
the only complete authority 
for radio amateur 
QSL and QTH information. 

The U. S. Callbook has nearly 
300,000 W & K listings. It lists 
calls, license classes, names 
and addresses plus the many 
valuable back-up charts and 
references you come to  expect 
from the Callbook. 

Specialize in DX? Then you're 
looking for the Foreign Callbook 
wi th almost 235,000 calls, 
names and addresses of ama- 
teurs outside of the USA. 

U.S. Callbook $14.95 

Foreign Callbook $13.95 

Order from your favorite elec- 
tronics dealer or direct from the 
publisher. All direct orders add 
$1.25 for shipping. Illinois residents 
add 5% Sales Tax. 

RAOlO AMATCUR 

Lake Bluff. 111 60044 

* 

Adva Electronics - - 112 
Aldelco - 106 
Alhan Products 121 
Amcomm. Inc 57 
Amsat 123 
Antenna Mart 92 
Antenna Supermarket 80 
Aptron 114 
Amateur Radlo Component Sewlce 80 
Atlas Rsdto 39 
Atrontcs 123 
Barber Corp 120 
Barry 102 
Budwlg M f g  Co 123 
Bullet 97 
COS Enterprrse 104 
CFP Communlcatlons 118 
CHM Products. Inc I18 
Cal Com Systems. Inc. 123 
Chancy's Electronics 102 
Ctcgg Commun~cat~ons Corp 121 
Cornmun~cat~ons Engtneer~ng 90 
Commun~ca t~ons  Spec~alssts 78. 79 
Conl~nenta l  Spec8altnes 93 
The Computer Room 55 
Curtis Electro Oevrces 106 
Cush Craft 77 
D D Enterpr~ses 82 
DGM Electronics 122 
Data Stgnal. Inc 114 
Davis Electron~cs 124 
Dentron Radno Co 7 
Dogltal Concepts Corp 92 
D~rec t  Conversoon Techntque 104 
D m  Cap 121 
Drake C o .  R L. 5 1 
Dynamec Electron~cs 123 
Ehrhorn Technologtcal Operations. Inc. 87 
Electronic D~s t r~bu to r s  118. 120 
Electrospace 84 
ELPROCON 120 
Eps~lon Records 94 
Emergency Beacon Corp 96 
Erackson Communlcatlons 106 
F a ~ r  Radlo Sales 118 
Cove Nlne Plus 86 
Freestyle 124 
General Avlatton 95 
Golfer Assocuates 118 
Gray E l e c t r o n ~ ~ s  104 
Gregory Etectrontcs 76 
Hal Commun~catrons COrp 2. 80 
Hal Tronvx 114 
HamLtne Electrontcs 112 
Ham Radeo 115. 122 
Ham Radno Center. Inc 8 1 
Hamtronlcs. Inc 86 
Heath Company 64. 65. 98 
Heights M fg  Co 104 
Henry R.jdto Stores Cover It 
Hvldreth Englneereng 120 
Hasfelt Electron~cs 114 
H"1CO 90. 112. 118. 120 
Hy Gal" Electrontcs Corp 127 
lcom 5 
tnternat~onal Crystal 103 
James Electron~cs 74. 75 
Jan Crystals 84 
Janel Labs 122 
Jensen Tools 122 
Kensco Commun~cat~ons.  Inc 86 
Trao Kenwood Commun~catlons. Inc 8. 9. 73 
Kcster Solder 96 
Laraen Electrontcs 72 
Leader Instruments 7 1 
Lnn Corporation 122 
Lyle Products 106 
M R D E l e ~ l r o n ~ c s  104 
MFJ Enlerprnses 17 
MHz Eleclrontcs 105 
Mar l~son t lectrantcs Supply l 10 
Matrlc 84 
Max#m#ttan Assoc~ates 88 
Memtrlx 123 
MndCom Electron~cs. Inc 92 
M~d land  ln lerna l~onal  99 
Man) Products 124 
M""01lIh 124 
Natmnal Mul l~p lex Corp 63 
Nalwnal  Radno I ns t~ l u t c  90. 107 
New Tronlcs Corp I 
Nexus Tradlng Company 98 
Northrhore RF Technology 122 
NuData Electrontcs 112 
Wnr. M. Nye Co.  Inc 
Optoelectron~cs 
Orlando Hamlest 
Patomar Engineers 
Partrmdge IHRI Electronncs 
P,po Communlcatlons 
Poly Paks 
Purta.Pak 
RP Etectronocs 
Radoo Amateur Callbook 
Regency Electrontcs 
SST Electronacr 
Sandltn Eleclron!cs Engineer 
SAROC 
SOTA Industries 
Space Electronlcs Corp. 
Spacetron 
Specmally Commmun~catlons 
SpectrOnlCs 
Spectrum Communlcatlons 
Spectrum lnternatlonal 
St,,ndard Communlcatlons 
Swan Electronlcs 
TPI Cornmunlcatlons 

I"l3 

Systems 

68. 69. 

T c C - K . ~ ~ .  ~ n c  
Telephone Equ~pment  Company 
T e l r e ~  Labs 
Ten Tec 
Troptcal namboree 
Tufts Radm Electronlcs 
VHF Englneernng. Dlv 01 
VHF Sagnal Co 
Vanguard Labs 
Varlan. Eomac D~v~s !on  
Wawasee Electronlcs 
Webster Communlcatlon? 
Webster Rad80 
Wetnschenker 
C. R WhltenoUSe 6 Co 
Wllson Electrontcs 
Wtre Concepts. Inc 
Yaesu Elcctron~cs Corp 
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There is no 
substitute. 

m a i n @  We keep people talking. 

Hy-Gain Electronics Corporation 
8601 Northeast Highway Six; Lincoln, NE 68505 @ 1976 Hy-Gain 
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VAESU e x  "g 0s " SerFes. 
The Ultimate Station Combination 

FR-1 01 -Digital 
Readout Receiver 

. Total Coverage: 160 thru 2 Meters with optional 6 and 2 Meter converters . Provision for all mode reception; 
SSB, CW, AM, RlTY, and FM with optional filters and FM detector . Complete transceive capability with all 
101 series equipment . Reliable, plug-in circuit boards . Selectable fast or slow AGC . Built-in, threshold 
adjustable, noise blanker Better than 1 KHz readout on all bands . Fixed channel, crystal-controlled 
operation . 2 5  KHz clarifier . Built-in calibrator 25 or 100 KHz (selectable) . Indicator lights for internal 
VFO and clarifier Built-in AC and 12V DC power supply 

FL - 101 
Transmitter 

160 thru 10 Meter coverage with 2 auxiliary 
bands 

Built-in final coofing fan 

VAESU 
The radio. 

Yi' ' SU 

V Yaesu Musen USA Inc., 7625 E. Rosecrans, #29, Paramount, CA 90723 o (213) 633-4007 
Yaesu Musen USA Inc., Eastern Service Ctr., 61 3 Redna Ter., Cincinnati, OH 4521 5 0 (51 3) 772-1 500 



FM trumsmoMws and ElMAC 
make beautrhrl music torrether • 

Nine new FM transmitters from Collins-ranging 
in power from one to 40 kilowatts-use EIMAC tubes 
in the PA stages. Collins' combination of the Phase 4 
FM exciter and EIMAC tubes provide enhanced per- 
formance for today's new generation of radio audio- 
philes, plus proven reliability for the station engineer. 

Make sure your new FM transmitter employs 
EIMAC power tubes. The transmission of fine sound, 

brilliant tonality, and low harmonic distortion require 
the very best of power tubes in the critical high power 
stages. This means EIMAC, of course. 

For full information on power tubes for any 
service, any power level, contact Varian, EIMAC 
Division, 301 Industrial Way, San Carlos, California 
94070. Or any of the more than 30 Varian Electron 
Device Group Sales Offices throughout the world. 
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