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henry 
radio that a says 

it all 
For over 40 years.. .dedicated to amateur 

... radio ... to offering the finest products to 
dependable service. 

"The trend setter..the hottest little rig on the air." 
You have heard it on every band..Kenwoodls 
go-every-placeldo-everything transceiver. SSB 8. 
CW on 80 thru 10 meters, built-in AC & 12VDC 
power supply, VOX, RIT, noise blanker and all the 
other features you want. The 520's low price ... 
$629. Write for full description on the 520 as well 
as Kenwood's new TS-700A 2-meter transceiver 
and the R-599DIT-599D "twins." 

. . .  a proven name, a proven value. Look at the 
specifications, look at the price tag, ask any 
of the thousands of Tempo ONE owners about 

. . .  its reliability and the reason for its 
unparalleled popularity will be obvious. 
Frequency range: All amateur bands 80 
through 10 meters Operates SSB upper and 
lower sideband, CW and AM 

.. . . . . . . . . . . . . . . . . . . .  The Tempo "ONE" $399.00 
. . . . . . . . . . . . . . . .  AClone. 110-220 volt 50160 cycle power supply 599.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  DCIIA, 12volt Dcpowersupply $120.00 

More radio from the radio company! The new 
FT-1O1E includes a potent R.F. speech proc- 
essor and easy-to-use lever switches. A more 
refined clarifier control for pushbutton, inde- 
pendent clarifier operation. A 160 meter 
crystal is included. And all the other features 
that have made the FT-101 series of transceiv- 
ers among the world's most popular are still 
here: 260 watts SSB PEP and globe circling 
power on CW and AM. 160 to 10 meters range. 

. . . . . . . . . . . . . . . . . . . . . .  The FT-101 E $749.00 

The 2K-4 linear amplifier em- 
bodies all of the famous 
features of the 2K-3 ... rugged 
construction. reliable perfor- 
mance and heavy duty com- 
ponents, plus unique modern 
styling. The tilted RF deck 
faces up for easy visibility and 
convenient operation. I f  you 
are one of the more than 3000 
happy 2K owners, trade up to 
the new 2K-4. If you are not 
one of the group, now is the 
time to join. 
The 2K-4 (console or desk 

. . . . . . . . . . . . .  model). $995.00 

Now, 
meet 

Henry 
Radio. .. 

-- - 
Walt Hvnry ' I ' c ~ l  Hc.nry Boh Horlrv ....... , 

WGZN W6UOU W0ARA 
ANAHEIM LOS ANGELES BUTLER 

Plus a large staff of highly qualified sales and service 
personnel pledged to serve you. Henry Radio carries large 
stocks of all major brands. We take trade-ins, sell used 
equipment and offer better terms because we carry our 
own financing. Our reconditioned equipment carries a 
15 day trial, 90 day warranty and may be traded back 
within 90 days for full credit toward the purchase of new 
equipment. Export inquiries solicited. Also, military, 
commercial, industrial, and scientific users. ..please write 
for information on our custom line of high power linear 
amplifiers and RF power generators. 

We stock the Bird Model 43 Wattmeter and accessories. 

P r ~ c n  su&l to change wtthwt nohce 

11240 W. Olympic Blvd., Los ~ngeles,-calif. 90064 2131477-6701 
931 N. Euclid, Anaheim, Calif. 92801 7141772-9200 
Butler, Missouri 64730 8161679-3127 



The Originators of 
DUPLEXER 
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100's Already Sold to HAMS! 

MODEL: 42-3 ... 4 cavity, freq, range. 140 to Easler than ever to 
170 MHz. isolation BWb max.. insertion 
loss 0.8db rnin.. freq. spacing 450 KHz assemble and tune Rug- 
min.. impedance 50,ohms, power rating ged c ~ n s t ~ c t ~ ~ n  . Easy 
350 watts continuous temp. stable over maintenance Low cost 
wide range. Shipping weight 30 Ibs. Size 
26" x 8-314" x 1 9 .  Rack mount. Prlw $248. 

MODEL: 4226-3 ... 4 cavity, freq. range 220 
to 240 MHz. isolation BWb max.. insertion 
loss 0.8db min., freq. spacing 1.3 MHz 
rnin.. impedance 50 ohms. power rating 
350 watts continuous, temp. stable over 
wide range. Shipping weight 30 Ibs. Size 
17" x 8-314" x 19". Rack mount. Prlw $249. 

MODEL: 4440-3 ... 4 cavitv. frea. ranae 430 . - 
to 500 MHz. frea. s~acina 3 MHz min.. 
isolation 8&b m&..'inse;~on loss 0.8db 
mln.. impedance 50 ohms, power rating 
350 watts continuous. temp. stable over 
w~de range. Shipping weight 30 Ibs. Size 
10" x 8-314" x 19". Rack mount. W w  $249. 

Individual cavities. ..$65 each. 

INTERDIGITAL 
BAND PASS FILTER KITS: 
All models power rating 250 watts with 
insertion loss ldb. 

MODEL: ID-2 ... Freq. range144 to 148 MHz 
adjustable. l d b  band with 2 MHz, 6Odb 
band with 10 MHz. Size 1" x 22" x 1 0 .  
Prlco $39. 

MODEL: 1D- PO... Freq. rangb 220-225 MHz 
adjustable. l d b  band wlth 2.5 MHz. 6Odb 
band with 12.5 MHz. Size 1" x 1 3  x 1 0 .  
PrlW $39. 

MODEL ID440...Freq. range 430 to 450 
MHz adjustable, l d b  band with 5 MHz, 
60db band with 25 MHz. Size 1" x 7" x 1 0 .  
Prlw $39. 

MODEL: 62-3 ... 6 cavity, 
MHz, isolation 1OOdb m 
min.. freq. spacing 450 
ohms, power rating 350 
stable over wide range. 
Size: 26" x 10-1 12" x 19" 

freq. range, 140 to 170 
ax., insertion loss 0.6db 
KHz min., impedance 50 
watts continuous, temp. 
Shipping weight 40 Ibs. 
. Rack mount. Price $349. 

THE PERFORMANCE of all units are equal 
to or better than most commercially 
manufactured units. 

ALL PARTS are professionally made to 
insure you of first quality performance. 

PLEASE SEND ME: I  I 

I 

I  
I n  I  
I Name Address I  I  : City State Zip- I  

I 

I  I 
(Pr~ces F.O.B. Medford. Mass. All units can be shipped U.P.S. 

I  I  

I  C.O.D. orders requlre $50 deposit. Mass. residents add 5% sales tax.) I  
m 1 1 1 1 1 1 m 1 1 1 1 1 1 1 1 1 1 m 1 m 1 m m m m 1 1 m m m m 1 1 1 1 ~ m m m ~ ~  



Stay tuned for future vroarams. 

The HAL ST-6000 demodulator lishing different tone pairs. You can of codes, Including Baudot, ASCII 
/keyer and the DS-3000 and DS-4000 select AM or hard-limiting FM modes and Morse. The powerful. program- 
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 cludedinthecircuitry toassuremaxi- 
superlative TTY performance today monitor scope (shown on model mumflexibilityforyourpresentneeds 
-and in the future. DS series terml- above) allows fast, accurate tuning. -and for the 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 d namic range of operation. video display is a convenient 16-line 
obsolescence.Sophisticatedsystems Data I ~ O  can be RS-U2C, M I L - l w  format. of 72 characters per line. 
all. these HAL products are attrac- or current loo . These are some of the highlights. 
tirely priced-for industry, govern- The ~ s - d a n d  DS-4OOOxrkr of The full range of features and speci- 
ment and serious amateur radio KSRandROterminals providesilent, fications for the ST-6000and the DS 
operators. reliable,all-electronicTTY 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 filtersallowflexibilityin estab- have today ... or in the future. 

HAL Communications Corp., Box 365,807 E. Green Street 
Urbana. Illinois 61801 Teleohone: (217) 367-7373 
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look 
sk 

For the past ten years or so many of the advances in communications circuits and components 
have been made in the digital area. Although great progress has also occurred in solid-state 
devices for communications circuits, digital techniques have taken over in many areas pre- 
viously dominated by more traditional analog circuits - pulse-counting fm detectors, phase- 
locked loops, frequency synthesizers, high-speed T/R switches, and digital filters are only a few 
of the more common digital circuits found in modern amateur radio equipment. In the future I 
expect to see a good deal more innovative digital circuit design as engineers work to improve 
the operating efficiency and convenience of commercial amateur gear. 

When the first low-cost digital circuits became available to amateurs and experimenters in 
the mid 1960s, the only obvious amateur application was in the electronic keyer. Amateurs 
soon discovered that frequency calibrators and VOX circuits lended themselves to digital 
techniques, and digital frequency counters started to replace the venerable BC-221 as the 
standard for amateur frequency measurement, but other than these somewhat limited applica- 
tions, digital circuitry seemed to hold little promise for the future of receiver and transmitter 
design. 

However, as the speed of digital circuits increased into the MHz range, and phase-locked 
loops became commercially available, amateurs were quick to recognize the potential of using 
these circuits in their own equipment. The equipment manufacturers, responded quickly, too, 
with the result that today's radio gear offers operating accessories and convenience not 
previously available to the amateur operator. Complex commercial communications circuits 
that were once considered far too expensive for the amateur market are now commonplace, and 
recently introduced equipment offers more performance per dollar than most amateurs ever 
thought possible. 

The new Kenwood TS-820 i s  a prime example of innovative design in amateur radio gear. In 
addition to such niceties as i-f passband tuning, rf speech processing, r f  monitor, rf attenuator, 
and digital readout (optional plug-in accessory), the TS820 features the use of a phase-lock 
filter in the local-oscillator circuit, a first in commercial amateur radio equipment. Although 
most amateurs have been exposed to the use of the phase-locked loop in frequency synthesi- 
zers, this i s  not its only function. Its original use, in fact, was to filter very noisy signals, and 
that's how it's used in the new Kenwood transceiver. 

In most receivers and transceivers the vfo is mixed with a crystal oscillator signal to provide 
the required transmit-receive frequency - the vfo always tunes the same low-frequency range to 
maintain overall stability. The problem with this approach i s  that, instead of a single injection 
signal, there are at least four signals present (the vfo, the crystal oscillator, and the sum and 
difference of both). Since these additional signals cause spurious responses in both the receiver 
and transmitter, overall operation can be greatly improved if a clean injection signal is available. 
The phase-locked source i s  able to suppress all harmonics of the reference frequency by as 
much as 120 dB - this is inherent in the basic phase-lock circuit and doesn't require any 
additional filtering. 

In the TS-820 the signals from the vfo, crystal oscillator, and carrier oscillator are combined 
in a phase detector to produce a control signal which sets the frequency and phase of a 
voltage-controlled oscillator that provides the actual injection signal. The result is a clean 
sinusoidal injection signal with all control signals attenuated by more than 100 dB. This is the 
key to the TS-820's very high spurious rejection specification of more than 80 dB. 

Although Kenwood is the first to apply this important technique to an amateur transceiver, 
i t  is indicative of the innovative thinking of many amateur equipment manufacturers. In the 
future I expect that amateur equipment designers, inspired by low-cost, high-performance 
digital circuits, will be able to offer equipment performance and convenience not now available 
at any price. 

Jim Fisk, WIDTY 
editor-in-chief 
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Your new IC-215 comes supplied with: 5 popular channels: handheld mlc. with protective cam: 
shoulder strap: connectors for external power and speaker: 9 long-life C batteries. 

More Details? CHECK-OFF Page 118 

ICOM WEST, INC. ICOM EAST, INC. 
S u ~ t e  3 S u ~ t e  307 
13256 Norlhrup Way 333 1 Towemood Drive 
Bellevue, Wash. 98005 Dallas, Texas 75234 
(206) 747-9020 (214) 620-2780 
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EXTRA CLASS LICENSEES who've been on the air at least 25 years will be the first to 
have their choice of open callsigns as a result of FCC's Report and Order on Docket 
20092 released in late April. The Report and Order, which becomes effective July 1, 
gives first priority to Extra Class licensees already eligible for a one-by-two (e.g., 
KlAA) callsign for a three-month period starting July 1. Then, after all those eli- 
gible during the first period have exercised their options (if they wished to) a 
second group, which includes all additional Extra Class licensees who were licensed as 
Extra Class by November 22, 1967, will be eligible to apply for the remaining call- 
signs of their choice. 

Two Additional three-month periods, the first for all who received their Extras on 
or before July 2, 1974 and the final for those who were Extras by July 1, 1976, follow. 
After that, presumedly, any Extra Class licensee, no matter how short a time he's been 
licensed, will be able to apply for the available callsign of his choice. 

LONG AWAITED "BANDWIDTH" Notice of Proposed Rule Making has also been approved by 
the Commissioners and proposes changing the present sub-band divisions by emission 
type to divisions predicated on maximum permissible bandwidth. Under the terms of the 
NPRM any type of emission would be permitted on a given frequency as long as it did not 
exceed the bandwidth limits for that frequency. 

The Three Bandwidths proposed in this new and revolutionary approach to dividing 
up the Amateur sub-bands are 350 Hz, 3.5 kHz and 35 kHz, presumedly equivalent to the 
present CW, SSB and EM divisions. It's definitely a "deregulatory" proposal, per- 
mitting as it does experimentation with new techniques while encouraging spectrum con- 
servation. It also has some serious potential problem areas such as already exist be- 
tween slow-scan TV users and SSB DXers on the low end of the 20-meter phone band. 

RADIO DEALERS MODIFYING Amateur Radio transmitting equipment to operate on CB fre- 
quencies are treading on very thin ice, according to a recent conversation with the 
FCC. Making such a conversion appears to be a violation of Section 302 of the Com- 
munications Act since the conversion makes the equipment a piece of non-Type Accepted 
CB equipment. It probably also puts the dealer in a "Catch 22" type situation - if 
he has a commercial license he has a good chance of losing it, and if he doesn't he 
is subject to penalty for working on "commercial" equipment without one. 

FCC STUDY GUIDES for both Novice Class and General/Conditional/Technician Class Ama- 
teur exams were released by the FCC in April. Though they are very general in scope 
the guides would be a useful tool for anyone planning to take an FCC Amateur exam. 

Copies Of The Stud Guides are available from Ham Radio. Send an SASE with 246 
postage for each guid: and be sure to specify whixyou want. 

FCC FORM 610, the application for an Amateur license, is not currently available 
from the FCC in Washington. Their supply is exhausted and won't be replenished until 
a revised Form 610 that is currently being developed receives final OK and can be 
printed - and that's probably a month from now! 

Both Ham Radio And ARRL do have some stocks of Form 510 and Ham Radio plans another 
~rintine "iust in case." A ohotocoov or other reoroduction of F o r m m m a v  also be 
Ased - -the only stipulation' is thak*reproduction's must be the same size as the FCC 
original. 

WRITTEN CW TESTS are likely to be with us for some time to come despite the recent 
relaxation of the rules to permit code "comprehension" exams. The new procedures 
still haven't been firmed up, and even after they are it will take a while before new 
tapes and matching examinations can be produced and distributed. The change should 
take place some time this year, though - late fall seems likely. 

PC-76, THIS YEAR'S "PERSONAL COMMUNICATIONS" TRADE SHOW in Las Vegas, while pri- 
marily CB, did have some interesting new items for the many Amateurs who attended. 
Most exciting was probably Hy-Gain's new all-band (10-160) 200-watt transceiver, which 
boasts a number of neat features like an LED digital readout with memory for storing 
and recalling an interesting frequency for later reference. A new entry to two meters 
is Fieldmaster, which is importing the Multi-2000 and Multi-11 from Japan, and CEPCO 
had touchtone pads and decoders for Amateur autopatch use. Breaker was showing a 
VHF mobile antenna line they'll be bringing out this summer under the Hallicrafters 
name, and Silitronix had the Swan SS-747 in its booth. Henry introduced three new 
VHFIUHF pocket receivers to complement its popular MR-2, and both Midland and TPL 
had their Amateur equipment on display. ARRL's booth had a steady stream of visitors, 
both individual Amateurs and distributers interested in getting in on the forthcoming 
Amateur Radio boom. 
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America 
We took the most desirable and important features 
and engineered them into the all new Dentron 
Continuous Duty 160-10 meter amplifier. 

160-10L Specifications 

Weight: 43 ibs. 
Frequency Range: 1.8 MHz (1.8-2.5) 3.5 MHz (3.4-4.6) 

7 MHz (6.0-9.0) 14 MHz (1 1 .O-16.0) 
21 MHz (16.0-22.0) 28 MHz (28.0-30.0) 

Power Input: SSB 1200 P.E.P. Continuous 
CW 1000 watt DC Continuous 
SSTV 1000 watt DC input 25 minute continuous 
RTTY 1000 watt DC inDut 25 minute continuous 
TUNE lOb0 w a t t ~ c  input 15 minute continuous 

Output impedance: 50-75 ohms Pi network wide range 
VSWR not to exceed 2 to 1 

Third-order Distortion: Down at least 30 db 

Meter Selector Switch-plate, voltage, Plate Current 
Built-in Antenna change over relay 
Dual-speed Cooling System 
AC Input Source l l 0 V  or 220V AC, 50-60 Hz 
Automatic Circuit Breaker Protection 

160-1 0L Features 

160 thru 10 meters 
1200 watts P.E.P. on SSB continuous 
1000 watts DC on CW, RTTY or SSTV 
"On demand" Variable forced air coollng system 
Self contained continuous duty power supply 
4-811A Triodes in Grounded Grid mounted 
in cooling chamber 
Compact, low profile, solid, o n e p i e  wblnet, tube cooling 
chamber eliminates need for perforated cabinet. 
Covers MARS Frequencies without modifications 
Broadbanded input and output circuit 
70 watt drive for maximum legal input 

2100 Entecprise Pdtway 
Twinsburg. Ohio 44087 

Radio Co., Inc. (216)425-3173 

Another surprise from Dentron, but the biggest surprise of all is the price. 
Just $499.50 Post paid USA from Dentron Radio Co., Inc. 
Also available from your favorite dealer. AII Dentron products are made In U.SA. 

More Details? CHECK-OFF Page 118 june 1976 7 



TS-520 
pecifications 

W h y  w a i t  a n y  l o n g e r  f o r  a r ~ g  t h a t  o f f e r s  top p e r f o r m a n c e ,  d e p e n d a b ~ l r t y  
a n d  versat~lity . . . t h e  TS-520 h a s  p r o v e n  i t s e l f  in the s h a c k s  o f  

thousands o f  d i s c r i m i n a t i n g  a m a t e u r s ,  in field d a y  sites, in DX and 
contest s t a t i o n s ,  and in c o u n t l e s s  m o b i l e  i n s t a l l a t i o n s .  

S u p e r b  c r a f t s m a n s h i p  is evident throughout. . . in its e n g i n e e r i n g  
concepts a s  well a s  its construction a n d  s t y l i n g .  . . c r a f t s m a n s h i p  t h a t  

is a K e n w o o d  h a l l m a r k .  

MODES: USE. LSB. CW 
POWER: 200 watts PEP Input on SSB. 160 watts 

DC Input on CW 
ANTENNA IMPEDANCE: 50 75 Ohms, 

unbalanced 
CARRIER SUPPRESSION: Better than -45 dB 
UNWANTED SIDEBAND SUPPRESSION. Better 

than -40 dB 
HARMONIC RADIATION: Better than -40 dB 
AF RESPONSE 400 to 2600 Hz (-6 dB) 
AUDIO INPUT SENSITIVITY. 0 25pV lor I 0  dB 

(S+N)/N 
SELECTIVITY SSB 2 4 kHz (-6 dB) 4 4 kHz 

(-60 dB) CW 0 5 kHz ( -6 dB). 1 5 kHz 
(-60 dB) (w~ th  accessory Illter) 

FREOUENCY STABILITY 100 Hz w r  30 
m~nutes after warmup 

IMAGE RATIO: Better than 50 dB 
IF REJECTION. Better than 50 dB 
TUBE & SEMICONDUCTOR COMPLEMENT 

3 tubes (2 x 61468 12BY7A) I IC. 18 
FET 44 transistors. 84 d~odes 

DIMENSIONS 13 1" W x 5 9 H x 13 2"D 
WEIGHT 35 2 Ibs 
SUGGESTED PRICE $629 00 

Pror de\ nlgt, rt.lhulty wllh preclslon gearlng 
Fcnctwn swtlch provndes any combtnatnon wlth 
thp TS 570 tlotl> are equlpped wlth VFO Indo 
cator5 show nz dl a glance whtch VFO 0s bemg 
used Connect\ wlth a m g l e  cable nnd obta~ns 
115 power from the TS 520 Suggested proce 
$115 0 0  

SP-520 
Although t h ~  TS 520 has a butlt In speaker the 
addltton of the SP 520 provldes ~mproved tonal 
quallty A perfect match In both design and 
performance Suggested prlce 522 95 

N-502  
TRANSMITTIN(XIRECEIVING FREQUENCY 

144 145 7 MHz 145 0 146 0 MHz (option) 
INPUTiOUTPUT IF FREQUENCY 28 0 79 7 

MHz 
TYPE OF EMISSION SSB (A3J) CW (Al) 
RATED OUTPUT 8W (AC operation) 
ANTENNA INPUTIOUTPUT IMPEDANCE 50U 
UNWANTED RADIATION Less than -60 dB 
RECEIVING SENSITIVITY More than IpVat 

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

durtng 1 6 0  mln alter power swltch 1s ON 
and w ~ t h ~ n  150 Hz (per 30 mtn) thereafter 

POWER CONSUMPTION AC 2201320V Trans 
mlsslon 50W max Recept~on l2W max 

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

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

SEMI CONDUCTOR FET 5 Trans~stor 15 
D~ode 10 

DIMENSIONS 6% W x 6 H x 13% ' D 
WEIGHT 11 5 Ibs 
SUGGESTED PRICE $249 0 0  

M a y b e  the K e n w o o d  TS-520 is the one you h a v e  b e e n  w a i t i n g  f o r .  Pr~ces sublect to change WII~OU~ nottce 

snwood offers accessories guar- t , -  .-.----- - 
,.iteed 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 air. 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 
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LL The TS-820 employs the I e m t  
lase lock loop circuitry. The single 
Inversion receiver section perfor- 
once offers superb protection 
lainst unwanted cross-modulation. 
nd now. PLL allows the frequency 
remain the same when switching 

debands IUSB. LSB, CW) and elim- 
ate8 having to recalibrateeach time. 

ULL METERING During receive, 
i easy to road meter functions as 
h S-meter. The same meter displeya 
LC level, plate current. RF output, 
md plate voltage during transmit. 
cludes COMP setting for adjusting 

the compression level of the built-in 
speech processor. 

FINAL AMPLIFIER The 
completely solid Mate exc 
driver (12BY7A) and the iumm-m XU-a. 
Rather than substitute TV sweep 
tubes as final amplifier tubes in a 
state of the art amateur transceiver, 
Kenwood has employed two husky 
S-2001A (equivalent to6146B) tubes. 
Thew rugged, time-proven tubes are 
known for their long life end superb 
linearity. The input power of the TS- 
820 is conservatively rated at 160 W 
DC. 200 W PEP. Tubes run cool with 
the aid of a noiseless fan (standard) 
mounted on the rear panel. The above 
tube and power combination mini- 
mizes the possibilities of NI and 
helps to maintain the Kenwood rep- 
utation for excellent audio quality. 

DIGITAL READOUT DG-1 (optional) 
A digital counter display can be em- 
ployed as an integral pan of theVFO 
readout system. Counter mixes the 
carrier, VFO, and first heterodyne 
freauencies to aive  ex^ freauencv. 
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DRS DIAL Includes the soma amtin- 
smooth planetary drive found on 
other fine Kenwood models plus spe- 
cial. high-precision gears to add a 
new "monoscale" feature for easier 
freauencv readout. LSB. USE. and -. iN operating frequencies can be 
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;E BLANKER The TS-820 uses DIGITAL HOLD .A single pmhbunon IF SHIFT The IF SHIFT contro 
fficient noise blanker circuit, switch offers the operetor unprece- ies the IFp8ssbnd without cha~ 
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vfo design techniques 
for improved 

stability 

Complete description 
of a new and improved 

solid-state 
variable-frequency oscillator 

with exceptional 
frequency stability 

Baffled by the pros and cons of solid-state vfo design? A 
great many points of view are given in published material 
concerning vfos, so it's a small wonder that a newcomer 
to solid-state design finds himself in a state of perplexity 
when he attempts his first variable-frequency oscillator 
design. Some amateur writers laud the Franklin vfo cir- 
cuit, while others express a definite preference for the 
Seiler or Vackar designs. Each type of oscillator has key- 
note qualities - even the common Colpitts variety. I t  
can be said without reservation that each in the fore- 
going list can be made adequately stable for most ama- 
teur work by following a few simple design rules. Some 
guidelines are offered here. They are based on consider- 

able laboratory work, and represent the cream of data 
which I gathered during the course of three years of 
investigation. 

circuit choice 
I Having been exposed for many years to tube-type 

1 vfos with their confounding tendencies to  drift and pro- 
duce hum-modulated output voltage, the appearance of 

1 transistors was a welcome event, indeed. However, It was 
learned that a sign~ficant reduction in heat through the 
application of semiconductor active devices did not al- 
ways result in acceptable vfo stability. Furthermore, ex- 
perience proved that a considerable amount of frequency 
drift resulted from rf-current heating within the capaci- 
tors, transistors, and inductors used in a vfo. Such heat- 
ing causes changes in component values, and drift pre- 
vails. Elimination of ac voltage practically resolved the 
hum-modulation syndrome in most transistor vfos, as 
there were no filaments to heat. This advantage also re- 
duced the long-term drift problems related to tube-type 
variable-frequency oscillators. 

Many experimenters, and I was among them, chose 
the parallel-tuned Colpitts as a practical osc~llator. In 
fact, most commercial designers of amateur equipment 
still use that breed of oscillator with fets and bipolar 
transistors. Various stability profiles have resulted from 
the use of Colpitts vfos, but I have yet to see one -- 

commercial or home designed - that exhibits a long 
term d r ~ f t  characteristic better than 60 or 70 Hz from a 
cold start to some period a few hours later. Worst-case 
frequency runs have unmasked solid-state oscillators 
which drifted as much as 2 kHz before stabilizing. After 
"stability" was attained, it was not unusual to find the 
oscillator rambling up and down constantly over a 
100-Hz range. This characteristic can be distressing, 

By Doug DeMaw, WICER, Technical Editor, QST 
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especially when the operator finds it necessary to  keep 
readjusting the operating frequency during a QSO. 
Matters are complicated further when narrow-band i-f 
filters are employed, say, a 300-Hz passband for CW 
work. 

I needed a better vfo than could be provided easily by 
a simple parallel-tuned Colpitts. A t  some time during the 
course of numerous experiments there came an impor- 
tant recollection from vacuum-tube days: best stability 
always seemed to  result when the then-popular series- 
tuned Clapp vfo was used. It was reasonable to  conclude 
that the principle was applicable in solid-state design 
work as well. An incredible improvement in long- and 
short-term drift was noted when tests were performed 

SOURCE 
OSCILLATOR FOLLOWER 

necting leads related to the coil degrade the tuned-circuit 
Q by virtue of being parasitic inductances in series with 
the desired inductance. The foregoing illustrates the un- 
desirable aspects of a high-C, low-L oscillator tank. 

In a typical series-tuned vfo tank, an inductance of 4 
p H  might be required with the same amount of tuned- 
circuit capacitance, thereby greatly reducing the bad 
effects just outlined. In an ideal vfo one would not use a 
coil with a magnetic core. Rather, an air-dielectric induc- 
tor of large wire diameter and superb rigidity would be 
employed. This approach would impose certain physical 
restrictions which would not be acceptable to many 
amateur builders - notably those who specialize in 
assembling compact equipment. 

AMPLIFIER 

fig. 1. Diagram showing regulated voltage applied to various parts of a vfo circuit. 
A SO-ohm output pi-network tuned circuit is used at the amplifier output. 

on the first model built. A succession of circuit improve- 
ments followed, each providing greater insight into the 
causes of drift. Those matters are treated here. 

observations 
A major cause of drift in a bipolar oscillator which 

contains a parallel-tuned LC circuit is inductance change. 
Typically, an inductor is used which relies on powdered 
iron or ferrite as a core material. Slug-tuned coils are 
common choices because they enable the designer to 
take advantage of the small size -- a product of our 
present trend toward miniaturization. However, most bi- 
polar oscillators require a high C to L ratio, resulting 
from the typically low impedance levels of bipolar- 
device input ports. Because of the foregoing, a 40-meter 
vfo, for example, might have a total tuning capacitance 
of 500 pF at its lowest operating frequency, and an 
inductance of only 1 pH. In this situation we have an 
inductor which is  subject to a high percentage of change 
when the total inductance varies by only a fraction of a 
microhenry. Such a change, however slight, will cause a 
major shift in operating frequency. The change will 
probably result from slight variations in the core proper- 
ties of the inductor. 

Additionally, mechanical stability of such a circuit is 
borderline because the leads going to and from the 
inductor, plus the PC-board elements which are common 
to that part of the circuit, comprise a significant portion 
of the inductance. Flexing of the vfo circuit board or 
chassis can shift the operating frequency markedly. 
Another disadvantage of a low-L circuit is that the con- 

A good practice is to use a slug-tuned coil which has a 
low-permeability core, and that core should just enter 
the coil winding at resonance rather than occupy most 
of the area within the coil. This will minimize thermal 
drift caused by changes in core properties. Powdered- 
iron cores are more stable than ferrite ones, and are 
highly recommended when a core must be used. The slug 
mechanism should be physically stable when in the coil- 
form collar. This will help prevent frequency changes 
caused by slight movement of the mechanical compo- 
nents of the coil assembly. 

Perhaps one of the worst cores you can use when 
striving for optimum stability is a toroid. Changes in 
core characteristics are quite pronounced as the ambient 
temperature varies. For casual design work i t  is possible 
to get satisfactory results with powdered-iron toroids, 
but they are best suited to environments where the room 
temperature is relatively constant. A heavy coating of 
Q-dope on a toroid coil will enhance stability because 
the cement will keep the coil winding from shifting posi- 
tion. In fact, doping the windings of slug-tuned coils is 
similarly beneficial. Ceramic or steatite slug-tuned coil 
forms are best for vfo work, and phenolic material 
should be used only when nothing else is available. 

It has been more or less standard procedure for ama- 
teurs to use silver-mica capacitors in the frequency- 
determining part of a vfo. The stability characteristics of 
these units are pretty good, but seldom good enough. 
That is, the drift characteristics from a given production 
run of these capacitors may vary considerably when they 
are placed in an oscillator circuit and checked one by 
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one. I am referring here to temperature tolerance versus 
rf heating and changes in ambient temperature. Ceramic 
compensating capacitors can often be added to a vfo 
which contains silver micas, and eventually a combina- 
tion can be found which provides acceptable stability. 
However, this exercise can become one of frustration 
which most amateurs would like to avoid. 

Some ex per i  ments with polystyrene capacitors 
showed a remarkable reduction in nonuniformity with 
respect to changes from heat. Whenever these low-cost 
capacitors were used, drift was so minor that compensa- 
ting capacitors could be eliminated if ideal stability was 
not a prime criterion. Suddenly, the path to stability was 
becoming shorter, and I adopted polystyrene capacitors 

traits, a technique introduced in QST by George Han- 
chett, WZYM, was tested and adopted in all vfos which 
employed jfets and mosfetsl. This calls for the addition 
of a high-speed silicon switching diode from the oscil- 
lator gate to ground. The anode is connected to the gate 
terminal of the device. The principle is one of regulating 
the transistor bias, which of course enhances stability. 
Furthermore, the diode clamps on the positive-going sine 
wave to limit the transconductance, which in turn mini. 
mizes changes in junction capacitance. This feature 
greatly reduces the harmonic currents in the oscillator 
output - another good design goal. A 1N914A or equiv- 
alent diode i s  satisfactory for the purpose. The beneficial 
effects are most pronounced when a source-bias resistor 

PUSH-PULL 
DOUBLER 

03 

OSCILLATOR BUFFER 
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fig. 2. Illustration of a basic push-push class-C doubler. 

for all succeeding vfos.* The results were always superior is used in the oscillator. If the source return has no 
to those obtained with plain or dipped silver micas. appreciable dc resistance, the gate-source junction of the 

Another  t r ia l -and-error  performance standard fet tends to perform the same function as the diode, but 
developed while comparing the drift traits of various not as completely. Therefore, some improvement i s  al- 
trimmer capacitors. I t  was found that the worst of the ways obtained by adding the diode. 
lot for vfo applications was the ceramic trimmer. Not 
only did changes occur in the preset capacitance when am- 
bient temperature excursions took place, but also changes 
in heat caused additional drift as a result of mechanical 
shifts in the movable parts of the trimmers. Among the 
best trimmers I have used are the E. F. Johnson silver- 
plated, PC-board, air trimmers. The plates are milled 
rather than manufactured separately. This results in a 
unit with superb mechanical stability. The Q of these 
trimmers is also very high. 

A further contribution to oscillator stability can be 
realized through application of moderate operating volt- 
ages. That is, i f  a 12-volt dc supply is available it's better 
to lower the drain or collector voltage to 6.8 or some 
other low potential in that general area. Of course, the 
addition of a Zener diode to regulate the reduced voltage 
is recommended. The reduced operating voltage lowers 
the oscillator power, which as a result reduces heating 
and changes in junction capacitance. It is best to develop 
the required oscillator-chain power after the vfo stage by 
means of class-A bufferlamplifier stages. 

Finally, in the long search for improved stability 

"Based on  ARRL laboratory findings, polystyrene capacitors are 
suitable for applications from dc to at least 30 MHz 

isolating the load 
Stability is not totally dependent upon the oscillator 

parameters. Changes in the load to which the vfo is con- 
nected will cause phase shifts which change the oscillator 
frequency. The condition is seen when studying a chirpy 
CW signal. Of course, unwanted rf which is allowed to 
get into the vfo circuits can cause a similar condition, 
but we shall ignore that matter here. 

Because of the effect load changes bring about, the 
lightest amount of coupling practicable should be used 
between the oscillator output and the stage to which it is 
connected. It is not recommended that series resistance 
be placed in the signal line (in series with the output 
voltage), even though this is done by some designers to 
reduce the coupling. The addition of series resistance 
contributes to vfo noise output, which is a very undesir- 
able characteristic: a well-designed vfo should have a 
noise plateau 90 dB or more below the desired energy 
output level. This is especially true when the vfo i s  used 
in a receiver. For this reason i t  is best to use capacitive 
coupling from the oscillator, making the capacitor as 
small in value as can be tolerated. Additionally, the 
succeeding buffer stage should represent a fairly high 
input impedance to lessen oscillator loading. An fet 
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source follower makes a fine buffer stage in this case. 
Polystyrene coupling capacitors are recommended be- 
tween the vfo and buffer stages, as changes in capaci- 
tance due to heating will cause minor changes in the 
operating frequency of an oscillator. 

I have always obtained the best results by having two 
isolating stages after the oscillator. An fet source fol- 
lower with a broadly resonant source circuit will increase 
the signal level to the second buffer, and this is desirable 
when very light oscillator coupling is used. The second 
buffer can be a bipolar transistor operating in class A. 
This will amplify the signal to a practical level for most 
amateur work, and will add to the isolating properties of 
the overall circuit. When sufficient power is available 

harmonics. To ensure ample bandwidth for the vfo tun- 
ing range a low-Q network is employed. Furthermore, i t  
is helpful to shunt L1 with a swamping resistor - usually 
3300 to 5600 ohms. If the output transistor has a high 
beta, some instability can occur when the oscillator 
chain is connected to  a high-impedance'load. It's the 
usual open-loop gain syndrome versus unconditional 
stability. Therefore, R1 assures stable operation even 
when no load is connected to the overall vfo circuit. R1 
also increases the bandwidth of the bufferlamplifier. 

mechanical considerations 

A generally accepted practice these days is to  use 
double-sided PC board in solid-state work. The back side 

INPUT I & OUTPUT 

fig. 3. A method for  using the matched characteristics of a CA302BA I C  in a push-push doubler, as suggested by W7ZOI.  

from the source follower, the last stage (bufferlampli- 
fier) may be operated in class C, but this will increase 
the harmonic currents in the collector circuit. Forward 
bias for the bipolar amplifier should be obtained by 
means of the usual resistive divider, but the voltage 
source for the divider should be a regulated one - typi- 
cally the same one used to power the oscillator. This 
practice will also help reduce load changes. An example 
of the principle is shown in fig. 1. 

Shown also in fig. 1 are the details of a recommended 
output network for minimizing oscillator pulling from 
load changes. The rationale calls for a low-impedance 
output por t .  . . in the region of 50 ohms. The goal is not 
one of impedance matching. Rather, i t  is to develop a 
low characteristic output impedance which will be rela- 
tively immune to external load changes. In most prac- 
tical circuits the transmitter stage which follows the 
oscillator chain is operated in class A, and uses a bipolar 
transistor. This puts the input resistance of the outboard 
stage in the region of 500 to 1000 ohms for low-level 
amplification. Since the characteristic impedance is 
somewhat higher than that of the last vfo buffer, 
changes in level have a minor effect on the oscillator 
chain. 

L1, C1 and C2 comprise a pi network in fig. 1. This 
increases the output voltage and discriminates against 

of such boards is used as a ground plane to minimize rf 
current loops and to discourage vhf and uhf parasitic 
oscillations. The technique is a good one indeed, but i t  
can greatly complicate a vfo design if double-sided board 
is used in the immediate vicinity of the oscillator. The 
etched circuit-board elements function in combination 
with the ground plane to form numerous low-value capa- 
citors, and the epoxy or phenolic insulating material of 
the PC board becomes the dielectric element of the capa- 
citors. Capacitors of this kind are low in Q and can 
degrade the oscillator tuned circuit. Worse yet, capaci- 
tors formed in that manner are extremely subject to 
changes in value as variations in ambient temperature 
occur. As a general rule, therefore, no part of the oscilla- 
tor chain should be built on double-clad board, just to 
stay on the safe side of things. 

The entire vfo assembly (buffers included) should be 
housed in a shielded enclosure. This will help to  reduce 
long-term drift and will offer isolation against stray oscil- 
lator radiation. The technique will also prevent rf from 
circuits external to the vfo from entering the oscillator 
chain. The shield-box walls should be quite rigid to pre- 
vent them from moving toward or away from the tuned- 
circuit elements of the oscillator as this would cause 
changes in frequency. 

The vfo main-tuning capacitor should be of the 
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double-bearing variety. It should have a shaft which 
turns with minimum torque, and should be driven by a 
smooth-running reduction mechanism. There should be 
no significant stress required when changing the opera- 
ting frequency from the front panel of the equipment. 
Also, the rotor of the tuning capacitor should be 
grounded at both ends of the frame. Variable capacitors 
with aluminum plates have a greater drift characteristic 

OSCILLATOR BUFFER 

dynamic balance i s  effected at Q3 and 04, the output 
waveform will be nearly a pure sine wave at the desired 
frequency. The example does not show the necessary 
balancing controls for discrete devices. A practical vfo 
circuit which includes the required components is pre- 
sented later in this paper. 

Dynamic balance is important in a push-push doubler 
to ensure that a minimum amount of the driving fre- 

AMPLIFIER 

X L 1  265 ohms XC3 2275 ohms XC7 690ohms XCll 4 .5  ohms 

XL2 140 ohms XC4 33 ohms XC8 227 ohms XC12 23 ohms 

XC1 690 ohms XC5 4 8  ohms XC9 152 ohms XRFCl 4400 ohms 

XC2 690 ohms XC6 303 ohms (m~nimum) XCI048 ohms XRFC2 4400 ohms 

C l ,C2 .C4 ,  polystyrene capacitor (Mallory type SX or equlv- L1 variable inductor, 6 pH nominal (Mil ler 
alent) 42A686CBI ) 

C5,  C6,  75  p F  miniature air variable, double-bearing type L Z  variable inductor. 3 .2  pH nominal (Mil ler 

C7, C8  (one section o f  a Miller 2109  suitable) 23A47RPC)  

C9 ,C lO  dipped silver-mica c a ~ a c i t o r  RFC1 ,RFCP 1 0 0  fiH miniature r f  choke (Mil len J301  type) 

C R I  high-speed silicon switching diode (1N914A or R F C 3  5 0 0  I.IH miniature r f  choke (Mil len J301  type)  
equ~valent )  2 1  9.1-volt ,  1-watt zener diode 

fig. 4. Schematic diagram o f  a practical 7-MHz vfo. Fixed-value capacitors are disk 
ceramic unless otherwise indicated. Resistors are 1/2 wat t  composition. 

than those with plated brass vanes. I personally prefer quency appears at the doubler output port. In labor- 
the latter. atory experiments i t  was learned that a well balanced 

another isolation technique 

I t  was learned many years ago by tube-oriented ama- 
teurs that oscillator pulling from load changes could be 
reduced significantly by operating the oscillator one 
octave lower than the desired output frequency. The 
principle has merit, and is completely germane to solid- 
state design work. I t  was not uncommon to find ama- 
teurs using a 40-meter vfo which employed a 3.5-MHz 
oscillator. Of course, a frequency doubler had to be in- 
cluded in the oscillator chain, but most designs used a 
single-ended multiplier. 

Better multiplier efficiency can be obtained by using 
a push-push doubler, as i t  has an efficiency profile nearly 
equivalent to that of a straight class-C amplifier. Fig. 2 
shows a circuit example of a push-push doubler. It can 
be seen that the drive to 0 3  and Q4 is supplied in push 
pull by means of T I .  However, the collectors of the 
class-C transistor pair are in parallel. The collector tuned 
circuit is resonant at twice the drive frequency. If good 

push-push doubler yielded a clean output waveform 
when a 1000-ohm resistor was used in place of the tuned 
circuit. However, because of the IR drop imposed by the 
resistance there was a marked reduction in doubler out- 
put power. 

An interesting approach to effecting dynamic balance 
was suggested to me during an exchange of correspond- 
ence with W7ZOI. He offered that the use of a 
CA3028A IC would practically eliminate the need for 
balancing controls in a push-push doubler. This is be- 
cause the bipolar transistors on the IC substrate have 
nearly identical characteristics, because they are manu- 
factured from the same silicon slice in a given produc- 
tion run. Fig. 3 shows how a CA3028A or similar IC 
might be configured to function as a doubler. The resis- 
tances shown inside the rectangle are those which are 
part of the IC. Terminal 4 has been grounded in this 
example, and a 2200-ohm resistor has been placed in the 
base lead of the current source, 0 3 .  In this arrangement 
Q3 i s  saturated, bringing the emitters of differential pair 



fig. 5. View of the assembled 40-meter vfo. The sliver-mica capacitor at the right of the large coil was replaced by a polystyrene unit, as 
was the one between the coil and tuning capacitor. The vfo shield box is made from sections of double-sided PC board. When in use, an 
aluminum top cover is pressed in place (friction fit) to completely enclose the circuit. 

Q1 and 0 2  to  dc and r f  ground. The differential pair of 
transistors now operates in class C. A test of this circuit 
indicated excellent dynamic balance without any need 
for external tweaking controls. 

some practical vfos 
Fig. 4 illustrates the circuit for a practical 40-meter 

vfo chain. The circuit can be scaled to other operating 
frequencies in the medium- and high-frequency spectrum 
by using the XL and Xc values listed to compute the coil 
and capacitor values. The results will bring the circuit 
into a workable area. Final adjustments for frequency 
and bandspread can be done experimentally. 

Maximum drift with this circuit (cold start to a 
period three hours later, at 2 5 " ~ )  was 25 Hz. Only 30 
seconds were required to reach the point of maximum 
frequency change (25 Hz), and the major part of that 
change resulted from junction heating at Q1, plus the 
slight heating within the coil and capacitors of the gate 
tank, caused by the flow of r f  current. After stabiliza- 
tion occurred, a "hunting" of  no more than 5 Hz was 
noted. RFC1 and RFC2 are broadly self-resonant at 7 
MHz with the existing stray circuit capacitance. 

Three series capacitors are used at the lower end of 
L1. I t  was learned during lab experiments that drift 
could be reduced considerably by paralleling two or 
more capacitors in that part of the circuit. The improve- 

ment comes from a division of rf-current flow among 
several capacitors rather than one. Therefore, the heating 
effects on any one capacitor are greatly reduced. In 
general terms, the same technique applies to the feed- 
back capacitors, C4 and C5. 

The output energy from this circuit is quite clean. 
The noise i s  at a low enough level (-90 dB or greater) to 
be beyond meaningful measurement with a basic spec- 
trum analyzer setup. The second harmonic was down in 
excess of 36 dB, and the third harmonic was 45 dB 
below the fundamental output. Greater spectral purity 
can be had by inserting a 50-ohm half-wave filter in the 
output line. However, for most amateur applications i t  is 
unnecessary to sanitize the output waveform to that 
extent. 

It should be noted that C12 of fig. 4 is a 0.001-pF 
feedthrough type capacitor. The combined value of C10, 
C11, and C12 serve as the output capacitance of the 
pi-section tank. In this arrangement the feedthrough 
capacitor i s  used also as a feedthrough terminal on the 
shield enclosure. The details can be seen in the photo- 
graph (fig. 5). 

Immunity to  load changes was checked by placing a 
dead short across the circuit output at C12. The fre- 
quency change was noted by means of a counter. The 
shift from an open circuit to  a dead short was only 40 
Hz. The pi  network was modified to have a characteristic 
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output impedance of 1000 ohms. From an open to a no visual evidence of 7-MHz or harmonic energy on the 
shorted condition the frequency changes almost 400 Hz. waveform after R1 was properly set. 
This indicates the value of having a low output impe- The characteristic impedance of the output port of 
dance in an oscillator chain. this oscillator chain i s  approximately 500 ohms. The 

lower 50-ohm output condition recommended earlier i s  
practical push-push doubler not necessary in this design because of the excellent iso- 

An oscillator chain was needed for use with a QRP lation afforded by the doubler. The 4700-ohm swamping 

SOURCE 
OSCILLATOR FOLLOWER PUSH-PUSH DOUBLER 

-+12v 
01 

MPF102 

7-7075 MHz 
7-7.075 MHz 

SV PK-PK 
14-14 I5 MHz AU1OSS 

(OFFSET) 

C1,C3 subminiature PC-board-mount air trimmers (John- 
son 189-507-5 or T-9-5) 

C 2 100 p F  miniature air variable (large gang of Miller 
2109 suitable) 

L1 7.6 pH toroidal inductor. 37 turns no. 24  (0.5mm) 
enamelled wire on Amidon T-68-2 toroidal core 
(see text) 

L 2  1 pH toroidal inductor. 1 4  turns no. 22 (0.6mm) 
enamelled wire on Amidon T-50-6 toroidal core 

R 1  500-ohm PC-board-mount control 

T 1 toroidal transformer. Primary, 2 MU. Use 2 3  turns 
no. 24 (0.5mm) enamelled wire on Amidon T-50-6 
toroidal core. Secondary is 20 turns no. 24 
(0.5mm) enamelled wire (center tapped) over pri- 
mary winding. Observe same rotation sense when 
winding 

Z1 9.1 volt, 1 watt, zener-diode regulator 

fig. 6. Schematic diagram of the vfo and doubler for 20-meter use. Fixed value capacitors are disk ceramic unless noted otherwise. P = 
polystyrene. SM = silver mica. Fixed-value resistors are 1/2-watt composition. 

transceiver which contained a direct-conversion receiver 
and a straight-through transmitter strip. The operating 
frequency of the transceiver was 14 MHz. Rather than 
tackle the problem of instability at 14 MHz, i t  was 
decided that a 7-MHz v f o  would be used with a push- 
push doubler. Also, such an arrangement would mini- 
mize the occasion for chirp during CW transmit periods. 
The circuit under discussion is illustrated in fig. 6. 

The oscillator is similar to that of fig. 4. However, a 
tuned toroidal tank is used in the source of the inter- 
mediate stage, 02, rather than an rf choke, as was done 
in fig. 4. T I  is necessary in order to furnish drive to the 
doubler in push-pull. A center-tapped secondary winding 
accomplishes that. Forward bias is applied to 0 3  and 0 4  
to make the doubler easier to drive. In operation, the 
transistors are driven into the class-C region and the effi- 
ciency is good. 

Since discrete devices are used at Q3 and Q4, some 
means for establishing dynamic balance is required. For 
that purpose R1 has been included in the circuit. It i s  
adjusted while the circuit is operating, and is set at a 
point which provides best output-waveform purity. 
Examination of the output energy was done while using 
a Tektronix 453 scope (50-MHz bandwidth). There was 

resistor across L2 is used to  broaden the response of the 
tuned circuit to permit uniform voltage output from 14 
to 14.1 5 MHz. 

Fig. 7 shows a breadboard version of the circuit on a 
test fixture with a direct-conversion receiver. A toroidal 
inductor was tried at L1, and once doped with cement 
provided acceptable stability in a near-constant tempera- 
ture environment. The circuit would be entirely suitable 
for most home-station applications, but i s  not recom- 
mended for portable use where temperature excursions 
are the rule rather than the exception. The inductor 
specified in fig. 4 is better suited for general use of the 
variable-frequency oscillator. 

Stability tests were run with a slug-tuned coil at L1, 
but without a shield box around the vfo assembly. The 
drift characteristics were similar to those of the vfo in 
fig. 4, but the change was multiplied by a factor of two 
because of the frequency doubler, 0 3  and 04. Total 
drift over a three-hour period was roughly 70 Hz. 
Slightly greater "hunting" took place after stabilization 
because of slight air currents in the room. The hunting 
never exceeded 15 Hz, however. 

When a dead short was placed across the doubler out- 
put port, a maximum frequency change of 15 Hz was 

16 Q june 1976 



observed. This illustrates the good isolation properties of several days. It i s  entirely possible that through chance 
a frequency multiplier when used in a vfo chain. No sign luck an exceptional group of capacitors was installed in 
of chirp could be detected on the transmitter signal the oscillator the first time around. But, when the circuit 
while monitoring the CW with a receiver set for a 30QHz was duplicated later the same results were noted. 
i-f bandwidth. All of the vfos discussed here were subjected to direct 

An offset circuit i s  shown in the oscillator of fig. 6. keying by breaking the supply voltage line to the oscil- 
CR2 is  used as a diode switch to offset the vfo frequency lator. In each instance a chirpless CW note was obtained, 

fig. 7. Photograph of the vfo and doubler, as installed in a test fixture. The module in the foreground is the vfo. 
A dlrect-conversion receiver is mounted vertically behind the vfo. 

by approximately 700 Hz during receive (necessary with 
direct-conversion transceivers). C3 is set to provide the 
required offset amount while CR2 is saturated by appli- 
cation of 9.1 volts regulated (available at 21). C1 is used 
to calibrate the vfo if a toroidal inductor is used at L1. It 
need not be included if a slug-tuned coil is employed. 

summary comments 
A 160-meter version of the vfo shown in fig. 4 was 

built for use in a lawat t  CW tran~mitter.~ No drift 
could be measured with a frequency counter. The las t  
digit of the counter rambled up and down 1 Hz, but that 
was the maximum amount of change noted during 15 
individual attempts to measure the drift over a period of 

but with some clicks which resulted from not employing 
a shaping network. 

Perhaps the basic guidelines offered here will be of 
value to amateurs who enjoy building their own solid- 
state equipment. The information should supply the 
basis for innovation, and who knows? Someone may 
develop a 7-MHz vfo that is as stable as the one for 
160-meters discussed in the foregoing text. 

references 
1. G. D.  Hanchett, WZYM, "The Field-Effect Transistor as a 
Stable VFO Element," OST, December, 1966, page 11. 
2. D. DeMaw, WlCER, "More Basics on Solid-State Transmitter 
Design," QST, November, 1974, page 22. 
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for RTTY 

Multiplexer ICs 
and a PROM 

are combined in a circuit 
that transmits 
ID information 

in a 32-character format 

The time printout i s  becoming popular with RTTY oper- 
ators as a 10-minute ID check and as a useful addition 
for auto-control stations. This article shows one way to 
make your own programmable stunt box with enough 
variations to allow customization to fit your own prefer- 
ences. The unit prints out time, date, and 16 characters. 
My unit prints out UNIVERSAL TIME 2146-02/12/75, 
as an example. 

The heart of the unit i s  a 256-bit programmable 
read-only memory (Monolithic Memories 6330 or Sig- 
netics 8223). This PROM is the equivalent of a 
256-diode matrix (32 x 8) in a 16-pin dual in-line pack- 
age. Not included in the article i s  the digital clock proper 

printout 
as many such circuits are available; however, only those 
clocks with TTL levels and BCD format can be used. For 
simplification, the logic i s  designed to transmit two full 
stop pulses (8.0). 

circuit description 

The schematic i s  in two parts, timing and control (fig. 
1) and information transfer (fig. 3). The output message 
is thirty-two 8-bit words. A word i s  one RTTY charac- 
ter, consisting of 1 space, 5 information, and 2 stop bits. 
Sixteen characters are directly read out of the PROM. 
They may be any messageloperation and may occur 
before or after the time readout. The other 16 characters 
are read from a 4-pole 16-position multiplexer and may 
be programmed for the desired time format. 

timing and control 
Integrated circuits U1-U4, the oscillator and count- 

down chain, provide the timing pulses for the baudot 
divider, ICs U5-U8. When S1 is  in the 60 position (fig. 1) 
U5, a 4-pole, 2-position multiplexer, switches to divide 1 
kHz by 22 to obtain the 45.45 Hz baud rate (22 ms 
pulse width) for 60 wpm. When S1 is  in the 100 
position, the multiplexer switches and sets up to divide 
10 kHz by 132 to obtain the 75.75 Hz baud rate (13.2 
ms pulse width) for 100 wpm. U9, U10 provide the 
binary timing sequencing of the serial output and are 
held in reset when the circuit is nonoperating. U11A 
U11B are a flip-flop that starts the circuit functioning 
when S2 is depressed. 

Relay driver Q1 turns on during operation and ener- 
gizes relay K. Relay K contacts, placed across your loop 
transistor emitter-base terminals, turn off the loop 
transistor during the time-sending operation. U11C gates 
the serial time pulses, which are inverted by U l lD ,  and 

By Don Purland, WOLZT, 8201 Northwood Parkway, 
New Hope, Minnesota 55427 
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fig. 1. Timing and control schematic showing oscillator-divider chain, baudot divider, binary timing sequencer, and loop control circuits. 

enables 02, the loop transistor used during the time mation from multiplexers U13-U16. When high, T8 also 
transmission. At the end of the time transmission T8 switches the PROM to read the second half of the 
goes to zero, triggering one-shot U12. U12 resets flip- memory (table 2). The PROM is addressed randomly 
flop U1 IA,  U1 IB, which ends the time transmission. accordina to the input information. 

information transfer 

U13-U16 (fig 3) are 16-position multiplexers that act 
as a 4-pole, 16-position switch whose position is 
controlled by timing pulses T4-T7. Table 1 shows how I 
connected the inputs from the clock and the hard-wired 
control characters. The multiplexers sequentially look a t  
the BCD time from the clock, and the date from the 
thumbwheels and wired operations, then send this in- 
formation through U18 to the PROM, U19, for baudot 
coding. Table 2 shows the relationship between the 
input address and the stored character conversions. 

When T8 is low on the S input of U18, a 4-pole, 
2-position multiplexer, the outputs look a t  the zero 
inputs, and timing pulses T4-T7 operate the PROM 
directly. T8 is also sent to the PROM (A4) and addresses 
the first half of the PROM. The first half of the PROM is 
sequentially addressed by T4-T7, reading out the pro- 
grammed message from table 2. When T8 i s  high, U18 S 
input is high, and U18 switches to read the 4-bit infor- 

The ~ R O M  has'8 output bits, but I used only 5 (the 
needed information bits). The other 3 bits could be used 
for the start and stop bits but are hard-wired in the 
output multiplexer, U20. U20, a I-pole &position multi- 
plexer controlled by TI-T3, i s  sequenced through at 
every address selected by the PROM and adds the start 
and 2 stop bits to the 5 information bits. 

circuit operation 
Set S1 to the machine speed. Depress S2. U11 goes 

high and turns on Q1, which energizes relay K, turning 

fig. 2. Regulated power supply schematic. 
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fig. 3. Information transfer schematic. Output is 32 &bit words. The PROM outputs 16 words directly; 
the other 16 words may be programmed for the desired time format. 

off loop transistor Q3. U11 C is also enabled which turns U18 reads T4-T7 and U19 reads the first half of the 
on loop transistor 02. U11 B goes low, enabling U9, memory. TI-T3 sequence through U20, reading the first 
U10, which starts the timing sequence. memory location (00000). The SPACE character (table 

With TI-T8 a t  00000000, the first character i s  ready. 2) is serially output on U20 pin 14. When T3 returns to 

table 1. Input connections from clock, and hardwired control characters. 

address 

931 2 741 50 S3 S2 S1 S0 multiplexers 
pin no. pin no. T7 T6 T5 T4 U16 U15 U14 

9A 1  0 1 1 1  GND GND GND 
7A 2 0 1  1 0  +5V +5V GND 
6A 3 0 1 0 1  t 3  t2 t 1 
5A 4 0 1  0  0  GND GND t 5  
4A 5  0 0  1 1  t9 t8  t7 
3A 6 0 0  1 0  GND GND tll 
2A 7 0 0  0  1  +5V GND +5V 
1 A 8 0 0  0 0  +5V GND +5V 

9 - -  - -  GND GND GND 
15A,B 10 - -  - - U17A U17B U17C 
----.- 11 - - -  - T 7  T 7  T 7 
8A,B 12 - - -  - GND GND GND 
13A,B 13 T 6 T 6 T 6 - - -  - 
12A,B 14 T 5  T5  T 5  - - - -  
11A,B 15 T4 T 4  T4 - - -  

9 B 16 1 1 1 1  +5V +5V +5V 
7 B 17 1 1  1 0  Y 4 Y3 Y 2 
66  18 1 1 0 1  Y8 Y7 Y6 
5 B 19 1 1 0 0  +5V +5V +5V 
48 2 0  1 0 1 1  D 4  D 3  0 2  
3 B 2 1  1 0  1 0  GND GND D6 
2 6 2 2 1 0 0 1  +5V + 5 V  +5V 
1 B 23 1 0 0 0  M 4 M3 M2 

16A,B 24 +5V +5V + 5 V  - - -  - 

*not grounded on 9312s 

U13 
M5 

+ 5 v  

t 0  
t 4 

t 6 

110 
+ 5 v  

GND 
GND 
U17D 

T 7 
GND 

T 6 
T 5  
T 4 

+ 5 v  

Y 1 
Y5 

GND 
D 1 
D 5  

GND 

M 1  
+ 5 v  

comments 

tens, months 
dash (-) 

unit, minutes 

tens. minutes 
unit, hours 
tens, hours 

FIGURES 
SPACE 

ENABLE 
output pin 
S3 input (D)  
ground pin 

5 2  input (C) 
S1 input ( 6 )  
S0 input (A)  

LETTERS 
unit, years 
tens, years 
slash (/) 
unit, days 

tens, days 

slash (/) 
unit, months 
+5V Din 
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0, T4 becomes a 1, addressing the second memory loca- 
tion (00001) that has the U character stored. This action 
continues for the words UNIVERSAL (SP) TIME until 
T8 becomes a 1, when U18 switches to read the 
timeldate multiplexers, U13-U16, and U19 switches to  
its second half. U20, with TI-T3, reads the PROM 
memory locations addressed by U13-U16 as wired from 
table 1. T4-T7 now sequence the multiplexers through 
positions 0-15, reading the inputs as wired. At the end of 
the timing sequence (T l -T8 are a 1 ), T8 goes low start- 
ing one-shot U12, which resets flip-flop U l  lA ,  U1 lB, 
shutting off  the time unit. 

The date storage (fig 3) is on six thumbwheels. For 
those who would like to have the day changed auto- 
matically when the clock goes to 0000, the circuit of fig. 
4A may be used. With this circuit S3 is changed monthly 
along with the month thumbwheel. ICs U13-U16 are 
24-pin devices; and if 16-pin devices are desired, the 
circuit in f i g  46 may be substituted, which uses eight 

I SEE M U L T I P L E X E R  - T A B L E  I  \ 

I S E E  M U L T I P L E X E R  - T A B L E  I  

T O  U l 8 ,  P I N  1 0  
1q T O  VIE,  P I N  13 

fig. 4. Optional circuits. Arrangement a t  A may be used for 
changing the day automatically when clock goes to zero; B 
shows how to use 16- instead of 24-pin multiplexers. 

table 2. Conversions from input address to storea characters. 

PROM address 
A4 A3 A2 A1 A@ 

stored 
character 

output bit coding 

05 04 03 02 0 1  

X  X  
X  X  X  
X  X  X  

X  

X X X X  

X X X  

X X X X  

X  X  X  

X  X  

X X X X  

decimal 
address 

1 0  0 0 0  0 X  X  16 
1 0  0 0 1  1  X  17 
1 0 0 1 0  2  X  X  18 
1 0 0 1 1  3 X  X  X  X  19 

1 0 1 0 0  4  X  X  X  20 
1 0 1 0 1  5 X X X X  21 , 
1 0 1 1 0  6  X  X  22 z 
1 0 1 1 1  7  X  X  23 ,E 
1 1  0 0 0  8  X  X  X  24 $ 
1 1 0 0 1  9 X  X  X  25 % 0 
1 1 0 1 0  SP* X  X  X  X  26 3 
1 1 0 1 1  FG X  27 .E 

C 

1 1  1 0 0  . * X  X  28 
1 1 1 0 1  - X  X  X  2  9  

1 1  1 1 0  / X  30 
1 1 1 1 1  LT 3 1  

T 8  T 7  T 6  T 5  T 4  

input timing 

*not used 

X=burn a "0" 

8-position multiplexers in pairs with an OR gate. A 
regulated power supply is shown in fig. 2. 

construction 

A breadboard PC card i s  available that holds 36 chips 
for either 1411 6- or 24-pin devices." Both cards have IC 
foil patterns and the +5 volt and ground buses; also, each 
has a 44-pin connector (22 pins each side). The connect- 
or number is 44C. 

Use number-26 AWG (0.3mm) solid wire and bypass 
each chip with a 0.05 pF  disc capacitor and each row of 
5-6 chips with a 47 pF  tantalum capacitor. The finished 
card and power supply should be housed in an rf-tight 
enclosure. Bypass each side of the line where i t  enters 
the box with a 0.01 pF  disc capacitor to chassis, and use 
shielded cable into and out of the box, or else rf can sneak 
in and foul up the logic - TTL makes a good detector! 

ham radio 

"Douglas Electronics, 7 1 8  Marina Boulevard, San Leandro, 
California 94577.  Specify part number 11-DE-5 for 14116-pin or 
12-DE-5 for 24-pin devices. 
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fm detectors 

The development 
of fm demodulators 

is traced from 
past to present - 

also included 
is a rundown 

on IC availability 

The fm transceiver-repeater scene on the amateur vhf 
bands i s  an unusual part of amateur radio history. The 
technology was commercially developed and used by 
amateurs. This is in contrast with most other communi- 
cations techniques in which the amateur contributed to 
development, and techniques were later applied to 
commercial use. The growth of amateur fm transceiver- 
repeater activity resulted from ingenious adaptation of 
cast-off 30-50, 150-1 70, and 450-470 MHz commercial 
equipment. The result is that today you'll find just 
about every kind of equipment in use from the oldest 
transceiver with loctal-based tubes to sophisticated 
designs using ICs, fets, and silicon power transistors. All 
have one thing in common: a circuit to convert fm sig- 
nals to audio frequencies. In this article I've attempted 
to cover most of the practical fm detectors that have 

I been developed. Some have been omitted but these have 
seen only limited use and remain as curiosities in the 

I literature. 

slope detection 

Anyone who's tuned the two-meter band with an a-m 
receiver i s  aware that fm may be demodulated by an a-m 
detector. As you tune to  an fm signal the demodulation 
is fairly effective until the receiver Smeter i s  at or near 
maximum; that is, the audio i s  clearest and loudest when 
you're tuned off to the side of the fm signal. This is  
called slope detection. 

The fact that the a-m (diode) detector works at all on 
the fm signal is because of the receiver i-f characteristic. 
I f  the fm signal carrier is at point A or C on the i-f 
selectivity curve (fig. 1) frequency deviations will be 
converted to changes in amplitude. I f  the carrier i s  at 
point B, frequency deviations will not be converted to 
amplitude changes, especially if the i-f response is flat 
and symmetrical in i t s  passband (as it should be for an 
a-m receiver). 

Travis detector 
A modification of the slope detector i s  the Travis 

detector (fig. 2). By using two resonant circuits offset by 
a small frequency difference, f2-fl ,  each driving a diode 
detector of opposite polarity, the sum of the diode de- 
tectors can give a near-linear output. Fig. 28 shows how 
the nonlinearities of the two (identical) resonant circuits 
cancel, in much the same way as in other push-pull cir- 
cuits. The composite amplitude versus frequency curve 
of the Travis detector, when carefully adjusted, is much 
like that of the more familiar curves of the Foster-Seely 
discriminator or ratio detector. 

1 Foster-Seely discriminator 

1 The Foster-Seely discriminator is one of the most 

By Hank Olson, WGGXN, P.O. Box 339, Menio Park, 
California 94025 

22 Gbl june 1976 



common forms of frn detector, although in recent years 
the ratio detector has become more popular. The basic 
Foster-Seely discriminator i s  shown in fig. 3; variations 
are possible, as shown in fig. 4. The characteristic of the 
discriminator i s  the connection from the top of the 
tuned-transformer primary to a center tap of the tuned 
secondary circuit and the fact that the diodes are con- 
nected pointing in the same direction as in a full-wave 
rectifier. The explanation of discriminator operation i s  a 
bit tedious and usually involves phase vectors and 
"parallelogram of forces" diagrams.l 

ratio detector 
The ratio detector was developed later than the dis- 

criminator and is shown in fig. 5. The ratio detector i s  so 
called because i t  is sensitive to  the ratio of the two volt- 
ages developed from the applied signal rather than to 
their difference. Since the ratio between the two volt- 
ages i s  the same at any level, an ideal ratio detector does 
not respond to  a-rn at any frequency deviation. 

fig. 1. A-m receiver i-f res- 
ponse. A n  f m  signal's audio 
may be recovered at point A 
or C on the selectivity curve. FREQUENCY 

The version shown in fig. 5A is the balanced circuit. 
Note that unlike the discriminator no direct rf connec- 
tion is made between primary and secondary; rather a 
third or tertiary winding is  used. Also note that the 
diodes point in opposite directions and that a large elec- 
trolytic capacitor i s  used in the diode load system to 
maintain a constant voltage during af variations. A 
variation of the ratio detector is shown in fig. 5B. 

The ratio detector has one great advantage over the 
discriminator: i t  is relatively amplitude insensitive. 
Whereas discriminators are generally preceded by one or 
more stages of limiting amplifiers, the ratio detector is 
often used without any limiter stage ahead of it. The one 
awkard feature of the ratio detector is that the load 
capacitor must be disconnected during sweep frequency 
alignment. The detailed explanation of this detector's 
operation is similar (in approach) to that of the dis- 
criminator and is covered in the same chapter of 
reference 1. 

injection-locked demodulator 

The Bradley detector i s  one form of injection-locked 
oscillator fm demodulat~r .~ A special tube (the Philco 
FM1000) was developed for this detector, and the cir- 
cuit had a great deal to recommend i t  when these special 
pentagrid tubes were available. The Bradley detector i s  
shown in fig. 6. Note that the cathode and first two grids 
of the FM1000 act as a Hartley oscillator in much the 
same fashion as many other electron-coupled oscillators. 
The Bradley detector requires no limiters ahead of i t  and 

fig. 2. Circuit of the Travis detector (A)  and its response (8) as 
a function of a frequency difference, F2-F1. 

has the additional advantage of very good output ampli- 
tude linearity versus frequency deviation. Note that the 
regions of amplitude beyond the linear portion (fig. 6B) 
are those where the oscillator is not being injection 
synchronized by the incoming signal (i.e., beyond lock-in 
range). The Bradley detector is one example of the in- 
jection-locked oscillator fm detectors described almost a 
decade earlier by W~odya rd .~  Woodyard did not have 
the special FM1000 tube available so he used a simple 
triode oscillator and diode detector as shown in fig. 7. 

An injection-locked fm detector that achieved rela- 
tively large use in television sets as the sound detector 
was built around the 6DT6. This circuit i s  shown in fig. 
8 and is somewhat simpler than the Bradley detector, 
both in number of tube elements and number of 
resonant circuits. The oscillation mode is that of the 
tuned-plate tuned-grid, with the suppressor grid oper- 
ating as a plate in the oscillator circuit. 

gated-beam detector 

This circuit was a popular fm detector, especially in 
television sets, before digital logic devices came into use. 
A gated-beam detector using the 6BN6 tube is shown in 
fig. 9. This tube was especially designed for this use and 
is a form of AND gate. Limiting is introduced because of 
symmetrical transconductance with respect to a fixed 
value of bias on the first grid. A tuned circuit develops a 
voltage whose phase is a function of the incoming signal 

fig. 3. Basic Foster-Seely discriminator. 

+AUDlO 
OUT 
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L I M I T E R  

$ 
fig. 4. Variations of the Foster-Seely discriminator w i t h  capaci- 
tive secondary center tap (A)  and dual-diode tube w i t h  c o m m o n  
cathode (8). 

frequency, producing discriminator action. An elaborate 
explanation of this circuit is given in reference 4. 

pulse-counting detector 

Another circuit that's seen some commercial use i s  the 
pulse-counting detector. Fig. 10 shows a pulse train, its 
differentiated components, and the resultant waveform 
(positive spikes) that are used to trigger a one-shot. The 
integral of the pulses is proportional to frequency devia- 
tion, since each pulse contributes a constant positive 
charge to an integrating capacitor. The voltage on the 
integrating capacitor is then propartional to the number 

x' Q 
fig. 5. Ratio detector circuit, balanced f o r m  (A) 

and unbalanced f o r m  (8). 

of pulses per second. The early versions used tubes and 
operated at an i-f of about 200 kHz.5 A later version is  
described in reference 6. These low-frequency detectors 
are shown in fig. 11. 

A pulse-counting detector operating at 10.7 MHz was 
developed in 1967.' The circuit used fast switching 

C r - 
F R E O U E N C I  

fig. 6. T h e  Bradley detector and its frequency response. 

transistors and a delay line to generate a short (25 ns) 
pulse (fig. 12). The delay line is used in much the same 
manner as in radar modulators to create a short pulse. A 
positive (limited) half cycle of the i-f waveform drives 
the delay line. CR1, CR2 conduct for a period that rep- 
resents twice the delay-line length. At this point the 
delay line appears as an open circuit, since it's com- 
pletely charged, and stops conducting. Q2's output, 
which is averaged by the 18k, 120 pF RC time constant, 
is proportional to frequency deviation. 

IC fm demodulators 

Digital IC one-shots have made their appearance as the 
pulse-generating portion of a pulse-counting fm detector. 
The IC one-shots perform well, but until recently the 
fastest devices have been the Fairchild 9601 and the 
Texas lnstuments SN74121 N and SN74122N. These 
one-shots have minimum pulse lengths of about 40 ns, 
barely fast enough for 10.7-MHz pulse-counting detec- 
tors. The technique of using TTL one-shots in fm detec- 
tors at lower frequencies is  described in application 

FROM 

AUDIO 

L I M I T E R  WouT l M  M'w + 
fig. 7. Injection-locked oscillator demonstrated b y  

Woodyard in  1937. 
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FROM 1 

n o t e ~ . ~  Such a low-frequency pulse-counting fm de- 
A - 

tector i s  shown in fig. 13. 

fig. 8. Injection-locked oscillator f m  detector popular in early 
television sets. 

- - -  

clamped TTL dual one-shot, the 96802, became avail- 
able from Fairchild, which makes pulse-counting fm 
detectors much easier to  design at 10.7 MHz. The mini- 
mum pulse length of the 96802 i s  specified as 27 ns. 

With IC one-shots in a pulse-counting detector, the IC 
Pandora's Box was opened. As mentioned in the section 

fig. 9. Another popular f m  detector used in television sets, the 
gated-beam detector. 

Note in this circuit how two other lC's (710 and 709 

on the 6BN6, an AND gate can function in a quadra- 
ture-frequency modulation detector. Since a positive 
logic AND gate is functionally identical to a negative 
logic OR gate, either AND or OR gates will work. The 
operation is shown in fig. 14 using square waves. Note 

- 
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linear devices) are used as a limiter and averaging integra- 
tor respectively. Recently a second-generation Schottky &! d t 1 1 L 1 1 1 1 r 

- 

s 
d t  POSITIVE ONLY 

fig. 10. Waveforms in the pulse-counting detector. The positive- 
only diffferentiated spikes from three frequencies (A,  6, C)  give 
an output proportional to  frequency. 

- 

that when C lags in phase (using the B quadrature as the 
reference), then the average AND gate output is in- 
creased. In opposite fashion, when D leads in phase from 
the reference position, the average AND gate output i s  
decreased. 

The pA717, pA718, and pA719 linear IC's by Fair- 
child are quadrature detectors using an OR gate. The 
pA717 and pA718 were introduced in 1967 with the 
first monolithic IC op amps (the pA702 and pA709). 
and so are probably the fm detector ICs deserving "grand- 
daddy" titles. The pA717, pA718, and pA719 are shown 
in fm detector circuits in fig. 15. Note that, like the 
6BN6 tube-type detector, only a simple parallel-tuned 
resonant circuit i s  required to provide quadrature. These 
Fairchild ICs were made as OEM sales components, so 
they rarely became part of experimental or amateur 
equipment. They are found in commercially made equip- 
ment, h o ~ e v e r . ~  l1 Fairchild no longer l i s t s  the pA717, 
718, or 719 in its current price sheets; however,two 
newer quadrature fm detector ICs are available: the 

LOW PASS FILLER- - 
7 - - -  - 7 

6 U S  I 1 

,Z;Z;Uz 8 2 p F  4 7 1  - L A U D 1 0  

L I M I T E R  OUT 

I N 3 4 1  
T 4 ' O o P F  

fig. 11. Early tube-type pulse-counting 

detector (A) and a simple solid-state 
version (6 ) .  
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fig. 12. Pulse-counting t 2 0 v  +ISV 

detector developed in 
2 1 0 %  ? l o %  

1 9 6 7  using switching 15 I BEAD 
a F E R R I T E  

transistors and a delay +15V 

line to generate 25 ns 
pulses. C R l ,  C R 2  and 
CR3 are silicon signal 
diodes; Q l ,  Q2  are Fair- 
child 51 374;  Q 3  i s  a 
Fairchild SE4010.  

I 
SHIELD 

pA754 and pA784. The latter is a second source for a 
European IC, the TAA640. 

At about the same time Fairchild introduced their 
pA7 17 and pA718, Sprague described their version of 
the quadrature detector IC.ll The ULN2111A by 
Sprague i s  perhaps the most widely used fm detector IC 
of all and is second sourced by at least five other IC 
manufacturers. The circuit using a ULN2111A is  shown 
in fig. 16. 

The fact that only a parallel resonant circuit is needed 
to obtain quadrature means that quadrature detectors 
such as the ULN2111A may be used at almost any 
frequency w i t h  a re la t ive ly  simple frequency- 
determining element. I have seen the ULN2111 A used at 

these applications. The CA3043 is shown in fig. 17 as a 
ratio detector. Later ICs used the quadrature detector 
method; these are the CA3065, CA3075, CA3089, and 
CA3134. The CA3065 and CA3075 are second sourced 
by National Semiconductor as the LM3065 and LM3075. 
Motorola makes replacements for these two RCA units: 
the MC1358 and MC1375. Fairchild also makes a second 
source for the RCA CA3075, the pA3075. 

Motorola has the MC1351 (second sourced by 
National Semiconductor as the LM1351) detector in 
addition to the second source types listed above, and 
National Semiconductor has the LM1808. National 
Semiconductor also has the LM373 and LM374, which 
are communications type ICs that will not only serve as 

fig. 13.  Pulse-counting detec- LIMITING I-F PULSE GENERATOR INTEGRATOR FILTER 

tor using a TTL one-shot as a 
pulse generator. 

IOK 

+ l Z V  

40 kHz in an ultrasonic Doppler detector and even at 
audio frequencies in a tape-recorder flutter-measurement 
system. The ULN2111A has the following second 
sources: Fairchild pA2136; Motorola MC1357; National 

-; Fd 
- I  

- 2  

LM2111; Signetics ULN211 1 (formerly N5111 A) and - 3  

RCA CA211 IAE.  Sprague has more recently released - 4  100 2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  
INPUT FREOUENCY (KHz) 

another more advanced IC called the ULN2113A, which 
is also a quadrature detector. The ULN2113A is also 
second sourced (as the LM2113A) by National Semi- fm detectors but also as a-m detectors or as product 

conductor. detectors for CW and ssb. The LM373 i s  shown in fig. 
Radio Corporation of America has had a line of linear 18 in its several configurations; note that in the fm 

ICs for fm detection for some years. The earlier ones detection mode i t  uses the quadrature detection method. 
were simply a combination of limiting i-f amplifier and 
diodes to im~lement a ratio detector or discriminator. 

phase-locked loop 

These ICs ( ~ ~ 3 0 1 3 ,  CA3014, CA3041, CA3042, and ICs have been described that use the discriminator, 
CA3043) required the usual special transformers for ratio detector, and quadrature detector methods of fm 
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demodulation. It 's natural to ask, "Didn't the locked 
oscillator ever get tucked into an IC?" The answer is yes 
and no. The injection-locked oscillator has all but dis- 
appeared in our technology and has been replaced by the 
phase-locked loop. Both types of synchronized oscilla- 
tors may be used as fm detectors, but in IC technology 
only the phase-locked loop system has been used. 

fig. 14. Representation of two square waves in quadrature in an 
A N D  gate. When pulse train C lags in phase with respect to 6. 

average output is increased. 

The phase-locked loop did not come into general use 
until the severe demands of space communications made 
it a necessity. The first reference to the phase-locked 
loop (in the U.S. open literature) was as a result of the 
Vanguard satellite program.12 From its beginning in the 
mid-1950s, the phase-locked loop developed rapidly. 
Signetics introduced a one-chip version in the late 1960s. 

4 . 5 M H z  
SIGNAI 

4 . 5 M H z  SIGNAL F M  l N > ~ ~ ~ ~ 4  7 K  

VIEW 

RESONANCE AT 
4 . 5 M H z  

,I-. ,I-. ,I. 

A 7  % VOLUME 

CONTROL 

fig. 15. The Fairchild pA717/718 and pA719  as an f m  detector 
and audio amplifier. 

1.5-3gH (MILLER SOSOl 

AUDIO 

fig. 16. The Sprague U L N 2 1 1  as a quadrature fm detector. 

The Signetics NE560, NE561, NE562, and NE565 were 
monolithic IC phase-locked loops capable of a number 
of applications including fm detection. 

The basic block diagram of the PLL is shown in fig. 
19. Note that the loop locks to the carrier signal and 
deviations from this frequency are translated by the 
phase detector to deviations in dc average voltage. This 
phase detector output as applied to a low-pass filter 
whose output acts as a correction voltage to keep the 
voltage-controlled oscillator on frequency. The low-pass 
filter between the phase detector and vco is usually 
called the tracking filter and must be of special form if 
the phase-locked loop is to  be stable. 

The phase detector output is the audio recovered 
from the fm signal, assuming that the tracking-filter 
cutoff frequency will pass the audio frequencies of inter- 
est. An fm detector using the Signetics NE560 phase- 
locked loop IC is shown in fig. 20. Limiting ahead of the 

10 7MHz 
SIGNAL 

10 7 M H z  
RATIO DETECTOR 

7-n TRANSFORMER 

fig. 17. The RCA CA3043 IC as a ratio detector. 

NE560 is provided in this case by another Signetics IC, 
the NE510. Note that the NE560 in fig. 20 has no 
inductors associated with it; the vco in this IC is an RC 
oscillator so no resonant circuits are required. This is 
true for the NE561, NE562, and NE565. The NE560, 
NE561, and NE562 will operate to at least 15 MHz, 
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fig. 20. Fm detector using the Signetics NE560B phase-locked loop IC. Devices marked with an asterisk 
are part of a NE510A. T l  is bifilar wound on M-watt, 100k resistor. 

while the NE565 is only useful to 500 kHz. The NE565 in the MC4024 are RC oscillators and only a capacitor i s  
is second sourced by National Semiconductor as the needed ot  determine the oscillation frequency for a 
LM565. given value o f  vco control  voltage. Since the 

Motorola also has a phase-locked loop IC family. The MC4024-MC4044 pair i s  also used for frequency 
MC4024 and MC4044 comprise a dual vco and a phase synthesizer circuits, it is TTL compatible and listed with 
detector respectively. Like the Signetics units, the vcos Motorola's MC4000 series of TTL ICs. The MC4024 is 

v c  c 

* ANY I F  FROM 5KHz T O  I Z M H r  
CRYSTAL, C E R A M I C .  MECHANICAL 
OR LC F I L T E R  MAY B E  USED 

fig. 18. The National Semiconductor LM373H I C  as an 
a-m i-f strip (A), fm i-f strip (B), and product detector 

28 june 1976 



P H A S E  DETECTOR references 

F M  SIGNAL LIMITER F I L T E R  

CONTROLLEO 
OSCl LLATOR 

fig. 19. Phase-locked loop block diagram. 

usable to 25 MHz. Fairchild has the pA780 phase-locked 
loop IC. This device is aimed principally at the color 
television market to be used to  lock onto the 3.58-MHz 
color-burst frequency. The pA780 should work as an fm 
detector also, at least to 4.5 MHz. 

The phase-locked loop ICs described above are de- 
signed for general PLL use or for some special purpose 
other than fm detection. Recently, Signetics has released 
the NE563, an IC PLL specifcally designed as an fm 
detector. In fact, the NE563 is designed as a complete i-f 
amplifier and demodulator for an fm receiver. The cir- 
cuit is shown in fig. 21. Note that there is a down 
conversion from 10.7 MHz to 900 kHz, where the phase 
detector operates. I-f selectivity is provided at 10.7 MHz 
by a ceramic bandpass filter. 

The phase-locked loop method of fm detection has 
some advantages over other methods in terms of signal- 
to-noise ratio. Even further increases in signal-to-noise 
ratio are possible using PLL techniques in more complex 
systems employing frequency compression. References 
13 and 14 offer some light on signal-to-noise ratio 
advantages and frequency compression techniques. 

1. A. Cook and A. Liff, Frequency Modulation Receivers, 
Prentiss-Hall, Inc., 1968, chapter 10. 
2. W. Bradley, "Single Stage FM Detector." Electronics. 
October, 1946, page 88. 
3. J. Woodyard, "Application of the Auto-Synchronized Oscilla- 
tor to Frequency Demodulation," Proceeding o f  the Institute of  
Radio Engineers, May, 1937, page 612. 
4. "Engineering and Application Data on Electronic Tubes: 
6BN6 - Gated-Beam Miniature Tube," General Electric, 
ET-B28, May 1950. 
5. J. Marshall, "Increasing Sensitivity and Lowering Distortion in 
FM Tuners," Audio, December, 1956, page 30. 
6. 0. Hubbard, "Pulse Counter FM Discriminator Design," 
EEE,Juty, 1962, page 44. 
7. A. Siedman, "Pulse-Counting Detector for FM Tuners," 
Electronics World, January, 1967, page 36. 
8. "TTL One Shot SN74121," Texas lnstuments Application 
Report CA-128, June, 1969. 
9. J. Giles, Fairchild Semiconductor Linear lntegrated Circuits 
Applications Handbook, 1967, pages 11 5-1 20; 177-1 78. 
10. D. Bingham and J. Hanna, "A Low Cost AM-FM Radio 
Employing an lntegrated Circuit," Fairchild Application Note 
AN-1 59, September, 1967. 
11. A. Bilotti and R. Pepper, "A Monolithic Limiter and 
Balanced Discriminator for FM and TV Receivers." 
12. R. Jaffe and E. Rechtin, "Design and Performance of Phase- 
Lock Loop Circuits Capable of Near-Optimum Performance Over 
a W~de Range of Input Signal and Noise Level," IRE Trans- 
actions, Information Theory, March, 1955, page 66. 
13. L. Hoffman. "A Wide-Band Phase-Lock FM Demodulator for 
Television Signals," Space Technology Laboratories Report 
861 4-6039-KU-000, 19 December, 1972 
14. C. Ruthroff and W. Bodtmann, "Design and Performance of 
a Broad-Band FM Demodulator with Frequency Compression," 
Proceedings of the Institute of Radio Engineers, December, 
1962, page 1437. 

ham radio 

fig. 21 .  Signetics NE563 PLL I C  as a complete i-f amplifier and demodulator for an f m  broadcast receiver. X I  is a 9.8 M H z  ceramic 

resonator, 9.8 M H z  crystal, an L C  network or a capacitor and is chosen for the required stability. For  broadcast f m  reception a ceramic 
resonator should provide adequate stability. 
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novel audio 
speech processing technique 

offers maximum 
talk power 

with negligible 
distortion 

A review of ssb 
speech processing 

techniques 
and a look at 

a new approach 

Recently I was given the opportunity to preview a new 
speech processing unit which, to me at least, uses a 
different and novel design principle. I was impressed by 
the performance claim for the new unit, as well as by the 
incorporation of human engineering features which 
would enhance the performance and usefulness of 
speech processors based on other, older techniques. 

The purpose of speech processing in transmitting 
equipment is to increase the average power output with- 
out exceeding the peak rating of the equipment. More 
specifically, the idea is to increase the amplitude of the 
weaker consonants in the human voice in relation to the 
louder vowel sounds. If this is done without introducing 
too much distortion, the intelligibility of the trans- 
mission will be greatly enhanced at the distant end 
during periods when propagation conditions are poor. 
This enhancement or increase in "talk power" can be as 
much as 10 to 12 dB according to recent literature (as 
well as articles dating back to the 1940s). 

In recent years there has been renewed interest in 
devices which are essentially audio peak limiters, often 
known as speech clippers, logarithmic (quasi or other- 
wise) limiters, etc. This i s  not surprising when you con- 
sider the easy availability of inexpensive, miniature com- 
ponents. However, regardless of what these gadgets are 
called by their designers, they are essentially distorting 
devices, and this poses a problem in ssb systems. Several 
years ago, KlYZW took issue with such devices when 
they are used with ssb exciters;' I will try to summarize 
the points he presented. 

In properly designed a-m and fm systems, speech or 
audio clipping (instantaneous limiting, logarithmic com- 
pression, or whatever) is useful as there is  nothing to 
alter the critical phase relationship between the funda- 

By Jim Fisk, WIDTY, Editor-in-Chief 
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mental signal and the harmonics generated in the process 
(see fig. 1). In ssb generators, however, this coherence, as 
it is generally called, is completely lost as can be seen in 
fig. 2. The fundamental signal will combine with the 
harmonics to produce peaks and valleys in the amplitude 
level. Using the numbers from Walter's article, these 
peaks can be as high as 1.7 times the original (limited) 
amplitude. To accommodate these peaks within the lin- 
ear region of the transmitter, the exciter gain has to be 
reduced 5 dB, manually or automatically (alc), as com- 
pared to a sinusoidal input of the same peak amplitude! 
Although we want to increase our talk power, this means 
that we have to start with a 5 dB deficit - lowering our 
increased talk power by that amount to 6 dB or so. 

Take a look at fig. 3 which is a computer plot 
(submitted recently by K1 YZW) of the rf envelope pro- 
duced by a single clipped and filtered 400-Hz tone. This 
clearly shows the loww of power as compared to a pure 
sine-wave input. The latter, of course produces a CW 
signal with no envelope variations. 

This amount of gain is still useful despite the very 
noticeable distortion in the modulation of the outgoing 
signal, although only little more than is obtainable with 
a well designed and virtually distortionless alc system. 
Unfortunately, in most cases a further reduction in 
exciter gain is necessary to accommodate the transients 
produced in the exciter ssb filter. K1 YZW reports seeing 
an additional 4 dB overshoot from his Collins mechani- 
cal filter exciter with a square-wave audio input. Other 
exciters, especially those featuring filters with very steep 
skirts, may well be worse. With some exciters, most 
likely older ones, the problem may be less severe - it is 
obviously absent in phasing-type ssb generators. 

I believe that the unknown and unpredictable 
transient behavior of ssb filters is the reason for the 
inconsistent results obtained with audio limiting; many 
amateurs find the process quite useless, while others 
using similar or even identical devices report a useful 
improvement in performance. If, on the average, we 
allow for total gain reduction of 7 or 8 dB, the few extra 
dB gain in talk power which remain hardly seem worth 
the effort since they are accompanied by the usualclipping 
distortion. As KlYZW and others have shown, a well 
designed alc system with properly chosen time constants 
will give a modest 2 to 3 dB of apparent talk power gain, 
free of distortion, and also provide a desirable safeguard 
against overmodulation or flat-topping. 

It is worth noting that advocates of audio processors 
favor extremely severe cutting of the lower speech fre- 
quencies. Rolloffs of 12 dB or even 18 dB per octave, 
starting at 1.5 kHz, have been sugge~ted.~.~ K1YZW 
reported in a letter that in his experience with an essen- 
tially distortionless rf clipping system such drastic bass 
cutting has not proved desirable. In fact, he commented 
rather sarcastically that taking this approach to its ulti- 
mate limit will result in clipping only at the highest 
audio frequencies where i t  is not needed (and where i t  
will produce virtually no power gain). I t  seems to me 
that severe bass cutting with its resultant lower talk 
power gain i s  used as a corrective measure against exces- 
sive low-freauency distortion, rather than to  increase 

readability, though in final analysis these may amount to 
the same thing. 

Clipping at rf rather than audio is free from these 
deficiencies. While harmonics are produced by the rf 
clipping process, they are far from the passband of 
interest so are easily removed by filtering, and maximum 

talk power i s  obtained without difficulty. Many articles 
have appeared on the subject of rf speech processing 
wh~ch should be referred to for more detailed informa- 
tion (see list of references at end of article). At least two 

fig. 1. The derivation of a square wave. The fundamental compo- 
nent is shown in A. B is the third harmonic. The sum of A and B 

is shown in C. The square wave at D is the resultant with higher 
odd-order harmonics of proper amplitude and phase. 

manufacturers in the United States provide kits for mod- 
ifying the more popular commercial exciters. 

Clipping a double-sideband signal has been suggested 
occa~ iona l l ~ ,~  but a little imagination will show that this 
is really no different from audio clipping. In a letter to 
me concerning ZL1 BN's article, K1 YZW mentions that, 
in his original work with rf clipping in 1961, he actually 
investigated this method using a high resolution spec- 
trum analyzer to confirm this point. He also suggested 
that the good results which ZL lBN obtained with his 
circuit (fig. 7 ,  page 33, reference 2) was due to the fact 
that i t  was not DSB clipping at all. His conjecture i s  
based on the fact that most ssb filters show some selec- 
tivity a t  their input terminals where Z L l  BN placed his 
clipping diodes. Unfortunately, you cannot rely on being 
able to duplicate ZLlBN's results because they seem to 
depend on a characteristic of the ssb filter which is not 
controlled by the manufacturer. 

An interesting variation of rf clipping is the approach 
first used by Comdel, Inc., and described by me in 
1968 .~  This is essentially a closed-loop ssb system with 
rf clipping so the output is at the original audio frequen- 
cy. The advantage of this system is that i t  forms a 
self-contained unit and avoids the need to  modify exist- 
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ing ssb exciters. The same principle is now being used by 
manufacturers in England and Japan. 

Until recently I was firmly convinced that r f  clipping 
was the only way to achieve a significant, distortionless 
increase in the talk power of an ssb transmitter. How- 

fig. 2. T h e  effect of loss of phase coherence. A is the  fundamen- 
tal; B is the  third harmonic; C is the  sum of A and 8 ;  D is the 
resultant o f  all harmonics in  the passband. 

ever, this conviction was severely shaken by the presen- 
tation of a radically different approach to the problem 
in a unit produced by Maximilian Associates, a small 
consulting company here in New England.* After read- 
ing the specifications of the claimed performance, I 
found i t  hard to accept that I was looking at an audio 
processor. Following are the imoortant operating 
features of the Maximilian Associates model SBP-3, as i t  
is tentatively called: 

1. Provides 16 dB of instantaneous limiting. 

2. Harmonic distortion does not exceed 9%, and is 
typically around 5%. 

3. Frequency response is within 1 dB between 460 and 
2300 Hz (-6 dB points at 400 and 2600 Hz). 

"Maximilian Associates, Box 223, Swampscott, Massachusetts 
01907. 

4. Shows sensitivity at limiting threshold of 2 mV rms 
with a signal-to-noise ratio of more than 30 dB. 

5. Cannot be overloaded with inputs up to  1 volt rms. 

6. Incorporates audio agc so that 16 dB of compression 
cannot be exceeded. 

7. Features two front panel lamp indicators, one (green) 
signifying adequate input, the other (red) denoting an 
excessive gain setting. 

The design philosophy behind this new speech 
processing device was described to  me as follows: In 
KlYZW's paper1 the conclusion was reached that any 
process which causes appreciable distortion of the audio 
signal i s  not suitable for application to ssb systems. The 
obvious question at this point i s  how large is  "appreci- 
able" or how much distortion can, in fact, be tolerated. 
If we accept an initial gain reduction of 1 dB to accom- 
modate the amplitude peaks caused by the non-coherent 
addition of the distortion products, then the distortion 
of the process must be held below 10 per cent (note that 
straight audio clipping produces more than 40 per cent 
distortion). Such low distortion can hardly be perceived 
by the human ear in a speech communications set-up 
and i s  unlikely to cause any appreciable transients in the 
ssb filter. 

In order to achieve such low distortion, the speech 
frequency spectrum i s  split up into four bands and each 
band is independently processed, i.e., peak limited and 
filtered. Fig. 4 shows a block diagram of the scheme and 
the center frequencies of each band. Since each band is  
quite narrow, the distortion products fall (theoretically) 
outside its limits and can be removed by filtering. The 

fig. 3. Envelope o f  r f  signal w i t h  400-Hz clipped and filtered 
input.  Average power is -5.3 dB. Dot ted line denotes envelope 
w i t h  sine-wave input ;  average power is 0 dB. 

32 june 1976 



concept is straightforward and has been around for quite action as well as introduce considerable distortion. To 
some time. As a footnote, it i s  probably fortunate that avoid this a filter is needed with a Gaussian characteristic 
the designers did not discover some earlier references which, unfortunately, exhibits a rather gradual cut-off 
until after the first model of the SBP-3 had been success- response. This type of response is approximated fairly 
fully tested - H. Schneider7 discussed this method in closely by a low-0 tuned circuit (this i s  what was 

fig. 4. Simplified block diagram of the band-splitting sp..ck Droceslor. This processing scheme. as embodied in the Maximiiian Associates 
SBP-3, provides 16 dB of Instantaneous limiting with lurm0nlc distortion not exceeding 9% (typically 5%). Frequencies are the center 
frequencies of the bandpass filters. 

considerable detail 20 years ago and concluded that a 
working system was not economically feasible. This view 
seems to be shared by ZLl  BN (though he does not even 
consider the major problem of the combiner stage which 
will be mentioned later). 

At first thought, it would seem desirable that the 
bandpass filters should have steep skirts so that there 
would be practically no overlap between adjacent bands. 
This approach is  extremely costly and, as i t  turns out, 
technically unsatisfactory. The post clipper filters would 
show the typical "ringing" effect when subjected to a 
near square wave input, and undo most of the clipping 

Miniature circuit board for the Maximitian Associates SBP-3 
includes four active bandpass filters and a combining circuit. 

-- - . - -  . - - - -- - 

a* L 3 0  9 I: f.?, K 

used in the new speech processor). The Q values and 
center frequencies of the individual bandpass filters were 
chosen to give a reasonably flat response between 400 
and 2400 Hz. Of course, a considerable overlap exists 
between adjacent bands with this approach. 

Contrary to initial expectations, the overlapping filter 
bands have proven quite satisfactory. A signal falling 
near the center of a band will have i t s  clipping harmonics 
attenuated by more than 20 dB which is more than 
adequate. Signals which fall near the middle of the 
overlap region (i.e., half way between adjacent filters) 
will be clipped less severely and therefore less filtering is 
needed. The mathematics showing this are quite tedious, 
but clearly indicate that the distortion can be held under 
10 per cent for any signal between 400 and 2400 Hz, 
relative to the limited output level. Great care was taken 
in the design of the limiters to obtain near perfect 
symmetry. This assures that only odd order harmonics 
are produced; the simple bandpass filters are not ade- 
quate to deal with any appreciable second harmonic 
content. 

A final difficulty arises in the design of the combiner 
unit. A particular tone may easily produce near-equal 
outputs from adjacent bands. If these outputs were 
simply added together, partial amplitude cancellation 
may result due to the phase difference between them. 
To avoid this and to maintain a flat frequency response, 
the output combiner contains phase shifting networks. 

Almost as impressive as the design of the processing 
circuitry are the ancillary features and attention to detail 
which makes the SBP-3 a truly deluxe instrument. The 
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audio agc circuit at the input is virtually free of distor- 
tion up to one volt input and is so effective that 16 or 
17 dB of compression cannot be exceeded. This makes 
the device essentially overload proof. Front panel indica- 
tors, in the form of LEDs, show that full compression 
has been reached (green) or that excessive gain is being 
used (red). The latter condition, i f  allowed to exist, is 
simply a warning that there may be considerable back- 
ground noise during long speech pauses. 

The threshold levels for the green and red indicators 
are 10 and 100 mV respectively; the output signal level 
of the SBP-3 is approximately 80 mV. Remarkably, 
there are no critical components employed in the cir- 
cuits, the closest tolerance being 5 per cent, and there 
are no internal adjustments. This makes the device suit- 
able for marketing in kit form and I believe that this is 
being considered by the manufacturer. 

A not uncommon difficulty with solid-state trans- 
mitting accessories is rf feedback or local RFI. Curing 
this i s  often laborious and time consuming. In the SBP-3 
this possibility has been virtually eliminated through the 
use of rf layout, construction and bypassing techniques. 
As an extra precaution, the unit is housed in a metal 
enclosure arranged for good additional shielding. The 
power requirements are modest, nominally +12 volts dc 
at 35 mA (voltages between 10 and 18 volts are accept- 
able and don't affect performance in any way). 

How does the SBP-3 stack up against a well designed 
rf clipping system? Tests have been going on for over six 
months and results seem to favor the new device by a 

SB-102 modifications 
Too many CW signals sounded less than T9 on my 

Heath SB-102. Hum modulation in the receiver section 
was suspected but the audio section was clean and the 
CW monitor oscillator tone was pure. The trouble was 
traced to the wiring of the switched ac for the power 
supply. Heath uses unshielded wire laced into the cable 
to run from the power supply plug to  the onfoff sec- 
tion of the function switch on the front panel. This 
induced hum into the other wires in the harness. Also, 
it was noted the proximity of the wires at the rear o f  
the switch to the envelope of V3 had a bearing on the 
amount of induced hum. 

Two methods may be used to solve this problem. 
The first is to use shielded wire for the run between 
the plug and the switch section. Small diameter 
coaxial-type wire was used here. The second method is 
to disconnect the wires from the power plug pins and 
insert a jumper. The center-off switch on the HP-23B 
power supply is then used for turning the SB-102 on 
and off. 

The Heath SB-102 provides one extra relay point 
for use with linear amplifier switching If more relay- 
switched functions are desired, an extra relay must be 

fig. 1. Circuit for adding a control relay to the Heath SB-102 
for additional relay-switched functions (one auxiliary Set of 
contacts i s  available in the original circuit). 

small margin. This i s  believed to  be due to  the agc 
circuitry in the SBP-3 rather than the difference in the 
processing techniques. It is worth noting that there i s  a 
subtle difference in performance which, depending on 
circumstances, may make either method slightly prefer- 
able. The band splitting approach in the SBP-3 is  likely 
to produce less intermodulation distortion (beats be- 
tween two co-existing, non-harmonically related tones) 
than rf processing methods; on the other hand, rf 
processing (in theory) i s  completely free from harmonic 
distortion which is present, though small, in the new 
approach. The SBP-3, as presented to  me is  a high 
quality, technically superior - though not inexpensive - 
accessory for the transmitting radio amateur. 

references 
1. Walter Schreuer, K IYZW,  "Speech Processing in Single- 
Sideband Equipment," ham radio, February, 1971, page 22. 
2. Barry Kirkwood, ZL1 BN, "Principles of Speech Processing," 
ham radio, February, 1975, page 28. 
3. D .  E. Schmitzer,  DJ4BG. "Speech Processing," VHF 
Communications, November, 1970, page 21 7. 
4. James Fisk, WlDTY, "Speech Processing in Amateur Equip- 
ment," ham radio, June, 1968, page 60. 
5. Leslie Moxon, GGXN, "Performance of RF  Speech Clipper," 
ham radio, November, 1972, page 26. 
6.  Leslie Moxon, G6XN. "RF Speech Clipper For SSB," ham 
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7. H. Schneider, "Die Verstandlichkeit Amplitudenbegrenzter 
Sprache" ("The Intelligibility of Amplitude-Limited Speech"), 
Frequenz, April, 1956, page 97  and May, 1956, page 152. 
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employed. A Potter & Brumfield KHP17D12VDC 
12-volt dc relay was used in the circuit of fig. 1. These 
are similar in construction to the ones originally used 
in the SB-102. The 12 volt ac line is tapped at board 
85-130, rectified and filtered by D l  and C1. Relay 
points 10, 6, and 2 of RL1 are used to  switch the 
ground end of RL3. RL1-6 is  removed from pin 11 of 
the power plug and similar points of relay RL3 are 
used to provide that switching function. 

The relay is socket-mounted on a small L-shaped 
bracket of aluminum fastened to the wall of the final 
amplifier rf cage. There is  adequate room here for 
mounting the relay and routing the wires to and from 
the relay points. 

When cleaning relays of the type used in the 
SB-102, i t  is best to remove the armature by un- 
hooking the spring and gently prying back on the flat 
spring at the armature center point. Burned relay 
points not noticeable with the armature intact are now 
readily seen and cleaning is simplified. Use a burnishing 
blade designed specifically for cleaning relay points. Do 
not use excessive pressure on the bodies of these relays 
because the frame i s  made of soft metal and is  easily 
bent. Alignment of the normally-open, normally-closed 
and armature points of the relay should be checked. 
See that the centers of the points contact each other. 
Gentle bending of the relay frame will align points that 
are off-center. Also, check to see i f  there i s  a small 
amount of "rise" to  the armature points on the make 
to insure a slight wiping action. These relays should be 
checked periodically, especially if receiveltransmit 
intermittents are encountered. 

Paul K. Pagel, K l  KXA 
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announces the 

If you have one of these fine rigs. . . 
. . . or any transceiver whose transmit crystals 
are 6-8-1 2 MHz and receiver crystals are in 15 or 
45 MHz range, and are tired of buying crystals, 
but you can't afford $400-$700 for a new 
synthesized rig . . . 

VHF Engineering now gives you an inexpensive 
alternative with i t s  versatile, unique "Synthe- 
sizer I I." 

The Synthesizer I1 is a two meter frequency 
synthesizer. 
Frequency is adjustable in 5 KHz steps from 
140.00 MHz to 149.995 MHz with i t s  digital 
readout thumb wheel switching. Transmit off- 
sets are digitally programmed on a diode matrix, 
and can range from 10 KHz to 10 MHz. No ad- 
ditional components are necessary! 

SPECIFICATIONS 

Frequency: 140.000 - 149.995 MHz 
Transmit offsets: Simplex, +600KHz, -600KHz 
Plus 3 additional field programmable offsets. 
Output: 3 volts to a 50n load 
Input voltage: 11 - 18VDC at .900 amps 

I Size: 8" long x 5%" wide x 2%" high 
20.32CM x 13.97CM x 5.71 5CM 

Complete ki t  including all electronics, crystal, thumb 
wheel switch, cabinet, etc. 

K i t  only $169.95 Wired and tested $239.95 

I DIVISION OF BROWNIAN ELECTRONICS CORP. 

320 WATER ST. P.O. BOX 1921 
BINGHAMTON. N.Y. 13902 607-723-9574 I 

-- ~ 
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carraer of damage within 

I 
rcvcn (7 )  days of receipt of 1 
shipment. 

RETURNS: Obtain authwiza. 1 
Name Total tion from VHF before re. 

turningotry merchandise. 1 
PRICES AND SPECIFICA- 

Address Shipping TIONS: Subject to chants I 
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without notice. 

City. Sales Tax SHIPPING INFORMATION: 
All shipments we F.O.B. Bin* 
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I 

State Zip Enclosed mentr will be made by the 1 
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improved 
selectivity for 

Collins S-line receivers 

A simple 
no-holes modification 

provides the equivalent 
of a 14-pole filter 

with a measured 1.54 
shape factor 

With the inevitably increased crowding of the high- 
frequency amateur bands combined with stronger signals 
from better equipment, receiver manufacturers have 
been acting to satisfy the need for increased selectivity 
through the use of better filters. Presented here is a sim- 
ple means of increasing the voice-range selectivity of the 
S-line receiver to  exceed that of most receivers on the 
amateur market. 

The cascade configuration of filters i s  a well-known 
method of increasing selectivity, which should theoreti- 
cally improve skirt selectivity by doubling the attenua- 
tion. For proper results, it's necessary to employ a stage 
of isolation between the filters. In my case, this also 
serves to make up for the insertion loss of an additional 
filter. 

approach 
In my receiver, the S-line 75S3B, this concept be- 

comes a relatively simple procedure. A second filter was 
added in the i - f  strip as shown in fig. 1. The i-f gain 
control, R57, i s  used to touch up the calibration for the 
Smeter after the modification. Point A is where the 
signal was inserted for my measurements, and B i s  the 
output point. Fig. 2 provides the circuit details regarding 
the additional filter, FL l ,  and its associated amplifier. The 
new filter is always operational, which precludes some 
problems and simplifies the modification. 

Fig. 3A is the stock 2.1-kHz i-f passband of the S-line 
as a result of the Collins 455FA21 mechanical filter. 
This filter is a seven-disc unit, which is the equivalent of 
a seven-pole filter. Fig. 38 is the resulting improvement 
through the addition of a second filter, which was a 
455Y 2 1, the hermetically sealed version of the 
455FA21. Fig. 3C is a double exposure of the two, 
superimposed for ease of comparison, which dramatizes 

By Marv Gonsior, WGFR, 418 E l  Adobe Place, Fuller- 
ton, California 92635 



which could be used instead of the more sophisticated 
equipment I used. 

Added filter and amplifier mounted on Vector board clad on one 
side. Isolation between input and output leads and existing filter 
below is important. 

the improvement. The results of cascading the 1.5-kHz 
filter through the 2.1-kHz filter are depicted in fig. 3D. 
It may be seen, as expected, that a modest improvement 
i s  obtained. Fig. 3E is  the passband of the O.5kHz CW 
filter before matching by proper adjustment of the 
resonating capacitors, and fig. 3F is  the very worthwhile 
result of proper termination. Peaking by use of the S 
meter is not adequate for proper resonatinglterminating 

2nd MIXER 

fig. 1. Collins 755-38 i-f strip showing addition of 
the 455V21  filter. Test signal for measurements 
was inserted at point A; output was taken at point 
8. 

of the filter. Collins advises that it is quite important to 
resonate their filters at the lowest signal level possible to 
preclude saturation. Table 1 summarizes the measured 
relative performance of the two systems. 

measurements 
My instrumentation included Hewlett-Packard equip- 

ment consisting of an 8443A tracking generator in con- 
junction with their spectrum analyzer made up of the 
141 display and the 85538 rf and 85528 i-f units. An 
H-P 1121 fet probe was used to sample the signals. For 
ease of photography, the signal voltages from the spec- 
trum analyzer were transferred to a Tektronix 7704 
oscilloscope. All instruments were laboratory grade and 
have accuracies traceable to the National Bureau of Stan- 
dards. The calibration scales on all scope pictures are 1 
kHz and 10 dB per division. Measurements down to the 
noise at -75 dB were easily accomplished. 

If you wish to duplicate my measurements, it 's neces- 
sary to remove V8, the bfo tube, otherwise it will pro- 
duce a broad signal on one or the other skirt; i.e.. the 
upper or lower sideband. A very interesting and appli- 
cable article by Arthur Lux1 describes a relatively simple 
system for observing filter bandpass characteristics, 

supply voltage 
Regarding a source of VDD for the fet, I used a 9- 

volt, 1-watt zener from the 72-volt screen supply for the 
i-f strip. This voltage was dropped through two 15k, 

table 1. Performance comparison of the two filter systems. 

mode 6 dB 60 dB shape factor 

one filter 2.12 k H z  4.70 k H z  2.22: 1 
two filters 1.97 k H z  3.03 k H z  1.54:l 

1-watt resistors in parallel. The current requirement of 
only 4 mA is  nominal. This may be met in numerous 
ways, such as dropping down from the 140-volt zener, 
CR6. The power consumption is the same. Just be sure 
that the VDD supply is  well-filtered dc and is  adequately 
decoupled. One change I incorporated, as a result of 
seeing the 72-volt i-f screen supply move sharply upward 
as much as 20 volts coincident with agc voltage, was to 
regulate i t  with a 75volt zener that is barely regulating 
but limits the upward excursion of this supply voltage. A 
0.1 pF bypass capacitor across the zener eliminated the 
small noise it generated. The importance of this change 

is to correct the regulation, which tends to drive up the 
G, of the tube while the agc is simultaneously trying to 
lower i t !  The same problem existed in the 32S1 exciter 
with its alc ~o l tage.~  

construction 
The modification is easily accomplished without any 

drilling and results in the equivalent of a 14-pole filter 

fig. 2. Circuit of added filter and its amplifier. VDD tor the fet 
was obtained through a 1-watt Zener diode from the I-f d r ip  
72-volt screen supply. which was decreased through two 15k, 
1-watt resistors in parallel. C l .  C2 are 130 pF, 1%. or trimmers. 
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A .  2 .1 -kHz  i-f passband of the stock B. Passband improvement b y  adding the C. Traces A and B superimposed for com- 
455A21  mechanical filter. 4 5 5 Y 2 1  fi lter. parison. 

0. Results obtained f r o m  cascading the E. 500-Hz CW fi l ter response before proper F. Passband response w i t h  filters correctly 
1.5-kHz f i l ter through the 2.1-kHz filter. termination. resonated and terminated. 

fig. 3. Oscilloscope traces obtained during mersurements, which show Improvements obtained b y  adding a second filter. 
Vert ical and hor l ronta l  scale calibrations are respectively 1 0  d B  and 1 k H z  per division. 

with a 1.54:l shape factor. The basic cost of the change 
is  that of the additional Collins mechanical filter. The 
455FA21 (part no. 5269427-000) currently retails for 
$59.88. The equivalent filter in a hermetically sealed 
case is the 455Y21 (part no. 5269337-0001, which re- 
tails for $96.13. Both units may be found in surplus and 
other markets at relatively favorable prices. 

I constructed my unit using a pad cutter on a piece 
of Vector board clad on one side. It measures 718 x 

0 X V I  x v s  
fail 

flg. 4. Shaded area shows location of f i l ter circuit  board o n  the 
S-line receiver. Board Is secured t o  a solder lug attached t o  T B 6  
ground terminal. 

3-118 inches (22x80mm). Layout isn't critical as long as 
certain basic rules are followed. These are: keep the in- 
put and output leads apart, remembering that you're 
working with -75 dB signal levels; use a ground plane to 
shield the new filter from the ones below it; and keep 
the drive levels low to avoid overdriving the second 
filter. The total job should take about two hours. The 
board mounts easily on its own leads and with a lug to a 
ground terminal, which conveniently protrudes inside 
the shield around the bottom of T4 and the existing 
mechanical filters (fig. 4). 

results 
The benefits of using the two filters in cascade, 

properly terminated, are quite impressive as the scope 
pictures show. For example, the frequency excursion re- 
quired for my S9 +40 dB crystal calibrator signal to 
become inaudible was reduced by 750 Hz with two fil- 
ters installed versus one. In digging out weak signals in 
interference, this filter system is quite effective, as 
the theory predicted. 

references 
1. Ar thur  E. Lux, W7UC. "Filter Alignment," Ham Notebook, 
ham radio, August, 1975, page 61. 
2. P. Kreager, WGUYW, and M. Gonsior, WGVFR, "32S1 Oper- 
at ing Improvements," CQ, August, 1962, page 47. 
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Whether you're test your operating circuit. we can fill them. For 
a full-time engineer With Design Mate 1, hooking larger capacity, save time with 
or spare-time up (or changing) a circuit is as our Proto-Board" series-660 to 
hobbyist, there are simple as pushing leads into 3060 terminal points, with or 
only so many hours holeson the breadboard. Rugged without built-in regulated power 
a day you can 5-point contacts insure reliable, supplies. For smaller applica- 
spend designing low-resistance connections tions, use 1 or more 
and building between resistors, capacitors, of our handy QT 

The soldering iron. 
circuits. So why transistors. . . even IC's in TO-5 Sockets and Bus 

AS a design tool, not make the most or Dl P packages. And short 
il's obsolete. 

Strips, locking 
of your time? lengths of solid #22 AWG wire ,' them together for 

Design circuits literally as make interconnections easy infinite expand- 
fast as you can think. Instead of wherever you need them. ability, as you need 
starting your next project with a At $49.95:' complete, it's not ~ e s ~ D I P ' s w i ( h  power on and it. Starting at $2.00. 
soldering iron, save time by only a time-saver, it's a money- handsot(-even Other ways to 

on the mosl 
starting with Our Design MateTM 1. Saver, too. crowded board W I I ~  circuit our save time and 
In a compact (7X1'Wx 6%" '~  Larger capacity? Smaller proto-clip" series. money. Proto- 
3%"') case with a convenient capacity? Have it your way. Boards, QT Sockets and Bus 
sloping top, it offers solderless Strips are just the beginning of 
breadboarding at its best: 790 the many ways we can help make 
terminals; a continuously-adjust- your life more enjoyable: how 
able regulated 5-15 VDC 600 mA ProloBoard 103. about a foolproof, shortproof 
supply; and a DC voltmeter to 2250 lerminals solderless save way to test Dl P IC's-even in 
monitor the internal supply or you lime on every 

c~rcuil YOU design. operating ci rcuits-for just 
$4.50k? A full-featured, preci- 
sion function generator for 
$64.95*? A professional R/C 

bridge for $54.95*? A way to 
instantly see and mo 

operating IC, without expenslve scopes or 
elaborate procedures. And more, to sav 

time, money and 
aggravation. Design 

Time is money: 
Start saving it. Ask 
your CSC dealer Prec~s~on R I C  

to show you how to solder 
br~dge. lust S54.95: 

less, design more and take the 
drudgery out of your electronic life. 

for our free catalog and dealer list. 
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the weekender 

linearity meter for 
rf power amplifiers 
In a previous article I remarked that speech splatter i s  
almost impossible to detect from the usual transmitter 
meter indications.' This is certainly true for meter indica- 
tions of plate and grid current and power output. How. 
ever, a method used in commercial equipment i s  avail. 
able for obtaining a meter indication of splatter, which 
can be added to any linear amplifier as an external 
"black box." This article describes the design and con- 
struction of such a meter and gives hints on its use. 

linearity constant 
Recall that a linear amplifier, by definition, obeys the 

relationship I )  ,,,, , = k (l',,, ), where I ) , , , ,  ,, I),,, are output 

fig. 1 .  Principle of  the linearity/splatter meter. The ratio Pout/- 
Pin is determined. As long as it remains constant operation is 
linear and no splatter is generated. 

and input power and k is a constant, which is deter- 
mined by amplifier design and which does not change 
during amplifier operation. In practical linear amplifiers 
k is most often about 20. But it may be as low as 5 to 7 
or as high as 50 to 100. The lower values are usual in 

.A complete parts kit for t h ~ s  ssb linearity meter is being made 
ava~lable In conjunction with this article. For ordering informa- 
tion and prices, write to G.R.  Whitehouse & Company. 10 
Newbury Dr~ve.  Amherst. New HamDshire 03031. 

grounded-grid designs; the higher values prevail in class 
ABI designs using tetrode tubes. 

Reference 1 ,  in discussing sources of splatter, noted 
that k could increase or decrease, with splatter genera- 
tion occurring for either case. An increase in k i s  associ- 
ated with instability: for example, with a parasitic that i s  
keyed on, at, or near modulation peaks. A decrease in k is 
almost always the result of flat-topping (driving the am- 
plifier to the point of saturation). 

meter design 
These factors point the way to the design of a splatter 

meter. Simply put, this means a circuit that measures k. 
As long as k remains constant the amplifier operates 
linearly and will not generate splatter. However, if k 
changes by an appreciable amount, the amplifier is not 
linear and is  probably generating splatter. 

fig. 2. Linearity meter using voltage measurement applied to a 
grounded-grid amplifier. See A R R L  handbook. Circuit must be 
built into amplifier. 

One method of designing such a meter is evident from 
the equation above. As shown in fig. 1, two wattmeters 
are used; one measures the drive power to the amplifier 
and the second measures its output. The ratio of these 
meter readings is the desired indication. Those amateurs 
who have two wattmeters can connect them in in this 
fashion, using the simple ratio circuit described later to 
obtain splatter-detection capability. 

In most situations it's not necessary to measure the 
powers. Instead only the circuit voltages or currents 

Completed linearity meter for measurlng the splatter 

of single-sideband signals. 

By R.P. Haviland, W4MB, 2100 South Nova 
Road, Box 45, Daytona Beach, Florida 32019 
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need be measured; usually the voltages, since this i s  
easier. Such a splatter meter is sketched in fig. 2 for a 
typical grounded-grid stage. Design values for this circuit 
are in the ARRL Radio Amateurs Handbook, Chapter 6 
of the 1972 edition. (The circuit is not in the 1975 
edition, but may be in some earlier ones.) 

Owners of the Collins 30L1 amplifier will recognize 
this circuit as the heart of the load position of the meter 
indicator. In this amplifier, k was determined during de- 
sign and operating instructions call for the loading to be 
adjusted to give this value. The circuit can also serve as a 
nonlinearity or splatter detector, but the presence of 
automatic load control makes this a secondary use. 

LINEAR 

AMPLIFER 

RATIO 

INOICAW 

fig. 3. External linearity meter, which measures voltages at 5 0  
ohms. The circuit can be applied to any linear amplifier. 

The circuit of fig. 2 can be added to any amplifier. 
Most users of commercial amplifiers don't want to make 
changes to the equipment lest they reduce the resale 
value. Also, many amateurs seem to prefer separate 
black-box add-ons for such functions. 

Prototype 50-ohm splatter meter using circuit of fig. 4. The 
zero-center meter is a surplus item, originally intended for fm. 
a-m tuner use. 

One such circuit is shown in fig. 4. Two capacitive 
dividers reduce the voltage on the input and output lines 
to a common working level, in the range of 2 to 5 volts 
peak: this i s  the main factor in setting the ratio value. 
Germanium diodes give the corresponding dc levels. The 
meter has a zero center, with switching arranged to give 
E,lril , , . ,  E ,,,, t p l t t ,  and E ,, , ,  - 1:',iri,,,.. The first two are 
for convenience in setting up the instrument, and the 
last is the desired linearity measurement, or splatter 
detection. 

1%-0-150 
UA 

fig. 4. Circuit for an external (50  ohm) linearity/splat- 
ter meter. 121. C 2  are set for power levels involved. R2  AVPLIFIEn 
compensates for changes in antenna load and amplifier 

3-11 IN% OR 
efficiency as band is changed. EWIV 

practical circuit 
The splatter meter i s  easily made into a separate add- 

on circuit by changing the design voltage levels of the 6 

input and output voltmeters to agree with those of the z 
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- I 
I 

amplifier in use. For most designs, this means measuring 2 I 
the voltage across the 50-ohm input and the 50 ohm 8 I 

g .- 
output, as in fig. 3. .2 

I 
C 

Suppose that the amplifier i s  a typical one-kilowatt 
I 

linear, with about 50 watts of drive requirement and 
I 
I 

about 500 watts output. The input voltage is about 50 I 
volts rms (70 volts peak), and the output voltage is I 
times the input, or 158 volts rms and 221 volts peak. I 
The voltmeters should have some adjustment range, 

U) I W  
I 

since a) the impedances may not be exactly 50 ohms, PERCENT RATED OUTPUT 

and b) amplifier output tends to fall off on the higher- fig. 5. Normal performance of a linear amplifier. Distortion is 
frequency bands. An adjustment range of 3: l  or SO approximately 30 d~ down at the rated output. An actual curve 

allows for this. may show more variation from a straight line. 



construction tionable splatter. Negligible loss of amplifier output 
Except for good shielding between the drive- and occurs. The distortion-output curve of most amplifiers 

amplifier-output terminals, circuit construction isn't cri- behaves as shown in fig. 5. The difference between a 
tical. The PC board layout is shown in fig. 6. Note that reading just discernible on the meter and bad splatter 
the PC board i s  used as a part of the shielding. The drive amounts to a few tenths of a dB. 
side connectors, choke, and variable capacitor are on one A few tricks make the splatter meter easier to use. 

fig. 6. Full-size circuit-board layout for the splatter meter. Component placement is shown in fig. 7. 

side of the board and the output side elements are on 
the other. 

operation 
Set the potentiometer to half scale and C1, C2 to 

minimum capacitance. Set the transmitter for half maxi- 
mum output voltage (% power) using a dummy load. 
Place the meter switch on drive voltage and adjust C1 for 
half-scale meter reading. Adjust C2 with the meter on 
output voltage. Switching to the differential position 

One is  to use a matchbox between the antenna and the 
amplifier, which eliminates a variable because the ampli- 
fier output will be presented to a constant impedance. 
Another trick is  to Mas the readings slightly. I find i t  
easiest to set up for a small, just-perceptible deflection 
to the right under tune-up conditions. Drive is then in- 
creased until the meter just barely flicks to the left; 
overdrive is indicated by a larger deflection to the left. 
Amplifier instability shows up as a large swing to the 
right. 

fig. 7. Component placement for the splatter meter circuit board. 

gives the departure from linearity. The circuit sensitivity 
increases because the voltage-dropping resistor, R3, i s  
out of the circuit in the differential position. When the 
band is changed, i t  may be necessary to reset the poten- 
tiometer for reasons discussed above. 

Full-scale meter deflection should correspond approx- 
imately to a 10% departure from linear operation, or to 
distortion products 20 dB down. This sensitivity makes 
it easy to keep operation well below the point of objec- 

I've made no real effort to optimize the design. The 
relative sensitivity on the linearity position and the time 
constant of the meter filters can probably be improved, 
as can the internal layout. 

reference 
1. R.P. Haviland, W4MB. "Single Sideband Speech Splatter," 
ham radio, September, 1975, page 28. 
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The Transceiver 
youa expect 

is ready-now! 
From the company that revolutionized hf ham radio by giving you the first all-solid-state low and medium 

power equipment, comes the entirely new TRITON IV, a transceiver that is truly ahead of i ts time. The fore- 
runner Triton II gave you such operating and technical features as instant transmitter tune, ful l  break-in, excel- 
lent SSB quality, superb receiver performance, pulsed crystal calibrator, built-in SWR indicator, a highly selec- 
tive CW f i l ter and efficient home, portable and mobile operation from non-aging 12 VDC transistors. 

Now - the TRITON IV gives you all of these - and more. A new push-pull final amplifier with the latest 
gold metalized, Zener protected transistors, operating at 200 input watts on all hf bands 3.5 through 29.7 MHz. 
Plus a new crystal heterodyne VFO for improved short and long term frequency stability and uniform 1 kHz read- 
out resolution, even on ten meters. 

Unsurpassed selectivity is yours with the new eight pole i.f. crystal f i l ter, and improved spurious rejection 
results from the new IC double balanced mixer. 

The benefits of ALC now extend to  output powers less than full rating with a front panel threshold control. 
When driving linears that require less than maximum available power from the TRITON, or when propagation con- 
ditions permit reliable contacts at reduced power levels, ALC will hold your output to the desired level. 

Many small circuit improvements throughout, taken collectively, add more performance and quality pluses 
- such things as individual temperature compensated integrated circuit voltage regulators for final bias control 
and VFO supply. And toroid inductances in  the ten and fifteen meter low pass filters, LED indicators for offset 
tuning and ALC threshold, accessory socket for added flexibility, and sequen- 
tially keyed mute, AGC and transmitter circuits for even better shaped and For more information about the new 
clickless CW. TRITON, as well as the full line of 

accessories that will be available 

And t o  top it all off, the highly desirable case aeometrv has been main- s e e  d e a l e r  Or w r i t e .  

tained, but it has a handsome neh look. Bold lettering on an i t c h e d  aluminum 
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improving 
transmitter keying 

Methods for 
shaping code characters 

to eliminate 
key clicks 

During a decade of activity in the ARRL intruder watch 
program I have observed that insufficient attention has 
been given by amateurs to the keying quality of CW and 
RTTY transmitters. This article addresses the problem of 
keying transients in terms of keying-circuit time con- 
stants and presents several methods for optimizing these 
time constants to eliminate this form of interference to 
other stations. 

A properly designed and operated radiotelegraph 
transmitter produces radiation in the form of clean-cut 
dots and dashes having rounded edges. If the energy 
contained in these dots and dashes rises and falls too 

rapidly, the abrupt changes in amplitude cause high- 
order sidebands, which produce energy at a frequency 
greatly different from the transmitter-carrier frequency. 
Although weaker than signals at the carrier frequency, 
the sidebands introduce disturbances in the form of 
clicks or thumps in nearby (or even distant) receivers, 
even though these receivers are tuned to other frequen- 
cies. Such transients may be eliminated or greatly 
reduced by proper design of keying-circuit time con- 
stants. * 

rise time 
Observation of signals indicates that the rise and fall 

time of dots and dashes should be at least five 
milliseconds long - after passing through all the follow- 
ing linear stages. This rise and fall time is satisfactory at 
code speeds through at least 60 words per minute. Fig. 
1A shows a dot with rise and fall times of about one 
millisecond, which causes key clicks in a distant receiver. 
Fig. 1B shows the dot with the rise and fall times 
extended to five milliseconds, which provides a clean 
signal that will not cause interference in a distant 

'One equipment manufacturer points out that propagation 
conditions are the cause of some key clicks. However, this leads 
to a misconception because a wave shape that is abrupt may 
generate clicks which may not be noticed on weaker signals or 
under other conditions. One phenomenon that brings out key 
clicks probably is selective fading which may permit independent 
fading of frequencies as close as 500 Hz. This is noted when a 
carrier fades down in a-m reception, leaving the overmodulated 
sidebands. Similarily, a CW signal can fade, leaving the adjacent 
key clicks which stand out as spikes on an oscilloscope display of 
the received signal. 

By Bill Conklin, KGKA, Box 1, La Canada, California 
9101 1 
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receiver tuned to  an adjacent signal while using a 200-Hz 
CW filter. 

The dot shapes shown in fig. 1 are those displayed on 
an oscilloscope connected to the audio output of a 
distant receiver, with agc off, and r f  gain turned down 
appropriate1 y. 

contact bounce 
Contact-bounce clicks are generated in almost all 

types of keys and relays. An electronic keyer may be 
completely free of them provided no relay is used. An 
example is transistor keying in the grid circuit. For some 
years I have used a 2N398B pnp transistor driven by a 
2N404 pnp transistor at the end of a discrete-component 
keyer.l The 2N398B operates on the negative 25 volts 
from the grid-keying lead of a Collins 3283 exciter. The 
self-completion feature of the keyer leaves nothing to 
create a contact bounce in the keying circuit. 

The Curtis keyer kit2 uses a 2N4124 npn transistor 
driver and a MJE350 pnp transistor switch for negative 

RTTY bounce 

In manual keying most bounce is near the front end 
of the character, although some bounce on break is 
possible. In RTTY keying, bounce is more frequently 

fig. 2. The irregular bounce at (A)  looks like noise and is 
associated with "mushy" key clicks. The square-shaped bounce 
in (6 )  may not be noted by ear, except that the abrupt rise and 
fall times generate sharp key clicks. 

encountered with keyboard operation and less so on 
tape with the transmitter-distributor that has a commu- 
tator. The mark pulses as seen on the oscilloscope 
usually start with the bounce, while the space pulses end 
with it. The bounce causes a fast reversal between mark 
and space and back again, which causes fast, broader 
clicks. Such conditions may create variable distortion at 
the receiving printer. Cleaning the contacts and varying 
the voltage across the contacts may change the pattern 
but may not entirely eliminate the problem. 

vox clicks 
fig. 1. Dot  waveforms at 1 kHz beatnote showing effect of 
keying-circuit time constants. Abrupt dot (A)  has less than 1 ms 
rise and fall time, generating key clicks. Dot at (B) has a 
minimum 5 ms rise and fall time.* 

keying voltage (or a 2N5656 npn transistor for positive 
keying voltage).t The Curtis 8043 keyer IC has built-in 
debouncers for each keying line. These are proprietary 
circuits with gates that provide feedback in conjunction 
with RC timing networks, apparently so arranged that 
the addition of the two paths tend to f i l l  in any "holes" 
caused by bounce. 

A dot with contact bounce on make looks like fig. 2 
in a distant receiver. Most bounce occurs in the first 
three milliseconds, although a few keyers that use keying 
relays have actually split a dot into two halves. Also, 
bounce can occur at the break end of a dot. 

"Rise and fall time can be measured by displaying on an oscillo- 
scope the output of a receiver tuned for a 1-kHz beatnote, then 
counting the "cycles" (which are one millisecond each). When 
using this simplified measurement technique disregard any low- 
level cycles adjacent to the baseline. 

tThe labels for negative and positive keying were inadvertently 
reversed in the keyer schematic in reference 2. However, author 
Olsen clearly states that an npn device must be used for positive 
key-up voltages and vice versa. 

The adverse effects of vox-type clicks and possible 
contact bounce can be reduced materially. I t  helps to 
have a long rise time provided by some form of RC filter 
in the vox circuit. I f  the rise time is extended to ten 
milliseconds, the signal amplitude at the time of the 

fig. 3. Key output dc waveforms showing bounce at both ends of 
a dot (A); with 5k resistor in keying line (B); and after adding a 
0.1 MF capacitor across key (C). Bounce on make is barely 
perceptible (well down the curve); on break it has disappeared. 

vox-type click or at the end of the bounce will be 
considerably less than that of the full exciter output. 

key capacitor 
Fig. 3A shows a dot keyed by a reed relay in a 

Palomar electronic keyer. Note the bounce at both ends 
of the dot. Any part that exhausts itself in the fully on 
or the fully off condition in the exciter may be expected 
to cause no trouble. However, i t ' s  possible to add further 
external treatment. 
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Although my Collins 32S3 vox circuit won't operate 
with much more than 5k ohms added in the grid-keying 
lead, i t  will take a 0.1 pF capacitor from key to ground. 
Without this capacitor, a 5k resistor between the key 
and exciter produces the RC time-constant curve of fig. 
3B, but the bounce is not affected. When the 0.1 pF 
capacitor is added the bounce moves down on the slope 
of the curve and the bounce on break disappears, as 
shown in fig. 3C. Just which method is better depends 
upon where on the curve the transmitter output is 
interrupted by the bounce. After experimenting with 
debouncing circuits, i t  appears that the capacitor always 
should be across the key contacts. 

Kenwood example 
Problems with click elimination in a T-599 Kenwood 

transmitter may be of interest. All attempts to insert 
adequate resistance in the keying circuit unacceptably 
reduced rf output. At a distance of about one-half mile 
( l km)  from the transmitter, I watched the keying 
patterns with an oscilloscope on my receiver while 
changes were made. The clicks were from contact 
bounce, and were not caused by the T-599 at all! 

fig. 4. Inductive filter used on Kenwood T-599 to eliminate 
contact bounce and provide rise and fall time. 

A 75 henry, 50 mA audio choke with a resistance of 
2300 ohms was installed in the key lead instead of a 
resistor. To reduce contact bounce, a 0.25 pF capacitor 
was placed from the key line at the transmitter end to 
ground. This circuit resulted in excellent rise and fall 
time with no bounce, but the dots were shaped like 
dumbbells! A potentiometer was tried across the choke 
and was finally replaced with a fixed 5k resistor. The 
final circuit is shown in fig. 4. It wasn't necessary to put 
another capacitor across the key and no separate 
debouncing circuit was necessary. 

The result was a keying waveform with a rise time of 
6 milliseconds, a fall time of about 3 milliseconds, and a 
flat top similar to fig. 1B. 

debouncing 
Debouncers can be applied to keys and relays and can 

be used in RTTY terminal e q ~ i p m e n t . ~ , ~  They generally 
use a one-shot IC, such as the 74122 and the dual 
74123. Several debouncers provide gates to use the 
switch or key circuit and a one-shot output (74122 or 
74123 with the feedback connection to prevent retrip 
ger ir~g).~ The keyed output is delayed for at least five 
milliseconds while the bounce has a chance to settle 
down, with or without a later re-extension of the 
key-down pulse to restore its original length. 

This approach appears to be good for calculator 

keyboards, flip-flop testers, and many other applications 
in which the final clean pulse length is  not highly 
important. Note, however, that loss of a few milli- 
seconds at the start of a dot is not noticeable to  the ear, 
although i t  may change the best setting of the range 

fig. 5. A type of delayed start circuit to sliminate bounce on 
make when contacts are closed. 

selector in a teletype machine. A dual one-shot (74123) 
circuit i s  shown in fig. 5. 

Another debouncer method is to use a gate to add the 
key pulse and a one-shot output during the first five 
milliseconds of the key-down position, thus swamping 
out the contact bounce on make with the one-shot 
output (fig. 6). Note that the break end is  not corrected. 

NE555 timer circuit 
The NE555 and the dual NE556 timers simplify the 

circuit by eliminating the need for gates. A resistor can 
be brought from the 5- to  15-volt V,, t o  the trigger 
input; the input to the IC simply can be keyed to 
ground. On the NE555 timer output end it 's not 
necessary to  add the V,, side of the key to the timer 
output. The NE555 not only can provide a pulse of at 
least 5 milliseconds long (and much longer if desired), 
but it also can remain on as long as the trigger input 
(key) pulse is low (grounded). 

The timer triggers on the negative-going edge of a 
low-going pulse, such as key down to ground. Normally 

TO KEYING 
T R A N S I S T O R S 7  

fig. 6. Circuit for swamping bounce on make by adding key 
output to that of a one-shot. 

the trigger pulse length must be shorter than the RC 
time interval of the timer. I f  the trigger is held low, the 
timer output will stay high until the trigger i s  driven high 
again (key-up condition). A simple debouncing circuit 
for keying purposes or, for that matter, for many other 
purposes as well, is shown in fig. 7, using a common 
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negative isolated from ground. The Vcc can be 5-1 5 Vdc 
and need not be highly filtered or regulated. The output 
is a perfect copy of the keying but without bounce on 
make. It has no special provision to eliminate possible 
retriggering on break; but the key voltage, after rising 
and releasing the timer, must pass through two widely 
spaced voltages to retrigger the timer. Retriggering has 
not been observed as yet, so there has been no need to 
inhibit the timer for a short time at the end of a dot. 

The timer output may be connected to the exciter 
keying input without introducing any relay contacts as 
shown in fig. 7 for negative grid keying, or as in the 
reference 2 drawing (with output polarity corrected) for 
positive keying. Note that internal common is  not 
grounded to external ground. 

ZZI R I  
330h 

I N 4 0 0 6  

N E G A T I V E  
KEYING 

C O Y Y O N  

fig. 7. NES55 timer I C  used to produce bounceless square output 
to a transistor keyer. 

The keying transistor collector output can be pro- 
tected against incorrect voltage polarity with a 1 N4006 
diode. If a ferrite bead is added for r f  protection, the 
large Amidon bead, with at least 8 turns of small wire 
wound through it, makes a better choke than a single 
small bead slipped over the output lead. Whether the 
bypass capacitor should be on the output or on the 
transistor end of the bead for best rf isolation might be 
considered. Shielding and ground-strapping the NE555 
timer and keying transistor enclosure should ensure 
isolation from a nearby high-power rf amplifier. 

While the NE555 circuit removes the contact-bounce 
problem, i t  does have a squarewave on make and break 
(100 ns each). Therefore, it's still necessary to have 
circuitry in the exciter or, alternatively, between the 
keying transistors if needed, to provide a keying rise and 
fall time of at least 5 milliseconds for Morse keying. A 
suitable transition time must also be provided in RTTY 
keyers. 
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coaxial connectors 
can generate rfi 

According to a recent report from the Naval Research 
Labs, weak-signal communications systems can be 
seriously degraded by Intermodulation Generation 
(IMG) introduced by coaxial cable connectors which 
contain small amounts of ferromagnetic materials. Many 
vhf, satellite, and EME operators who use receivers with 
sensitivities in the - 120 to - 140 dBm require mini- 
ma1 IMG for maximum sensitivity. 

NR L investigators have found that even small quanti- 
ties of ferromagnetic materials in coaxial connectors can 
degrade IMG on the order of 50 dB. Among the con- 
nectors that can cause rf nonlinearity problems are low 
permeability (<2) stainless-steel connectors and con- 
nectors which have been merely plated with nickel. 
Hermetically sealed connectors with Kovar* conductors 
are especially bad in this respect, but few amateurs use 
this type of connector. Since nickel plating is widely 
used as a substitute for silver- or gold-plated finishes, and 
many newer-type, low-permeability, stainless-steel con- 
nectors qualify under MIL-C-39012B, i t  i s  becoming 
increasingly difficult to obtain rf connectors which are 
completely free of ferromagnetic materials. 

In the measurements made at NRL, it was found that 
standard, silver-plated type-N or BNC connectors and 
adapters are quite linear (providing the devices are clean 
and the contact surfaces are well aligned), allowing IMG 
measurements to -140 dBm (60 watts drive). Even 
when sixteen UG-29B/U (double female) and UG-578/U 
(double male) type-N connectors were connected in 
series, IMG performance was degraded less than 4 dB. 
Multiple BNC connectors were only slightly worse. 

In comparison tests  with hermetically-sealed connec- 
tors which use Kovar conductors, the IMG level typically 
measured -85 dBm, an interference increase of 55 dB 
over the- 140 dBm linear device reference. To verify that 
the high IMG level was a function of the ferromagnetic 

material, a solenoid dc field was applied coaxially to the 
connector. The initial IMG level of -85 dBm decreased to 
- 105 dBm -. upon removal of the external magnetic field 
the IMG level returned to  -85 dBm. 

Stainless-steel coaxial connectors fared only slightly 
better in the IMG tests. Six double-female adapters with 
stainless-steel outer conductors and gold-plated, berylli- 
um-copper center contacts measured from -85 to -90 
dBm IMG. To confirm that the non-linearity was in fact 
due to  the stainless-steel outer conductors, identical 
structural elements were machined from brass and as- 
sembled with the gold-plated, beryllium-copper inner 
contact element. With this change the IMG levels 
measured from - 137 to - 140 dBm. When the connectors 
were reassembled with the stainless-steel body elements, 
the IMG levels once again increased to -85 to  -90 dBm. 

To cut cost, many rf coaxial connectors now on the 
market are nickel plated. Unfortunately, nickel-plated r f  
hardware shows large non-linear rf effects. Sample 
nickel-plated brass devices tested by NR L have shown 
IMG degradation in excess of 10 dB and often higher 
than 30 dB relative to silver-plated brass connectors. 
Furthermore, the IMG performance of some heavily 
nickel-plated connectors was as poor as that measured 
with stainless-steel connectors. 

In conclusion the NRL investigators recommended that 
immediate steps be taken to  eliminate the use of nickel 
plating as well as other ferromagnetic materials in r f  
connectors, and to eliminate ferromagnetic materials 
from rf components where the material is subjected to 
the effects of current flow. They also recommended that 
the pertinent military specifications be revised 
accordingly. 

Although the communications receivers used by ama- 
teurs who operate primarily on the high-frequency bands 
are not sensitive enough to be seriously affected by IMG 
produced by ferromagnetic coaxial connectors, these 
connectors can cause interference to other radio services, 
especially television, OSCAR communications, and other 
long-distance vhf communications systems. In addition, 
the NRL measurements were made at an rf power input 
of 60 watts - with kilowatt inputs IMG interference can 
be ex~ected to be much worse. 

*The thermal expansion characteristics of Kovar are similar to  
those of glass and ceramic, so it i s  widely used for glass-to-metal 
seals in vacuum tubes, semiconductors, and hermetically-sealed 
connectors. However, Kovar has high resistivity and permeability 
so r f  losses a t  the seals are high, and a t  hf and vhf cracking can 
result. One amateur who used this type of connector in a 
1000-watt two-meter linear lost an expensive 8877 when the 
ceramic seal cracked and allowed r f  energy to arc to ground. As 
further proof of the unsuitability of these connectors for rf 
work, tests aboard the USS Bunker Hill indicated that third 
harmonic distortion from high-frequency Navy transmitters in- 
creased about 20 dB when hermetically sealed adapters were 
used. 
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This NRL report has widespread implications for the 
entire electronics industry. Television sets in fringe areas 
which are located near amateur or broadcast trans- 
mitters, and use ferromagnetic coaxial connectors, are 
likely to be subjected to undesired interference. Vhf-frn 
systems with close-spaced, diplexed antennas using ferro- 
magnetic connectors may have increased intermodula- 
tion problems, and high-quality, commercial-grade an- 
tennas which feature stainless-steel hardware may have 
undesirable IMG characteristics. 

improving speech intelligibility 
During the Apollo moon shots the NASA flight con- 

trollers sometimes had difficulty separating an astro- 
naut's voice from the background noise. Since the voice 
spectrum between 40 and 900 Hz and 1900 and 3000 
Hz seems to contribute little to intelligibility, and only 
three portions of the speech spectrum are apparently 

RECEIVER 2 - 8  OHM 
OUTPUT OUTPUT 

fig. 1. Circuit developed by NASA engineers to improve the 
intelligibility of voice communications. Potentiometer adjusts 
null to 600  Hz, and switch provides for either male or female 
voices. 

required for clear speech (300-400 Hz, 900-1700 Hz 
[I 100-1 900 Hz for females] , and 2500-3000 Hz), NASA 
engineers developed the circuit of fig. 1 for more reliable 
voice communications. In this circuit the potentiometer 
adjusts the null to about 600 Hz, and the switch pro- 
vides for either male or female voices. Although the 
audio bandwidth of most amateur transmitters i s  limited 
to 300-2400 Hz, this circuit has been used to good 
advantage for pulling weak DX signals out of the noise 
and correctly identifying their callsigns. 

low-level, high impedance preamplifier 
A low-cost, transistorized preamplifier for oscillo- 

scopes and meters can be a real time saver in the lab. The 
unit in fig. 2 uses a Darlington circuit to obtain ex- 
tremely high input impedance. The ac input impedance 
of this circuit is approximately (hfel2 times the emitter 
resistance of transistor 02, and in practice has been 
measured in excess of 2.2 megohms. With the input 
shorted, the noise level i s  -78 dB down as read at the 
output with a vtvm. By using low value resistors in the 
base of 01 to establish the operating point, the circuit 
exhibits good dc stability over wide temperature excur- 
sions. In addition, linearity is within 1.5 percent from 
100 microvolts to 1 millivolt input, and frequency re- 

INPUT 
c- 

+ 9 v  

fig. 2. Low level, high impedance preamplifier has input 
impedance greater than 2.2 megohms. Frequency response is 
from approximately 100 H z  to 350 kHz. All transistors are 
Motorola HEP G0005. 

sponse is +2 dB from 100 Hz to 350 kHz. Although 
originally designed to boost the input to an oscilloscope, 
this circuit may be adapted to other applications where 
high gain, low noise and high input impedance are re- 
quired. 

dynamic microphones 

Not too well known among amateurs is the fact that 
dynamic microphones exhibit a proximity effect which 
increases the bass output as the distance between the 
source of sound and the microphone is decreased. Al- 
though stage performers often use this effect to  increase 
the bass registers or to add "warmth" to their voice, 
amateur operators should refrain from getting closer 
than about 4 inches (10cm) from a dynamic micro- 
phone. 

The result of  a signal source 3 inches (7.5cm) from a 
typical dynamic microphone i s  graphed in fig. 3. At 200 
Hz the output is approximately 4 dB higher than at 1 
kHz, an increase of about 58 per cent. What fig. 3 
doesn't show is  that the power output per unit band- 
width is considerably higher at frequencies below 500 
Hz than it i s  a t  the higher audio frequencies which are 
more effective for radio communications. In addition, 
the increased bass output caused by speaking too close 
t o  a dynamic microphone can introduce distortion be- 
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fig. 3. Proximity effect of dynamic microphones provides in- 
creased low-frequency output when the sound source is too close 
to the microphone. For best results in radio communications, 
keep the microphone a t  least 4 inches (1Ocm) away from your 
mouth. 
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cause of overloading and, in fm systems, overdeviation. 
Speaking across the microphone may help, but differ- 

ent brands of microphones have different off-axis 
response and they are not very directional a t  the lower 
audio frequencies. For best results, speak directly into 
the front of the microphone, but keep it a t  least 4 inches 
(1Ocm) away from your mouth. 

lightning protection 

Most amateurs make sure their antennas and towers 
are well grounded for lightning protection, but some- 
times forget that lightning can enter the service entrance 
to their homes, causing a good deal of damage. Since the 
high-voltage surges enter the service entrance and seek 
the least resistance path to ground, all to often that path 
is through your carefully grounded amateur equipment. 
Television sets, electric stoves, hot water heaters, and 
house wiring also fall prey to service entrance lightning 
and many bad fires have been caused by it. In most cases 
the damage isn't caused by a nearby lightning strike, but 
one to the power line a good distance from the house. 

Fortunately, there is  a very inexpensive solution to 
this problem in the form of a small, low-cost lightning 
arrestor which is  similar to the large units used a t  electri- 
cal substations. Both General Electric and Westinghouse 
manufacture these devices. The General Electric 
9L15CCB007 home lightning protector, for example, 
costs about $12.00, can be installed a t  the service en- 
trance or inside the main breaker panel, and is  guaran- 
teed for minimum life of ten years. Some insurance 
companies will give a rate reduction with a properly 
installed service entrance lightning arrestor. With an ar- 
restor of this type and a properly grounded antenna, the 
only worry is a direct hit on the house (which can be 
protected with lightning rods). 

Oscar antenna 

The antenna shown in fig. 4 was suggested by 
WA4DDH for use with Oscar 7, both Mode A and Mode 
B. The antenna consists of delta-loop beams for ten and 
two meters, a multi-element Yagi for 432 MHz, and is 

DRIVEN ELEMENT 
34' I - l / Z .  1104Ml 

REFLECTOR 
34' 11-1/2' 110 7MJ 

fig. 4. Antenna for Oscar 7, mode A and 6,  suggested by 
WA4DDH uses delta loops for 29.45 and 145.9 MHz, and a 
7-element Yagi for 432. Each antenna has its own gamma match 
and transmission line. 

tilted about 35 degrees above the horizon. Separate 
gamma matches are used on the two delta loops, with all 
three feedlines taped along the boom. Although 
WA4DDH suggested the use of a 7-element Yagi, a 
number of suitable 432-MHz antennas have been 
described in the amateur magazines. 

PPLY . ., 
R 

fig. 5. Simple 12-volt regulated power supply for up to 2 
amperes. The 2N3055 is mounted on small U-shaped heatslnk 
made from 2 inch (5cm) strip of aluminum. 

coaxial cable 
A number of readers have written to complain that 

coaxial cable they've purchased recently doesn't have 
the braid coverage i t  used to have. In some cases the 
braid coverage is  so poor that you can see the inner 
insulation through gaping holes in the braid. This sad 
state of affairs is due to the fact that RG-8/U is no 
longer a Mil Spec cable (having been replaced by 
RG-213/U). Copper i s  expensive, so the manufacturers 
have cheapened the construction of non Mil Spec coaxial 
cable rather than cutting the price. Therefore, it 's a good 
idea to stay away from commercial quality coax, in- 
sisting instead on those cables which are covered by 
mil i tary specifications (RG-58C/U, RG-59B/U and 
RG-213/U for example). 

An additional benefit of Mil Spec coax is  that the 
outer jacket i s  of the noncontaminating type. The outer 
jacket comes in two types and is very important in 
determining the life span of the cable. The older class 1 
contaminating jacket (used on RG-8/U, RG-58/U and 
RG-59/U) incorporates a plasticizer during the manufac- 
turing process to keep it flexible. As soon as the cable i s  
jacketed, however, the plasticizer starts to leach through 
the shield braid into the polyethylene insulation around 
the center conductor. This changes the electrical charac- 
teristics of the insulation and results in increased cable 
losses. This process is  relatively quick, and increased 
losses can be readily measured after only one or two 
years. 

Later coaxial cables use a non-contaminating class 2A 
jacket which i s  long-lived, abrasion resistant, and not 
damaged by sunlight. Furthermore, this type of jacket i s  
no more expensive than the contaminating type and can 
be directly buried for underground runs. Since it doesn't 
contaminate the center insulator, coax with a class 2A 
jacket has a useful life of ten to twenty years. 

Although foam-filled cables are becoming more and 
more popular, the shield braid does not conform to Mil 
Specs, most foamed cables have contaminating type 
jackets, and unless the foam is gas filled to keep 
moisture from migrating into the foam, this type of coax 
is  not very desirable. 
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For best results select only late types of coaxial cable oscillator circuit with an emitter-follower output. The 
which use class 2A jackets and leave the foamed coaxial oscillator circuit consists of 01  and 02. Transistor 03  is 
cables to the Citizen Banders and CATV companies. The the emitter follower; 04, also an emitter follower, in- 
jacket type can be checked in the manufacturer's catalog sures good isolation between the oscillator and load, and 
(which your dealer should have). Coaxial cable with a provides a low-impedance output (200 ohms). Emitter- 
class 2A jacket i s  usually no more expensive than the fol lower 03  also provides isolation between the 

I older non Mil Spec cables. oscillator and the feedback amplifier. 

regulated dc supply 

fig. 6. High-stability vfo tunes from 3.5 to 3.8 MHz. Output is 5 volts p-p minimum into 
a 200-ohm load. L1 Is 25 turns no. 18 ( l m m )  closewound on a ll /rinch (38mm) 
diameter form. All transistors are HEP SO015 or similar. 

Since many of the inexpensive 12-Vdc power supplies 
which amateurs use to power low-power vhf fm gear are 
unregulated, the no-load voltage may be 18 volts or 
more. During transmit the voltage drops to about 12 
volts, but when receiving the supply voltage may be high 
enough to exceed the maximum voltage ratings of the 
small-signal transistors in the set. The simple voltage 
regulation circuit in fig. 5 will easily handle up to 2 amps 
or so, but a short to ground (negative lead) on the 
transistor or heatsink will probably burn out the tran- 
sistor. One solution to this problem is to use a small 
plastic utility box to house the circuit. Be sure to in- 
clude the 2 amp fuse - many published circuits leave 
out this one small but important detail. The heatsink for 
low-power applications (2 amps or less) need be nothing 
more than a 2 inch (5cm) strip of aluminum bent into a 
U-shape. 

stable vfo 
The extremely stable vfo circuit shown in fig. 6 has a 

total drift of less than 10 Hz from turn on, and a total 
frequency drift of less than 30 Hz as the supply voltage 
is varied from 15 to 30 volts. The frequency range is 3.5 
to 3.8 MHz and output i s  a minimum of 5 volts peak to 
peak; amplitude stability over the entire tuning range is  
within 1 dB. Current drain with a 24-volt power supply 
i s  50 mA. 

This circuit, designed by G31SP, is basically a Butler 

The output amplitude is  stabilized by the two IN34 
diodes and 3.3-volt zener. Oscillator output i s  coupled to 
the diodes through a 0.01-pF capacitor. The voltage 
across the zener i s  maintained by a resistance voltage 
divider, and the rectified oscillator output is compared 
to the fixed zener voltage. 

The original model of this vfo was built on perforated 
c i rcui t  board, 4 inches long by 3 inches wide 
(10x7.6cm). This was mounted in a 8x6~6-inch 
(20x1 5x15mm) enclosure along with the coil, 25 pF air 
variable and 100 pF trimmer. A communications re- 
ceiver with a 100 kHz crystal calibrator was used for 
calibration. 

cw sidetone 
Every CW operator should have an audio sidetone 

oscillator to monitor his fist. Whether you use a side- 
swiper, an automatic bug or an electronic key, a monitor 
is necessary to insure proper sending. The sidetone 
oscillator circuit in fig. 7 is simple and reliable and 
changes in transmitter operating frequency do not re- 
quire any adjustments in the sidetone circuit. 

The circuit is essentially a Hartley audio oscillator 
which is turned on by the diode rectifier and dc amplifi- 
er. For operation from 160 through 10 meters, the rf 
choke and coupling capacitor are more than adequate 
for coupling to the final tank coil; couple the lead just 
close enough to the final tank to get a four- or five-volt 
swing a t  the emitter of 01  when the transmitter is 
keyed. For vhf use on 6 and 2 meters, a small tuned 
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circuit and pickup antenna are usually required to obtain 
sufficient rf to turn the monitor on. To adjust the audio 
tone of the oscillator output, different values of capaci- 
tance mav be substituted at C1. 

Y ANTENNA 

tor network in fig. 9. The amplitude of the staircase 
voltage is  linearly proportional to the number of applied 
pulses, and each step approximates the amplitude of the 
input pulse. The circuit functions in the following man- 
ner: When the first pulse is  applied to the input, capaci- 
tor C2 charges through C1 and 0 2  to a voltage approxi- 
mating the amplitude of the input pulse. When the input 
pulse terminates, the voltage across C2 acts as a signal 
for 01,  forcing C1 to charge to the same voltage that is 
across C2. When the second pulse is  applied, i t  i s  added 
to the voltage across C2, thereby causing C2 to double 
its charge. Each subsequent pulse increases the height of 
the staircase until i t  reaches the level of the supply 
voltage. 

fig. 7. Rf-activated CW sidetone circuit 
can be used on 160 through 2 meters 

I N 3 4 1  Pi+ (the tuned input circuit is recommended 
for vhf). Audio pitch is adjusted by 

rNPur CIRCUIT FOR VHF USE changing the values of C1. 

transient eliminator 
When the circuit of fig. 8 is placed between a dc 

power supply and a load, i t  will eliminate many transient 
overloads that might damage semiconductors and other 
components. The zener diode is chosen so that i t s  value 
is slightly higher than the supply voltage so transistor 0 1  
is normally turned off. Transistor 02 is normally con- 
ducting and transmitting power from its emitter to col- 
lector. When a voltage spike or transient i s  present on 
the input line, the zener diode conducts and turns 0 1  
on. With 0 1  conducting, the flow of current into the 
emitter places a positive bias across the 10k pot. This 
bias turns off 0 2  during the transient and protects the 
load circuitry connected across the output of the 
protection circuit. 

staircase generator 
A square wave may be converted into a staircase 

voltage output by the simple two-stage feedback transis- 

INPUT 
tmv M A X )  

OUTPUT 
( 7  AMP M A X )  

fig. 8. Protection circuit eliminates transients and voltage 
spikes from the supply line. Voltage rating of C R 1  is chosen 
about 10% higher than supply voltage. The 10k pot sets input 
voltage at which Q2 is cut off. Although maximum current 
limit of a properly heatsinked 66005 is 7 amps, a similar 
scheme could be used with higher power transistors. 

fig. 9. Simple staircase generator circuit converts a square wave 
into a staircase voltage output. Staircase is linearly proportional 
to the number of applied pulses, and each step approximates the 
level of the input pulse. 

closing comments 
In a recent ham notebook item on muting micro- 

phones* author W61L noted that microphone dis- 
turbance (such as late at night) can be eliminated by 
taping a heavy-walled cardboard tube to your micro- 
phone and speaking through it. The tube compresses the 
sound, resulting in increased talk power, although i t  may 
sound as though you're in a barrel. To avoid the 
"bottom-of-the-barrel" effect, WB2CHO suggests placing 
a small amount of loose cotton in the tube. This damps 
out the echoes, and reduces the reverberation effect 
(which, judging from some 75-meter signals, some opera- 
tors like). 

WB2CHO also has some suggestions regarding speech 
processing and RFI as discussed in the comments section 
of the November, 1975, issue: infinite speech processing 
has the same effect on tube dissipation as running your 
rig in key down, full output most of the time. Most 
amateur ssb transceivers and linear amplifiers are de- 
signed for a 50 per cent duty cycle, which normal voice 
does not exceed. With heavy speech clipping or quasi- 
logarithmic processing, this duty cycle can be exceeded, 
however, reducing tube life or blowing out a power 
supply. To be safe, reduce drive when using speech 
clipping. 

'R. Cabanillas, Jr., W61L. "Muting Microphones," ham radio 

November, 1975, page 71. 

ham radio 
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improved 
frequency readout 

for the 

Collins S-line 

Two paper dials 
added to your 

S-line or-KWM-2 
allow frequency 

to be read 
within ten Hz 

A casual glance at the accompanying photos shows what 
looks like an ordinary KWM-2 transceiver. Closer inspec- 
tion, however, reveals that something has been done to 
the main tuning dial. The graduated scales shown 
mounted to the main tuning control allow frequency to 
be read to 10 Hz on a unit designed to read out in kHz. 
All this was done with just two pieces of paper. 

You might say, "I've a good eye and can estimate 
frequency to 100 Hz on my Collins." Perhaps. But you'd 
be estimating to one-tenth of a 0.1-inch (2.5mm) space. 
The reliability of such an estimate is certainly question- 
able. 

preliminary checks 
Before adding the frequency dials to  your Collins 

equipment, the first step i s  to determine the amount o f  

frequency readout error that exists. After you've accu- 
rately set the vfo dial to eliminate end spread in accord- 
ance with Collins instructions, check the 100-kHz point 
on the dial. You'll probably notice an error of between 
100 and 400 Hz. A recheck then should be made. 

Put a reference mark on the desk. To avoid parallax, 
align the reference mark, using a magnifying glass, with 
the 100-kHz point. Offset the hairline 1 kHz so you're 
using the thinner and more precise dial marks. You'll 
probably find the frequency is still off at the 100-kHz 
check point. 

I f  you have an accurate marker generator that goes to 
5 or 10 kHz, you can check across the entire 200-kHz 
range. If you plot the data you'll most likely find an 
error curve that's somewhat sinusoidal. However, you'll 
seldom see more than 50-Hz error between any adjacent 
5-kHz marks, even though the total error across the 
200-kHz range may be as much as 400 to 600 Hz. If you 
had accurate &kHz markers and some way to  read the 
dial to 10 Hz or so, you could plot an error curve, and 
by using it, be fairly sure of the frequency of any signal 
to within 25 Hz or better. 

applying some leverage 
What's needed is a bigger dial with marks, say, every 

100 Hz instead of only every kHz. I f  you could set the 
dial accurately, you could also use a vernier to read to 
10 Hz (and even estimate to 5 Hz). 

The Collins knob turns nearly 9 revolutions to cover 
the 200-kHz range. The knob has a skirt circumference 
of about 8 inches (203mm), so if the knob skirt i s  appro- 
priately marked, you would have nearly a Sfoot (1.8m) 
dial. I f  a second dial, also appropriately marked, were 
added to  provide a vernier measurement then you would 
have the equivalent of a 60-foot (18.3m) dial. 

And that's exactly what was done. The dials, shown 
in fig. 1, were made as described below and installed on 
my KWM-2. The dials will also work, with slight error, 
on the Heath SB-301, 303, and 401. The large dial is 
graduated in kilohertz from - 10 through zero to +lo.  It 
is mounted to the Collins transceiver main tuning shaft 

y Bob Gilson, WIGFC, Muhlthaler Str. 5, 8131 
:arnberg-Hanfeld, West Germany 
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so that i t  doesn't move (press fit). The center hole of 
this dial must be cut as accurately as possible so that no 
play exists between it and the tuning shaft." The small 
dial i s  graduated with 10 marks for each 0.9 kilohertz 
and is, therefore, a 10:1 vernier. The small dial is  marked 
from 1 to 26 for reference. This dial i s  cemented to the 
back of the Collins tuning knob. 

resetability checks 
Before you decide to install the dials, here are a few 

words of advice - learned the hard way: make a check 
for resetability and backlash in your unit. 

Mark a reference line on the knob skirt and on the 
front of the transceiver (white adhesive tape works well). 
Carefully align the hairline at 200 on the dial and count 
the number of revolutions of the knob to near zero. 
You'll find nearly 9 revolutions will be required. Now 
tune from zero to 200 and see if you get the same read- 
ing. In my case I read 8 turns from 200 to 12 and 8 
turns from zero to 188.5. That's an accumulative error 
of 0.5 kHz across the tuning range, and if linear, would 
be 12 Hz between any two 5-kHz marks, or 6 Hz from 
the nearest mark. 

I f  you find that one full knob revolution covers about 
23.5 kHz, the dials are for you. If you find the knob 
covers less than 22 or more than 25 kHz, the dials are 
not recommended. 

making the dials 
I used heavy printer's stock and mounted it on a 

Bridgeport milling machine table. Then I learned that 
graduating 3-inch (76mm) diameter dials with marks 
every 1 degree, 22.5 minutes was a chore. Finally I used 
a 15-inch (381mm) diameter dial. The circular table of 
the milling machine is  readable to one degree of arc, and 
the crank reads to one minute and can be interpolated to 
30 seconds. On a 15-inch (381mm) diameter dial, the 

'The dials may be cut using a pair of dividers. Easy does it: 
rotate the dividers, using moderate pressure, until the dials start 
to separate from the paper. Then gently separate by bending 
back and forth. Clean the edges with finegrit sandpaper. Editor 

Cat  cr r center ~ ( I P ,  
ca-,..F~l,y 

Closeup of Collins KWM-2 with frequency dials mounted. The 
equipment indicates a frequency of 14.21 1,220 Hz. 

fig. 1. Frequency dials for use with Collins S-line equipment. 
These dials have been photo reduced from the original upsize 
masters, which were made on a milling machine table. 

lines are 0.01 inch (0.25mm) thick. So even though the 
Bridgeport machine provides about 0.6 Hz resolution (in 
terms of frequency), the lines are 7 to 8 Hz thick. This 
inaccuracy, combined with occasional drafting errors, 
means that the average accuracy is 10 Hz or so. 

The large dials were photo reduced and printed on 
stiff paper to 3 inches (76mm) diameter for the KWM-2. 
The printer did a good job - I measured 3.0010 inches 
(76.225mm) diameter on dial A and 3.0012 inches 
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(76.230mm) on dial B, using the shadowgraph method. 
The main thing, however, i s  uniformity rather than exact 
dimensions of the dials. 

installation and use 
The dials should be cut out as indicated in fig. 1. Use 

care with the small center hole on the large dial because 
it should make a snug f i t  on the Collins tuning shaft. 
Also use care in cutting the circumference of the small 
dial, as it will become the vermier. After cutting out the 
dials, but before mounting, check to determine correct 
alignment of the two scales. If, for example, you align 
15 on dial B with 0 on dial A. then 10 and 20 on dial B 
should line up with -4.5 and +4.5, respectively, on dial 
A; otherwise the dials haven't been cut and centered 
correctly. 

Remove the tuning knob (two set screws) from the 
shaft and slide the large dial onto the shaft. Unless 
you've had experience, do not remove the nut on the 
shaft, even though the dial isn't flush. Center the knob 
skirt over the small dial, using the concentric circles as a 
guide, then cement the dial to the back of the knob with 
the numbers facing out. Re-install the knob onto the 
shaft. 

Use any accurate marker generator (10 kHz or 5 kHz 
if you have it) and tune to the nearest marker in the part 
of the band where you want to measure frequency. Tune 
for zero beat (or offset if you have an audio oscillator), 
and set the large dial to line up with one of the num- 
bered marks (1 to 26) on the small dial. You can use 0 
kHz, for example, on the large dial. In this case, the large 
dial would be used much like the hairline on the regular 
Collins dial. 

Hold the large dial and rotate the knob to the signal 
of interest (either zero-beat or audio offset), and read 
kilohertz and tenths of kilohertz on the large dial. You 
can read hundredths of kHz on the smaller dial where 
the lines line up. The correct vernier lineup is  the first 
one beyond (in the direction you moved from reference) 
the tenth of a kHz. 

The KWM-2 in the closeup photo is indicating 
14,211,220 Hz. The first number (2) of the last three 
digits is read from the position of reference 12 on the 
small dial to the right of zero on the large dial. The last 
two numbers (20) are shown where the vernier lines up 
with the large dial (two lines to the right of the 12 on 
the small dial). 

After you've used the dials for awhile, it's suggested 
that you cement a tab to the back of the large dial to use 
as a holding tab when you turn the knob (and the other 
dial). If you're right-handed you may find that mounting 
the tab near -3  kHz will be most comfortable. 

final remarks 
With the dials installed I can read frequency to 10 Hz 

and estimate to 5 Hz. With an accurate 5-kHz marker, I 
feel confident that I know the frequency to 20 Hz. My 
objective was to read frequency accurately without a 
counter. I succeeded, but I had to use a counter to verify 
my success. 

ham radio 

Any ALPHA Linear Will Give Your Signal 
Maximum Lenal Power "Punch" . . . 

The Ultimate - ALPHA 77D 
Ultraconservative, super-rugged design 
1.8 through 30 MHz 
8877 Eimac Triode 
Full QSK break-in 
Vacuum tuning and T I R  
Whisper quiet 
Full year warranty 

$2995 amateur net. 

So Just Choose The Model Best Suited . . . 

No- Tune-Up - ALPHA 374 
Bandpaa or manual tuning 10-80 meters 
Maximum legal power continuous duty all modes 
Three Eimac 8874's 
Proven dependability 
Full year warranty 

Immediate delivery at $1395. 

To YOUR Operating Interests And Budget! 

Practically Perfect - ALPHA 76 
2+ Kilowatts SSB PEP 
Full KW CWIFSKISSTV 
10-1 6 0 M  Standard 
Two EIMAC 8874's 
Fully self-contained 
Full year warranty 

Now available for prompt factory delivery 
at a practical $895.00 
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- ter of no output even though the lamps and filaments 
seem normal? 

In cases where the lamps come on and the tube fila- 
ments glow, you can look for some other, more subtle 
clues, which can be immensely valuable. Look first to 
the audio gain control. If you hear a scratching sound as 
you rotate the control through i t s  range then i t  is  a 
moderately safe bet that the defect i s  prior to the 
volume control. What you are hearing is the amplified 
noise voltages generated by the control wiper. 

Next, switch on the bfo or turn to the ssb/CW posi- 
tion of the function switch. I f  the noise level increases or 

Joe Carr, K4IPV 

basic 
troubleshooting: 
the dead receiver 
Many amateurs seem to view troubleshooting as some 
kind of arcane, unfathomable process performable only 
by professional electronics personnel. It i s  my conten- 
tion, shared by many others, that most troubleshooting 
of amateur radio equipment i s  a relatively simple skill 
which is easily acquired by anyone with a technical 
background good enough to pass the General or Tech- 
nician class FCC examinations. To be sure, a person with 
twenty years experience in a communications service 
shop might run rings around the neophyte timewise, but 
your rig will work just as well after you correct the 

next step might be to switch the bandswitch through i t s  
ranges. Look for either signals or static crashes as the 
switch changes bands. If the receiver i s  not dead on all 
bands look to components which are only common to 
the dead band or bands. Such components might be 
coils, converter crystals in double-conversion sets, loose 
connections or even the switch contacts themselves. This 
last i s  often overlooked by the inexperienced. On the 
other hand, i f  static crashes are heard as you switch 
bands then you can temporarily exonerate the i-f ampli- 
fier chain. 

In cases where the set i s  completely dead. as if the 
power switch was turned off, look to thk primary side of 
the power supply. Actually, defects such as this, al- 
though they initially look bad, are actually pretty easy 
to solve. It seems that there is  nothing quite so easy to 
find as the cause of a completely dead set. First and 
foremost, check to see if the ac receptacle has power and 
that the set i s  plugged into the receptacle. You would 
probably be surprised at how many service calls in the 
TV industry are due to something like a wall switch in 
the off position! Use an ohmmeter or continuity tester 
to check the fuse, power cord, power switch, and trans- 

defect as when he does that neat trick for you. Technician using a modern hand-held digltal voltmeter to 
The first step in any troubleshooting procedure is to troubleshoot electronic equipment. (photo courtesy newlett- 

observe performance of the defective unit. The test Packard) 

equipment requirements for this phase are almost zero. 
I t  i s  at this point, by the way, that the real pro exempli- 
fies himself. There is  a great deal of information to be 
gleaned from this process and i t  can significantly reduce 
the time required to diagnose and repair an equipment 
fault. Since the pro is  in the business of making money he 
will use this information to full extent. You, too, should 
make use of your observations. 

In order to simplify the discussion of "troubleshoot- 
ing" I have limited the range of interest to the single- 
conversion, superheterodyne communications receiver 
and, by implication, the receiver portion of the typical 
ssb transceiver. Of course, i t  takes only the slightest ef- 
fort to extend the procedures given here to dual- and 
triple-conversion models. 

When you initially examine the receiver, determine 
just what is or i s  not working. The fact that the receiver 
is dead, while significant and interesting, i s  not the 
whole story. For example, does "dead" mean that no 
power seems to be applied, that neither the pilot lamps 
nor the tube filaments are glowing or i s  it simply a mat- 
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former primary. Don't rely on sight to test  the fuse - 
actually measure its resistance (should be zero ohms). Be 
aware, though, that a blown fuse may indicate some 
other defect which can be quite serious. An old maxim 
regarding fuses goes something like this, "A fuse doesn't 
cause trouble - it protects against and indicates 
trouble!" 

Include in your preliminary inspection any unusual 
odors (might indicate that something i s  burning), any 
unusual sounds from the loudspeaker, any sounds from 
inside the cabinet which might tend to indicate arcing, 
and so forth. Although it has taken quite a bit of time to 
describe this inspection the actual implementation takes 
only a few moments. If you use these observations, 
coupled with a logical step-by-step procedure, there are 
few defects which will elude you in a typical super- 
heterodyne receiver. 

divide and conquer 
One of the best methods for isolating defects in most 

types of electronic equipment is  to divide the set into 
bite-size chunks then conquer each in i t s  turn. There are 
two basic philosophies to troubleshooting, signal injec- 
tion and signal tracing, but they both lead to the same 
thing. Once you have gained experience you will find 
that one will work better than the other in some cases, 
while in others the reverse is true. Most times, though, 
which to use is really only a matter of preferance so take 
your pick. 

The signal injection procedure is  shown in fig. 1. First 
connect some sort of output monitor. This can be an ac 
voltmeter, an oscilloscope or just a loudspeaker. Then 

I RF AMPLIFIER 

MIXER '? 

+ic; 
INPUT 

fig. 2. Typical audio amplifier stage which might be found in a 
vacuum-tube amateur receiver. Various faults which can be 
caused by  component failure are discussed in the text. 

SIGNAL 
GENERATOR 

inject a signal from a generator into the input of each 
stage in succession beginning with the output. Of course, 
if your preliminary investigation has shown the audio 
stages to be working then you can just skip them and go 
on to the detector. Check first one stage, then the stage 
preceding, until the stage i s  located which either passes 
no signal or a highly attenuated signal. You can then be 
reasonably sure that the defect is located between that 

FILTER y- ' I  I I / ;4 ,? 

I / 

point and the last point where signals passed normally. 
Consider as an example the audio amplifier shown in 

fig. 2. Assume that output was heard when the signal 
was injected into the grid of V2 (at point A) but no 
output was produced when the signal was applied to 
point B, the grid of V1. The next step, of course, would 
be to check the vacuum tube either by substitution or 
on a tube checker. If you or a friend owns a tube tester 
then by all means use it but don't feel demeaned by 
going down to the local drug store tube tester (they 
work). 

Since some defects will not show up on a tube tester I 
feel that substitution is  the best method. The number of 
different tubes which the typical amateur i s  likely to 
have in his primary station equipment i s  low enough to 
warrant keeping one each (new, not hamfest specials of 
unknown history) in stock at all times. In most cases 

DETECTOR 9 VOLUME 
CONTROL 

AF WWER 
AF PREAMP AMPLIFIER 

SPEAKER 

fig. 1. Using a signal generator for signal- 
injection troubleshooting. Signal is injected 
into successive stages of the receiver to de- 
termine which stage is faulty. 

replacing the tube will cure the defect; although prob- 
ably not the 95% claimed by tube tester ads. 

You a l l  know Murphy's law (one corollary of which 
states that Murphy was an optimist), so in your case, 
alone, the trouble will not be a tube and you will have to 
look further. When you remove the tube from i t s  socket, 
leave the set turned on unless this exposes you to 
dangerous voltages while attempting to extract that tube 
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from its socket. I f  you hear a "click" or static crash as 
the tube clears the socket pins then you know i t  was 
drawing current and can probably forget about the plate 
load resistor, or in rf/i-f circuits, plate tank coil. 

When you cannot cure the problem by replacing a 
tube i t  will be necessary to make some voltage measure- 
ments on each pin of the tube socket. Unless you have 
all the tube pinouts memorized it 's advisable to obtain a 
copy of the receiver schematic. I f  one is  not available try 
getting one from a different version of the same model. 

RF AMPLIFIER 

chain of stages! Here, you inject a signal into the input, 
antenna terminals i f  a receiver, and look for it in succes- 
sive stages using a simple signal tracer or oscilloscope. 
The most basic form of tracer is a high gain audio ampli- 
f ie r  preceded by either a demodulation or low- 
capacitance probe depending upon which stage is being 
tested. Both of these probes (see figs. 4 and 5) are also 
needed when using an oscilloscope. Almost any audio 
amplifier can be pressed into service: junk public-address 
amplifiers, hi-f i  amplifiers, a homebrew amplifier, or the 

AF POWER 
AF PREAMP AMPLIFIER 

BFO 

SIGNAL GENERATOR 
TUNE0 TO RECEIVER FREQUENCY 

SlGNPL 
TRACER 

Failing that, you can always consult the RCA Receiving 
Tube Manual, G E's Essential Characteristics, or the rear 
of any edition of the ARRL Radio Amateur's Hand- 
book. Compare the voltages actually measured in the 
receiver with those given in the schematic. A variation of 
10 to 20 per cent is normal. 

I f  there is  no schematic available then try comparing 
the voltages against what common sense tells you is 
approximately correct. I kept records in a shop and from 
them noted that nearly half of the jobs which were not 
tube replacements involved either the dc power to  a 
stage or produced changes in the normal dc potentials on 
the tube elements. A shorted screen-bypass capacitor, 
for example, will drop the screen B+ to almost zero and 
may well overheat the screen-dropping resistor. An open 
cathode-bias resistor, on the other hand, will cause the 
plate and screen voltages to  rise and the cathode-to- 
ground voltage will be almost equal to the plate voltage. 

Note that there are actually two paths for current to  
flow in almost every receiver or audio amplifier circuit: 
the dc path just discussed and an ac signal path. When dc 
conditions look normal then look to that ac path for the 
defect. In the audio amplifier of fig. 2 the ac path in- 
cludes capacitors C1, C2, and C3. Should they open the 
set will be dead but the dc potentials will be close to 
normal. Capacitor C4, also in the ac path, will generally 
cause the stage to  oscillate if i t  opens up. Simple substi- 
tution using either alligator chip leads or "solder tacks" 
is the best troubleshooting method. 

An alternate troubleshooting technique, illustrated in 
fig. 3 is called signal tracing. It i s  actually just signal 
injection viewed from the opposite end of the cascade 

fig. 3. Troubleshooting a receiver with a 
signal tracer. Test slgnai is provided b y  sig- 
nal generator tuned to the receiver's fre- 
quency. 

audio stages of an old radio. Alternatively, you can use 
any of a number of small kits offered by most electronic 
supply houses. The only real requirement i s  for mod- 
erate to high gain and enough audio power to  drive a 
small speaker. 

In a superheterodyne receiver you sometimes find the 
converter or oscillator-mixer stages to  be at fault. If 
either the mixer or the mixer portion of the converter is 
the culprit then the trouble can usually be located using 
the techniques already discussed. In other cases, though, 
the oscillator may not be running or may be running 
way off frequency. If the local oscillator (LO) is a vfo 
you can generally detect operation using a voltmeter. 
Measure the small negative voltage on the grid of the 
oscillator while tuning the dial from one end of the band 
to the other. If the LO is operating, then the voltage will 
vary. In crystal oscillators you will also observe a small 
negative voltage on the grid. If the crystal i s  in a socket 
try removing i t  while monitoring that voltage. I t  should 
drop as the crystal is removed. In either type of LO you 
can use an oscilloscope to  actually view the oscillator 
signal provided that the scope has an adequate vertical 
bandwidth. 

On some occasions you will find the LO is operating 
but at the wrong frequency. I f  the error is great enough, 
the result will be a dead receiver. If you have a fre- 
quency counter or other means of measuring frequency 
then that should tell the story. In other instances, 
though, you can use a substitute signal from either a 
signal generator or vfo. In either event the signal must be 
at the receiver dial plus or minus the intermediate fre- 
quency. Even a lowly grid-dipper can be used in some 
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receivers. If the LO is running on the correct frequency 
you will note birdies (heterodynes) in the output. If the 
LO is  not on frequency expect to hear radio stations! 

That elaborate test equipment is not needed for most 
amateur radio troubleshooting jobs may come as a sur- 
prise to many. Adding to that belief i s  the fact that most 
commercial communications shops have a mighty large 
investment in multi-kilobuck instrumentation. Even the 
professional, though, needs only very simple stuff in 
most situations. I t  is to satisfy FCC regulations and to 
handle the really difficult service that he needs his equip 
ment. You have one advantage over the pro in that your 
livelihood doesn't depend on your service work and you 
can always take your set to him if you fail. 

The absolutely most basic piece of test equipment i s  
the multimeter. For most jobs either a simple vom or 
electronic voltmeter is needed. If a vom is selected make 
sure it i s  a model with sensitivity over 20,000 ohms per 
volt. Between hamfests, auctions, low-cost kits, and the 
Japanese imports there is no reason why every amateur 
shouldn't own one. Don't be too awestruck by those 
modern digital jobs. Your little vom will do your job just 
as well! Besides, have you ever seen what happens to 
some of those new digital multimeters when a trans- 
mitter is turned on a few yards away? They go bananas! 

As described earlier you can obtain a signal tracer by 
either construction or through a conversion job. Do not 
use any acldc dquipment for the conversion, however. 
The resultant "instrument" may well be lethal. Use only 
equipment with a power transformer! 

Oscilloscopes are often described, quite rightfully, as 
the most useful piece of electronic test  equipment. If, 
for example, the scope is dc coupled, you can use i t  in 
lieu of a voltmeter. If the scope is  calibrated, the small- 
est  full-scale range and the overall accuracy is better than 
most vom/vtvm instruments. Oscilloscopes tend to 
excite the newcomer and many an auction has seen a 
frenzy when an old clunker came up for a bid. Fre- 
quently you see old, junked, scopes fetch prices all out 
of proportion to their worth. Because of this a word of 

S H I E L D  - - - - - - - - 
fig. 4. Low-capacitance PROBE T I P  

probe for use with a rig- 
nal tracer or an oscillo- SCOPE ORI  

scope. The 30  p F  trim- TRACER L ------- J 

mer is adjusted for best rquareness of a 1 kHz square wave. 

caution is in order. Before you pay $75 to $100 for 
some elderly 500-kHz, recurrent-sweep model which is 
old enough to vote, look to the kit manufacturers and 
some of the imports. For not too much more money 
you can get a lot more value. 

some advice 
1. Troubleshooting a dead receiver or other piece of 

equipment is made easier by one simple fact: it once 
worked normally! In de-bugging new equipment, on the 
other hand, you have to give due consideration to that 
nagging fear that all your troubles may be due to either a 
false premise in design or a misplaced decimal point. 

Not-so with repair troubleshooting. Don't wax philo- 
sophical and look for deep, subtle troubles. The occult 
or difficult forms only the tiniest percentage of all ama- 
teur rapairs. In other words, think like a repairman, not 
like an engineer! 

2. Don't ever use "alignment" as a troubleshooting tech- 
nique. One of the quickest ways to spot the newcomer 
or the incompetent old timer is by the speed with which 
he grabs an alignment tool. Defects which cause a re- 

fig. 5 .  Demodulator 
probe for use with a rig- c o a x  T o  I 

n a ~  tracer. an oscillo- ~ ~ ~ ~ R ~ - T ~  - -- I 

scope or a voltmeter. 
Diode CR1 is a germanium type such as the 1N34A. 1N60,  etc. 

ceiver suddenly to quit seldom, if ever, arise from "align- 
ment." Lock that darn diddle stick up until you know 
for sure that alignment i s  indicated. You may find that 
you never need that tool again! Contrary to some "offi- 
cial" advice to amateurs, receiver alignment does not 
change enough to justify realignment every year. Al- 
though some minor improvement may be affected, align- 
ment just loosens coil slugs and creates other damage 
that will either keep you off the air now or more often 
in the future. 

3. Avoid bizarre repairs. One such fix which is heard of 
from time to time is the bending of tuning capacitor 
plates to make the oscillator track properly. Since i t  is a 
fair bet that the alignment of that oscillator was once 
correct this is a fool's method. I prefer to believe that 
the engineers who originally designed that receiver and 
the capacitor in i t  had a whole lot more sense than I do, 
at least concerning that receiver. In a situation involving 
a friend of mine I learned that the best procedure is to 
find out why the local oscillator shifted frequency. 
There are a lot of reasons for LO mistracking including 
use of the wrong brand of replacement oscillator tube! 
In this case the friend called and asked whether he 
should allow a buddy to bend the main tuning capacitor 
plates. I told him to retrieve that set, preferably without 
damage, and come on down to the shop after hours. 
There we could properly diagnose the defect and, if indi- 
cated, realign the oscillator with proper equipment. It 
turned out that the trouble was a small mica padder 
capacitor in series with the local oscillator tank coil. A 
replacement, in this case obtained locally, solved the 
50-kHz shift! Incredibly enough, that other fellow didn't 
even notice that the error in tracking existed only on 
one band. 

Troubleshooting is not such a gruesome procedure as 
some amateurs want to believe. Reduced to its simplest 
philosophical form, all defects in equipment which was 
once working are due either to the existence of an un- 
wanted path for current or the loss of a desired current 
path. It is the job of the repairer to determine which is 
the case, and to either open or close the current path as 
indicated by the symptoms and his logcial deductions. 
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State of the Artmmm 

Heathkit SB-104 Heathkit HW-104 

Whether you choose the SB-104, or the HW- 
104, you're getting one of the finest Amateur 
transceivers you can buy at any price. And 
because you build them yourself, you get a 
feel for the equipment you simply can't dup- 
licate with ready-made units. 

100% solid-state construction including finals 
. . .totally broadbanded circuitry for instant 
QSY without pre-selector, load or tune con- 
trols.. . switchable 100 watts11 watt out.. .0.6 
pV typical sensitivity. . . super-clean operation 
thanks to reduced cross-mod and IM distor- 
tion.. . specs that show what state-of-the-art 
is all about.. .and styling second to none! 

Reviews and articles in  the major Ama- 
teur magazines have consistent ly  
praised the 104's because of their ad- 
vanced circuitry, reliability and sheer 
operating pleasure! If you're serious 
about Amateur radio, you owe i t  to 
yourself to find out more about the 
104's. For complete descriptions and 
specifications, order the new FREE 
Heathkit catalog. Send coupon 
today! 

The SB-104 offers true digital frequency read- 
out with resolution to 100 Hz on all bands, and 
complete frequency coverage from 3.5 MHz 
through 29.7 MHz without accessories. 

Kit SB-104, Shpg. wt. 31 Ibs. . . . . . 669.95 

The HW-104, for $170 less, brings you the 
same broadbanded circuitry as the SB-104, 
but it has an easy-to-read circular tuning dial, 
and 3.5 to 29.0 MHz coverage (to 29.7 MHz 
available with HWA-104-1 accessory). It's one 
of the best pricelperformance combinations 
available in Amateur Radio today. 

Kit HW-104, Shpg. wt. 31 Ibs. . . . . 499.95 
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Station of the Artwww 
The SB-104 with sophisticated station 
accessories. Unquestionably, some of the 
finest Amateur gear you can own. 

Clockwise from top: SB-644 Remote VFO: For split transmitlreceive on SB- 
104. Not for HW-104. 

SB-104 Transceiver: Kit SB-644, Shpg. wt. 10 Ibs. . . . . . . . . . . . . . .  .119.95 

SB-230 Conduction-Cooled Linear: 1200 PEP SS8: Fixed Station power Supply. Fits inside accessory 
1000 watts CW from less than 100 watts drive. Also 400 speakers of 88-104 and HW-104. 120/240 VAC. 60150 
watts for SSTV and RTTY. Hz. 
Kit SB-230, Shpg. wt. 40 Ibs. . . . . . . . . . . . . . .  .369.95 Kit HP-1144, Shpg. wt. 28 Ibs. .89.95 . . . . . . . . . . . . . .  
SB-614 Station Monitor: CRT indicates signal quality. Station Speakers: 5~7" ,  3.2 ohm speakers response- 
~ l s o  RF envelope and Trapezoid displays. For s%. CW tailored to SSB. With cable, connectors and cabinet. 
and AM to 1 kW; 80-6 meters. Kit SB-604, For SB-104 Shpg. wt. 8 Ibs. . . . . . .  .29.95 
Kit SB-61% Shpg. wl. 17 Ibs. . . . . . . . . . a .  :. . .139-95  it HS-1661, ~0~ HW-104 ~ t ,  5 lbs, . . . . .  .19.95 
SB-634 Station Console: 24-hour clock, lo-minute ID Useful OpllOns for both the SB-104 and HW-104. 
t~mer. RF wattmeter. SWR bridge, phone patch. SBA-104-1, Noise Blanker. Shpg. wt. 1 lb. . . . . .  .26.95 

. . . .  . . . . . . . . . . . . . .  Kit SB-634, Shpg. wt. 14 Ibs. ,179.95 SBA-104-2, Mobile Mount. Shpg. wt. 6 Ibs. .36.95 
SBA-104-3, 400 Hz CW Crystal Filter, 
Shpg. wt. 1 Ib. . . . . . . . . . . . . . . . . . . . . . . . . . . .  .39.95 

FREE! 
New Heathkit Catalog 
Over 400 Easy-to-Build kits including 
Amateur and SWL gear, test instruments, 
automotive and marine electronics, digi- 
tal clock and weather monitors, stereo 
hi-fi, color TV. Send for yours today! 

- -- 

] Benton Harbor, 

Michigan 49022 

Dept. 122-18 

I Please send me my FREE Heathkit Catalog. 

! I Name 

i city State 

I AM-327 
I Zip 
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time-out 
warning indicator 

for fm 
repeater users 

An inexpensive 
transceiver-actuated circuit 

that inhibits 
repeater-timer override 

Many fm  operators have, on occasion, timed out a re- 
peater and since this practice is frowned upon, the habit- 
ual offender is  branded as a "leadfinger." This article 
describes an inexpensive timer that, when connected to 
an fm transceiver, prevents the user from timing out 
repeater stations. Other timer circuits have been de- 
s c r i b e d , l ~ ~ . ~  but all require manual triggering and reset 
by a negative pulse. 

circuit 
The timer consists of a 556 ( U l )  and two 555 (U2, 

U3) IC timers (fig. 1). The first half of U1 is connected 
to trigger on a positive step-input ~ o l t a g e . ~  The trigger 
voltage i s  sequenced with the push-to-talk microphone 
switch. (The methods of deriving the trigger voltage are 
described later.) The output of U1A is differentiated to 
trigger and reset U1B simultaneously, which is con- 
nected as a one-shot. The time delay is determined by 
R1, C1 to provide a delay equal to 10 seconds less than 
the repeater timer. Therefore, using a 60-second re- 
peater, the time delay should be 50 seconds and is 
approximately found from t(sec) = 1.1 R1CI.  When 
U1 B is on, its output triggers U2, which is connected as 
a flip-flop. U2 drives a green LED, which flashes approx- 
imately 80 times a minute during this time delay. 

When the 50-second time delay is reached U1 B goes 
low and U2 is disabled, simultaneously triggering and 
resetting U3, which functions as a one-shot for 10 
seconds (set by R2 and C2). A red LED is on for this 
10-second interval. At the end of 10 seconds, the red 
LED goes out and the cycle is completed. For other 

By Howard M. Berlin, KSNEZ, Department of the 
Army, Aberdeen Proving Ground, MD, and Adjunct 
Faculty, Department of Elecrical Engineering, Uni- 
versity of Delaware, Newark, Delaware 
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choices of delay times, the RC combinations can be a single transmission exceeds the first time delay (50 
determined from the equation. The status of the LEDs is seconds), the green LED will stop flashing and the red 
shown in fig. 2.  LED will light. A t  this point you have 10 seconds to 

stop transmitting or else you will time out the repeater, 
power sources and al l  the LEDs will be off. I f  the transmission time is 

For mobile installations the power supply voltage is  less than that of the repeater timer, the timer indicator 
taken from the car battery. For fixed station use, any can be recycled when the PTT switch i s  again pressed. 

fig. 1. Schematic of time-out indicator. 

regulated 12-volt supply can be used. I used the circuit 
described by WB2EAX5 because of i t s  simplicity and 
used an spdt switch to  permit the use of the car battery 
voltage when operating mobile. 

triggering 
Triggering the timer from a transceiver can be done in 

a number of ways. Using my TR-22C, I noticed that the 
microphone switch keys a transistor whose collector 
voltage is zero on receive and + I2  volts on transmit 
(Q11). In this way, the push-to-talk action controls both 
the transceiver and the timer. Connection between the 
timer and the transceiver was by RG-174 coax cable. 

I f  you're hesitant about going into your transceiver, 
the timer can be actuated by the transmitter rf output 
signal, since i t s  voltage amplitude is  constant. Fig. 3 is a 
simple circuit for rectifying the rf signal. A suitable resis- 
tor may have to b e  placed in series with the input for 
transmitters with outputs greater than 10 watts. A quick 
estimation of the received rf voltage from your trans- 
ceiver can be made by using Ohm's law for the power 
absorbed by a 50-ohm load: V = m~ where P is the 
transmitter output power in watts. 

operation 
When the push-to-talk switch i s  pressed, the green 

LED will flash repeatedly and the red LED will be off. If 

- RECEIVE TRANSMIT 

TIMED-CUT- 

ALL LED. GREEN LED ALL LED. OFF 
FLASHING 

V 

fig. 2. Status of LEDs for a transmission with a 
60-seco nd repeater. 

other comments 
Some of the more astute readers may wonder, "Why 

go through the trouble of triggering the IC timer by a 
positive voltage when the 555 and 556 ICs are normally 
triggered by negative pulses?" Well, I had a few of these 
chips around and wanted to experiment by wiring them 
in different configurations. Otherwise, a simple tran- 
sistor inverter switch with a differentiated output will 

fig. 3. Circuit to trigger the timer from an rf source. 

work as well in place of UlA,  and a 555 could be used 
for U1B with appropriate pin connections. A 741 op- 
amp could also be used but requires a positive and nega- 
tive supply. I f  negative triggering is preferred using the 
voltage from the transceiver circuitry, U1A can be elimi- 
nated. 

references 
1. D. Blakeslee, W1 KLK,  "Time - IC Controlled," QST, June, 
1972, page 36.  
2. E. Mooring, W3CIX. "Simple Timer," ham radio, March, 
1973, page 58.  
3. H .  Vordenbaum, W5ZHV.  "Automatic Reset Timer," ham 
radio, October, 1974, page 50. 
4. H. M .  Berlin, K3NEZ. "IC Timer Triggered by Positive or 
Negative Pulses," accepted for future publication in Electronics 
(McGraw-Hill). 
5.  C. Lewart and R .  Libenschek, WBZEAX, "CW Regenerator 
for Interference-Free Communications," ham radio April, 1974, 
page 54. 
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microcomputer 
interfacing: 
accumulator I10 
versus memory I10 
When data i s  transmitted between a microcomputer and 
an inputloutput device, three actions must occur 
simultaneously: 

1. The microcomputer must select the specific input1 
output device that will either receive or transmit eight 
bits of data. 

2. The microcomputer must indicate to  the specific 
inputloutput device when the bidirectional data bus is 
available for data transmission. 

3. The data must be transmitted between the micro- 
computer and the input/output device in a very short 
period of time, typically of the order of microseconds. 

In a preceding column,' we discussed accumulator I/O, 
in which data is exchanged between the accumulator and 
an external 1/0 device. A significant disadvantage is 
associated with such an interfacing technique: only a 
single origin or destination for data exists. A typical 
microprocessor chip, such as the lntel 8080, has in 
addition to the accumulator a variety of internal 
general-purpose registers that can exchange information 
with memory. These registers include the B, C, D, E, H, 
and L registers, each of which is an &bit register. From a 

programming standpoint, i t  would be very useful to be 
able to exchange data between any of these registers and 
any external I10 device. This i s  the subject of  this 
month's column. 

If you desire to exchange data between a general- 
purpose register and an external 110 device, you would 
employ an exciting interfacing technique called memory 
I/O or memory mapped I/O. The basic gimmick behind 
this technique is quite simple: you treat the input/ 
output device as if it were one or more memory 
locations. By doing so, you have the opportunity of 
employing microcomputer instructions such as MOV, 
STAX, LDAX, SHLD, LHLD, STA and LDA in the 
8080 microprocessor instruction set. These instructions 
transfer data between registers and memory locations. 

The differences between accumulator I/O and mem- 
ory I10 is best understood with the aid of a specific 
examply of an interface between an 808abased micro- 
computer and an external I10 "device." In this case, the 
"device" is the lntel 8255 programmable peripheral 
interface (PPI) IC. This chip has 24 110 pins, shown as 
PA, PB and PC in fig. 1 and fig. 2, that can be wired 
directly to any digital device having TTL-compatible 
logic. 

An 8255 chip appears to  an 8-bit microcomputer as 
either four different external 110 devices or four differ- 
ent memory locations. Four 8-bit registers in the chip 
can be addressed by the microcomputer: 

By David G. Larsen, WB4HYJ, Peter R. Rony, 
and Jonathan Titus 

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. Jona- 
than Titus is President of Tychon Inc., Blacksburg, Virginia. 
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+5V CND 
I I 

different registers within the chip. For example, the 
following program 

323, Enable the register for 
port A and allow i t  to 
accept data from the 
accumulator register 

fig. 1. An example of accumulator 1/0 interfacing 
between an 8080 microcomputer and the lntel 8255 
programmable peripheral interface (PPI) IC. The chip 
is treated as four different 1 / 0  devices. 

1. Port A, an &bit port that can be configured as either 
an input port, output port, or a bidirectional I/O port. 

2. Port B, an &bit port that can be configured as either 
an input or output port. 

3. Port C, an &bit port that can be configured as an 
input or output port or as a pair of control ports, one 
for port A and the other for port B. 

4. An internal &bit control register, which determines 
the specific I/O configuration of the 8255 chip and 
which can be altered at any time by the microcomputer. 

The 8255 chip contains, in addition to the three I10 
ports, an &bit bidirectional data bit, DO through D7, 
that communica&s directly xith>e 8080 chip; six 
control inputs, CS, A l ,  AO, RD, WR, and RESET; and 
two power inputs. 

accumulator I10 
. .- - 

In accumulator 110, the I10 R and I10 W function 
pulses are used to read from and write into the 8255 
chip.* The chip is addressed with the aid of bits A-0 
through A-7 (or A-8 through A-1 5 on the 16-bit memory 
address bus of the 8080 A1 line to  select one of the four 

*The accurnulator I10  pulse abbreviations I /OR, I/O, M m  
and MEMW are those employed by the lntel Corporation, Santa 
Clara, California. 1 1 0  and 110 respectively correspond to 
N a n d  OUT, which we have employed in previous columns. See 
"Generating Input/Output Device-Select Pulses," ham radio, 
April, 1976, page 44. 

Reprinted with permission from American Laboratory, 
January, 1976, copyright O International Scientific 
Communications, Inc., Fairfield, Connecticut 1975. 

200, Device code for port A 

writes information from the 8080 chip into port A. The 
port is treated as an I10 device, and an accumulator I10 
instruction, 323,, is employed. A simple change in the 
control register will turn port A into an input port and 
permit the use of the program 

333, Enable the register for 
port A and allow i t  to 
send data to the accu- 
mulator register 

200, Device code for port A 

to read information into the 8080 chip from port A. 

memory I10 
. -- 

In memory 110, the MEMR and MEMW memory 
readlwrite function pulses are used to exchange data 
between the internal registers within the 8080 chip and 
the 8255 registers. The entire 16-bit memory address bus 
can be used to address the chip. As shown in fig. 2, we 
have employed bit A-15 as the chip select input and bits 
A 0  and A1 as the register select inputs. To output data 
from register B to port A, the following program is used: 

041, Set the 16-bit memory 
000, address pointer register 

200, within the 8080 micro- 
processor chip to the 
memory address of port 
A 

1 60, Move the contents of 
register B to port A 

Once you have selected port A, you can successively 
output data from other registers in the 8080 micro- 
processor chip, 

1 6 1 ~  Move the contents of 
register C to  port A 

1 62, Move the contents of 
register D to port A 

1 63, Move the contents of 
register E to port A 

1 67, Move the contents of 
the accumulator to 
port A 
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TIRED? 
Of Not Knowing Who You're 
Picking Up On Your Scanner? 

ANGRY? 
When You Don't Understand 
The Lingo? 

FRUSTRATED? 
Because You Keep Buying 
The Wrong Crystals 

SMILE! 

IS HERE! 
Yes, the  all-ncw, all up-to-date directory o f  clncrgcncy 
frcquer~cies,  ACTION FREQUENCIES.  is available trow t o  
get you o u t  o f  thusc rnoriitoring blues, and  back cnjoylng 
liours o f  real l ~ f e  cxcitcrnent. 

WHAT'S DIFFERENT ABOUT OUR BOOK? 

ACTION FREQUENCIES 
C o n t a ~ n s  tlic rriost accurate,  up- to-date  data  1111 Police, 
F ~ r c ,  S p c c i ~ l  E~ncrgency .ind Loc;ll (:l~vcrtinicnt rallio 
liccnsccc available on  t h s  market.  
HJS sirnplc, easy-to-read instructions wl~iclr will nrakc 
you an exper t  in mirrutcs. 
I r~cludes  a list o f  t l ~ c  lingo a i ~ d  the  codes most widely 
used by erncrgency radio licensees and  CU'crs  with tlreir 
(ic.fir~itiotzs. 

SO. GET INTO THE ACTION. 
Available ~t your dealer o r  writc to: Action Radio, 817 
Silver Spring Avc., Silver Spring. Md. 20910.  PRICE: $5 .45  
each plus 81.00 each for postage and I~a l~d l ing .  (Maryland 
residents add  8 .25 each t o  cover sales t a r ) .  Plcasc refer t o  
section number  when ordering. 
Scction 

1. Mainc, N. Harnp., Conn. ,  Vt., Mass., R.I., N.J. 
2. N.Y., Pcnn. 
3. Del., Md., D.C., W. Va., Ohio 
4. Va., N.C., Ky.,Tenn. 
5. S.C.. Ga., Ala., Fla. 
6. La.. Miss., Ark.,  Mo., Okla., Kan. 
7. Mich., Ill., Ind. 
8. Wisc., la. ,  Mir~n.,  N .  Ilak.,  S. I h k . ,  Neb. 
9. Tex., N .  Mcx., Ariz. 

10. Wasii., Ore., Idaho, Utah. Mcrnt., Colo.,  Ncv., Wy. 
1 1 .  C ~ l i f .  

Each additional transfer of data requires only 2 micro- 
seconds of execution time, which is  quite a bit faster 
than the  5 microseconds required for successive 
accumulator 110 data. 

conclusion 
We have demonstrated that both the accumulator I/O 

and the memory 110 techniques are applicable to the 
8255 chip. The specific application will determine the 
best I10 technique. In some cases, accumulator 110 is 
best; in others, memory I10 simplifies programming and 
speeds the transfer of large quantities of data to or from 
memory. Some microprocessor chips permit only mem- 
ory 110 interfacing techniques. Such chips frequently 
have special memory addressing instructions that speed 
execution time for memory 110 addressing. 

CSV GND 

IN-I 
I N - 0  

7 

RESET 3sRESE~ PII) 

fig. 2. An example of memory 1/0 interfacing between an 8080  
microcomputer and the 8255 chip. I n  this case the chip i s  
treated as four different memory locations. 

The main advantage of the 8255 chip is not in pro- 
gramming or execution time but rather in the ease of 
wiring of an interface to an external digital 110 device 
such as an analog-to-digital converter, digital-to-analog 
converter, digital panel meter, or a digital multimeter. 
No flip-flops, decoders, or gates are required for the 
interface; these are all contained within the 8255 chip. 
In most cases, only SN7404 inverters may be needed to 
match logic levels between port C, which is usually 
employed as a control port, and the control pins on the 
external digital 110 device. Possibly in the future manu- 
facturers will provide I/O interfaces that will permit a 
digital instrument to be tied directly to a programmable 
peripheral interface chip. 

reference 
1 .  D.G. Larsen, WB4HYJ. P.R. Rony ,  and  J.A. Titus, "Micro- 
processors," ham radio, January,  1976 ,  page 36. 
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MP-A processor card. A complete microcomputer system on a single 
card. I t  features the "Motorola" MC6800 processor. The powerful 
memory orientated processor that is rapidly becoming the standard 
of comparison in the industry. Also on this board is the MCM6830L7 

@ Mikbug ROM, MC6810 RAM and the MC14411 baud rate generator. 
The crystal controlled master clock oscillator and tri-state data bus 
drivers complete the board. Everything works from a single 5.0 
Volt supply. MP-A. . . . . . . . . . . . . .  .$I 45.00 

MP-M main memory card. This circuit board contains two 
blocks of 2,048 words of memory. Each part has i ts  own 
supply regulator and can operate independently of the other 
half. The memory chips are the proven reliable 2102 static 
type. They are capable of cycling fast enough to allow full 
speed operation of the processor at al l  times. No waiting for 
refresh cycles and no problems with "flakey" memories. Only 
a single 5.0 Volt supply required. 

MP-M. . . . . . . . . . . . . .  .$I 25.00 MP-C serial control interface. This 
programmable interface may be used 
to connect the computer to either a 
video terminal or TTY current loop 
system. Directly compatable with 
either system. No hardware changes. 

. . . . . . . . . . . . . .  Chassis* mother board MP-C. .$40.00 
and power supply. Ano- 

dized cabinet with perfor- 
ated cover for cool operation. 

Ten amp power supply will 
power fully expanded system of 

up to six memory cards and eight 
interface cards. 

MP-B-Mother Board. . . . . .  $40.00 
MP-F-Chassis . . . . . . . . . .  $30.00 
MP-P-Power Supply . . . . .  $35.00 

TO A @WEAT @BOO 
Computer System 

with serial interface and 2,048 words 

0 n w n of memory. . . . . . . . . . . . .  .$395.00 
_--------------------------------------------------------------. 
I 
I 

: Enclosed is $395 for my SwTPC Computer Kit Send Data 
I 

j n o r  BAC # 
/ I 

O O ~ M C  Ex Date 
I 
I 
I 
I 
I 
I 
I 

NAME 
I 
I 
I 

I ADDRESS 
I 
I 
I 
I 

C I T Y  S T A T E  
I 

Z I P  

MikbuR@ is a registered trademark o f  I 

Motorola Inc. Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284 
I 
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signal-pea king 
indicator and 

When a signal i s  present the current 
increases proportional to signal 
strenath and can reach several hundred " 

generafor for Regency microamperes. The indicdtor can be a 

HR transceivers 50 or 100 microampere'dc meter. A 
gain control i s  necessary to keep the 

The purpose of the peaking indica- 
tor i s  to give a positive indication for 
maxi mu m received signal strength 
while pointing a beam antenna or 
while aligning your receiver. The cir- 
cuits are simple and are applicable to 
the Regency HR series transceivers. 
Since many fm monitor-type receivers 
use the N5111A or the ULN2111 fm 
detector IC, the peaking indicator may 
also be installed in them. 

The peaking indicator simply moni- 
tors and amplifies the current drawn 
by the fm detector IC. Under no-signal 
conditions the current i s  very small. 

meter from pegging on a strong signal. 
A multimeter can be used on the low 
current scale as a workbench aid for 
aligning receivers. 

The actual construction of the 
peaking indicator i s  left up to the in- 
dividual. The circuit is shown in fig. 1 
and can be easily installed on the re- 
ceiver i-f-audio printed circuit. The 
meter can be mounted in an external 
case with the gain control. A 0.01 /.tF 
bypass capacitor should be connected 
from the collector of Q1 to ground to 
prevent negative indication on the 
peaking meter during transmit due to 
stray r f  rectification. There i s  an un- 

fig. 1. Peaking indicator hookup to  Regency f m  detector. 

RECEIVE 
8.2 yoc 

fig. 2. Permanent peaking generator for the 
Regency H R  f m  transceiver. 

used pad island adjacent to the 8.2 
Vdc track near U102 which can be 
used. 

The amplifier transistor and bypass 
capacitor can be permanently installed 
on the i-f-audio board with the meter 
wire connected to a phono jack on the 
rear of the chassis. The meter may be 
plugged in as desired when the radio is  
used as a base station and discon- 
nected when you go mobile. 

peaking generator 
The purpose of the peaking genera- 

tor i s  to provide a stable signal on 
frequency to peak up a receiver. A 
simple way to accomplish this i s  to use 
the transmitter crystal oscillator right 
in the radio. This allows selecting and 
checking each and every transmit 
crystal in your own receiver. 

There are several ways to energize 
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the transmitter crystal oscillator. The 
actual implementation is left to the 
individual. 

For a temporary generator the 13.6 
Vdc transmit end of R324 can be lift- 
ed and connected to a variable 13.6 
Vdc source to power the oscillator 
during the alignment. Varying the volt- 

orange jumper wire connecting the re- 
ceiver rf and i-f-audio boards (see fig. 
2). This allows switching the transmit- 
ter crystal oscillator on without the 
rest of the transmitter being powered 
and provides a signal source from the 
transmit crystal harmonics. 

Ray Abraczinskas, W8HVG 

fh 
fig. 3. Temporary peaking generator. 

age changes the signal strength to a 
certain extent. After the alignment the 
resistor can be reconnected (see fig. 3). 

For a permanent installation the 
8.2 Vdc transmit track near the 
ground end of Zener CR304 may be 
cut and bridged with a diode. Then an 
externally added switched power 
source (receive 8.2 Vdc) can be con- 
nected to the cathode side of the 
diode which is the same as the col- 
lector of 0308, the transmitter crystal 
oscillator. 

Be sure not to cut the trace feeding 
R323 which powers the base of Q308. 
The switch can be mounted on the 
rear of the chassis with a wire running 
to the 8.2 Vdc receiver power source. 
This can be any point common with 
the circuit trace connected to the 

marker generator for 
3cm amateur band 

Marker generator provides 25DMHr markers 
over the frequency range from 8 to 12 GHz. 

my equipment. The oscillator anddriver 
stages were supplied from a pulsed six 
volts whereas the final was supplied a 
constant eight volts. The only modifi- 
cations were to strap all the supply 
leads to a common 6 Vdc supply and 
isolate the printed-circuit board from 
the chassis wit1 cel -mic insulators and 
100-pF capacitors 

The beacon originally operated on 
234 MHz. Repl~ring tale crystal with a 
125 MHz crystal r~loved the output up 
to 250 MHz. The slight retuning was 

As more and more radio amateurs 
venture into the microwave bands, the 
need for inexpensive but accurate test 
and calibration equipment increases. 
One of the most valuable pieces of test 
equipment is  the marker generator. 
Described below is a simple unit sup- 
plying markers every 250 MHz from 8 
GHz to above 12 GHz. 

The generator consists of a IN82 
diode mounted in a waveguide fixture 
that i s  driven with a 300 mW 250-MHz 
source. The source is  a modified trans- 
mitter strip from a surplus URT-33 

transmitter' Originally the fig. 4. Marking generator tor the amateur 
beacon had a positive-ground power 3-cm band uses I N 8 2  diode and modifled 
supply which is  opposite to the rest of X-band coax to waveguide adapter. 
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If you want a microcomputer 
with all of these standard features.. . 

B -  RAM 
(Xith maximum capacity of 
2K Bytes) 
Tn Serial I/O 
EIA Serial I/O 
3 arallel 110's 
A g CII/Baudot terminal com- 

patibility with TTY machines 
or video units 

Monitor having load, dump, 
display, insert and go functions 

Complete- 
ly factory assembled and tested 
-not a kit 

07ional accessories: key- 
boardhide0 display, audio 
cassette modem interface, 
power supply, ROM pro- 
grammer, and attractive 
cabinetry.. . plus more 
options to follow. 
The HAL MCm-8080. $375 

... then let us send you ow card. 
HAL Communications microcomputer you can 
Corp. has been a leader in bu . For details on 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 
us.. .and how far it can terminal, the terminal that 
take you in your applica- gives you multi-code 
tions. That's why we'd compatibility, flexibility 
like to send you 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 C o p .  
Box 365,807 E. Green Street, Urbana, IUinois 61801 

Telephone (217) 367-7373 

all Parts and Labor. 

ATRONICS, BOX 77, ESCONDIDO, CA 92025 

accomplished by spreading the air- 
wound tank circuits while monitoring 
the output power. Incidentally, with 
+12 volts on the final, I obtained 
slightly more than 1 watt out which 
would make a good low power 
220-MHz transmitter. 

The harmonic generator diode is 
mounted in a modified X-band coax to 
waveguide adapter as shown in fig. 4. 
No bypass capacitors were used be- 
cause they were found to be unneces- 
sary. The only critical dimension is the 
spacing between the diode and the end 
of the waveguide. For best operation 
this distance should be 0.25 inch 
f 0.080 inch (6.25mm *2rnm). 

The output was examined on a 
homebrew spectrum analyzer covering 
8 Ghz to 12.4 GHz. 20 dB of attenua- 
t ion was required to prevent the 
marker generator from overloading the 
analyzer. The spectrum was rich in 
harmonics from below 8 GHz to above 
12 GHz. The unit provides convenient 
band-edge markers for the 3-cm ama- 
teur band (10.0 to 10.5 GHz) and a 
marker at the band center. 

John M. Franke, WA4WDL 

88-mH toroid coils 
The surplus 88mH toroid coils 

which are available from several adver- 
tisers in ham radio are often used in 
audio-frequency filters and other con- 
struction projects. Since these coils find 
widespread use, it's useful to know 
other values of inductance which are 
available by simply removing turns from 

tip. 5. Ettect of removlnp turns from one 
wlndlnp of 88-mH toroldal Inductor with cew 
ter tap Intact. Each 5 turns represents approx- 
Imately 1 mH. 
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fig. 6. Effect of removing turns from one 
winding of 88-mH lnductor with center tap 
open. Each 10 turns represents approximately 
1 mH. 

the core. The coil is  manufactured with 
two separate windings so there are three 
basic methods for obtaining inter- 
mediate inductance values. These are 
plotted in figs. 5 to 7. 

For values between 70 and 88 mH, it 
i s  probably easiest to remove turns from 
only one side. Leave the center tap con- 
nected. Use fig. 5, where a reduction of 

m 

m 
P 
5 

P @  ; 50 

8 
49 

10 

m 

?O 49 60 00 IW fW 1 4 9  ld0 1 6 0  2W 

TURNS REYOVED f F W  BOTH WfNWGS) 

flg. 7. Effeet of removing equal number of 
turns from both windings of 88-mH toroldal 
Inductor wlth center tap intact. Each 10 turns 
represents approximately 4 mH. 

1 mH is achieved for each 5 turns r e  
moved. Fig. 6 gives lower values begin- 
ning approximately at 23 mH by open- 
ing the center tap and using only one 
winding. Here 10 turns yield 1 mH. 

When an equal number of turns are 
removed from both windings and the 
center tap remains intact, inductance 
values shown in fig. 7 are realized. 

Measurements were taken with a 
General Radio Impedance Bridge model 
1650A. 

Max J. Fuchs, WAlNJG 

I I INTRODUCES THE 

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

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

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

. . . for a lot less 

Amateur Net 

INC. 7707 Records Street 
Indianapolis, Indiana 46226 

THE FM LEADER 



WILSON "WE-224" MOBILE I FEATURES 
1.24 Ctmnml O p m i o n  
2. O m  priority C h n n a l  

3. S k c u b l e  1 or 10 W m  Out 
4. 10.7 Monolithic F i l t n  I r r t a I M  
5.455 KHz Cuamic F i n n  

6. .3 M i c r o w n  Sensitivity for 20 dB Quieting 
7. N u n m i a l  R e a d a n  o n  ad, C h n w l  
8. Built-in Adjustabla " T o m  Bum" G e m n o r  

9. Front Pam1 " T o m  Bum" Control 
10. A m p u  W i b n  1402 & 1405SM XU* 
11. Individual T r i m n m  Capoto rs  for bo th  TXlRX 
12. Mosfet Front End 
13. Hmliml ReSoMtor 
14. High VSWR Protection Circuit 
15. Ravema Pohr i ty  Rotaction Circuit 

16. NBFM . 15 KHz C h n m l  Soparmtion 
17. Built- in Stmaker 
18. Extarnal Speakn Jade 
19. Dynamic M i a o p h o m  lndudd 
20. Mobile Mounting Bredcat Inslud.d 
21. Qui& Dismnned P o r n  Cable 
22. Frequency Range 144-148 MHz 
23.6X"W x 2H"H x 9K"D 
24. Weight: 5X Ibs. 

25. Power R e q u i r e m u :  
Soure:  13.5 VDC + 10% 
Remive: .45A 
Transmit: 2.6A (10WI. .7A l1WI 

SPECIAL INCLUDES: 
A. WILSON "WE-224" 
B. MOB1 LE MIKE 
C. MOUNTING BRACKET 

90 Day - D. 146.52f52 SIMPLEX CRYSTALS 
Day Money Badc 

Warranty Guarantee 

Wilson Hand Held 220 and 450 
SUMMER SPECIAL on 

FREQUENCY RANGE 220 - 225 MHz 

ACCESSORY SPECIALS 
SPECIAL 

DESCRIPTION P'lCE 

- 6  Channel Owrat lon . Indlvldual Trlmmers on all TX/RX Crystals . Al l  Crystals Plug I n  . 12 KHz Caramlc Filter 
10.7 and 455 KC I F  . .3 Microvolt Sansltlrlty for 20 dB Qubtln9 . we~pht:  1 ~ b .  14 01. 101s Battery . Battery lndlcator . Size: 8 711 * 1 314 x 2 718 

c 1 2-voc  
Current Drain: RX 14  MA. T X  500 M A  . M~croswllcl l  Mike Button . Unbreakable Lexanm Caw 

USES SAME ACCESSORIES AS 1405 

SUMMER SPECIAL 

INCLUDES 

1.2202 SM 
2. Flex Antenna 

3.223.50 Simplex Installed 

FREQUENCY RANGE 420 - 450 MHz 

. 6 ChanMI Op.ratlOn . Indlvldual Trlmmers on all TX/RX Crystals 

.All Crystals Plug In  . 12 KHz Ceramic Fllter . 21.4 and 455 KC I F  - .3 Mlcrovoll Scnsltirlty for 20 dB Qubtlng 
We igh t :  1 Ib. 14 01. less Battery 

Battery Indicator 
Size: 8 7/1) x 1 3/4 x 2 7 0  - Swltchable 1 k 1.8 Watts Output 
e 12 voc 
Current Drain: RX 14 MA. T X  500 M A  
Microswitch Mike Button 
Unbreakable Lexanr Caw 

USES SAME ACCESSORIES AS 1405 

SUMMER SPECIAL 

INCLUDES 

2. Flex Antenna 
3.446.00 Simplex Installed 

BC1 BATTERY CHAROER $34.95 
BPl 10 EA. A A  aOULD 

NICAD BATTERIES.. . 14.91 
B T l  EXTRA BATTERV ............... TRAY 6.00 
LC1 LEATHER CASE 

1402.. .............. S.95 
LC2 LEATMERCASE 

1405.2202.4502.. .... S.SS 
SMl SPEAKER MlKE FOR 

EARLV MODEL 1402 . 9 PIN CONNECTOR.. .24.S5 
SM2 SPEAKER MIKE FOR 

A L L  NEW HAND HELDS 
WITH ROUND 6 PIN 
CONNECTOR.. . . . . .  24.S5 

TE-1 SUB-AUDIBLE TONE 
ENCODER 
INSTALLED ......... 34.S5 

TTP TOUCH-TONE CAD.. .. 49.95 
INSTALLATION AT 
TIME OF RADIO 
PURCHASE.. ....... .FREE 
INSTALLATION A T  
LATER DATE. ADD.. . 15.00 

XF-t 10.7 KC MONOLITHIC 
XTAL FILTER..  . . . . .  9.95 

CRYSTALS 
TX or RX 
(Common Freauencv 
Only). ............... .3.75 

BC-1 BATTERY CHARGER 
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1402 SM 1405 SM 
6 Channel 6 Channel 
Operation Operation 
Individual Individual 
Tr immers o n  a l l  Tr immers o n  a l l  
T X / R X  Crystals T X / R X  Crystals 
A l l  Crystals Plug I n  A l l  Crystals Plug I n  
12  K H z  Ceramic 1 2  K H z  Ceramic 
F i l ter  F i l ter  
10.7 I F  and 455 10.7 and 455  
K C  I F  K C  I F  
.3 Microvol t  Sen- * .3 Microvol t  Sen- 
s i t iv i ty  f o r  2 0  d B  s i t lv i ty  f o r  2 0  d B  
Quiet ing Quiet ing . Weight: 1 Ib. 1 4  oz. Weight: 1 Ib. 1 4  02. 
less Battery less Battery 
5-Meter/Battery Battery Indicator 
Indicator Size: 8 7/8 x 1 3/4 
Size: 8 7/8 x 1 7/8 X 2 7/8 
x 2 7/8 Switchable 1 & 5 
2.5 Watts M in imum Watts M in imum 
Outpu t  @ 1 2  V D C  Outpu t  @ 12  V D C  . Current Dra in R X  Current Drain: R X  
1 4  M A  T X  500  M A  1 4  M A  T X  4 0 0  M A  
Microswitch M ike  (Iw) 900  M A  (5W) 
B u t t o n  Microswitch Mike 
High Impact  B u t t o n  
Plastic Case Unbreakable 

Lexann, Case 

1 TO: WILSON ELECTRONICS CORP., 4288 S. POLARIS AVE., LAS VEGAS, NEVADA 89103, (702) 739-1931 

I SUMMER SPECIAL DIRECT SALE ORDER BLANK 

- BC1 @ $34.95 EQUIP TRANSCEIVER AS FOLLOWS: 
- BPl @ $14.95 XTALS TX 

- BTl @ $6.00 A' 
52  1 2; FA- Tx 1 R x  

- LC1 @$9.95 B- 

I - LC2 @ $9.95 =' 
- SMl @ $24.95 D' J. 

- SM2 8 $24.95 K. 

- TEl @ $34.95 F' L. 

(SPECIFY FREQUENCY 1 

- 1402SM @ $1 64.95 - TTP @ $49.95 

1 4 0 5 S M @ $ 2 3 9 . 9 5  X F 1 @ $ 9 . 9 5  

- WE224 @ $199.95 T X  or RX XTALS @ $3.75 en. 

2 2 0 2 S M  @ $239.95 - FACTORY XTAL INSTALLATION1 

- 4502SM @ $279.95 
NETTING @ $7.5O/Radio 

I SIGNATURE 
SHIPPING & H A N D L i N G  PREPAID F O R  SUMMER SPECIAL  

N E V A D A  RESIDENTS A D D  SALES T A X  
HR VALID ONLY JUNE 1 THRU 30,1976 

ENCLOSED IS q CHECK q MONEY ORDER 
OMC OBAC 

CARD # 

EXPIRATION DATE 
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@ 
CRYSTAL FILTERS 

and 
by 

#' DISCRIMINATORS K.V.G. 
10.7 MHz FILTERS, 8 POLE 10.7 MHz FILTERS, 4 POLE 10.7 MHz DISCRIMINATORS 
XF107.A 14kHz NBFM $40.60 XM107.SO4 14kHz NBFM $18.95 XD107-01 30kHz NBFM $23.20 
XF107-B 16kHz NBFM $40.60 10.7 MHz FILTERS. 2 POLE XD107-02 5OkHz WBFM $23.20 
XF107.C 32kHz WBFM $40.60 XF102 14kHz NBFM $7.95 Export Inquiries Invited 
XF107-D 38kHz WBFM $40.60 
XF107.E 42kHz WBFM $40.60 SOCKET (for XM 107-S04) type DG1 $1.50 Shipping 75e per filter 

VHF VARACTOR TRIPLERS UHF 
High Power (H) models also 
available as matched pair. 

Pre-aligned broad band design. 

No power supply required. 

1%" x 2%" x 41h" plus connectors. 

Heat sink on 432M and 432H. 

Write for detailed specifications. 

MMv1296 MMv1296H 

1260 to  1350 
420 t o  450 

20 W. 35 W. 

14 W. 23 W. 
12 W. 20 W. 

Model 

Frequency Range 
Output (MHz) 
Input (MHz) 

Input Power, max. 

Output Power. 
at maximum input 

Typical 
Minimum 

146 440 FMTRANSVERTER 

MMv432 MMv432M MMv432H 

420 to  450 
140 t o  150 

30 W. 50 W. 70 W. 

20 W. 30 W. 40 W. 
18 W. 25 W. 35 W. 

Use your 2 meter FM Transceiver on the 440 MHz band with FMt440 Specifications: 
the addition of the FMt440 TRANSVERTER. No changes Sec'lon 

Drive Power 25 watts max 
Efficiency 50% typical 

required to  your 2 meter Transceiver. Connect Receive Section Sensitivity 0.5 avolt 

FMt440 in place of regular 2 meter antenna. General 
Gain 22 dB nom 
Bandwidth 5 MHz 

Connect 2 M and 440 antennas (also 12 v) to  Freq. Range 430-450 MHz 
FMt440. Change bands automatically with switch Price 179.95 Shipping s2.00 145-150 MHz .si on FMt440. Repeater Groups write for details. Application note available. 

SPECTRUM INTERNATIONAL, INC. P. 0. BOX 1084 CONCORD, MASS. 01742 U.S.A. 

1 4,<&J 
R 1% WA It ll (Finder's Fee) 

For Information 
Leading to the Capture of: 
Used FM Two-Way Radios 
made by General Electric, 
Motorola and R.C.A. 
We're Interested in Buying . . . 

CALL or WRITE 

POLICE CALL 
FREOUENCIESICALL LETTERSIAREAS OF OPERATION 

Police A m b u l a n c e  R e s c u e  Squad 

Fire Paramedic G o v e r n m e n t  

COMPLETELY REVISED L EXPANDED; 30.000 ADDITIONS L CHANGES 

1976 Edition (Green Cover) . 9 VOLUMES NOU AVAILABLE . PRICE ..... S 4 . 4 5  per volume. plus postdqe and hdndllng 
1.00 per volume for f l r r t  class nr 
.10 per volum for fourth class. 

New J p r l p y  rp51dents - add 25C sales tax 
pep "OI""!e. 

VOLUME I Connecltcul Maone Massachusetts New Hampshire New York Rhode Islana 

Vermont . VOLUME 2 Delaware Maryland New Jersey Pennsylvania 

VOLUME 3 Ohla Mlchlgan . VOLUME 4 Itltnoos lndlana Kentucky W~sCOn$ln 

VOLUME 5 Iowa Kansas Mtnnesota Mw.our~ Nebraska Noon Dakota Soulh Dakola . VOLUME 6 Dtslr~ct ol Columava Florqaa Gwrgla North Carolone Soulh Carolona V8rglnta 

Wesl Vlrgknta . VOLUME 7 Alabama Arkansas Loulllena M I S S ~ S ~ ~ P P I  Oklahoma Tennessee Texas 

VOLUME 8 Armrona Colorado Idaho Montana New Mexlco Nevada Utah Wvom!ng 

VOLUME 9 Callfornta Oregon Wash8nglon 

Bonus Features Oparstong Oet*lr of Many Malor Svslems 
FCC Alloc.t$on Lt.1 ol  1800 Frsquencms 

SPECIAL: All 9 Volumes. .  . . . . . . . a39.00 Ilncludms *st Clrss Postrpel 

sand u0n.r OlOI. 0' r n a .  to 

POLICE CALL 

LEBANON, NEW JERSEY 08833 
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Whether vou a0 for fat Moblle 45. This switch-adjustable 

tenna that's exactly right i 'J: knowing this rugged antenna w0n.t 
for your n- SO top ,b$ down.. . . . . . . . . . . . . . $114.95 

your mobile rig with a 742 ~u tomat i c .  swan auto- 
Swan antenna. Every time E mates mobile antennas wi th 

. - 
coils, skinny coils, switch 
flickers or automatics, 
Swan has the mobile an- 

you press the mike button : 1 the 742 trl-band antenna. Work 

you'll know you're deiver- 1 20.40 or 75 meters while your 

ing the biggest signal I 742 automatically adjusts t o  
the proper loading. Handles a 

your rig is capable of. full 500 watts P E P.. . $79.95 
Without compromise. 1 

, (Pr~ces F 0 B Oceanslde, CAJ \ Buy Swan antennas wlth your Swan credlt card 
\ Applrcatlons at your dealer or wrlte to  us 

\ 
\ \ 

i6+ 
, : 
; > 

Series 35 Sllm- 
Line. Neat, low- 
drag coils in slim- 
line antennas are 
the ticket when 
you're operating 
single-band a t  
500 watts P.E.P. 

or less. Interchangeable 
Coils for  15, 20, 40 
and 75 meters. 
$30.95 t o  $37.75 

5-band antenna features a Swan Hi-Q 
COII and positive-stop, &position switch 
w i th  gold-plated contacts. Select 10, 
15.20.40 or 75 meters and go t o  work 

Series 36 HI*. The 
most efficient 

Changeable COIIS 
for 15,20,40 and 

75 meters These rugged, 
durable antennas In- 
clude base, coll and whip 
$39.50 t o  $47.95 

Dealen throughout the world 

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



be quickly replaced without disassem- an introduction 
bling the instrument. 

A range hold feature is included that to microcomputers 
allows the instrument to be locked to Anyone who has a microcomputer or 
any desired range. This feature is neces- ever plans to own one should have a 
sary when measuring diode resistance. I t  copy of this book. I t  i s  the nearest thing 
also makes repetitive measurement to a "Bible" for the microprocessor user 
faster. The LED readout gives all voltage that I have seen. With books and courses 
readings in volts, all resistance readings on microprocessors going for $25 to 

products 

digital multimeter 

This new 3-112 digit, five function, 
f u l l y  autoranging digital multimeter 
from Hewlett-Packard sells for only 
$225. Voltages measured are from ? 
100 microvolts to + 1000 volts dc and 
from 300 microvolts to 700 volts rms 
ac. Resistance measured is  from 1 ohm 
t o  11  megohms. Current can be 
measured from 100 mecroamperes to 
1.1 ampere dc and 300 microamperes to 
1.1 ampere ac. Autozero, autopolarity 
and autoranging are built in. The devel- 
opment of fine-line, tantalum nitride 
resistor technology by Hewlett-Packard 
has enabled the elimination of more 
costly discrete precision resistors. Using 
this new technique, this high-quality 
compact DMM, with features such as 
five functions with full autoranging, can 
be offered at a very low price. 

Typical accuracy for dc voltage 
measurements is 0.5%. Dc current accur- 
acy is  1.0%. On ac voltage ranges, fre- 
quency is  specified to 10 kHz, while ac 
current measurement is to 5 kHz. 
Accuracy of resistance measurements on 
the three highest ranges is  to 0.6% and 
to 0.4% on the two lower ranges. Open 
circuit voltage i s  less than 4 volts. Input 
resistance on all voltage ranges is  10 
megohms with input capacitance of less 
than 30 picofarads. The 3476 is  pro- 
tected to 1 100 volts peak on all ranges. 
The fuse that protects the ohms function 
i s  rated 250 volts rms. The current func- 
tion is fuse protected to 1.5 amps. No 
special fuses are required and they can be 

in kildhms, and all current readings in 
amperes. 

The model 3476A DMM i s  ac line 
powered only; model 34678 is ac line 
powered and also includes rechargeable 
nickel cadmium batteries. Typical o p  
erating time on fully charged batteries i s  
8 hours. Both units are 2.3 inches 
(6.5cm) high, 6.6 inches (16.8cm) wide 
and 8.1 inches (20.6cm) deep. Rugged- 
ness is assured with the high impact 
resistance polycarbonate case. 

U.S. price of the model 3476A is 
$225, and $275 for the 3476B. For 
more information, contact Inquiries 
Manager, Hewlett-Packard Company, 
1501 Page Mill Road, Palo Alto, 
California 94304, or use check-off on 
page 1 18. 

IC test clip 
A new product by Continental 

Specialties Corporation, called Proto- 
Clip 24, is a welcome third hand for 
those working with 24-pin integrated 
circuits. The PC-24 design is  patterned 
after the PC-14 and PC-16. It features a 
narrow throat, which aids in bringing IC 
leads up from high-density PC boards. 
Accidental shorts while testing live cir- 
cuits are practically eliminated. The 
PC-24 can be used to inject signals and 
wire circuits to other boards. 

Scope probes and test leads lock on- 
to gripping contact teeth, freeing hands 
for other work. Contacts are noncorro- 
sive nickel silver, which provides simulta- 
neous wiping action and low-resistance 
connections to IC leads. Plastic con- 
struction eliminates springs and pivots, 
and a unique molded web ensures 
thousands of operations. The PC-24 is 
available off the shelf from local dis- 
tributors or direct from Continental 
Specialties Corporation, 44 Kendall 
Street, P.O. Box 1942. New Haven, 
Connecticut 06509 or 351 California 
Street, P.O. Box 7809, San Francisco, 
California 94104. Write to either ad- 
dress or use check-off on page 118. 

more than a hundred dollars, this book 
i s  also one of the biggest bargains avail- 
able. 

The first two chapters cover the basic 
vocabulary of microprocessing number 
systems, and Boolean algebra. Chapters 
3 and 4 introduce the components of 
microprocessor architecture. 

Chapter 5 describes logic external to 
the CPU: memories, 110, Direct Mem- 
ory Access (DMA), and system busses. 
Chapter 6 discusses programming 
concepts through the description of an 
imaginary processor instruction set. I 
prefer this approach to the more usual 
technique of taking an existing proces- 
sor, usually the 8080 or 6800, and 
examining i t s  instruction set. Since 
every microprocessor reflects the biases 
of its designers and intended market, a 
text tied to any existing set must 
continually digress to explain how other 
processors differ (or just pretend the 
others don't exist). Since programming 
i s  introduced through examining the in- 
struction set, the reason for, as well as 
the operation, of each instruction is 
much clearer to the novice. All address- 
ing modes are described with clear 
examples, again giving the reader an 
understanding of why they are provided 
as well as how they work. 

Since the author is a consultant en- 
gaged in helping users choose the 
processor best suited for their applica- 
tion. he has an intimate knowledge of 
most processors presently available. 
Other authors usually have experience 
with only a single CPU chip, or are 
employed by a manufacturer and thus 
have a vested interest in the success of a 
particular chip. 

For the user who i s  interested in a 
specific processor, the last third of the 
book applies the general concepts to 
seven commercial CPU chips: The Fair- 
child F8, the National Semiconductor 
PACE and SCAMP, the Intel 8080, the 
Motorola M6800, the Rockwell PPS8, 
and the Signetics 2650. Each processor 
i s  discussed in terms of i t s  architecture, 
instruction set (complete instruction 
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sets are given for each processor), I10 
and memory structure, and control sig- 
nals. All support chips (four of them in 
the case of the 8080) are also described. GETTO , 
The level of detail is  excellent. For 
example, there are nineteen pages of in- 
formation provided for the PACE micro- THE TOP + 
processor. 

The final chapter i s  entitled "Select- 
ing a Micrprocessor." The author's FAST! 
contention is that whatever processor 
requires the minimum external logic to 
perform a given task i s  the best proc- 
essor for that task, regardless of i t s  NOW YOU CAN CHANGE, 
price, instruction set, or other features. ADJUST OR JUST PLAIN WORK 

The beauty of the text is that it can ON YOUR ANTENNA AND 
start a chapter by defining what an ac- NEVER LEAVE THE GROUND! 
cumulator i s  and end up with a dis- 
cussion of microprogramming without 
losing the beginner along the way. The 
more knowledgable reader i s  assisted in 
finding the material he needs by a 
scheme which outlines the text in 
bold-face type, then provides explan- 
atory material and examples in a lighter 
face. Major topics are further set off by 
boxed-in keywords in the right-hand 
margin. The entire design of the book 
optimizes it as an information retrieval 
device. 

I don't know what more anyone 
could ask of a general book on micro- 
processors. Every microcomputer 
manufacturer should ship a copy of this 
with each machine he sells - it would 
stop the complaint that manufacturers 
never provide enough programming in- 
formation with their products. 

Hard cover, 250 pages, $7.50 from 
Ham Radio Books, Greenville, New 
Hampshire 03048. 

morsetyper 
with memory 

The Morsetyper model BDC com- 
puter terminal can store over six "Quick 
Fox" sentences or 256 "V" characters 
in i t s  five registers. I t  uses this memory 

Rohn manufactures towers that 
are designed and engineered 
to do specific jobs and that is 
why we have the FOLD-OVER 
TOWER.. . designed for the 
amateur. When you need to 
"get at" your antenna just turn 
the handle and there it is. Rohn 
"fold-over" towers offer unbeat- 
able safety. These towers let 
you work completely on the 
ground for antenna and rotator 
installation and servicing. This 
eliminates the hazard of climb- 
ing the tower and trying to 
work at heights that could 
mean serious injury in a fall. 
So use the tower that reduces 
the risks of physical danger 
to an absolute minimum.. .the 
Rohn " fold-over"! 

Like other Rohn big communi- 
cation towers, they're hot dip 
galvanized after fabrication to 
provide a maintenance free, 
long lived and attractive instal- 
lation. Rohn towers are known 
and used throughout the world 
. . . for almost a quarter cen- 
tury.. . in most every type of 
operation. You'll be in good 
company. Why not check with 
your distributor today? 
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... NOW from KLAUS RADIO 
a Kenwood's TS-700A 

Features: 

144 to 148 MHz coverage - SSB (upper & lower). FM, 
AM, and CW - Solid State Circuitry - Complete with mic 
and built-in speaker - operates on 120/220V. 50/60 Hz 
or 12-16V D.C. - Size: 278 (w) x 124 (h) x 320 (d) mm. 
- Wt: 11 Kg. 

All this and much, much more for ............................................ $ 7  ppd. in U.S.A. 

The Yaesu FT-221 

Features: 

144 to 148 MHz band coverage - SSB (upper & lower), AM, FM or CW - op- 

erates on 120/220V, 50/60 Hz or 13.5V D.C. - 11 crystal channels per 
band segment equals 88 channels - Built-in speaker - Size: 200 (w) x 

125 (h) x 295 (d) mm. - Wt: 8.5 Kg 

Lots of Performance and Quality for .................................... ...M ppd. in U.S.A. 

Send SASE NOW for detailed info on these systems as well as on many other fine 

lines. Or. better still, visit our store Monday thru Friday from 8:00 a.m. thm 5:00 p.m. 

8400 N. Pioneer Parkway, Peoria, IL 61 614 
Jim Plack WB9BGS - Phone 309-691 -4840 

FAST SCAN AMATEUR TELEVISION EQUIPMENT 
s? 

SOLID STATE 

BROADCAST QUALITY L i 

PERFORMANCE 
AX-10 TRANSMITTER 

FOR TECHNICAL DATA 
AND PRICING, 
WRITE TO: AM-1A RCVR MODEM 

APTRON LABORATORIES BOX 323. BUK)MINGTON, IN 47401 

capacity in two modes, QSO or QST, at 
speeds from 5 to 200 wpm. Both modes 
allow random speed touch-in while the 
machine outputs uniformly at any set 
speed; touch-in slow, output fast, or 
tnuch-in fast, output slow. A 56pad 
Touc h-coder keyboard provides 36 
alpha-numerics, 8 punctuation. 7 pro- 
signs, 5 prowords, and error; there is 
automatic spacing between characters as 
well as between words. The monitor in- 
cludes an internal sine wave oscillator 
with speaker, phones, and volume con- 
trol. 

Distress messages or bulletins can be 
endlessly repeated, making the machine 
the solid-state equivalent of a tape r e  
corder but with the advantage of instant 
reprogramming and lower cost. LED 
status lights show store mode, store, 
full, run message. The beeper tone in- 
dicates store full and monitor. 

The Morsetyper weighs only 10 
pounds (4.5 kg) and comes complete 
with lap mounting holders so you can 
send from your easy chair. The price is 
$495. Three other models of the Morse- 
typer are also available. For more infor- 
mation write Computronics Engineer- 
ing, 7225 Hollywood Blvd., Hollywood, 
California 90046 or use check-off on 
page 118. 

mobile radio headset 
A mobile radio headset that i s  truly 

hands-free, operates with virtually no 
effect from engine and traffic noise, and 
has no obstruction in front of the face, 
Mobil-Ear has been introduced by JMR 
Systems Corporation. The heart of the 
MobileEar system is a miniature 
electric microphone worn on the cheek 
which picks up the operator's voice 
through the skin. The technique was 
developed originally by JMR for use in 
Navy fighter and helicopter helmets, 
and for high-noise industrial intercom 
and mobile systems. 

Safety i s  implicit in Mobile-Ear's 
single-earcup design, which enables the 
operator to don his headset with one 
hand, and to hear ambient sounds while 
still hearing his radio clearly. Comfort is 
ensured by adjustable eardome pressure 
and spring-band fit. A unique feature is 
the system's built-in sidetone, which 
enables the operator to monitor his own 
voice. 

Two Mobil-Ear designs are available. 
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Model 1OC provides high-quality r f  
communications (300-3000Hz) for 
amateur and land-mobile applications 
w i th  freedom from ambient noise. 
Model 12 i s  designed for use in aircraft 
operations where a single earcup and 
freedom from ambient noise are re- 
quired. 

In addition to skin contact and 
acoustic electret microphones and their 
amplifiers and mountings, other JMR 
components include mobile radio head- 
sets and helmets. For further informa- 
tion, contact Charles F. Halle, Mar- 
keting Manager, JMR Systems Corpora- 
tion, 168 Lawrence Road, Salem, New 
Hampshire 03079 or use check-off on 
page 1 18. 

new radio handbook 
Since the first Radio Handbook was 

published in 1935, it has grown from a 
slim 256 pages to the more than 1000 

KIT INCLUDES: 6 - LED Readouts (FND-70 .25 in. Red, corn. cathode) 
INSTRUCTIONS 1 - MM5314 Clock Chip (24 pin) 

QUALITY COMPONENTS 
13 -Transistors 
3 -Switches ORDER KIT #850 

MONEY BACK GUARANTEE := ;;&?,"prs 
50 or 60 HZ OPERATION 3 - Resistors AN INCREDIBLE VALUE! 
12 or 24 HR OPERATION 24 - Molex pins for IC socket 

"Kit #a50 will furnish a complete set of clock components as listed. The only additional 
items required are a 7-11 VAC transformer, a circuit board,and a cabinet, i f  desired." 

KIT #850-4 SAME AS #850 BUT .4" LED'S ....................................... $11.95 
60 HZ XTAL TIME BASE KIT - ,U,'"Y;:;~~E$I clock from any 12 Volt DC source: 

Power req: 5-15 VVC/2.5 mA @ 12 VDC 
Accuracy: (adjustable) 2 PPW3.6 MHz xtal 

$5.95 ea. 
Size: PC board aoorox. 1" x 2" 61528.95 1-1 .......... 
Complete - Single 'lk k i t  with info for easy hook-up to most IC clock. I ' 

JUMBO DIGIT CONVERSlON KIT - For LED Clocks. Kit provides a multiplex display 
PC board and six .511 brite LED's. (FND-503's o r  FND-510's). LED's require only 5, mA/se 
and can be driven by most any LED clock circult. Data for displays and hook-up Include$ 
(This PC board will mate polnt to point with kit  #850 circuit board) speclfy 
Common Cathode or Anode $9.95 
JUMBO DIGIT CLOCK KIT COMPLETE - Kit features six . 5 ~  red LED'S all com onents 
PC boards, plug transformer, line cord, etc. 50160 HZ op., 12 or 24 hr, ~ ~ 5 3 1 4  PC. ( ~ i l i  
f i t  Cab. I) Kit #5314-5 Complete Less Case $19.95 

niques. The new propagation chapter 
starts out with Maxwell's equations, 
then covers hf and vhf propagation, 
ionospheric activity cycles, and various 
vhf propagation modes. The "special- 
ized communications techniques" chap- 
ter discusses space communications 
(Oscar), moonbounce, radioteletype and 
associated video displays, slow- and 
fast-scan television, and facsimile. 

The chapter on transmission fines has 
been expanded to include a discussion 
of wave motion on a transmission line, 
the use of baluns and matching trans- 
formers, and an explanation of the use 
of the Smith chart. The antenna chapter 
includes more than twenty new antenna 
designs, including several high-gain 
moonbounce arrays for vhf and uhf. 

The theory chapters of the new 
Radio Handbook include information 
on high-frequency broadband amplifi- 
ers, vhf solid-state power amplifiers, and 
the design of vhf circuitry, both for 
vacuum tubes and solid-state devices. 
The mathematics chapter has been ex- 

I KIT #7Wl-C SAME AS #70016 BUT HAS DIFFERENT LED.. USES 4 DL-747 
.au woln L 1 MAN-7 .3.  DIG^ FOR SECONDS. COMPLETE KIT, Less care. $42.95 1 

1 CABINET I/- GREAT FOR CLOCK & 
/ Clock-Calendar Kits 1 %4'%yDE (xly White Specify Plexiglas RED or GRAY Case 

5%" DEEP Plexiglas Chassis 
Chassis Serves As Bezel To Increase Contrast of Digital 
Displays. Use Gray With Any Color - Red With - ~ e d  
Displays Only (Red LED's with Red Chassis Brightest) 

I $6.95 ea. 
PLEXIGLAS FOR DIGITAL BEZELS 

1 Gray or Red Filter 95$ ea. 
3" x 6" x '/a" Approx. Size 4/$3.00 

CABINET Ib GREAT CLOCK FOR KITS. SMALLER (Ideal for 
2%" HIGH / / Kit #850 or #SO-4 above) 
41/zN WIDE All Plexiglas Red Chassls, 
5l/z" DEEP White Case. 
Red Chassis Serves As Bezel To 
Increase Contrast of LED Dis~lavs $5.95 ea. . . 

CT-7001 - . CLOCK-CAL-I.C. ........... $7.95 
MM5314 - CLOCK I.C. ..................... $3.95 
MM5239 - 5x7 Dot Char. Gen. ... $1.95 
MM5369 - Xtal TB I.C. .................. $2.95 

MAN-5 Green C A .3" 
MAN-7 Red C A .3" 
MAN-8 Yellow C A .3" 
DL-707 Red CA .3" 
FND-359 Red CC .4" 

7-SEG LED READOUTS 
95P ea. or 101$8.50 

Your Choice - Guaranteed Good 

1 ~ 9 1 4  25/$1.w 
IN4148 25/$1.00 
IN4007 12/$1.00 

25 AMP FULL WAVE 
BRIDGE 100 PIV 

$1.95 ea. @ 3B5.00 

Fairchild Super Digit 
FND-359 

Q .4n Char. Ht. 
7 segment LED 
RED Com. Cath. 

Direct pln 
replacement for 

popular FND-70. 

9 5 4  ea, 101$8.50 
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going strong in. . . 
Components Accessories Test lnstruments 

Home-Brew Components 
Pi Net work Inductors 
Rotary Inductors 
Min~ductors/Air-Wound Colls 
Dipole Center Connectors 
Cyclometer Counter 
Filament & Plate Chokes 
Dial Plates 
Plug-In Aud~o Phase Shift Net 

Accessories 
Phone Patches 
Speech Limiters/Clippers 
Q Multipl~ers/Notch Fllters 
Automatic Keyer 
RF Power/VSWR Meter 
Portable Whip Antenna 
Mobile Antennas 
Coax Changeover Relay 
Coax Switches 
TVI Filters 

Test lnstruments 
u Aud~o Oscillator 

Dummy Load/Wattmeters 
Distortion Meter 
Sold State Dip Meter 

/n - -  -,--H=.- 
,/ Barker & W~llramson 

Professronal 
qualrty 
srnce 1932 

-6Pe I 
Write for our Catalog. And mention Ham Radio. 

G.R HITEHOUSE & co. 
10 Newbury Drive, Amherst, N. H. 03031 w 

Government Grants are available from Institutes/Foundations/Governments 
in your own country. Enquiries must be accompanied by two written 

character references and photo-stat copies of all educational qualifications. 
Courses commence every two months, where students join a 
production unit. Full time courses are available at the centre 

for one or two years. 
41-43 Fouberts PI-. Cormby Strwt, London W1. TaI. 01439 2517 

tensively revised and includes much new 
information not generally available to 
amateurs. 

The 20th edition of the Radio Hand- 
book also features a number of new 
projects including an interesting elec- 
tronic keyer based on a cmos IC which 
reduces the keyer to a single integrated 
circuit. This i s  followed by a discussion 
of a buffered keyboard for the modern 
CW operator. For vhf enthusiasts there's 
a solid-state, ten-watt linear for 432 
MHz which requires no intricate strip- 
line construction, and for the advanced 
builder there's a multi-band communica- 
tions receiver which features excellent 
overload and cross-modulation charac- 
teristics combined with good sensitivity. 

A deluxe 3-10002 linear amplifier 
for the DXer or high-power buff i s  
described, as is another linear based on 
the popular 8877 grounded-grid triode. 
For the vhf operator there's a new 
500-watt amplifier for the 420-450 MHz 
which uses an 8874 triode. Hardbound, 
1080 pages, $19.50 from Ham Radio 
Books, Greenville, New Hampshire 
03048. 

TVI filter 

The Channel Guard XL-1000, 
offered by Telco Products Corporation, 
has features not found in the usual man-. 
ufactured lowpass TVI filter. It has five 
sections, each of which is  tunable, for 
maximum rejection of harmonics from 
transmitters operating below 30 MHz. 
The XL-1000 handles full legal amateur 
power with negligible insertion loss. 

Used according to directions, the 
XL-1000 will attenuate harmonics from 
your transmitter so that no discernible 
interference from these harmonics will 
appear on nearby television receivers. I t  
can be inserted between exciter and 
transmitter or between transmitter and 
antenna. Delivery is  immediate from 
stock; amateur net price is only $39.95. 
For more information, write Telco 
Products Corporation, 44 Seacliff 
Avenue, Glen Cove, New York 11542, 
or use check-off on page 1 18. 
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The Atlas transceiver 
anything that moves! 2010,2 

At 7 pounds, and 
S1h"x S1/2"x 3?h/z:' 
the Atlas 210x or 215x 
is less than half the size 
and weight of other hf 
transceivers. Whether for 
automobile, bicycle or sail 
it's the perfect mobile or 
portable radio. 

Not only is it easy to install and 
operate, but with 2u) watts of 
power, and super selectivity 
you have all the talk power and 
signal clarity you need to work 
mobile across the country. or 
around the world. 
Stacey Smith. WAZOIO. shown 
above, operates mobile from her 
bicycle with just her Atlas 
transceiver, a 12 volt portable 
power pack, and Mobile an- 

tenna. With this basic mobile set-up. Stacey has had many 
enjoyable QSO's on 20 and 75 meters while riding her bicy- 
cle. (Our congratulations to Stacey for her ingenuity inset- 
ting up this unusual mobile in- 
stallation, and for getting her 
advanced class license five 
years ago a t  age 12.) 
Bob Lengyel, WBGKDS, worked 
stations all over the world with 
an Atlas 210x transceiver in- 
stalled in his sailboat while .-=- 
crossing the Atlantic single- : 
handed. Bob's faith in the Atlas 
transceiver to maintain vital communications with the rest 
of the world is a real compliment to the dependability of 
Atlas equipment. During this month of June. Bob will be 

sailing from Portsmith, England. 
to Newport. RI, in the single- 
handed Transa t lan t ic  race ,  
again depending on his Atlas 
transceiver for communications. 
Dan Lepinski. WA7 JUX , from 
Phoenix has just put 40,000 
miles on his motorcycle, making 
hundreds of QSO's during his 
travels. 

fits 

Whether you're going mobile or portable this summer, we 
invite your inspection of the Atlas 210x or 215x. It fits any- 
thing that moves, from a bicycle to a Mack truck. 
FEATURES: 
5 Band coverage: 210x covers 10-80 meters, while the 215x 
covers 15-160 meters. 
Power: 200 watts P.E.P. 
Complete solid state design. 
Plug-in modular construction makes all sections readily 
accessible for ease of servicing. 
Total broadbanding eliminates transmitter tuning or load- 
ing controls. 
Super selectivity. With our exclusive 8 pole lad- 

. . . . . . . . . . . . . . . . . . . . . . . . .  AC Console 110/220V. $139. 
Portable AC Supply 110/220V . . . . . . . . . . . . . . . . . . .  $ 95. 
Plug-in Mobile Kit. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 44. 
DD6 Digital Dial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $199. 
lox Osc. less crystals. . . . . . . . . . . . . . . . . . . . . . . . . .  $ 55. 
For complete details see your Atlas dealer, or drop us a 
card and we'll mail vou a brochure with dealer list. 

S u  ATLAS e m  -3 
Y .  R A D I O  INC. 

MAIIE IN . I S A  the hut11 14 /lo 011 n\ onrl 

1J.S.A. 41 7 Via Del Monte Oceans~de. CA 92054 Phone (7 14) 433-1 983 
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CAN A COMPUTER 
PREDICT DX? 

Yes indeed! 
It's been doing it for years. Trouble is, only big corporations and government 

communicators could afford it. Not anymore. 
May we introduce you to CompulProp . . .  computerized DX predictions. 
Now you can have computer print-outs of precise times of band openings to 

your favorite parts of the world. Plan your operating for maximum DX. Know what 
hours of the day that "rare one" will come thru. These are just a few ways Compul 
Prop can increase your enjoyment of ham radio. 

CompuIProp is a monthly computer print-out to 8 major DX areas of the world. 
And it's 90% accurate. The computer program was originally developed over many 
years by the government Office of Telecommunications. This multi-million dollar 
data base is now available to you via CompulProp. 

Main Electronics is making these monthly computer predictions available on a 
special introductory offer. You can receive a current sample issue containing the 8 
DX areas for just $5. 

If after 30 days of comparing the predictions with your log book, you're not 
satisfied, just send them back for a full refund. Start planning your DX NOW! 

Send your check or money order TODAY. 

ELECTRONICS, INC. 

I 

WHAT'S HAPPENING ! 
I 
I 
I 

1 

I 
I 

$ $  now $132.50 j 
I 

The BEARCAT IV. The ultimate scanning I 
monitor. Hear any eight channels of ac- I 
tion, excitement and information front 
the nation's four public service frequency I 
bands! I 

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

Please send me Bearcat IVs I .................. 
@ $ 132.50 ea. I 

Please send me .................. Crystal Certificates ' 
@ $3.25 ea. I 

I 
I (Minimum order 510.00) I 
I I 
I COD'S require 20% deposit) I 

Send check or money order to: 
I 
I 
I 

BETA ELECTRONICS / 
I 
I P. 0. BOX 5869 I 

i PITTSBURGH, PA. 15209 
I 
I 

! 
I 

Name - . j 
I I Address 

I city t a t  .............. z i p  .............. : 
?---------------------------------J 

I FM RCVR KITS I 
I MORE FOR YOUR MO,NEY! I 

COMMERCIAL TYPE DESIGN! 
IDEAL FOR REPEATERS, 
MONITORS 

COMPARABLE FM TRANSMITTERS NOW 
AVAIL. ALSO PREAMPS. CONVERTERS, 
SCANNERS. TEST EQUIPMENT. 
- SEND SASE FOR FULL CATALOG - 

GET DOWN 
on Buyers & Sellers FREE mailing list. You can receive Buyers & Sellers BIG 
LIST (The most complete listing of HAM GEAR available anywhere) free 
each month. Send a 3x5 index card with your call sign, Name, and address 
and we'll put you on the list. 

HAM GEAR HOTLINE 
BWERS 6 SELLERS 

POST OFFICE BOX 73 Monday - Friday, 9am - 5pm 

6 17-536-8777 BOSTON, MASS. 02215 Wednesday & Sunday. 7pm - midn. 
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T W r  l k t  tupponlng at th. 
1976 ARRL Nmtlonml Convontlon. 
Frlday 
0800 Reglstrat~on 
0800 Bus Tour to Hewlett Packard 
1200 Hams Hosp~ta l~ ty  Room 
1200 E x h ~ b ~ t s  
1300 Bus Tour to Bureau of Standards 
1400 Mlcroprocessors for Beginners 
1400 M~croprocessors lor Advanced 
1800 General Hosp~tallty Rooms 

w ~ l h  Entertainment 
1900 M~croorocessor Sharlng Session 

Saturday 
0700 OCWA Open Breakfast 
0800 E x h ~ b ~ l s  
0900 10X Forum 
0900 Powerllne N o s e  Forum 
0900 lntroduct~on to Amateur Rad~o  

ARRL Staff 
1000 DX Forum 

Jack Reed VE3GMT (Member 1975 
Sable Island DXped~t~on)  

1000 Ionosphere Mod~ f l ca t~on  Prolect 
1100 Search 8 Rescue Emergency 

Commur~~cat~ons In N New Mex~co 
1100 Optical Cornmun~cal~ons In 

the Atmosphere 
Dr Jack B a r d  (Unrvers~ty of 
Colorado) 

1100 Contesters Forum 
1200 Lunch 
1230 Antenna Forum Baslcs 
1230 Antenna Forum Advanced 
1230 Advances In Antenna Matchlnq 

Jerry Sevlck W2NMl (Bell Labs) 
1300 Amateur Radlo lor the Handicapped 
1300 MARS Comblned Semlnar 
1400 Flber Opt~cs Commun~cal~ons 

Joe Mulllns I Bell Labs New Jersey) 
1500 FM Fo run  
1600 Amateur Radlo Talks to Ihe Medta 
1600 Pvlnted Clrccr~l Board 

Construct~on 8 Demonslrat~on 
1700 Frec T ~ m e  
1800 Banquet with Two F6.alurpd Speakers 

'Father Dav~d  L Reddy CE0AE 
o f  Easter Island lamr  
'Geoffrey Bryson (D~reclor 01 
Dockrmenlary Proqramm~nq for RBC 
London Enqlandl 

2100 ARRL Foruni 
2100 Ladles Varlely Show 
2400 Wo~r l l  Honq Ceremony 

Sunday 
0530 Sunrise Servlce at CIVIC Center 

(Mul l l -Denom~nat~onal l  
0700 Open Bu l l r l  Brmklast 
0800 R~q ts t ra t~on  
09UO Exh~brls 
OR30 MARS Army Navy Atr Force 
0930 Nal~onal Bureau o f  Standards 

Time 8 Frequency bervlc e 
( T ~ m e  hy Salelllte) 

0930 YLRL Foruni 
1030 FCC Forirm 
1200 Hot r l  Check Oul  Tlmc 
1300 Lunch 8 The Greal Prlze G~ve-A-Way 

Your family Is going to love Colorado. 
There 5 more lor the lamlly Ihan lust 
baby slltlng servlLes Weve planned 
lhlrigs l ~ k e  lamlly bus tours to nl f ly 
places and speclal entertainment for the 
ladles And the State of Colorado would 
l ~ k e  to send you all the ~nformatlon 
you need to help make this summers 
vacatlon the besl you ve ever had 
Jusl walte V d ~ d l ~ ~ r i  c o Slate House 
Der~vt.r Colorado 

And them's more. 
Convent~on Srat~ons HFlVHF vla NCgARL 
FCC exams for all classes o f  llcenses 

Fr~day afternoon and Saturday mornlng 
(Contact Denver Fteld Offlce for 
reservat~ons Flrst come f~rs t  served 1 

2 Meter Talk-In vla 146 34/94 
m Oscar demonstrat~on by AMSAT 

Propagat~on and tracklng report on  a 
balloon suspended repeater 

And even more technical and operating 
sesslons are belng scheduled r ~ g h t  now 

Come to Cmtennlml Colomdo. 
Them's mom hrpponlng for you 
and your family thmn mt mny othor 
Amateur Radio convention. 

Send for your a p p l ~ c a t ~ o n  n d  
W r ~ t e  to. ARRL N a t ~ o n a l  Convention, 
c/o Slats Counc~l. 2450 South Oullman, 
Denver, Colorado 80219 



C O A X  CONNECTORS FAN (MUFFIN 

Am you tlrsd of the houn 259 
Rotron Mfg Mo!, 

of small, debtled, eye 
stnlntng art work that 50 239 .M MU2A2. 4 

goes Into maklng prlnted pL z58 *-I5 Square, no bezel 
PROFESSIONAL LOOKING clrcult a d s ,  

nu 1.75 i - 80 CFM, ~ ~ r p e r  

P.C. BOARDS FAST *REVOLUTIONARY IT. ETCH IT ts tntro 358 'l' ADAmR 2.95 aulet, 115 VAC 60 cy 
ducing a NEW product 359 Ri*tAnCLE 
called "STAMP IT, ETCH " 17'/' RE- BRAND NEW. $9.95 ea. 
IT" Kit Thts K I ~  w ~ l l  (RC58/U) ." STEREO PREAMPS 

tale the ted~ous art work " l7'IU RE- Hlgh  Qua l t t y  

and many ttresome houn (RC59/U) '25 Module Type. 

out of pr~nted clrcult 259 r.O. 
board preparatton l n  just ON TYPE) 1.25 wlres eastly In. 

to exlsttng ste 
a few short mtnutes you ' ~ ~ ~ &  I reo where an 
have a profess~onal I w k  1.50 wua l~zer  pre amp state IS re 
tng etched printed ctrcult 'E :E.FNC.M 2.95 quored can be used In mag 
board ready for drtlllngl netlc cartr~dges, tape decks or 

The ' STAMP IT. ETCH 'E 21i(uF heads. low ~mpedance macro 
IT' K I ~  IS exactly as the phones, etc 12 V power source 
name lmplles Followtng '' 26(M/U 20 to 20 KHz Frequency rs- 
the step by step slmple CABLE END sponse, verysens~t~ve 3 ' ~ 4 t h  "r 

Reduces Pr ln led  C ~ r c u l t  Board  Art Work F rom 2 Hours t o  10 M l n  have UC 2 7 a / U  'h" BRAND NEW WITH SCHE 

Simple as A.B.C. a pr~nted curcult board '" ADAPTER 2.45 MATIC LIMITED QUANTITY- 
and have uved  houn of '' 306B/U 3 for $2.00 - 10 for $5 00. 

A.ra*cgonrronrc B . ~ u m t o l - ~ n r  C.- M frustrat~on k easy as V I D E O  PREAMPS 
you use a rubber stamp '' 491B/U 
to stamp messages on WUulE MALE 2.45 
paper, you stamp your 

11 11 11 11 cmmc~om n*atn 
component connections on PRINTED CIRCUIT 

BOARDS 
eae~aee~  I* n m  Durr I* L I ~  K 

aocKrr 6-10 FIBERGLASS 
aaee*111 

a-. la n m  name r .ocm ETCH IT" kit we supply Slze 1 S ~ d e  2 S~ded 
3,, CRT TUBES 

5.2 al l  component stamps ... ~ ~ ~ O U I # ~ K . O Q L I  shown tn SE 2 Ktt I n  the T'x 4" .25 .35 
...I ... Tod r u * m o n  wan 

SE 2 htt we alto have 2 " ~  6" .35 45 
res~st tnk enough for 3uX 618 50 

3 E P 1  
.65 N E W  GUARANTEED 

*.a rote n*~- m o c m  months and months of 
expartment~ng. Ink stamp 4"x 6" 65 90 $3.95 ea.-4/$10 00 

? U~D~LU.UDOIIIPID pad, restst pen. and etch 6 " ~  6" .90 1.35 
RWI I tng contalnen  he most rx ly 1.50 2 50 D E S O U E R I N G  I R O N  . RESIST INK 9% revolut~onary item tn your Mfgd by 

PLUS I** bottle STAMP IT. ETCH IT" IT'x12" 2 95 3 95 Ieadlng 
-urn ONLY 

RESIST PEN *a. 9% Kit 1s The F w l  Proof company (in 
8 INK PAD .a. $1 15 System of etching your PUAwln DlScOUm U S A )  ln  

Etching Con- prtnted ctrcult boards (same sin) the solder- 

PLUS 1 LB POSTAGE tatmen 10 (0'9% Wlth our k l h  and our tng tool f ~ e l d  These unrts am 
etch~ng contalnen you 24 10% NEW1 Sl~ght  platlng blemlsh 
are able to etch a prtnt 25 to 99 RAI N BOW I N DUSTRl ES ed c~rcul t  board as fast 100 up 

15% prevents factory from market~ng 
A 40 m t t  untt whlch may be 

as bubble etchtng ma 
25% used for soldering as well as 

P. 0. BOX 2366 - DEPT. R-J chlnery and the - desoldertng WE GUARANTEE'! 
are as good or bmr. $5 00 M~~~~~~ order ORlGlNAky SEUS FOR $16 9 5  

Indianapolis, Indiana 46206 PRICE $8 95 each 
PLEASE A D D  POSTAGE (Llmltod tnrenhq) 

We Are New 
to HAM RADIO mag, but not to oloctronicr 
mail ordor. Try us out with: 

M M  5312 CLOCK CHIP - 4 digit, sawmnt 
multiplexed, BCD output, & 1 PPS output, 11-19 
v.d.c. supply range. GET TO KNOW US SPECIAL 
- $1.95 ppd. with data. 

MM 5320 TV CAMERA SYNC GENERATOR - 
this LSI chip supplies the bask wnc functions 
for either color or monochrome 525 line160 Hz. 
amera and video applications. The price is $4.95 
ppd. and includes the data sheet. 

CMOS CRYSTAL TIMEBASE KITS with .01 
percent accuracy. 5 1 5  v.dc. operation. Dram 
only 3 mA at 12 volts. Single I.C. - vwv small 
size - the P.C. bond is 7 1 8  x 1-518". Chocne a 
main output of 50 or 100 Hz., 6 0  Hz., 500 or 
1000 Hz., or 1 Hz. S e ~ r s l  related frequencies are '' also mileble on each b o d ,  in addition to the ' $* main ones listed above, Be sure to ~ s . i h r  the + Frequency y w  m n t .  All kits are $10.95 ppd. 

Our other kits include a pong gsm, a car clock, 
a two-time clock, and a gient nixie clock. 

Flyer available - 

TRADING CO. 

Box 3357 San Leandro, Ca 94578 
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FIRST 
Make this 4 I 2 - m e K ~  100 channel 

3 
- - nat~ons. mrwatts wtth f z  

comparison: 
The GTX-1 gives the high 
quality performance that 
compares with Motorola, GE, 
RCA or any other hand-helds 
that sell for $700 or more. 

Check these 
features: 

Small: only 8"x2.6"x1.28". . . 
Appearance: slim silhouette 
all black metal . . . Service- 
able: easy access to sepa- 
rate receive and transmit 
circuit boards . . . PLUS: 6 
pole xtal filter for superlative 
receiver operation . . . and: 
trimmers on receive and 
transmit xtals: standard 10.7 
MHz 1st IF. b- 

and specs: 
Rec. Sens.: . 2 p  for 12 db 
SINAD . . . Adjacent chan- 
nel rejection: t30 kHz 55 
db . . . Spur. Resp.: more 
than 65 db . . . Audio Out- 
put: 500 mw . . . Power out- 
put: Hi 3 w, Lo 1 w . . . 
Audio Quality: Distortion 
free, crisp, clear receive and 
transmit. 

2-meter FM, 100 channel combtna- 
t~ons, 30 watts (lncl 146.94 MHz) 

plug In lnstallatlon on most 

) amateur transce~vers @ $5995 $ 

( TE-l l  Tone Encoder Pad for installation on 
most Hand Helds 

I Cl PS-1 AC P m r  fmpply for use with all makes 

1 of transce~vers 14 VDC-6 amps @ $69 95 $ I 
and the following standard crystals @ $4 50 each $ I Ilon-standard crystals @ $6 50 each 

ACCESSORIES FOR 6TX-1 and 6TX-11 
I 

q ) PSI-18 Optional Nicad battery pack 
$29.95 $ 

I 
. a-. .- I 

g9' $29995 I 1 PIC1 Leather carrying case . $12.95 $ 
I . .. 

I (Bat. Not Incl.) (Bat. ~ o t  Incl.) TE-111 Tone Encoder (for use with GTX-1) i l $49.95 L ] . 
GENAVE stocks most common 2-M 

Add Sd mr Radio for S h i ~ ~ l n t ~ .  I 
~ % d l i n ~ ,  and Crystal ~ e t i i n c  

Payment by: 
IJ Certified CheckIMoney Order Personal Check 
IJ C.O.D. Include 20% Down 

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

BankAmericard If Expires - 
I IJ Master Charge # Expires 

I NAME Interbank # Expires - 
IN residents add 4% sales tax: 

I 
I ADDRESS CITY cn residents add, 6% sales tax:} 

A l l  orders shrpped post-pard within continental U.S .  

( STATE L ZIP AMATEUR CALL (allow 8 weeks delivery.) 
HAM ! 
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Now you on build om 01 the mon . d v m w d  digit* .leetrOnK ~mrm- 
mnn wim our new r r t n  of l o m n  modulr rmntific kna. Thaa kits 
mll expand the r a w  of your electronic .ppllca#onr enormously--and ail 
at a wrplingly la* m. 
The hwrt of me i n e m  i. w r  4digit Counmr (Kit O l n  which 
features a full +dig11 LED n w t  (you dwoa me dze bm ui1.d m van 
appliotion). Combom mlr wim a 5-voll rs)ulaW perm w l v  (Kit OJ)) 
and y w  have me bnir of a wids rmae of & i n ~ u n d  electronic innru. 

m -IS. including Or* Chip 4 digit dude wmr 
kit. with both 7 sqmnt  md BCD 

KIT 010 CRLO. COUNTRR 
1. Chip Mvrn intnrul ori l lnor ............... 

Futum FET inpvt hont md with nlOpn cwwit tar TlMC I A S E l  for rnn ing  p.d. 
measwing wmplex umwfwmr Memums from 0.1Hz to 2. O m t l a  and munt exmt  out- 
lOMHz rrhan d vim Kit 016 or 019. M.nurn ha 

1 Mhz c-I &in r i m  bm divldn. OutpuIa; .01Hz to 35MH2 rvhsn umd with Klt 013 md 014. 
1Mh~100Khr.10Khz-1Khr.100Hz.1Wz~1Hz.0.1Hz. e4.u 
k c u n q  m a  thm .OOS%w#th proper mliunmnt. -.-.---..--. 

K I T 0 1 7  O V M  ~ ~ 0 1 3 m n r p k a ~ ~ o ~ w i m ~ ~ ~  ....... m ~ n  4 . K  B o m h m b . ~ t o  
BuHa Circuit for TTL I n M r i n g  812-16. ec. digia 

1.- n boL. with polr)ty indiatbn. 1 M ohm input 6. Kit includa w n h r  chip. d r i i  
impdrra md awncv to 1% if -ly . d i d  

 it 014 ~m .  it 013. hn l r ~ h  TTL ......... amn CIICUI~ for 4 U ~ O ~ I  fyp di, 
n3.u p l v  nd PC B w d .  (For nd. ...--...... Kit 016 W z  or sOWz duin t i m  tam wing l im 

KIT  O R 0  R C M  COUNTRR 

Cwnts from 1 to 100.m0 RPM. RPM c ~ h r  kit con* 
ewnpmnn md PC b u d .  

.o..o.~.... only ............................................................... 87.n 

KIT 030  COW^^) ~ U C C L Y  Kh 010 W z  b i n  thne bm udrq lhu hums 
for Kit 010 RPM -. Wmchthhwcein h n u n h r r f w d d i t i o n J k h s ,  

including MultimHm. Tim. CLiPM L*nr, 
Thsmum*m md mny mom. wim w r  k in  md 
your IrmgiMIion. you'll find dam of nr md 
exciting a p p l i o t i a  

big 1IX dl m future purchna of M.S.I. k i n  
Ssnd $3.00 with your name and addta. We 

r.0. BOX JDSUH. D.ISI. T.", 7 m  
TERMS C h c b  o. - o.& NO COO. 

T d . p h m  (214) 278-3561 

ARE TOO LOW TO BE PUBLISHED! 

STANDARD'S 

12 Channel, 2 meter FM Trans- 
ceiver - Includes crystals for 6 

channels (3 channels your freq. choice). 20 plus 
watts out. Standard's unique 6 month warranty in- There's a whole new world 
cluded. CALL NOW! waiting for you in personal 

communications. Two-way 
communication between home 
and car, business dispatching, 
emergency calls, road and traffic 
conditions, and many other 

SPECIAL PURCHASE! business and personal uses are 
yours with your own radio. TECO 

This 12 Channel, 2 meter has a wide selection of Citizen 

FM Transceiver delivers Band, Amateur, Business Band, 
and Marine radios, antennas and 20 watts FM power. Includes .94 Simplex. Call Today for run- accessories. They are all here in 

down on detailed specs. YOU'LL NEVER MATCH THIS PRICE! our new 1976 TECO 
COMMUNICATIONS CATALOG. 

PrepsM Orders accompanied by M.O. or Bank Checks are shipped immadiately. 
U.P.S. C.O.D. also available if specified. 

A & W ELECTRONICS 

6 17-396-5550 
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DELILA 
Red, .30 in. high 15mA A P P L I A N C E  S T A R  
per agment. Common 

New .5 in. dirplay anode.... 
O P E R A T I O N :  

Common anode. 

TEMP.  K I T  

THE KING FEATURES: 

PC Board for 6 dlgnt dlrplay FNDSO3 
PC Board tor 4 dtgnl d~rplav DL747 

1) 6 digit. 12 hr. 60 cycle or 24 hr. 
50cycle alarm clock 

21 T ~ m e  sharing capablllty for dls- 
play of  additional ~nformation. 

31 Stngle 12v. supply and a mini- 
mum of interface components 

41 AM-PMand ure indications automatic power fall- 

51 10 mtnute snooze 
61 Intensity control of LEDs. 

4002 .24 
4006 1.49 4029 1.39 
4007 .24 4030 .49 

K I T  NO.l  6373,Bs 4008 115 4032 - .24 
4009 .59 4033 1.49 

Imth PC b a r d l  4010 .55 4034 - 3.25 
4011 .24 4035 1.39 
4012 - .24 4037 4.50 
4013 - .59 4040 1.59 

Direct drive dlspiay o u ~ p u t ~ .  'Current control regulat~on-on chip, 'Low power brightness 4014 1.49 4041 - .89 
control-on chip. RFI elmmating slowup clrcu~try, 'Sleep radio feature. *24 hour snooze 4015 - 1.19 4042 .79 
alarm. .Independent digtt setting, 'Non m u l t ~ ~ l e x e d  output circuitry 12VAC CT 112 amp 4016 .59 4043 .80 

transformer for Ki t  No. 1 
4017 1 2 9  4044 .59 
4018 1.49 4047 - 5 9  
4019 - .59 4049 5 9  
4020 - 1.59 4050 - .59 

* K I T  N0 .P  4021 1.49 4066 .99 

K I T  N0.3 
Complete kt t  wlth components. PC Board. Transformer. wood 
gram care, and filter for dtsplay wandow, Includes 5 tnch read ................ rm clack 40 pfn dtp wlrpec $ 4.25 

.......................... 16 p ~ n  dtp wlspec $ 7.00 
.............. . 

.................................................. 
70250 4-6dqtt alarm clock 28pin dlp wlrpec $ 5.50 
PC Board for 70250 d 4 25 

Load regulatton 50mV 70380 4 dlglt no" multjplexed rad~a alarm clock 
featuring dlrect drlve display output 40 

..................................... pin dtp w/spec $3.1 0 

\ :zrd fOr.'~~~ra.e~~i" :~~,:,.,:~:, ............................ 1,. ~ ~ ~ , . ~ . , , ~ ~ , ~ ~ . ~ .  b::: 
2102 1K static RAM for 8W8... $ 2 25 

........................ MM5203 2K UV erareable PROM $12 25 

120 volt power cord included 

(Includes top, banam. 
and hardware.) 

565 Phase Lock Loop 
567V Tone Decoder 
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The Grabbers! 
( 3 0  rnHz K i t )  

~69.9~ 
(250  m H z  K i t )  

(NEW! 5 0  mHz K i t  - 
compietely portable) 

"139"" 
( Six Digit Frequency Counters I 

Now there is a third version of the six digit 
counter!! We just combined the CMOS and 
Schottky technologies to  introduce a completely 
portable counter!! (Hufco has a whole line of 
counters starting at $45.95!!) 

Hufco 
HUFCO. P. 0. Box 357 D e ~ t  31. Provo. Utah 84601 (801) 375-8566 

HAMS! - G o t  CB-er friends o r  acquaintances who you'd l ike, to 
convert t o  Amateur Radio? Le t  C H A N N E L  5 1  help show 'em 
how! NOVICES! - Here's elementary electronics and projects 
presented i n  an easy t o  understand form. OT's! - Brush u p  o n  

. 
your  communications theory. A L L 1  - G o  a step o r  t w o  beyond 
your  present capabilities. .Send $2 and get your  C H A N N E L  51 
today. P.P.D. 

HUFCO, P. 0. Box 357 Dept 31, Provo, Utah 84601 (801) 375-8566 

CB'ERS.. . WAKE UP! 

ALOELCO SEMI-CONDUCTOR SUPERMARKET 
RF DEVICES 
2N3375 3W400 MHz ........ 5.60 2 N W  4W 175 MHz ........ 5.40 
2N-6 1W 400 MHz ........ .99 2N6081 15W 175 MHz ........ 8.45 
2N5589 3W 175 MHz ........ 4.75 2N6082 25W 175 MHz ...... 10.95 
2N5590 10W 175 MHz ........ 6.50 2NM8330W 175 MHz ...... 12.30 
2N5591 25W 175 MHz ...... 10.95 2NW64 40W 175 MHz ...... 16.30 

HEAVY DUTY RECTIFIERS 
200Volt 100 A m p m  .............................................................. 5.50 
200 Volt 250 Amp DO9 ............................................................... 8.50 
400 Volt 2 Amp Snllcon Rectifier RCA ............................ 16 fw .99 
1OOO Volt 2 Amp Sillcon Rect~f#et RCA ............................ 10 fof .99 
10.000 Volt Solimn Rectifier Erla. 6 5 m A  .................................. 2.95 

ALDELCO REPLACEMENTS 
Simelar to 

.......................... GE FET 1 Sl.95 GE 20 
GE 12 .................................. 1.45 GE 48 .................... .. .... .... 62 

MONEY BACK GUARANTEE 

STUD RECTIFIERS 2 AMP EPOXY BRIDGE RECT. 
50 Volt 40 Amp ................... 99 100 Volt ................................. 25 
100 Volt 40 Amp ................ 1.39 200 Volt .............................. 35 
200 Volt 40 Amp ................ 1.59 400 Volt .................... ... ..... 45 
400 Volt 40 Amp ................ 1.79 600 Volt ................................ 55 

ZENERS 

- .......................... 
2N4403 ................ .. ............. 55 
2N3713 ......................... ..... 45 
2N2926 NPN ................... 101.99 
2N3904 w 2NJ808 ......... 101.89 
2N5496 or 2N6108 ................ 35 
FT0601 FET ......................... 99 
2N4401 .................................. 55 
741 or 708 14 Pin DIP ............ 25 
555 Ttmr  ........................... -75 
556 (Dual 5551 .................... 1.75 
200 Volt 25 Amp Bri dp...... 1.00 
IN914 IN4148 ......... 10 fw  .99 
lN34.1NM. I N  W... 1Ofor.W 

W. QWW on m y  &t& at my wmriy. All itsnu poswid. S5.W 
mtn. ordsr. Send m m p  Ibr urnlog. NYS mid a x .  

P.O. Box 341H. Lynbrook NY 11563 

- ~ 

I 1  RANDOM WIRE ANTENNA TUNER I rBIRD WATTMETERS I 
All b n d  oprat lon  I I M  10 nr lcr%l wath ""," an" .*"dam I.nglh w,.. m u.,, 
WMI caP.b?l#tv lde.1 10, p~rt .b le 01 h a m  

ELEMENTS 61 LOADS 
owralaon A mul l  10, Fmld Dav Sbze 1 x 
4~ x 7 3m Bvlln ~n neon t v n v p  andloto, 

AUTHORIZED DISTRIBUTOR 
cu.rantad lor 90 days camact - .en to WEBSTER COMMUNICATIONS 

115 Bellamtne. Rochester. M~ch.  48063 
313-375-0420 

ARRL ROANOKE DIVISION CONVENTION / HAMFEST 
JULY 31 -AUG. 1, "SCOPE': NORFOLK. VIRGINIA 

HIE-QUE IHQ 1) rlapolc connector 

coax PI 759 plug on l rsd l#nc DIIW 
cap LCCDI coax lotltngr dry Instruc. 
tlons ~ncludcd Guaranteed At  your 
denlets or $3.95 po.tp.Id. Corn. 
pamon ~nsula lors 211.99. 

BUDWIG MFG. CD. PO 8 0 x 9 7 ~ .  Ramon.. CA 92065 

B E A M  
A N T E N N A  

only 27 inches h!gh 
by 22 inches wtde 

A COMPLETEL Y NEW ANTENNA 
Here is  an ultra corn act beam antenna which u n  be tuned t o  any frequency b e t w ~ n  7.0 and 14.5 
MHz. Weighlng n lg  f8 la. this antenna may not outperform a full sized beam but it s u m  wil l  8iWe 
you your share of X and stateside contacts. Will handle 1 KW over a 100 kHz bandwidth. 

Fully weather proof Hi-Q. attenuates harmon~cs 
Mounts easily on TV masting Comes assembled & tested KITS 10-40 $74.50 
F i ~ u r e  8 pattern 

LITTLE GIANT MODEL 1 ~ x 1 0 ~  $149.50 
Other models available for 10. 15 & 20 meters Add $3 trans. 

L i t t l e  Giant Antenna Labs, Box 245, Vaughnsville, Ohio 45893 
Subsidiary "Apollo Products" Village-Twig C a  

419-646-3495 

I 

NORFOLK SCOPE CULTURAL & CONVENTION CENTER AREA CALL OMNl l NTERNATI ONAL HOTEL 1-800-241-5500 

ADV. TICKETS 22.50 + ::-?i?ROGRAMS FREE HOLIDAY INN~SCOPE" l-fl00-238-54)0 

I I 
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TIDEWATER RADIO CONVENTIONS, INC. BOX 9371 
NORFOLK, VI RGINIA 2350s 

INDOOR, AIR COND. FLEA MARKET OR CALL LOCAL H. I. FOR RESERVATIONS 
CARRL. FCC. MRS. OTHER PROGRAMS *MEMION ARRL CONVENTION AND HAMEST* 

a  NEW a n t e n n a  p r i n c i p l e  
PROVEN IN EXACTING TESTS AND MANY YEARS ON THE AIR AT W#MBH - K#AST - K8VRM 



TS-7OOA 
pecifications 

TRANSMITIRECEIVE FREQUENCY RANGE 

r 144 148 MHz promises 
MODE RF OUTPUT SSB FM CW CW FM AM more than IOW output 

T! AM more than 3W o u t ~ u t  SSB more 
i than 20W DC ~nput. 

ANTENNA IMPEOANCE- SOU (unbalanced) 
CARRIER SUPPRESSION. Better than 40 d 
SIDE BAND SUPPRESSION: Better than 40 
SPURIOUS RADIATION Less than -60 db 

KENWOOD'S TS-700A finally fulfills the 
promise of 2-meters.. . more channels, more 
versatility, tunable VFO, SSB-CW and, best of 
all, the type of quality that has placed the 
Kenwood name out front. 

Operates all modes: SSB (upper & lower). 
FM, AM, and CW 

Completely solid state circuitry provides 
stable, long lasting, trouble-free operation 

AC and DC capability. Can operate from 
your car, boat, or as a base station through 
its built-in power supply 

4 MHz band coverage (144 to 148 MHz) 
instead of the usual 2 

Automatically switches transmit frequency 
600  KHz for repeater operation. Just dial in  
your receive frequency and the radio does 
the rest.. . Simplex repeater reverse 

Or do the same thing by plugging a single 
crystal into one of the 11 crystal positions for 

your favorite channel 
Outstanding frequency stability provided 

through the use of FET-VFO 
Zero center discriminator meter 
Transmit/Receive cabability on 44 channels 

with 11 crystals 
Complete with microphone and built-in 

speaker 
The TS-700A has been thoroughly field- 

tested. Thousands of units are in operation 
throughout Japan and Europe 

The TS-700A is available at select Kenwood 
dealers throughout the U.S. For the name of 
your nearest dealer, please write. 

600 kHz 
TONE BURST TIME: 0.5.1.0 sec. 
MODULATION: Balanced modulation for SSB. 

Var~able reactance frequency shlft for FM. 
Low Dower modulat~on for AM. 

TRIO-KENWOOD COMMUNICATIONS INC. 
1 16 EAST ALONDRAIGARDENA, CA 90248 

MICROPHONE Dynamoc microphone. 500D 
AUDIO FREOUENCY RESPONSE 400 2600 HZ. 

J' 

KENWOOD 
. . .pac~s t~t ter  in amateur radio 

RECEIVING SYSTEM: SSB. CW. AM: Single. 
superheterodyne. FM: Double. 
superheterodyne. 

INTERMEDIATE FREQUENCY SSB. CW. AM: 
10 7 MHz. FM- 1st IF:. . .10.7 MHz. 2nd IF: 
. . 455 kHz. 

RECEIVING SENSITIVITY: SSB. CW: SIN = 10 
dB or better at 0.25pV. 20 dB noise 
quletlng = Less than 0.4pV. AM: SIN = 
10 dB or better at 1uV. 

IMAGE RATIO' Better than 60 dB 
IF REJECTION. Better than 60dB 
PASS-BANDWIDTH: SSB. CW. AM: More than 
2.4 kH7 at -6 dB FM More than 12 kHz at 

-6 dB. 
RECEIVER SELECTIVIM: SSB. CW. AM: Less 

than 4.8 kHz at -60 dB. FM: Less than 
24 kHz at -60 dB. 

SOUELCH SENSITIVITY: 0.25rrV 
AI~DIO OUTPUT. More than 2W at 8(1 load 

(10% d~stortton) 
RECEIVER LOAD IMPEDANCE: 8 0  
FREQUENCY STABILITY: Within +2 kHz during 

one hour after one mlnute of warm.up. 
and w~thtn 150 Hz durlng any 30  minute 
per~od thersatter. 

POWER CONSUMPTION: Transmit mode: 95W 
(AC 1201220V). 4A (DC 13.8V). max. 
Rece~ve mode (no signal). 45W (AC 1201 
220V).0.8A (DC 13.8V). 

POWER REQUIREMENTS: AC 1201220V. 
50160 Hz. DC 12-16V (13.8V as reference). 

DIMENSIONS: 278 (W x 124 (H) r 320 (D) mm 
WEIGHT 11 kg 
SUGGESTED PRICE: $700.00 

Prices subpct to change wtthwt notice 



The HAL DKB-2010 keyboard does double duty. 
For the price of an  ordinary keyboard, you can send 

both TIY and CW. At the flick of a switch, send TTY a t  all 
standard data rates, or perfect CW a t  8-60 wpm. You get 
complete alphanumeric and punctuation keys, a "DE-call 
letters" key, even a "QUICK BROWN FOX..." diagnostic key 
for TTY. In both modes,you have a three-character buffer 
for bursting ahead (larger buffers available), and in the CW 
mode you can adjust the dot-to-space (weight) ratio to  your 
liking. 

Like all HAL products, the DKB-2010 is built to  commer- 
cial standards-yet this solid-state unit is available a t  a price 
you'll appreciate. It's like getting two keyboards for the price 
of one. 

For all the details, write today. Well answer you on the 

Only 
S 37. so 

(less batteries) 
OSTPAID USA 
8 CANADA 
a P r e c ~ s i o n  

crystal. 

*Fully guar- 
anteed. 

*Markers a1 
100, SO, 25, 
10, or 5 KHz 
selected by 
front panel 
switch. 

*Zero adjust s e G o  WWV. Exclusive 
circuit suppresses unwanted 
markers. 

I *Compact rugged design. Attractive. 
completely self contained. 

I *Free brochure on request. 

*Order direct. 07.50 PPD U.S. & 
Canada. California residents add 6 
percent sales tax. 

double. 

HAL Communications Corp., Box 365,807 E. Green St. 
Urbana, Illinois 61801 Telephone: (217) 367-7373 

I SMALL CAPACITORS 
0.1 L L ~  @ m v  .................................... 

HOSFELT 
PARTS 
SALE 

...... N. 0. Moment8ry Push Button 5fi1.00 
PC Board. 010 Fiborglas 

........................................................... 12" x 12" $2.25 
7.5" x 12" ........................................ 

ELEClROLYTICS 
......................... 1000 pf @ 6. 3 volts 25d 08. 

............................ 220 p l  @ 16 volts 256 08. 
Diodes, 2%A, IOOOV 5/$1.00 
1.8 to 7.5 picofarad Quartz Trimmer 506 
400 Dvnamic Mike element (or speaker) 

0.02 pf @ l W V  .................................. 15/f 
9 V  Battery Clips ................... .. ......... 10/$1.00 
Cigar Liter Plugs .............................................. 756 
Amphenol PL-259 .................................... 10/$6,50 

..................................... 6' Cheater Cords 4/$1.W 
FREE - DL747 READOUT with purchase 
of Proto Board PB-100 @ $19.95 

I I - 
Shipped prepaid In continent81 USA 

HOSFELT ELECTRONICS 
2610 SUNSET BLVD. 

STEUBENVILLE. OHIO 43925 
614-2646464 
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OX OSCILLATOR 
Crysta l  con t ro l l ed  t rans-  
istor type. 3 to 20 MHz, OX-Lo, 
Cat. No. 035100. 20 to 60 MHz, 
OX-Hi, Cat. No. 0351 01 
Specify when ordering. 

Price $3.95 ea. 

OF-1 OSCILLAT 
Crysta l  con t ro l l ed  t rans -  
istor type. 3 to 20 MHz, OF-1, 
Lo, Cat. No. 035108. 20 to 60 
MHz, OF-1, Hi, Cat. No. 035109 
Specify when ordering. 

Price $3.25 ea. 

EX CRYSTALS 
(HC 6 l U  HOLDER) 
Cat. No. Specification 
031080 3 to 20 MHz - For 

use in OX OSC Lo 
'pecify when Ordering 

$4'95 ea' 
03'Oa1 20 to 60 MHz - For 

use in OX OSC Hi 
Specify when ordering 

$4.95 ea. 
031300 3 to 20 MHz - For 

use in OF-1L OSC 
Specify when ordering 

$4.25 ea. 
031310 20 to 60 MHz - For 

use in OF-1H OSC 
Specify when ordering. 

$4.25 ea. 

Oklahoma City, Oklahoma 731 02 

TRANSISTOR 
RF MIXER 
A single tuned circuit intended 
for signal conversion i n  the 
30 to  170 MHz range. Har- 
monics of  the OX o r  OF-1 
oscillator are used for injection 
in the 60 to 179 MHz range. 
3 to 20 MHz, Lo Kit, Cat. No. 
035105. 20 to 170 MHz, Hi Kit, 
Cat. No. 035106 
Specify when ordering. 

Price. $4.50 ea. 

SAX-1 
TRANSISTOR 
RF AMP 
A small signal amplifier to  
drive the MXX-1 Mixer. Single 
tuned input and link output. 
3 to 20 MHz, Lo Kit, Cat. No. 
0351 02. 20 to 170 MHz, Hi  Kit, 
Cat. No. 035103 
Specify when ordering. 

Price $4.50 ea. 

TRANSISTOR 
RF POWER AMP 
A single tuned output amplifier 
designed to follow the OX or 
OF-1 oscillator. Outputs up to 
2 0 0  m w ,  d e p e n d i n g  o n  
frequency and voltage. Ampli- 
fiercan beamplitude modulated. 
3 to 30 MHz, Cat. No. 035104 
Specify when ordering. 

Price $4.75 ea. 

BAX-1 
BROADBAND AMP 
General purpose ampli f ier 
which may be used as a tuned 
or  untuned uni t  i n  RF and 
audio applications. 20 Hz to 
150 MHz with 6 to 30 db gain. 
Cat. No. 035107 
specify when ordering 

Price $4.75 ea. 

Shipping and postage (inside U.S., Canadaand Mexico only) will be prepaid by 
International Prices quoted for US.. Canada and Mexico orders only. Orders 
for shipment to other countries will 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 
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flea market 
RATES Non-commercial ads l o #  

per word; commercial a d s  40# per word 
both payab le  in advance. No c a s h  dis- 
counts or agency commissions al lowed.  

HAMFESTS Sponsored by non- 
profit organizations receive one free Flea 
Market ad (subject to our editing). Re- 
peat insertions of hamfest ads pay the 
non-commercial rate. 

COPY No special l a y o u t  or a r -  
rangements avai lable. Material should 
be typewr i t ten  or clearly p r i n t e d  and 
must include full name and address.  W e  
reserve the right to reject unsu i tab le  
copy. Ham Radio c a n  not check each  
advertiser and thus cannot be held re- 
s~onsible for claims made. L iab i l i t v  for 

SAVE! Bomar FM, xtals $4.00 ppd. Dentron, 
Hustler, CushCraft, W. M. Nye, Ameco. Used 
gear. Complete catalog - wrtte Ferrts Rad~o, 
308 E. Harry, Hazel Park, Mich. 48030. - - 
R 9 AND RADIO Magazines wanted. I need 
!432.1933 issues of R/9 and RADIO, and 19POs 
Issues of RADIO to  complete my collect~on. 
Some duplicates available for trade or sale. 
Send SASE for list. J im Fisk, W l D N ,  Ham 
Radio, Greenville, NH 03048. 

CUSSICAL LP RECORDS, unscratched. 
Bought - Sold. R. Junker. 583 6th Ave., San 
Francisco. Ca. 94118. 

WE WILL AWARD an attractive certificate 
during 1976, to  any amateur station that 
works our club station WBBVKB or, uses our 
club repeater WRBAEN, or  wha works five of 
our Cherryland Radio Club members. We will 
operate WBBVKB during the National Cherry 
Festival July 4 to 10 and during field day and 
other intervals during the year. To receive a 
certificate simply confirm your QSO, as 
stated above, with your QSL card, along with 
a stamped 81,'~ x 11 envelope and enclose 50 
cents to W8GI. Kingsley. Michigan 49649. - 
CIRCUIT BOARDS. Artwork, negatives, etching. 
SASE for details. Karl Raup. WB40XG. Box 
498. Spr~ngfteld. Virginia 22150. - 
MANUFACTURERS. DISTRIBUTORS, DEALERS! 
The Memohls Hamfest had 3.500 rea~stratlons 
last year' - even more expected i h i s  year! 
Saturday and Sunday, October 2 & 3, at State 
Technical Institute. Interstate 40 at Macon 
Road. Security, motels, restaurants - a great 
location for a great event! Contact Harry 
Simpson W4SCF. Bax 27015. Memphis. TN 
38127. Telephone 901 358-5707. - 
CANADIAN JUMBO SURPLUS and Parts Cata. 
logs. Bargains Galore. Send $1. ETCO-HR, Box 
741. Montreal "A" H3c 2V2. 

cbrrectness of m a t e r i a l  limited to- cor- JataIOg, lights, UARTs, 
rected a d  in n e x t  ava i lab le  issue. memories. RF transistors, microphones. IC's. 

relays, ultrasonic devices. precision tr immer DEADLINE 15th o f  second preced- capacitors, digital thermometers, unique corn- 
ing month. ponents. onot= Chaney's. Box 15431. Lakewood. 

b u t " .  OUL'J .  

SEND To: Flea Market' PORTA-PAK the a c z r y  that makes your Ham Radio, Greenvi l le, N. H. 03048. mobile really portable. $59.95 and $39.95. 
Dealer inquiries invited. P. 0. Box 67, Somers. 
Wisc. 53171. - 

SALESMAN CENTRAL NEW ENGLAND for man. BUY - SELL - TRADE. Write for free mailer. 
ufacturers RGP. 2 y a y  radio and test equip. Give name, address. call letters. Complete 
ment. Electronic distributor background de. stock of major brands. new and reconditioned 
sireable but not necessary. Send resume and equipment. Call US for best deals. We buy 
handwritten cover letter to, P. 0. Box J. Drake, Swan. etc. SSR & FM. As. 
Lincoln, R. 1. 02865. sociateb Radio, 8012 Conser, Overland Park, 

- Ks. 66204. 913-381-5901. 
STOP don't junk that television set. ASE man. 
ufactures the world's most complete line of 
television picture ,tubes. Over 1700 types. 
Most types immedtate 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. 
Pimento, IN 47866. Telephone 812-495-6555. 

STANDARD 826 MA with crystals i n  al l  chan- 
nels. Excellent condition only a year old. 
$225.00. Bruce Adams. WlUPB. 66 Lakeview 
Road, Lincoln, R. 1. 02865. Phone 401-726-1300 
or 617-761-6333. 

RlTY TERMINAL UNIT: PLL decoder. AFSK 
generator, loop supoly. handsome cabinet. 
wired and tested. $169.95. Save. seoarate 
boards & kits available. Com Tech Electronics. 
P. 0. Box 73. Rensselaer, N. Y. 12144. - 
51s-1. $800 military version edge l i t  front 
panel (115V 60 Hz). R-390A. $500. Both mint 
and just aligned. D. Ross. Box 1502, San Luis 
Obisoo. CA. 93406. 805.541.1203. . . - 
WANTED: Old radio show transcription discs. 
anv size, any speed. Also wire recordings. 
Billy Stricklin. 118 Coburn Drive, Chatta- 

LOOKING FOR USED GEAR? Buyers & Sellers nooga. Term. W415 
radio brokerage has the equipment you want - 
at the prices you want to pay. Call our Ham HAM RADIO MAGAZINES available May 1970 
Gear Hotline: 617-536-8777, weekdays 9.5 EST. thru December 1975. Complete in ~ e r f e c t  - condition. Prefer package deal. Write Horace 
WYOMING RANCH LAND. Wild horses, ante. J. Fohn. Route 2, Box 136. Cedar Creek. 
lope, deer, elk. 10 acres $30 down, $30 Texas 78612. 
month. Owner - K61CS. Mike Gauthier. 9550K - 
Gallatin, Downey. CA. 90240. TRADE: R.lOSl/URR for T-827/URT. WA6FAD. 

- 528 Bonita. Pleasanton. California 94566. 
VERY in-ter-e;t-ing! Next 4 big issues $1. "The 
Ham Trader. Sycamore, IL  60178. - 
FOR SALE: 2 meter Motrac U53HHT. 60 watts, 
dual freq.. less accessories. $200.00. 6 meter 
Motrac USlHHT. 50 watts. dual freq.. with 
extender head and all accessories. Xtal freq. 
R52.525. T52.76 and 52.525 simplex, $250.00. 
D. E. Sonnenwald. 19533 Lanark St.. Reseda. 
Calif. 91335. Phone 213-349-5433. - 
RECONDITIONED TEST EQUIPMENT for sale. 
Catalog 5.50. Walter. 2697 Nickel. San Pablo. 
Ca. 94806. - 
GOVERNMENT SURPLUS Commun ica t ion  
Equipment, FREE catalog. Colonel Russell, 
9410 Walhampton, Louisv~lle, KY 40222. 

KLM PRODUCTS, Larsen ants.. Icom, police 
and fire scanners. Send for prices. Not given 
over phone. Narwid Electronics. 61 Bellot 
Road. Ringwood. N. J. 07456. 

ARRL HANDBOOK. 1st edition, needed to  
complete my collection. Any reasonable price 
paid. Have many early Handbooks and radio/ 
electronics books for sale or  trade. Send busi- 
ness-size SASE for list. J im Fisk, WIDTY, 
Ham Radio. Greenville, NH 03048. 

SELL: Hall MKB.1, kevboard new condx.. 
$170.00. Heath 2 mt r  FM HW202 with 202-1 
AC supolv complete with tone encoder and 
xtals. $265.00. Home hrew ant. tuner will 
handle 1 kW covers all bands with rotary 
inductor. $40.00. W7DML. Box 197. Morris 
Plains. N. J. 07950. 201-539.8614. - 
TRAVEL-PAK QSL KIT - Send call and 256: 
receive your call sample kit i n  return. Samco. 
Box 203. Wynantskill, N. Y. 12198. - 
R/C EQUIPMENT. Heath digital proportional 
units with servos, charge cord, and batterv. 
GD-19. 5 channel $150. GD.57. 3 channel $95. 
Clifford L. Rodgers. 22457 Hwy. 58. Hinkley. 
CA. 92347. 

NEW CANADIAN MAGAZINE. "Electronics Work 
Shop". $5.00 yearly, sample $1.00. ETCOB. 
Box 741. Montreal. H3C 2V2. - 
FREE Electronics Surplus Catalog. Electronic 
Specialties, 1659 Wetmore, Tucson. AZ 85705. 

TELL YOUR FRIENDS about the BIG NEW Ham 
Radio Magazine! 

PALMER INDUSTRIES 
INTRODUCES 

THE 

NEW 14- MODEL 

TRISTAO 
SUPER 

MINI-MAST 

F e a t u r i n g  a n  e x c l u s i v e  
th ree -sec t ion ,  c rank -up ,  

self-supporting 52' mast with 

a u t o m a t i c  b r a k e  w i n c h .  

Constructed of high-strength 

steel tub ing ,  designed to  

handle 9 to  1 0  sq.  f t .  of 

antenna and withstand winds 

of 50 to 60 MPH. 

Only TRISTAO'S Mini-Mast 

fea tu res  as an exclus ive 
option, a rotor base assembly 

allowing rotor to be mounted at 

g r o u n d  l e v e l  f o r  e a s y  

maintenance. 

W e  o f f e r  a c o m p l e t e  

assortment of accessory bases 
and raising fixtures for the 

Mini-Mart. 

NORMALLY STOCKED 
FOR IMMEDIATE 
SHIPMENT 

40' MODEL ALSO IN STOCK 

Call or write for FREE 
catalog covering all 
the other fine Tristao 
towers and masts. 

TRISTAO TOWER 
DIVISION 

PALMER INDUSTRIES,INC. Dept. HR 
3900 San Fernando Road Glendale. Calif. 91204 

(213) 246-8333  
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precision 
THAT'S WHAT 

YOU GET FROM 
SENTRY CRYSTALS. 

Sentry's manufactur ing methods a re  
the most prec lse anywhere. W e  start  w i t h  
the  Brazilian quartz. W e  use the latest 
state-of.the-art specifications. Then  w e  
a d d  a lo t  01 ca re  from our  trained, exper-  
i enced  personnel. Go ld -p la ted  quar t z  lor  
longer  Il le. And r i g i d  standards of 
qua l i t y  control.  

T h e  result? T h e  most stable, re l i ab le  
communicat ions crystals money c a n  buy. 

Since Sentry has the  largest semi- 
processed crysta l  bank  i n  the world, w e  
c a n  custom-make crystals for any  r i g .  
A n y  frequency. Faster than  anyone else 
In the  business. 

W e  process our orders quickly, too. 
A n d  w e  s tand beh ind  our  work. W i t h  
so l id  guarantees. 

M a y b e  that 's w h y  peop le  w h o  count o n  
commun ica t~ons  count  o n  Sentry. 

Send for Sentry's complete 1976 
catalog today. It's just $1.50. 
deductible from your first order. 
It may be one of the best com- 
munications investments 
you'll ever make. 

Crystal Park. Chickasha. Oklahoma 73018 

Sentry 
Manuldctur~nq 
Company 
Phone 405/ 224-6780 
TWX 910-830-6425 

Tuned-In to 

I I I -  

?i Sentry MIg. Co. h r z  
Crystal Park 
Chickasha, Okla. 73018 

Please send me the complete 1976 Sentry 
Catalog ~mrnediate l~.  Enclosed is a check or 
money order for $1.50 

Name 

Address 

C ~ t y  State ZP 

& 

WANTED: Heath HW.lOO with AC supply and 
a 3 to  10 element 10 meter beam in good 
conditton. WA@RIO. George Peck. Jr.. P. 0. 
Box 243. Caldwell. KS 67022. - 
MANUALS for  most ham gear made ,1940/65. 
some earlier. Send SASE for  speclflc quote. 
Hobby Industry. W0JJK. Box H-864. Council 
Bluffs. Iowa 51501. 

flea market 

BEAUTIFUL 3 MONTH OLD. ST-5 with auto- 
start and the, AK-1. Works perfect. Enclosed 
in  nice a lum~num cablnet, $100. Would sell 
w/o AK-1. Dr. R. V. Sullivan. 812-847-7800 or 
410 N. E. Seventh. Linton. IN  47441. 

I ALUMA 

MODERN 60 MIN. CODE CASSEITES. Novice 
0.5 wpm, Progressive 5-13 wpm. General 13-15 
wpm. Extra 20.22 wpm. $3 each. 4/$10. Royal. 
Box 2174. Sandusky. Ohlo 44870. - 
WANTED YAESU FTlOlB. Good condition. Un- 
modified. Stacy. 103 E. Bartlett. Selah. Wash. 
ington 98942. - 
QRP TRANSMATCH for  HW7, Ten-Tec, and 
others. Send stamp for  detalls t o  Peter Mea. 
cham Associates, 19 Loretta Road, Waltham. 
Mass. 02154. - 
MOBILE IGNITION SHIELDING provides mom 
range with no noise. Available most engines. 
Many other suppression accessories. Lltera- 
ture, Estes Engineering. 930 Marine Dr.. Port 
An~eles.  WA 93862. - .  - 
SIDESWIPER only $13. Airmailed USA. Kungs. 
import. Box 257. Kungsbacka. Sweden. 

GENERAL RADIO 1001-A Standard Signal Gen- 
erator. 5 kHz . 50 MHz. calibrated attenu- 
ator 0.1 uv - 200 mv. GR adapters, and man- 
ual. Mint condition. $449.00. Beckman 7360R 
Universal EPUT counter, timer. Wtth manuals 
and 100 spare tubes. $49.00. Robert Sherwood 
WB0JGP. 1268 South Ogden Street, Denver. 
Colorado 80210. (303) 722-2257. - 
MOTOROLA HT220, HT200. Pageboy, and other 
popular 2M FM transceiver (Standard. Regency. 
etc.) service and modifications performed at 
reasonable rates. WA4FRV. (804) 272-8403. 

CB "HANDLE" pins $1.00. 1" x 3". 1 o r  2 
lines engraved. Blue, black. red. green. Guar- 
anteed. Holly. Box 3926P. Hollywood. Florida 
33023. - 
SEVERELY HANDICAPPED AMATEUR wants 
equipment t o  work OSCAR 6 & OSCAR 7. 
Will anyone who can help please contact 
WBSPBY, 125 Lincoln Ave., Apt. 204, Tren- 
ton. N. J. 08609. - 
FOR SALE brand new Swan-16OX comvlete 
w ~ t h  117XC power supply-speaker combination. 
Never plugged in. $500 or best offer. W0MEK. 
P~sek, ND 58273. 701-284.6291. 

ANTENNAS: Dipole. multiple band arrays. 15 
thru 75 meters from $59.50. Mobile Antennas - CB 20M 40M. and 2M from $19.50. Baluns: 
1 : l  arid 4: l ' .  $12.95 ea. Data Available. Savoy 
Electronics. Inc.. P. 0. Box 5727. Ft. Lauder- 
dale Fla. 33310. - 
SILVER MICAS one percent, short leads, pulls 
from boards. ' 6 assorted values for $1. 
KP40SD. Box 297. Sabana Seca. P.R. 00749. - 
BAZOOKA. DIPOLE . . . Ready t o  use, with 
fiberglass center S0239, end insulator 80M. 
$29.50; 40M. $26.50: 20.15-10M. $23.50. Fiber- 
glass central insulator with S0239. 1000 
pound test, $5.95. Trap 2 KW 80/40. 40/20. 
$ 18.50, ppd. Jac.Tenna. 13850 Victorin. Tracy. 
P. Que.. Canada. - 
R l T 7  OPERATORS: Have miniature teleprinters 
and other teletype equipment. Call Al at 416- 
266-2623 after 8 p.m. or send SASE to Mills. 
Box 851 Stn. A. Scarboro. Ontario. Canada. 

- 

IC APPLICATIONS MANUAL - Analog/Digital 
$3.95. Digital IC manual - latest edition-3000 
latest types/pinout diagrams/cross references 
$6.95. Electronetics.HRM. P. 0. Box 127. 
Hopedale. MA. 01747. - 
WANTED. Drake R4-C receiver. Must be i n  
good condition. WA7HSW. Jeff Nielson. Box 
365. Monroe. Utah 84754. 

WANTED: Motorola HT220 any condition. Also 
any available accessories. WAPHQD 105 18 
131 St.. Richmond Hill. NY 11419. 212-641. 
2559. - 
RADIO MUSEUM now, open. Free admission. 
15.000 pieces of equipment f rom 1850 tele. 
graph instruments t o  amateur and commercial 
transmitters of the 1920's. Amateur station 
W2AN. Write for  information. Antique Wireless 
Assn.. Main St., Holcomb. N. Y. 14469. 

TOWERS 
p i F E q  
MADE IN ALUMINUM 

* TELESCOPING 
(CRANK UP) * GUYED 

QUALITY MADE 

Eucette~t bo" 
HAM 

COMMUNICATION 
10 MODELS MFG. 

Towers to 100 feet. Spe- 0 

cials designed & made. See  1 

dealer or send for free 
catalog. 

Glade Valley School Radio Session 
17th Year - July 31 thru Atlgt~st 13,1976 

Restructuring is coming! 
Get that licenre now! 

Let the experienced staff fmm the 
Glade Valley School Radio Session 
help you solve that license pmblem. 
Whether you are looking for your 
General, Advanced or Amateur Ex- 
tra ticket they will help ou in 
every way with their carefuiy pre- 
pared pmgram to get the license 
you are looking for. 
Have a "Vacation with a Purpose" 
at this beautiful location in the Blue 
Ridge Mountains. A highly qmli- 
fied staff and excellent facilities 
combine to make license shlcly a 
pleasant memorable experience. 

j C L. PETERS K4DNJ Director 
P: 0. Box 458, '~ lade Galley. N. C. 28627 1 

I Please send m e  the Booklet and An- I ' dication Blank for the 1976 Glade 
I alley School Radio Session. I 

I Name c a l l  I 
j Address 

I 
I 
I 

City/State/Zip I 
I 

L--,,,-----------------------------. 
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American made. 115V Primarys: 
6.3 V. 1 Amp. Shielded $1.75 Ea. p d  
12V - 250 mils - for P.C. Board. l i z e ~  
l l / Z n  X llhn X 3.5 02. 

$1.40 en. ppd. 

12V 1.2 Amp $2.57 ppd. 
12V. 3 A ~ D  

Dual Secondarys; 18-618V @ 1.2 Am 
and 7-0-7V @ 400 MA. 1 Ib. 5 oz., shielded: 
2%" x 2" x 2 % "  (3%" MTG)- $3.85 ppd. 
22-0-22V - 1 Amp, 6.3V. Tap % Amp - 
2" x 21A1 x 2%" (MTG 23h") Leads from 
top of  shield. 1 Ib. 4 oz. $3.20 ppd. 
2 4 0 2 4  @ 1 amp with tap a t  6.3 volt for 
pilot light. $3.15 ea. ppd. 

TRANSISTOR OUTPUT TRANSFORMER - 
One watt rat ing 200 ohm Centertapped 
orimarv. 8 ohm secondary 85C Each ppd. 

NEW Transistor and Relay As- 
sembly - consists of (2) 
MJE3055 and (2) MJE2955 
transistors (10 amp. 90w. 
60v complementary pairs) 
mounted In "U" channel 

2 5.8 ma DC. i amo.contact/ 
mounted 0 n - p ~  koard with 
resistors. $2.85 ea. ppd. 

NEW SIZES - VERTICAL MOUNT 
PC BOARD POTENTIOMETERS , 

American made (CRL) Cermet 
sizes: 25K l00K ohms. 5/$1.30 ppd. 
CTS Blue'wheel. Values: 750. lK,  
1.5K. 50K. 300K ohms. 5/$1.20 D P ~ .  

NEW MINI Imported vertical pots (v H 
%W. 1/16D) Values: 1000. 2 .5~ :  

5K. 50K ohms. Slot adi. I 
( (-7- 3000 MFD 

@ 30 Volt I - -- -- - 3 capacitors. 
She 1" Diameter x 3" Long. 90C Each 

or I Far S7.25 nod. - . - . -. - - - - - - - - 
3000 MFD @ 20V Capacitors. Same size 
as above. 806 ea. or 3 for $2.00 ppd. 

ALSO 3000 MFD I3 50V 
956 en. or 3/$2.65 D D ~  

ELECTROLYTIC CAPACITOR - PHlLCO 

i * *  \ . -L- 
L--.Y 

Quad section 100x150 MR) @ 400V and 
at  350V D.C. and 20x50 MFD @ 250V - 
TWISTAB MTG. A very nice unit  for Trans- 
celver Power Sup l ~ e s  etc. 

P r ~ c e  IS only P1.10 ea. or 3/$2.95 ppd. 

DUAL Electroly!w 1000 6 5 W  MFD. 15V. 
long leads. % d~a .  x 2% long. 

55C each 3/$1.50 D D ~ .  

- Dual Electrolytic 1000 
MFD @ 16V. 500 MFD @ 

12V. '/re dla. x 2%" long. 
60g ea. or 3/$1.55 ppd. 

1% inch miniature alliga- 
tor clips. Bright vinyl red 
or black. Nickle plated 0 

9 for $1.00 

UNPOlTED TOROIDS - center tapped 
88MHY 5/$2.95 
Lmtd Qtys U M H Y  5/$3.95 ppd. 

CRL DISC CAPACITORS 
.I MFD. 10V %" din.. long leads. 

10 for 11.00 DMI. . . .  

Red 6 foot # I 8 2  line cord with flanged 
safety p lug - 55g en. or  3/$1.45 ppd. 
Gray 6 foot. 7A, plugs into auto liter 
socket - 956 en. or 3/$2.55 

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 additional mail ing costs. 
UPS reauires vour street address. 

Q m. weinrchenket 
tlectronic spec~alties-80): 353, IRWIN, PA 15642 

flea market 
TECH MANUALS for Govt. surplus gear - $6.50 
each: SP-600JX. URM-25D. SG-3/U. TS.l73/UR. 
TS-174/U. LM.21. OS-8B/U. Thousands more 
available. Send 50t (coin) for 22.page list. 
W31HD. 7218 Roanne Drive. Washington. D. C. 
20021. - 
MOTOROLA RAILROAD MOTRACS. R43HHT- 
1139CA with manual. $100. VE2BFT. 460 
Greenock Ave.. Montreal. P. Q., H3P 2H2. 
.. -~ - -  - 
YAESU OWNERS - To learn the advantages 
and method of applying. RF clipplng to any 
rig, send a dollar (creditable towards dues) 
for May 1976 Newsletter of International Fox- 
Tango Club, 248 Lake Dora Dr.. W. Palm 
Beach. FL 33411. - .  
PC's Send large S.A.S.E. for  list. Semtronics. 
Rt. $3. Box 1. Bellaire. Ohio 43906. 

DGDC CONVERTER power supply, brand new 
manufacturers surplus, complete with cables. 
Input: 12 VDC D 32 A: outputs: 800 VDC 
@ 0.253 A. 300 VDC @ 0.155 A. -100 VDC 
@ 0.060 A. 12 VDC @ 5 A. Ideal for 200 watt 
PEP SSB transceivers. $50 plus shippina. 
WPEKB. 348 Bortons Mil l  Road. Cherry HIII. 
N. J. 08034. 

T.V. - SERIOUS GPERIMENTERS - R.C.A. 
mllitary Image orthlcon system, camera. sync 
unit. power supply. 7" monitor. 600 lines res- 
olution. Info, Peter S. Gerry. 34 Newcomb Dr.. 
New Providence. N. J. 07974. 

VIDEO AUDIO & Ham Radio Equipment i n  2 
new fiyers #976#1F and 97611112. Write for 
free copies. Denson Electronic Corp.. P. 0. 
Box 85. Rockville. Conn. 06066. - 
FIGHT NI with the RSO Low Pass Filter. For 
brochure write: Taylor Communications Manu- 
facturing Companv. Box 126. Agincourt, On- 
tario. Canada. MIS 384. - 
FREE flyer of unusual surplus equipment and 
components: military. RF, semiconductors, 
coils, capacitors, etc. Free gif t  with first order. 
Gold Electronics Company. Dept. H, Box 1814. 
Rochester. NY 14603. 

ENGRAVED RADIO LICENSE. Exact reproduc- 
tion in  solid brass. Permanent identification. 
Send good. Xerox copy, with $5.00. to  Metal 
Art Graph~cs. 1136 Potomac Ave.. Hagers- 
town. Md. 21740. 

VARIABLE CONDENSORS, Johnson 154-3. 19. 
488pF. 2 KV, used. excellent cond~ t~on .  $12 
each or 3 for $30, postpaid. Box 297. Sabana 
Seca. P. R. 00749. - 
TELETYPE EQUIPMENT FOR SALE for  begin. 
ners and experienced operators. RTTY ma- 
chines. parts. supplies. Special beginners 
package consists of Model 15 page printer 
and THS-TG demodulator. $125.00. Atlantlc 
Surplus Sales. 3730 Nautilus Ave.. Brooklyn. 
N. Y. 11224. Tel: (212) 372-0349. - 
WANTED: Used portable electronic calculators. 
KIKQS, 8 Kay St.. No. Grafton. MA 01536. 

QSL CARDS - Something completely different. 
Nothing even close to i t  on the market! Sam- 

les: 25C. W5UTT. Box 11710. Garland. TX 
75040. 

NAMEBADGES, $1.25. Name and call sign. 
$1.75. Engraved plastic with pin or clutches. 
Black. white. red, blue. green. woodgrain. In- 
clude-payment with order. Club emblem and 
hamfest badges. SASE for catalog. Donan's 
Engraving, P. 0. Box 07155. Lakewood. Ohio 
44107. 

TELETYPEWRITER, PARTS, ears, manuals, sup- 
plies. tape, torolds. S A S ~  list. Typetron~cs. 
Box 8873. Ft. Lauderdale. FI. 33310. Buy parts. 
late machines. -- 
VHF EQUIPMENT, Clegg Venus and power sup- 
ply, 6 meter SSB transceiver. $140. Interceptor 
6 and 2 meter receiver. $120. Tom Hamilton. 
392 W. Lincoln. Birmingham. MI. 48009. - - 
QSLgS - BROWNIE W3WI - 30358 Lehigh. 
Allentown. Pa. 18103. Samples with cut cat- 
alog 506. - 
PC BOARD negatives made photographically 
from your magazine's artwork. Now obtain 
professional results quickly simply. 4 x 5. 
$3.00 or SASE for lnformatiok. WA4FRV. 10139 
Apache Road. Richmond, Virginia 23235. 804. 
9 7 7 . R A r l 7  - - . - - . - - . 
NEW POWERFUL 3 OUTPUT REGULATED 
POWER SUPPLY, plus 900 parts worth $400.00 
Ilst. Solid state electron~c TV recorder. Sche- 
matics, parts cross reference. Free brochure. 
$17.95 plus $3.50 S&H. Madison Electronics 
Company. Inc.. Box 369. D20. Madison. Al- 
abama 35758. 

THE TIGER 
1 5 O / 0  Savings on Gas 

A Capacitive Discharge Ignition system absolutely 
guaranteed NOT to interfere with your radios & 
equally guaranteed to improw your auto's opera- 
tion and gas mileage. 

No rewiring necessary. Engine camt  be damaged 
by improper installation. Either of three models 
fits any vehicle or stationary engine with 12 volt 
negative ground, alternator or generator system. 
Uses standard coil & distributor now on your 
engine. Dual switch permits motor work or tune-up 
with any standard test equipment. 

Write for free bwklet that not only is the BEST 
description of CDls, but also explains the need 

San Francisco, CA 94119 

TEST EQUIPMENT 
All equipment listed is operational and un 

conditionally guaranteed. Money back i t  not 
satisfied-equipment being returned must be 
shipped prepaid. Include check or money order 
with order. Prices include UPS or motor freight 
charges. 

...... BALL  V l a  T V  spec. effects gen $425 
B E C K M A N  7570A Counter F req  conv 

........................ 10-1000mHz 275 
.... BOONTON 190AQ-mtr30-200mH~ 325 

BOONTON 2028 A M - F M  sig gen 
......................... 54-216mHz 275 

....... D E I  TDU-2  30mHz videodisplay 55 
............ GR546C Audio microvolter 65 

GR821A Twin-T i m p  bridge to40mHZ . 165 
......... GR1302A Audio Osc .01-100kHz 75 

H P160B(USM105) l5mHz scope w i t h  
... norm horiz, dual trace vert plugs 375 

HP166B(Mil) Delay sweep for above . . 130 
HP185A Scope.sampling-to 1 gHz 1868 

......... Xstr r ise t imever t .  plug-in 335 
HP205AG Audio Gen. .02-20kHz, 

............ input and output meters 195 
. . . . . .  HP212A Pulse Gen .06-5kHz P R R  65 

......... HP430CR Microwave Pwr  M t r  40 
..... HP540B Transfer Osc. to 12.4gHz 115 

...... HP571B-5616 Dig i ta l  clock/rcdr 245 
HP608D(TS510) Std sig gen 10-420mHz 

......................... cal ib. attn. 395 ... HP803A V H F  Ant. bridge50-500mHz 95 
HP1750A Vert. amp. for HP17550mHz. 125 

........ P R D  907 Sweep Gen 40-900mHz 95 
SINGER SSB4 Sideband spec anal 

............... 0 40mHz, res. to  lOHz 685 
....... T E K  181 T ime markscopecal ib .  45 

T E K  565 Dual  beam lOmHz scope 
....................... less plug.ins 525 

...... TS 4978 Mil vers Meas 80 Sig gen 215 
........ TS 505 Std V T V M  R F  to500mHz 65 

For complete list of all test equipment 
send stamped, self addressed envelope 

GRAY Electronics 
P.O.Box 941, Monroe, Mich. 48161 

Specializing in used test equipment. 
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KLM exclusive 

scan 
plus 23fixed channels 

Now . . . continuous, sequential monitor- "manual" toggle and break in. 
ing of your favorite four repeaters or In addition . . . both Multi-1 1 and U-11 
fixedlmobile .Stations . . . safely COnVe- also you 23 switchable, crystal con- 
niently . . . eyes on the road. trolled transmit and receive channels. 
Four channel scanning both receive Compare prices, operating features 
and transmit. A transmit control crystal, (many exclusive) of either transceiver 
selected for simplex or repeater duplex with any other available. You'll find the 
as required, switches with each elec- KLM feature-per-dollar ratio very hard 
tronically-scanned position. Just flip the to beat. 

All solid-state.. . no tubes. 
Double conversion receiver. 
Two staae cwstal filter. 

Auto or manual scan (Four channels). 
transmitter and receiver. 
NBFM, 10W output (switchable to 1 W) - .  

T~~ R~ stages /dual gate MOS FET, Protective circuit for output transistor. 

Fractional microvolt sensitivity. Available solid-state amplifiers boost 
output 70-160 watts. 

Sensitive squelch w'0.5uV threshold' Tone osc. wlsw. For test, control. etc. 
RIT for receiver85 kHz. 13.5VDC negative ground. 
Mutti-function metering: Power Out 1 " S ' o  Compact: 2.2(56mm)H. 6.4171 63mm)W. 
units. Also switchable to FM centering. Y'(230 mm) D. Wgt: Approx. 4.4 Ibs(2KG). 

MULTI-1 1 TRANSCEIVER MULTCU-1 1 
Fnq.: 144-146MHz (or 146-t48MHz) Fmq.: 420-450MHz (any 4MHz segment). 
Chnmls: 23. manually switchable. 4. auto-scan. Chnnsls: 23. manually switchable. 4. auto-scan 
Freq. contml: Ouartz crystals. External VFO or Fraq. control: Quartz crystals. External M O  or 
synlheslzer ~nput. synlhes~zer ~nput. 

17025 Laurel Road, Morgan Hill CA 95037 (408) 226-1 780, (408) 779-7363 

MULTI-7, 
FULL-FEATURED 
COMPACT, LOW PRICE, 
2-METER 

23 xfl chans (external VFO) NBFM 1 OW 
power out Sens~ttve, double-conversan 
receiver. Moblle 13 5VDC $239 
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Dentron's 160-10AT- 
SUPER TUNER 

Here's an antenna tuner that wi l l  
match everything between 160 & 
10 meters through balanced line, 
coax line and random line and 
pump out the ful l  legal limit. 

JUST $129.50 

Many other models available. 

Request Catalog today1 

Communication Specialists 
For Over 37 Yean  

HAMS! W i r e  For Free Cetalog 
a n d  Wholesale Prices1 

Electronic Distributors, Inc. 
1960 Peck Muskegon. MI 49441 

Tel: 616-726-3196 TELEX: 22.8411 

lest for resonan0 
resistance 
with an omega-t 
antenna noise I 

The Omega-1 Norse Br~dge IS an lnexpensrve and 
llex~ble lest~ngdev~cethat caneffecIIvelymeasure 
antenna resonant lrequency and Impedance Thls 
unlque plece 01 lest equipment does the work ol 
more expenslve devlces by usrng an exlsllng 
recelvei lor a br~dge detector There IS no longer 
a need lor power loss because of ~mpedance 
mlsmatch Get more details or order now1 I 

Model  TE7-01 l o r  1-106 MHz Range 529.95 
Model  TE7-02 l o r  1-300 MHz Range 539.95 I - .V=TEMO INC 1 

320 TERRACE VILLAGE 
RICHARDSON, TEXAS 75080 
TELEPHONE (214 )  231-9303 I 
Sold at Amateur Radro Deakrs , or Drrecr lrom ElectrospaceSyslems. Inc J 

flea market 
NEED HELP holding your PC board while you 
solder the components? My fixture will sit on 
your kitchen table and adjusts to fit PC boards 
up to 6%'' w ~ d e  (length unlimited). Order 
now. Only $7.95 ppd in USA (Mo. residents 
add 2 5 ~ ) .  W. N. Wellman Co.. Box 722A. 451 
Saline Rd.. Fenton. Mo. 63026. - 
EXCLUSIVELY HAM TELETYPE 21st year. 
RTTY Journal, articles. news. OX. VHF, clas- 
sified ads. Sample 35~'. $3.50 per year. Box 
837, Royal Oak. Michlgan 48068. 

OSCAR 7, SSB-CW TRANSMIT CONVERTERS. 
For 28 or  50 MHz input at 20 mw. 432 MHz 
output a t  1 watt. Solid state, for 12 volt sup- 
ply. 35 watt solid state amplifier available 
lor  this converter. Units designed and bullt 
by W0ENC. Write for information. UHF.VHF 
Communications. 53 St. Andrew. Rapid City. 
S. D. 57701. 

YOUR AD belongs here too. Why not send i t  
in today. 

Coming Events 
ELECTRONIC FLEA MARKET. Old Westbury. 
L. I.. NY. Sunday. June 6, 1976 (Rain date 
June 20) 9 a.m. to 4 p.m. Admission: $1.00 
per buyer. $2 per space seller a t  N. Y. Insti. 
tute of Technology. Rte. 25A and Whitney 
Lane. Sponsored by Long Island Mobile Am- 
ateur Rad~o Club (LIMARC). No advance 
notice necessary . . . just come. Talk.in 25;85. 
Additional info from W2KPO - (516) 938-5661. - 
SAN JOSE BICENTENNIAL AWARD. The Santa 
Clara County Amateur Radio Association 
(SCCARA) is issuing a San Jose Bicentennial 
Award to all amateurs who request i t  and 
qualify for i t  by working a number of San 
Jose. Santa Clara County and Pacif~c Division 
stations for a total of 200 points. For ful l  
details send SASE to Club Secretary. SCCARA. 
P. 0. Box 6. San Jose. CA 95103. - 
FIRST ANNUAL ELMIRA HAMFEST. Sept. 25 
For details write WAZSMM, 320 W. Ave.. El- 
mira. N. Y. 14904. Dealer inquiries invited. 

1976 INDIANAPOLIS HAMFEST, Sunday. July 
11. Marion County Fa~rgrounds. Send SASE 
for ful l  details to Indianapolis Hamfest. P. 0. 
Box 1002. Indianapolis. IN 46206. 

MIDWEST HAMFEST, June 20. 1976. at  Lake 
Hills Senior Citizens Picnic Grove. 8100 Austin 
Rd.. Schereville, IN. 8 a.m. to 5 p.m. Food. 
drinks. door prizes. talk-in WR9ADK. 146.31-.91. 
or .52 or .94. Tickets $2.00 at gate, or $1.50 
in advance. Send SASE to I.D.A.R.C.. P. 0. Box 
5. Dyer. IN. 46311. 

HAM HOLLER'IN AWARD: for contactin 
NHC. Date - 19 June 76, 9 a.m. to  8 !%: 
E.S.T. Freouencies: 14280-7280-3980. NC4NHC 
will be op'erating from the National Holler'in 
Contest grounds located at Spivey's Corner. 
N. C. The theme is "Communication . The Old 
and The New." The award is sponsored by the 
Cape Fear Amateur Radio Soc~ety. Methodist 
College. Box M.618, Fayetteville, N. C. 28301. 
The certificate will be issued to  stations who 
make contact with NC4NHC and send $1.00 
(postage and handl~ng fee) to the soclety 
prlor to 1 Sept. 1976. - 
VISITING YELLOWSTONE THIS YEAR? Drop in 
to the Wyomingldaho-Montana-Utah Hamfest. 
WlMU will be held on August 6 -74  at Mack's 
Inn. Idaho. 20 miles west of West Yellowstone. 
Facilities available, ranging from cabins to 
modern motels. Forest service campgrounds 
adjoining. Activities begin Friday afternoon. 
and continue until noon Sunday. Registration 
is $6.00 per person at the hamfest. or $5.00 
per person for pre-registration before July 24. 
For more info or to register write: WlMU Ham- 
fest. c/o Larry Jacobs. WA7ZBO. 5655 So. 4060 
West, Salt Lake C~ty,  Utah 84118. - 
FOURTEENTH ANNUAL ILLINOIS QSO PARTY 
Sponsored by the Radio Amateur Megacycle 
Society (RAMS). 18002 July 31. 1976 to 23002 
August 1. 1976 with a rest pe r~od  from 0500 
to 12002 Aueust 1. All bands. CW and   hone. 
same stat ion may be worked with each' mode 
on each band. No repeater contacts allowed. 
SASE for rules to: RAMS-K9CJU. 3620 N. 
Oleander Ave.. Chicago, Illinois 60634. - 
FLEA MARKET. June 6. 1976 at  Nick's Grove. 
318 William St., Piscataway. N. J. Opens at 
10 a.m. Admission $1. Tables $4; half tables 
$2. Door prizes. Talk.in: 146.52. 147.855/147 
,255. For further information call 201.725.0778 
or 201-752-4307 or  write to TCRA. P. 0. Box 
412. Scotch Plains, N. J. 07076. 

FOR FREQUENCY STABILITY 
Depend o n  JAN Crystals. Our large stock 
of quartz crystal materials and com- 
ponents assures Fast Delivery from us! 

CRYSTAL SPECIALS 

Frequency Standards 

Amateur Band in  FT.243 . . . . . . . 

RLD PhrFlX MAP - Full color. 40" x 28". 
ws pref~xes on each country . . . DX zones. 
e zones, cities, cross referenced tables 

- includes 11 maps, in 4 colors with zone 
boundaries and country prefixes on each map. 
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DIGITAL DATA RECORDER 
for Computer or Teletype Use 

Up to 4800 Baud 
Uses the industry standard tape saturation method to  beat all FSK systems ten to  one. 

No  modems or FSK decoders required. Loads 8K of memory i n  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 memory. Great 
for small business bookkeep- 
ing. Imagine! A year's books 
on one cassette. 

Can be software controlled. 
Comes complete with a soft- 
ware program used to  test the 
units i n  production (8080). 
Manual includes software con- 
trol hook up  data and pro- 
grams for 8080 and 6800. 

SPECIFICATIONS - 
MODEL CC7: 
A. Recording Mode: Tape 

saturation binarv. This is 
not an FSK o; Home type recorder. No 
voice capability. No modem. Runs at 2400 
baud or less Asynchronous and 4800 baud 
Synchronous. (Simple external Synchronizer 
diagram furnished.) Runs at 3.l"/sec. Speed 
mechanically regulated * .5%. 

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

C. Inputs: Two (2). Wi l l  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. 

Also available - Model CC7A with variable 
motor speed which is electronically regulated. 
Runs 4800 baud Synchronous or Asynchronous 
without external synchronizer board. Recom- 
mended for quantity users who require tape 
interchangeability. Comes with speed calibration 
tape to set exact speed. $1 69.95 

Build Your Own - 
Kit version of the CC7 circuit board for use with 
your own recorder (cassette or reel to reel). Go 
to 9800 baud with suitable heads and tape speeds. 
This kit contains the P.C. board and switches 
with the power supply in a black bakelite box. 
Also includes the synchronizer circuit for 4800 
baud. $59.95 

COMING SOON - IN KIT FORM7 
F. Cornpatability: Wi l l  interface any computer 

using a UART or AClA board. (Altair, Sphere, 
M6800 etc.) 

c, 

ation monit0;~. ~ e m 0 t e  control of mbtor lntrrested in these? Send your name and address for brochure 
when released. (EDUCASSETTE ic our registered TradeMark) 

optional. Four foot, seven conductor remot- 

' Hexadecimal Keyboard - Load programs direct from key- 
boards' 16 keys and verify~ng display. Does not use Com- 
puter 110. 

G. Other ~ a t a :  110/220 V, 50/60 Hz; 2 Watts 
total; UL listed #955D; three wire line cord; 
on/off switch: audio, meter and light o ~ e r -  

ing cable provided. L I 
H. Warrantee: 90 days. All units tested at 110 Fill out form and send check or  money order to: 

and 4800 baud before shipment. Test cas- NATIONAL MULTIPLEX CORPORATION 
sette with 8080 software program included. 3474 Rand Avenue, Box 288 
This cassette was recorded and played back South Plainfield, New Jersey 07080 
during quality control. 201 -561 -3600 

' 1/0 for use with Computer Aid or other digital recorders. 
Variable baud rate selectable on externally located unit by 
one knob. Can load computer or accept dumps without soft- 
ware. Turnkey Operation. For any 8 bit computer. 

- 
e .................................................................................................................................... 
0 ......... m -I 

I *. New Products. No Charge 

t- NATIONAL MULTIPLEX CORPORATION 
Z 3474 Rand Avenue, Box 288 

South Plainfield, New Jersey 07080 

I SHIP TO: - 

......................................................................................................... ? .- - .- 
. . . . . . . . . . . . . . . .  9 CARD NO. ZIP. 

I 
.................................... EXPIRATION DATE 

Data Recorder a $149.95 

Operat~ng & Technical 
Manual (Schernat~cs) 

@ $1.00 

Please enclose 52.00 
Shipp~ng d Handling rm 

N. J. Residents add 5% 
Sales Tax 

- 
111 
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VERTICAL ANTENNAS 
FAMOUS "THUNDERBIRD" Model l4AVQ I W B 

BEAM ANTENNAS 
40 thru 10 meters 
Wide band performance 
New Hy-Q traps 

Model TH3Mk3-3 Element Self-supporting, automatic band switching 
Gain:[ 8 dB. Front to Back Rato: 25 dB. vertical antenna. Omni-directional perfor- 
Maximum Power Input: 1 kw, AM. mance. Favorable L I C  ratio. High Q. True 
VSWR (at resonance): less than 2 : l .  l/4 wave resonance on all bands. Low angle 
Impedance: 52 ohms. 14 f t .  boom. 15.7 radiation pattern. Taper swagged seamless 
f t .  turning radius. Wind Load at 80 aluminum construction. 12" double-grip 
MPH: 103.7 Ibs. Maximum Wind Sur- mast bracket. Full circumference com- 
vival: 100 mph. 11h-21/2" mast dia. pression clamps at tubing joints. Weight: 
Weight: 39.9 Ibs. 8.2 Ibs. 
Model TH3Mk3 Model l4AVQIWB 

Model l8AVTlWB 
Model TH 3JR-3 Element Automatic band switching 
For top performance in cramped spaces. Completely Self-supporting 
12 ft. boom. 14.3 turn~ng radius. Gain: Omni-Directional Performance 
8 dB. Front to Back Ratio: 25 dB. Three beefed-up Hy-Q traps permit auto- 
Maximum Power Input: 300 w AM ; 600 matic switching. 5 band capability. Favor- 
w PEP. VSWR (at resonance): less than able L IC  ratio. Top loading coil. Across 
2.1. Impedance: 52 ohms. Wind Load the band performance with one furnished 
at 80 MPH: 87 Ibs. Weight: 20.2 Ibs. setting for each band (10 thru 40). True '14 

Model TH3JR wave resonance on all bands. SWR of 2 : l  
or less at band edges. Low angle radiation 

Ferrite Balun BN-86 
3-30 Mhz continuous. 

pattern. Extra heavy duty tapered swaged 
seamless aluminum tubing with full cir- 

vSWR: 1 : l .  1 kw DC. curmference, corrosion resistant com- 
Size: 3% x 6l/4". pression clamps at tubing joints. Antenna 
Weight: 1.3 Ibs. can be mounted without guide wires. 25' 
Model EN-86 . .S15.95 high. Weight: 10.7 Ibs. 

,< .. Model 18 AVTIWB 
/,, - -?\\ 

WE WANT TO MEET YOU!! 
SEE YOU AT: 

ATLANTA HAMFESTIVAL . . . June 11, 12, 13 
ABC HAMFEST, Santa Fe Park, IL . . . June 13 

ARRL CENTRAL DIV. CONVENTION, Milwaukee . . . July 9 & 10 

More Details? CHECK-OFF Page 118 june 1976 a 103 

SPECTRONICS, INC. 
1009 GARFIELD 

OAK PARK, IL. 60304 
312-848-6778 

TELEX 72:8310 

HOURS 
STORE HOURS: 

Mon.Thurs 9:30-6:W, Fri. 9:30-800 
Sat. 9:30-3:W, Closed Sun. & Hol~days. 



' I '  .\o 
6 ~ 5 0 1 6  MOS 10-5 512' assor ted F l ip -F lops.  

B I T  s h i f t  r e g i s t e r s  Dual JK's. RST's, and DIP's-- 
from NATIONAL - w i t h  low power FF's, w i t h  LM311* 710. 711. 

data %I-98 I data $1.98 I $1.98 I w i t h  data  

6 T L  I 
assor ted DIP 'S 7400 

ier ies-7420.  7430. 7440.1 

LED pac Tra-nsistor pac 1 
assor ted d i s c r e t e  

8 ,-mu- 
I 

~ t c . .  . A l l  mime. marked I kL: ' - y r ~ r ' ' ' . ~ ~ U : . !  
r nd  

oata. 

W a s s o r t e d  70-92 1 

IerL,. " I L I I  U O C O  

s1-98 A 1 $1.98 

regulators, 2-40". with 
data $1.98 

orders Send a stamo for our flyer listing more money-savinq bargains!( 
P.O. 9ox 41778  
s ~ ~ ~ ~ ~ ~ ~ ~ ~ .  CA Phone (916) 334-2161 Ic" are tested'  

Leads are plated with ,gold or solder .  

95811 ' 910-367-3521 Due t o  increamed c o s t a ,  orders under 

R R R Y l I l  iXe:ft ~ : ' : : ~ E Z E  n ~ ~ d m ? ~ t 1 2 :  

ELEnROnlCS Orders are  shipped within 2 wrkdays- 
k i t s  are  shipped within 10 dnya. $10 

Money back wranteel minimum orde; on C . O . D .  'a .  I 
104 june 1976 

, K-ENTERPRISES /, 

MODEL 4X6C 
............... 50 HZ-250 MHz '270.00 

300 and 500 MHz PRESCALERS 
FREQUENCYSTANDARDS 

MARKER and PEAKING GENERATORS 
POWER SUPPLIES AMPLIFIERS 

..... .... ....... .. ::. .... .... . . .... .... .... ........ ..... WRITE FOR FREE CATALOG .... .:.:.:.: 

.... .:.... .... .... .... .... .... 

.... . . .  .... ..... . . .  .... ..... .... .... .... ..,. ..... .... .... .... ..... .... .... .... K-ENTERPRISES ..... .... ..... .... .... .... .... .... ..... .... .... ..::... .... .... .... ..... .... .... .... .... ........ .... 1401 N. Tucker Shawnee, Okla. 74801 52: ... .... 

,, U" FIELD 
PLUQ-IN. F 
OETERMIN 

REPIACEABLE. 
AEOUENCY 
ING ELEMENTS 

More Details? CHECK-OF F Page 1 18 



I SPEND 8 FABULOUS DAYS IN  EXCITING HAWAII ON SAROC'S HAWAII WEEK I 

Your holiday includes: 
Attendance at the SAROC Hawaiian Convention, Saturday, August 28. 
Seven nights at Del Webb's fabulous KUlLlMA RESORT HOTEL and 
COUNTRY CLUB On Oahu's North Shore. 
Roundtrip air transportation, double occupancy in hotel room and SAROC 
Advance Registration just $300 per person. Limit 2 pieces of luggage per 
person. Tax and gratuity included. 
Departs Los Angeles August 24, 1976 - Returns August 31, 1976. 
$100 deposit by June 1, 1976, full payment by July 10, 1976. 
SAROC Advance Registration $3.00, with Saturday Banquet $10 per person. 

Write for further details 

BOX 945, BOULDER CITY, NEVADA 89005 

More Details? CHECK-OFF Page 118 june 1976 105 
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PORTA-PAK 

NOT IF YOU KEEP IT WITH YOU. OR LOCK IT IN THE 
TRUNK PORTA PAK ENABLES YOU TO DO THIS €AS 
ILV ONLY ONE CONNECTION VOURMOBILE AllTElNA 

PORTA.PAKSARE ATTRACTIVELY fl l l lHC0 I1 BLAOI 

WRINKLE A10 All€ BAKE0 1011 OURAIILITV A10 LAST- 

110 OOOD LOOKS 

THE DELUXE PORTA PAR fEAlURES AIATTERY WITH 

10 FREE ELECTROLVTETO SPILL A CHAROER A10 

PLUO-Ill FOR IT ARE PROVIDED 

MODELS I1 STOCK INCLUOE REDE1CV 1R# HRZB 

BTL BTH MT 26 MTIB MICRO-COII LINE 

OEI~VE A L L N O O E L ~  HEATHKIT HI 2a2 

ICON 210 110 221 MIDLARD STAROARO 

DELUXE POITA-PAX S H  98 

AOO 11 7s PER UNITFOR S~IPPI~G AND HAIOLIIO 

PORTA-PAK, INC. 
P.O. BOX 67 

SOMERS, WI. 53171 . 

b 

+DYNAmlC DUO* 

'I 

. m a m a .  m a o . a o a m a . a a a . . a  

COMPU-CHRON DIGITAL CLOCK KIT 
a  12 OR 24 HOUR OPERATION 
a  LARGE .33" RED LED READOUT 
a  CUSTOM EXTRUDED ALUMINUM CASE I N  $2295 

BLACK, GOLD OR SILVER FINISH 
COMPLETE KIT, NO EXTRAS TO BUY 

4 COMPU-TEMP 127 BINARY THERMOMETER Sr 
READS TEMPERATURE IN  FAHRENHEIT WITH 
lo ACCURACY 

ADD ALL  LIT NUMBERS FOR TEMPERATURE 
(71° SHOWN) $1 9.95 

a  CUSTOM EXTRUDED ALUMINUM CASE I N  
BLACK, GOLD OR SILVER FINISH 

COMPLETE KIT, NO EXTRAS TO BUY 
N Y residenls add sales tax 

Bigger & Better 
w ~ t h  MORE 

Mccl03 REGULATED DUAL POWER SUPPLY I Mccl02 DIGITAL COUNTER BOARD -- ___. 

- - - I @ @  7 
Whether in the lab or worltshop Ue Mccl03 beats 
the rest w~ th  the folfow~ng features 

Two Independent 0.25 volt, 250 MA rqulatcd 
power suppiles In one enclosure 
Bath varlable voltage and current llmlt controls f a  
each lndlvtdual sutlon 
LED type current I lm~t  tnd~eatws. 

Want to ~ U I I ~  a d ~ g ~ t a l  voltmeter or counter? 

U ~ d t ~ v e M ~ ~ " , 2  a ~ ~ g l ~ ~ n ~ ~ ~ O ~ $ ~  
constsls of a four dlglt counter and latch IC 
drlvlng 30 Inch LEO dlsdays The counter 

~~2~~7~~:~,"tf~,"m3a~,"n~I:"5" :::t F i y  
Assembled board IS $35 00 Postage and hand- 

APOLLO "SHADOW BOX ENCLOSURES" 
are fabrtcated of heavy, cold rolled steel The f ron t  panels are o f  
20 guage brushed chrome steel, some models are  l lne screened 
and have a red Rocker DPDT swl tch  fnstal led w l t h  go ld  plated 
contacts and terrn~nals.  Covers are  baked on W r ~ n k l e  enamel 

A l l  cablnets are  completely assembled and  s u p p l ~ e d  wt th  four  
rubber feet r ~ v e t e d  ~n l n d ~ v ~ d u a l l y  packed l n  a heavy-duty. cor- 

* Backltghted meter displays e~ther voltage or curnnt "" Included In prices 

for each secllon 
Assembled only $99 95 

MID-CONTINENT COMMUNICATIONS CO. 
If you need a larger supply up l o  2 amps then build 601A . P- O- 4407 
your own using the McclOl r&ulator board just $19 50 Kansas Clty, Mo. 64127 

RESALE 
MODEL WIDTH HEIGHT DEPTH NET 

A 5 b x 2  l 1  3 4 25 
AA' 4  x 3  7/16 x  3  % 550 

&. f i l ~ f ~ ~ ~ ~  " 5 55 

C 7 K x 3 h x 5  

:;:'/; i58/.ix 
F 7  4 K a 10 11 I 5  

rugated Chassis mal le r  C t h m  carton. M are  CRS '&? G HA 5 H x 5 Y 2 x 4  10 1/16 x 35/16 x 9 11 7  85 15 

n~ck le-p la ted over copper f o r  excel- 
len t  RF conduct tv~ ty  

PRODUCTION C A B I N E T S  T O  
YOUR SPECIFICATIONS ON SPE- 
C lAL QUOTATION; 250 PIECE MIN- 

Knobs 
050 alurnlnurn cover & chass~s wlgra~ned panel 

IMUM. WRITE FOR QUOTATION. L *'Mobll munt lng ava~lable 
Pkg. $33.00 

APOLLO PRODUCTS by ''PHlaage Twig" 
BOX 245 VAUGHNSVILLE. OHIO 45893 . Phone (419) 646-3495 ' Evenlng Phone (419) 6463495 

D l  M t g  bracket set for 0 40 
J 5 x 3 % x 5 %  8 35 
K 4 % x 7 h x 1 1  15 00 
L 1 1 H x 6 % x 1 2 %  22 95 
M 1 1 H x 6 % x 1 6 %  24 40 
NA 1 2 h x 5 8 x 1 2 1 l 1 6  23 80 

"L" 
package enclosure Shadow Box' 
machbned mth 2  SO239 1  Plld 
Light 3  Rocker Sw~tches and 2 



THE INDUSTRY'S FINEST 7 
2 METER FM ANTENNAS! 

1 4. 6 or 11 ELEMENT YAGlS I 
There are more Ringos in use than all 
other FM antennas combined. 3.75 dB 
gain. Low angle of radiation'with 1-1 
SWR. Easy to install. 

MODEL FREQUENCY 'OWE' 

NO. HDLG. AREA MHz 
WATTS SQ. FEET 

AR-2 135-175 100 .21' 
AR-25 135-175 500 .21' 
AR-6 50-54 100 .37' 
AR-220 220-225 100 .20' 
AR-450 440460 250 .lo' 

Cut for FM and vertical polarization. 1000 watts. 

D-POWER PACK 
Dual A-147-1 1 Yagis, with horizontal mounting boom, 
coax harness and all hardware. 16 dB gain, 24 dB FIB 
ratio, 146-148 MHz, 1000 watts. 

VHF, UHF (144, 220,430 MHz) 
DX ARRAYS 
These CUSHCRAFT DX-Arrays combine the best Yagi and Colinear fea- 
tures into the world's most advanced communications antennas. They have 
established new records in Dxing and moonbounce programs. 

SPECIFICATIONS 
80 ELEMENT 
DX-ARRAY 

20 ELEMENT 
DX-ARRAY 

Forward Gain 
FIB Ratio 
VSNR at Frequency 
Power Handling 
FWD Lobe @ 112 PWR. PT. 

OF NEW & USED HAM GEAR ALL MAJOR BRANDS 
GENEROUS TRADE-IN ALLOWANCES LOWEST PRICES FREE DELIVERY ANYWHERE ON 
ALL ORDERS Call or write for prices and information before you buy elsewhere. 

4 0  ELEMENT 
DX-ARRAY 

Horizontal 
Vertical 

I (Telephone us FREE from anywhere in U.S.A. Send copy of phone bill and we'll send you a check!) I 

14.2 dB 
20 dB 

1-1 
2 KW PEP 
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48O 
26O 

17 dB 
20 dB 

1-1 
2 KW PEP 

20 dB 
20 dB 

1-1 
2 KW PEP 

32O 
26O 

32O 
12O 



35 WATT < 2 METER FM 
TRANSCEIVER 

FACTORY 
DIRECT 
$645.00 
complete, 
including 
domestic 
shipping 

- SYNTHESIZED - 
143.5 to 148.5MHz in 5KHz STEPS 

Phone toll free today for 
descriptive literature on the 

FM-DX and other CLEGG products. 

208 ~ e n t z v i l l e  k o a d ,  Lancaster ,  PA 17603 
Toll free sales & serv ices - Phone ( 8 0 0 )  233-0250 

In Pa. c a l l  ( 7 1  7 )  299-7221 ( c o l l e c t )  

- - - 
SSB a cw FILTERS 10 DB NEW REG PWR SUPPLIES 

SPEECH COMPRESSOR 

, $ t ~ $ ~ ~ ~ $ ~ ,  Tgg2 Increase your talk PWR 10 DE-112 gives 13.W @ 1A 
SSB filters, + 3 w  AF t imes with our NEW DE-120 5?4.95* 3A f32.95- DE-l10 

Amp, Filter plugs RCVR linear speech compressor. gives * 15V @' loo ma, & 
Features include 1500 hertz 5V " lA 559.95. 

phone into filter. jack SPKR 'lugs voice tailored response for 
e x t r a  ORM & ORN cutt ing DE-8010 antenna covers 80- 

DE-lO2A SSB Filter 551.95 power solid Ctate switch: 10 meters. Complete with 
DE.103A CW & SSB 559.95 ing for long Ilfe. 100' lead in &balun. $79.95 

559.95 
DE-lO4A CW Filter $49.95 one year warranty and 15 'A I/? W 5% RESISTORS 
Other fi lters are available. day return privilege. Add 4@ ea. + 50$' shipping. 

Dealer Inquiries 
$2 per order for shipping 
and handling. HAM CLUB DISCOUNTS 

Dynamic Electronics, Inc. P. 0. Box 896 Hartselle, AL 35640 

I Now At Prices You Can Afford ! I 
A L L  mrrs 

FULLY ASSEMBLED. ' . 
TESTED AND 

m.86 WARRANTED. 
PRICES INCLUDE 

ALL POSTAGE FEES 
WITHIN THE U.S.A. 

300 M H z  PRESCALEK NEW! FAST 1IEC:OMING POPULAR 
Model EPC-300 EPC 144-8 2 M e t e r  FM Transmitter 

Brult.in 117 VAC 6OHZ power supply . 2 Chmsrls . 144.148 MHZ 

S i z e 3 % W x 2 % " H r 4 " L  P o w r  Ourput 2 WattsTyp. 1 Watt Min @ 12.5 VDC 

BNC input, output conncctorr . 50 Ohm Ourpur Impedmcc Nanow Band FM + 5 KHZ 

Input impedance = 50 ohms Rupgcd hbnccd Emitter Output Transistor 

~ u t p u t  77Lcompatablc. fan out of 1 S m . l l S i ~ - 1 7 / 8 " W x I " H ~ 3 ' L " L  . Sensitivity 14 mv 6' 150 MHZ. 150  mv l UM MHZ 
Elnrocon 

Sand SIf.Addramd SIampcd ELEClRONlC PROT07YPE C O N S U L T A W  Arkma RslMents 
Fnrelupe fw more mfurnutm. 1907 W. Campbell / Phoentx. Artronr 8501 5 Add 5 1  Lln Tax 

II DIGITON 
ENCODE 

FEATURES: 

Crystal 
Controlled - 
Digitally 
Synthesized Tmn. . Low Current Drain 
CMOS Logic. 

* RFI Immune . 16.Button Tactile Feedback 
Keyboard. 

Will Interface to Transceivers Using D Y M ~ ~ C  
Microphones with Only Two Wims. 

Provisions for Thrn Wlre Interface Are Provided. 

Gold-Plated Keyboard Contacts Provided for Max- 
lmum Reliability. 

Operating Voltage Range 9-18VDC. 

Size; 2.1" x 2.1'' x ,250" Without Case. 
2.1" x 2.1" x .312" With Case. 

2" Square Velcro Available for Cornenlent 
Mounting - Dashboard - Sun Visor - Radio - etc. 

Digitone Encoder ........................................ 
.............. ...................... .................... Case .. .. 5 2.00 

.................................................................. Velcro 5 .50 

12-Button Digitom Encoder (Case and Velcro 
not Available) ............ 34.50 

Ohio ReaMmts Add 4.5% Sales Taz 

Send Check or Moncy Orde? To: 

The Barber Corporation 
P. 0. Box 271 

Waynosville, Ohio 45068 513-897-2926 

USING A 7'6" LONG 

WORLD JOYST~CK ANTENNA 
RECORD SYSTEM 'A' 

G4DJY worked 68 North Americans in 
the A.R.R.L. contest. 

SYSTEM 'A' ($69-90) For recelvlng and 
250W P.E.P. QRP transmitting. 

SYSTEM 'I' ($91-33) Handles MO w 
P.E.P. Delivery air mail ex. stock. 

160 thru 10M BC & FULL S.W. Coverage 
Transmit Rece~ve 

Worked G-PY wiU? 600 mW and four continents 
with 300 mW. 

ASK PARTRIDGE TO RUSH YOUR ORDER, I OR FURTHER INFORMATION I 
PARTRIDGE (HR) ELECTRONICS LTD. 

BROADSTAIRS, KENT, ENGLAND 

I a Spinner Handle Available 
Case: 2x4"; shaft X"x3" I 
"'q Mode l  TC2: Skirt 2-1 18"; 

Knob 1-518'' 
TC 2 - f).OO Mode l  TC3: Skirt 3"; 
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- CLEAN SIGNAL - 
- ALL CHANNELS - 

Actual Spectrum Analyzer Photograph 
of an RP Synthesized Radio 

ONLY RP GIVES YOU BOTH 
PLUS 

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

144-148 MHz 
WORKS WITH MOST FINE AMATEUR 

OR COMMERCIAL GRADE RADIOS 

MFA-22 SYNTHESIZER 
LFiEt! !!:5 5 Electronics 

CHAMPAIGN, ILL. 
FULL 
DETAILS 

61820 

M o r e  Deta i l s?  CHECK-OFF Page 

1 Q"""\\~~ELECTRONICS PO BOX 1465 * * * LAKE WORTH 
FLA 33460 * 

s * 
* 

s * 
THE LEADER IN  QUALITY KITS. 4BHR MAIL SERVICE! a 

* KIT Less 3x4 m a t r i x  Keyhoard f 
* 4x4 f o r  16 Tones I) 

f . IC Synthesizer  Chip 
* * 

* . Specia l  Ceramic Resonator * 
* . Q u a l i t y  Oouhle Sided PC Board * 
f . Noise F i l t e r  C i r c u i t  

* * 
* . NOTUNINGREQVIRED! 
f . Not s e n s i t i v e  t o  RF * 
* . Small enough t o  mount i n  p o r t a b l e  
* u n i t s .  * D 

* a 1 2 e s  It It 

* A S i n g l e  18 p i n  IC  c h i p  t h a t  l o c k s  o n t o  a 560KtIZ resona to r  * 
* * 
* and produces 16 d i f f e r e n t  tone p a i r s  t h a t  wi 11 work * 
* d i r e c t l y  w i t h  t h e  Western E l e c t r i c  Touchtone System. * * Can be a c o u s t i c a l l y  coupled o r  used d i r e c t l y .  s * * * * 
* (Soecia l  Telephone Co approved c o u p l i n g  devices a r e  I) * ** * 
* SINTONE AUDIO CIqCIIIT F i t s  on t h e  same PC Board t o  p r o v i d e  f 

FOR ABOVE $1.78 enough audio d r i v e  f o r  Acoust ic  c o u p l i n g  * 
* * 

e * 1 THE fiMVUMOM@ r a n N s r o a m E a  Output wlndtflgs f 
f The Fo l low ing  Vol tages a r e  a v a i l a b l e  a t  f u l l  r a t e d  load  

ID 

* A l l  a r e  PC Vol tages a f t e r  r e c t i f i c a t i o n  
* 28VR8.3n 7 . 1 V P 6 A  
f 16.7V @ 4.5A 3.2V 13 2.17A 
* 16 .7VP2.3A 20VB.15A 

8 . 3 V F 1 . 5 A  5 V P . 0 4 5  

* Made by GENERAL ELECTRIC 

f PRICE WAS OVER 85.00 each! 
* 
* SPECIAL FERRO-RESONANT CORE PROVIDES 

VOLTAGE REGULATION ' .  
INCLUDES SPECIAL 6MFD 660VAC CAP 

* THESE THINGS WEIGH 25P each! 

! r, Please i n c l u d e  $4.00 s h i p p i n g  

* 
f YOU PROBABLY HAVE A MAJORITY OF THE PARTS TO BUILD AN LED CLOCK 
* So we a r e  o f f e r i n g  a s p e c i a l  p r i c e : s s . e 5  4/14.00 ~t . * 

Nat iona l  MM5375lAB 6 D i g i t  Alarm Clock Chip !C . P r e s e t t a b l e  a la rm . Snooze C i r c u i t  Comes w i t h  complete i n s t r u c t i o n  f : L . Power F a i l u r e  I n d i c a t o r  manual w i t h  PC Board l a y o u t s  s . AM PM I n d i c a t o r  and c o n s t r u c t i o n  da ta  t o  use i 0 . Reset C i r c u i t  
* 

e i t h e r  comnon anode o r  comnon * 
. 24 P i n  DIP Package cathode LED readouts 
. E a s i e r  t o  use than  5316 

* 

)< . R u i l t  i n  "BEEPER" Tone 
* * 

* * 
* Plated,  b i l l e d  PC BD A v a i l a h l e  1.78 (Soec Corn Anode o r  Cathode) f * 

f EVERYTHING YOU NEED TO BUILD A 12V 2OAMP. Regulated, low r i p p l e  
s 

power supply, b u t  t h e  chass is  and m o a n g  hardware. 
* 

* 
f WE FURNISH: 

r 3 S a s  
add300 f 

1. I C  Regulator  .$ PC Board 6. G IANT20 lb ,25VCT,  Sbippinf* 
* 2. 25.000MFD Comouter Grade C ~ D  ~ O A M P  Transformer * 
* 3. 2 High c u r r e n t  Diode  ridges 7. Complete I n s t r u c t i o n s  * 

4. 2 15OW NPN pass t r a n s i s t o r s  8. TWO lnnw Finned Heats inks I 
* 5. A l l  r e s i s t o r s  and caps * * * 
f 1. NO COD'S C h e c k o r  MO 4. Add 5% t o  o r d e r  f o r  AIR MAIL * 

SHIPPING 2. Orders under $10.00 add 
* 

60& Hand1 i n g  5. Foreign Orders add 10% (20% f o r  f 
f 3. A l l o r d e r s o v e r 1 # s e n t P . P .  * I R M A I L . )  

Specia l  Handling, Prepaid 6. F l o r i d a  Residents add 4% sa les  Tax f * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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California - 
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 

HAM RADIO OUTLET 
999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 
Northern California's largest 
new and used ham inventory. 

M-TRON 
281 1 TELEGRAPH AVENUE 
OAKLAND, CA 94609 
415-763-6262 
We service what we sell. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Sewing the world's Radio Amateurs 
since 1933. 

Colorado 
C W ELECTRONIC SALES CO. 
1401 BLAKE ST. 
DENVER, CO 80202 
303-573-1386 
Rocky Mountain area's complete 
ham radio distributor. 

Florida 
GRlCE ELECTRONICS 
320 EAST GREGORY 
PENSACOLA, FL 32502 
904-434-2481 
Your Gulf Coast Drake & Kenwood 
dealer. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL  60646 
312-631-5181 
Headquarters for all your Amateur 
Radio needs. 

KLAUS RADIO, INC. 
8400 NORTH PIONEER PARKWAY 
PEORIA, IL  61614 
309-691-4840 
Let us quote your Amateur needs. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL 60304 
3 12-848-6778 
Chicagoland's Amateur Radio 
leader. 

Indiana 
HOOSIER ELECTRONICS 
P. 0. BOX 2001 
TERRE HAUTE, IN 47802 
812-238-1456 
Ham Headquarters of the Midwest. 
Store in  Meadow Shopping Center. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER P.O.B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade. 

Massachusetts 
TUFTS RADlO ELECTRONICS 
386 MAIN STREET 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 

Michigan 
AUDIOLAND 
36633 SOUTH GRATIOT 
MT. CLEMENS, MI 48043 
313-791-1400 
All major brands, new/used 
equipment & accessories. 

ELECTRONIC DISTRIBUTORS 
1960 PECK STREET 
MUSKEGON. MI  49441 
616-726-3196 
Communication specialists 
for over 37 years. 

PURCHASE RADIO SUPPLY 
327 E. HOOVER 
ANN ARBOR, MI 48104 
313-668-8696 or 668-8262 
We still sell Ham parts! 

RADIO SUPPLY & ENGINEERING 
1203 WEST 14 MILE ROAD 
CLAWSON, MI 48017 
3 13-435-5660 
10001 Chalmers, Detro~t, MI 
48213, 313-371-9050. 

Minn eso ta 
ELECTRONIC CENTER, INC. 
127 THIRD AVENUE NORTH 
MINNEAPOLIS, MN 55401 
61 2-338-5881 
ECI is still your best buy. 

Missouri 
HAM RADIO CENTER, INC. 
8342 OLIVE BLVD. 
P. 0. BOX 28271 
ST. LOUIS, MO 63132 
800-325-3636 
Call to11 free. 

New Jersey 
ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 

New York 
ADIRONDACK RADIO SUPPLY, INC. 
185 W. MAIN STREET 
AMSTERDAM, NY 12010 
5 18-842-8350 
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 

HARRISON 
"HAM HEADQUARTERS. USA" 
ROUTE 110 & SMITH STREET 
FARMINGDALE, L. I., N. Y. 11735 
51 6-293-7990 
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 to 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. 



na teur Radio Dealer 

Pennsylvania 
ARTCO ELECTRONICS 
302 WYOMING AVE. 
KINGSTON, PA 18704 
717-288-8585 
The largest variety of crystals 
in N. E. Penn. 

ELECTRONIC EXCHANGE 
136 N. MAIN 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 
Amer~ca'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. 

TEG 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 
Sewing Maryland, D.C., and Virginia 
area slnce 1962. 

Washington 
AMATEUR RADIO SUPPLY CO. 
6213 13TH AVE. SO. 
SEATLE, WA 98108 
206-767-3222 
Amateur center of the 
Northwest. 

More Details? CHECK-OFF Page 118 

, & I ,  

ie14 
Pedestrian Portable? FM or  SSB or  both - To mate wlth the IC-202, or your old 
FM HT, new goodles from SCS. 
Sidekick Linear Portable System - 3 
watts ~ n ,  30 watts out f 219.95 
AMPLIFIERS FOR AMATEURS: 
2M10-70L. 10 watts In. 70 watts out 

f 139.95 
2M10-140L, 10 watts in, 140 watts out 

f 219.95 
These are for 2 meters. Write for com. 

&'g& sprL on other ampl~flers available. 
eter Amp. Model 6M10.100L. 

10 watts ~ n .  100 watts out $169.95 
And for easy carrying: 
DX 'J' Collapsible for 2 meters, includin 
cable (speclfy connector) f 34.9f 
Also have DX 'J' for 220 & 440 MHz 
3. 12 and 25 Amp Pwr Supplles avatlable 
Wrlte now or contact your nearest dealer' 

See you at  Denver ARRL 

Specialty Communications Systems 
8160 M ~ r a m a r  Road 

San Dtego. CA 92126 
LOUIS N Anclaux. WB6NMT 

(Dealer lnqulrles inv~ted f 
714-216310 m] 

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) 

in Calllmok. Uses T-9 hrllb 
( not supplied ). 

Incl~~cle 93.00 U.S. postage, or $4.00 
in Canada. $5.00 elsewhere. Cali- 
fornia Residents include 6% sales tax. 
Or send stamper1 emelope for free 
i~rochure of other incandescent or 
fluorescent lamps sr~it'lhle for all en- 
gineers, archrtects, students, etc. 

,Uastrrchnrgr and RonkArnrrlcard occepted 

D-D ENTERPRISES 
Dept. A, P. 0. Box 7776 

San Francisco, CA 94119 

H Learn the truth about your 
antenna. 

fl Find its resonant 
frequency. 

fl Adlust it to your operating 
frequency quickly and easily. 

If there is one place in 
your station where you cannot 
risk uncertain results i t  is in your 
antenna. 

The Pakmar Eng i rmn 
R-X Noise Bridge tells you if  your 
antenna is resonant or not and, i f  
it is not, whether i t  is too long or 
too short. Al l  this in  one 
measurement reading. And i t  
works /us? as well with ham-band- 
only receivers as with general 
coverage equipment because it 
gives perfect null readings even 
when the antenna is not resonant. 
It gives resistance and reactance 
readings on dipoles, inverted 
Vees, quads, beams, multiband 
trap dipoles and verticals. No 
station is complete without this 
up-todate instrument. 

Why work in the dark? 
Your SWR meter or your 
resistance noise bridge tells only 
half the story. Get the instrument 
that really works, the Palomar 
Engineers R-X Noise Bridge. Use 
i t  to check your antennas from 1 to 
100 MHz. And use i t  in your shack 
to adlust resonant frequencies of 
both series and parallel tuned 
circuits. Works better than a dip 
meter and costs a lot less. Send 
for our free brochure. 

The price is W.95 and we 
deliver postpaid anywhere in U.S. 
and Canada. California residents 
add u les  tax. 

Italy write i2VTT. P.O. 
Box 37, 22063 Cantu. Elsewhere 
send $42.00 (U.S.) for air parcel 
post delivery worldwide. 

Fully guaranteed by the 
originator of the R-X Noise 
Bridge. ORDER YOURS NOW1 
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You Can't Beat The System! 
The SPEC COMM 2M FM Modular System 

U N I Q U E  "SNAP-PACK" 
MODULAR SYSTEM p e r m i t s  1 
Transceiver to f u n c t i o n  as 3 - 
without COMPROMISE! 

IT'S A FULL 5 WATTPORT- 
ABLE - with t h e  BP-1  P o r t a b l e  
Pkg. The p l u g - i n  H.D. N l C A D  
B a t t e r y  "Snap-Pack" h a s 3 X  THE 
CAPACITY o f  t h e  usua l  "penl i te"  
ce l l s  - for 8 hrs. t y p .  o p e r a t i o n  
p e r  charge. 

IT'S A 25 WATT MOBILE - 
with t h e  BA-1 25 W t .  Amp. 
"SnapPack".  ( O r  a 5 W t .  mobile 
without B A - I . )  

IT'S A HlGH PERFORMANCE 
FIXED STATION - with t h e  
A C - 1  A C  SUDD~V "Sna~-Pack" .  . . .  

Exclusive,  "S ta te  df t h e  Art" 
HOT CARRIER DIODE MIXER 
- V i r t u a l l y  E l i m i n a t e s  l n t e r m o d s l  
Sens i t i v i t y  & Se lec t iv i t y  a r e  exce l -  
len t .  

MADE IN  USA - f i n e s t  q u a l i t y  
t h r o u g h o u t .  (See w h a t  o u r  cus- 
t o m e r s  say a b o u t  q u a l i t y  a n d  per -  
f o r m a n c e  - N o v / D e c  73 Mag. p. 
. (3C I 

M o d u l e s  Snap O n  o r  O f f  
i n  seconds. 

SC512 - 12 CHA N. 
SC560 - 6 CHAN. 

100 Day Warranty 
I L"., 

S C 5 1 2  W/BP.l 
AVAILABLESOON: SCR 1000 - D E L U X E ,  HIGH, P E R F O R M A N C E  2M R E P E A T E R .  

SC1800 - PLL SYNTHESIZER, 1800 Channe l  C o m b i n a t i o n s  in 
5 k H z  steps, o n l y  1.4" high. 

W r i t e  f o r  I n f o r m a t i o n  o n  o u r  H i g h  Per fo rmance R E P E A T E R  R C V R .  & X M T R .  B O A R D S .  
S e n d  f o r  D a t a  Sheet  o n  S C 5 1 2 / 5 6 0  Transceivers & Accessories. 

Available t h r o u o h  o u r  selected Dealers. D E A L E R  I N Q U I R I E S  I N V I T E D .  ............. 

SPECTRUM COMMUNICATIONS 
Box 140 HR - WORCESTER. PA 19490 (215) 584-6469 

VHF PRESCALER! 
E x t e n d  y o u r  f r e q u e n c y  c o u n t e r  b y  a 

. . . . . . . . .  f a c t o r  of 1 0  to 300MHZ! 
Plugs  onto c o u n t e r  input jack  
N E W 1  HlGH S E N S l T l V l T Y l  

O n l y  
3.95 ppd 

( 5  V d c )  

M o d e l  
PS-300 

F o r  12 Vdc  order  PS-300R.  $44.95 
1 1  0 V a c  o r d e r  PS-300RT.  $49.95 

UHF-500 MHZ PS-500. $6995 
(1%. $74.95; 1 l o v ,  $79.95) 

O R D E R  
TODAY l 

~311 IJ 1 L ak3 
I N D U S T R I E S  

Dea ler  Inq. P.O. B o x  26276C 
Invited P h o e n ~ x ,  AZ 85068 

4CX150 4CX1000 4-65 4-250 
4CX250 4CX1500 4-125A 4400 
4CX300A 4CX3000 4-1000 
4CX350A 4CX5000 304TL 

4CX10,000 
5CX1500 

Othar  tubes  a n d  Klystrons a lso  wantod. 

The Ted Dames Company 
308 Hickory S t  Arlington. N.J. 07032 
1701) 996-4246 Eventnns (201) 998-6475 

ANTENNA SUPERMARKET - PO Box 338, Dept. H, Chambersburg, PA 17201 
DIPOLES A N D  WIRE ANTENNAS, complete w i th  100' Mil. Spec. Coax. Balun. Con- 
nector. 100' Rope. Copper Ant. Wire. Insulators: 

80/40/15 parallel dipole ................. 536.95 160 short 130' length ......................... $36.95 
......................... ................... 40/20/15 parallel dipole 530.95 80 short,'63' length 531.95 
.................... ................ 80/40 trap dipole 541.95 40 short 33' length 528.95 

................................. ..................... 40/20 trap dipole 536.95 S~ngle bind models from 524.95 

VERTICALS - comple te  w i t h  Universal  Mount ing  Base. Folds t o  5' f o r  Easy Trans- 
oort. Hvv Duty  A l u m i n u m  Tubing. 

20/15 trap, 13' hgt. $29 95 160 compact 23' hgt $44 95 
40/20/15 trap 22' hgt. 544.95 80 compact 20' hgt 539 95 
B0/40/20 trap 30' hgt. 569.95 40 compact 15' hgl 534 95 
80/40/15 trap 20' hgt. 559 95 20/15/10 full slze vertical 529 95 
10 meter cov. for above add . . 99.95 

TO ORDER - Include $1.95 shipping (52.95 West Coast) 
24 hour shipment. 30 day guarantee. 
For Info: SASE or 1st Class Stamp. 

Apartment/Portable 
Apt. roof or patio, 
camper, trailer, molor 
home. All bands 80-10, 
folds to 5' easily. 13' 
helght. 
80-40-20-15-10 $49.95 

IC DISCOUNTS 
I 

- 
50% DISCOUNTS ON ORDERS OF $100.00 OR MORE 1 

M t c r o c o m p u t e r  I n t e r f a c i n g  W o r k s h o p ,  
September 23 24, 25, 1976. A three-day work- 
shop based o' the popular 8080 micro processor. 
This course is sponsored by the V.P.I. and S.U. 
Extension Division of the Continuing Education 
Center in Blacksburg, Va. This workshop will in- 
clude many hours of experience in programming 
and Interface construction with over 12 operating 
microcomputers for participant use. For more infor- 
mation contact Dr. Norris Bell, V.P.I. and S.U. 
Continuing Education Center, Blacksburg, Va. 
24061. 703-951-6328. 

125 Hz Crystal Filter For Drake R-4C 
Cuts QRM. Ideal for DX and Contest Work 

Dws what no aud~o filter can do 
A must for CW operators who want the best 

125 Hz O -6 db, 325 Hz O -60 db, 8 poles 
S h e m o o d  Engineer ing CF-125/8 5125.00 

1268 South Oyden St. Return in 10 days 
Denver, Colo. 80210 for full refund 

(303) 722-2257 if not satisfied. 

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 
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The URRL 
5outheastern Division tonuentian 

and Atlanta HamFestival 1976 
WHEN: Saturday and Sunday, June 1 2th and 1 3th! 

WHERE: Dunfey's Royal Coach Motor Hotel 
1-75 at Howell Mill Road 
Atlanta, Georgia 3 0 3  18 

Contact the Hotel directly for room reservations at special 
HamFestival rates: $ 1 6  single, $ 2  1 double! 

9 Airconditioned Exhibit Hall with nearly 1 0 0  manufacturers, dis- 
tributors, and other exhibitors! 

9 Saturday Night Awards Banquet and Dance! 

9 Forums and meetings galore: 

ARRL-DX-RTTY-VHF / UHF-Microprocessors-Digital Circuits 
-Antennas-Slow and fast scan TV-73 Forum with Wayne Green 
-Contests-Novice 1 beginner-Mars-and many more! 

9 FCC Exams! Free Bus to  FCC from Hotel Saturday Morning! 

9 Outdoor (but mostly covered) Fleamarket; space for more than 
1 0 0  cars. $ 5  per space, first come, first served! 

9 Activities for the wives and kids, too! 

9 See Six Flags Over Georgia, the Cyclorama, Stone Mountain, 
Lion Country Safari, Braves vs Pirates and more! 

PRE-REGISTRATION: Individual $3.00,  at the door $4 .00  
Family $5.00,  at the door $6 .00  

You must be preregistered to attend the Banquet. 
You must be registered to attend Forums, Meetings, and the 
Indoor Exhibit Hall. 

For pre-registration forms and additional information, send your name 
and address to: 

Atlanta HamFestival 1 9 7 6  
53 Old Stone Mill Road 

Marietta, Georgia 3 0 0 6 2  

or call Area 404197  1-HAMS day or night. See You There!! 

More Details? CHECK-OFF Page 118 june 1976 113 



1 We Want You To See MOCOIC, I 
The Morse Code Translator That Really Works 

Decodes up to  90 WPM 
One switch calibration 
Automatic character 
spacing 

a Parallel ASCII and 
Baudot outputs for use 
with peripheral displays 
Internal AC power supply 

MOCO 11's computer 
programmed firmware contains 
more than 8K bits of memory, 
which permits MOCO 11 to  
translate standard alpha-numeric 
Morse Code automatically. 

MOCO 11 is the commercial 
translator that really works. 
Ask the ham who owns one. 

PRICE: $1 99.00 
Order  f r o m  Howard  Microsystems, Inc. 

6 9 5 0  France Avenue South, Minneapolis, M N  55435 (61 2)  925-2474 
. . . . . . . . . . .  DISPLAY OPTIONS A. Baudot Driver/lnterface for TTY $75.00 

B. Video Character Display--connects 
with your TV . . . . . . . . . . . . . . . . . . . . . . . . .  .$200.00 
( K i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $125.00) 

Al l  orders - add 52.75 shipping/handling 
Allow 4-6 weeks del iw. M HOWARD MICROSYSTEMS.  INC. 

Rugged! plastic en- 
cased w~th leads, easy 
to mount ~ y l e  Products 
Input 8-18 VDC un- P.O. BOX ?ass - - ~ ~ -  

regulated 
Excellent stability Smta Clare Cam. 

95051 

Price 119.95 
Calif. res: add 6% 

Freq. set at factory $5.00 extra 
Send for more information 

measurements for AM-SSB. 0.2 to 
300 MHz, $29.50 (Kit: $19.50) 

0. R. CORBIN MFG. CO. 
P. 0. Box 44. North Bend, Ore. 97459 

Wrltc today 
for brochure on: 

radio UHF/VHF 

Everyhtrrp Iru,rr Ser to Stgnall 'OWER 
2602 E.  Ash lan  De t H TRANSISTORS 
Fresno Calif. 9 5 7 2 9  ' 
(2091 224-51 1 1 - 

Fixed  voltage f o r  T T L  R MOS 

Transfotmer isolation L fused 

MILITARY 
SURPLUS WANTED 
Space buys more and pays more. High- 
est prices ever on U.S. Military sur- 
plus, especially on Collins equipment 
or parts. We pay freight. Call collect 
now for our high offer. 201 440-8787. 

SPACE ELECTRONICS CO. 
div. of Mi l~ tary  Electronics Corp. 

35 Ruta Court, S. Hackensack, N.J. 07606 

VH F/U H F CONVERTERS 
PREAMPS 

Ten meters through 432 MHz. A post card & inirbu;ig<Iog. laboratories 

>3& S.E. VAN BUREN BLVD. 
- CORVALLIS. OREGON 97330 

Telephone: 503-757-1134 
L 

- . 
Shortwave Listening 

1976 World Radio N Handbook - 510.95 

Gated 1000/100/50/25/10 kHz Calibrator - 554.00 

Barlow Wadley & R.L. Drake Receivers 
1978 "Conlidentlal" Frequency List - 55.45 

GILFER, Box 239, Park Ridge, WJ 07656 
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SWAN METERS HELP YOU 
GIVE IT YOUR ALL 

BHdge f;or 21-95 VSWR from 3.5 MHz t o  I 5 0  MHz on 100 
microampere meters. Ideal for mobile 

Our little dual meter SWR bridge indi- or home operation with low in-line 
cates relative forward power and SWR insertion loss. @ SWAM, 
slrnultaneouslv. use your swan credit card. Appllca- 

E L E C T R O N I C S  
A subsMlary ot cubtc C w m ~ o n  

The unit is capable of handling up tlOnS at your dealer or write to  Swan. 305 Airport Rd. Oceanside, CA 
t o  1000 watts 

i TTL h t p t .  ~ r i n s  cuntn 

j DCnCkte lv  nsanmbhd and t n t d  

i k arder. a y c i f r  *l r ,100 nl s a d  cinch r M.O. la: i 

I 
These two new Clegg FM Transceivers offer the highest QSO 
per dollar value for the FM'er. Both are 12 channel, .35 uv 
sensitivity units with such extras as individual trimmers for 
netting both transmit & receive xtals. 
Either unit only $189.50 with microphone and 1 set xtals. I 

I - 
208 Centerville Road, Lancaster, PA 17603 

Tol l  free sales & services - Phone (800) 2330250 
I n  Pa. call (71 7) 299-7221 (collect) I 
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HAM HEADQUARTERS 
BARRY ELECTRONICS 
Stocklny: Distr. for: Bird Wattmeters. Col- 
Ilns. Drake. ICOM. VHF Eng.. EBC. Venus. 
B & W. Millen. Antenna Spectaltsts. ,Hy- 
Gain. Mosley. CushCraft. DX Engineer~ng, 
Savoy. Ten-Tec, Tri-Ex. Vibroplex - 
THOUSANDS OF TUBES & SOCKETS I N  
STOCK - - HAM II ROTORS 

I N  STOCK1 Eimac 8877. KLM Multi 2000. 
CD 44.  Bird 43 Wattmeters, Cetron 5728. 

Fair Dealing since 1938! Write for best 
deals! Export inquiries expertly handled. 

Hours: Mon..Fri. 9:OO-6:00, Sat. 10:00.5:00 

Barry Electronics 
512 BROADWAY. NY. NY 10012 
212-925-7000 - 

F R E Q U E N C Y  C O U I d T E R  
L, 0 1 1 4 1 1  . 3 3  I I ~ L ~ I  7 5i.q. L i  0 L . ~ l ~ l l e U  Dlspldy (Call  b~1  
cxl3alldcd to  a dlglt)  C ~ y s t a l  Osctllatur Tlrnebase . 0 0 I o n  
+ 1 co11111. RerldoLlt Mt1Z or Kt+/  to over 40 MHz. 

M U L T I M E T E R  - - -  - 

1 1  Mcgohni Input Impedance. 100% Overrange except 1 
ariir, lanqe. AC-DCV 0-1.000, 10.00. 100.0. 1000. 
AC-DCMA 0-1.000. 10.00. 100.0. 1000. OHMS 0-100. 
0-IOK, 0 - l~eqohrn . .  Input protectton, auto polarity, over 
ranqe and neqatlve slgn lndlcatlon. 

A d d  $3.00 Shipping/Handling 
Al low 5 Weeks for delivery 

FOR THE NEW 
EXPERI MENTER AT A PRICE 

T H E  HOBBYIST 
ASSEMBLED - TESTED C A N  A F F O R D  

MODULES 

1 .  Clvstni T ~ n ~ t t l ~ a r e .  1 M H Z  w ~ t h  SIX $21.95 S C b 9 5  

(s12e 3'. 'x 5 . ' )  
2 Freo. Counter Gate Module $16.95 

DIGITAL C A P A C I ~ A N C E  COUNTER 

4 61g1 t  L F D  D~sp lay  
&ranges to  1000 M F D .  

+:%, ($1 PFD 6c~ low 100 PFD)  

-. , - ~  
includes 100 M H Z  + 1 0  Schottky 
(Size 3" x 5") 

3 .  Four digtt 7 seg. .33 inch L E D  $34.95 
Latched Display (S17e 4 "  x 5" x 2%" high) 

Over 500.1x.. ovolhbl* 1 
Expl ST 6~1yla524 36 '. 

am bran saddn~~onol ~nforma~~on 1 
om o?the many elsclron8c Items aroolobl. 

I04 N CVf110N L I .  

ta Electronics mou*r rnosncl 6001+ I" Assembled - Testeri $79.95 (Above Requl r r  5 VDC)  

4 Funct ion Generator Module $19.95 
Sine, Saw, and Squarewave Outputs 
1HZ - lOOKHZ t o  1 0  Vo l t  output': 
Requires Swttchr?s & Pots. 

5. Funct ion Generator K l t  $39.95 
Includes assemblecl/tested module, 
Switches, Case, Hardware, (Requires t w o  9 
Vo l t  Batterlrs.) 

A d d  $2.00 ShlppinglHandl~ng 
A l low 4 Weeks Delivery I 

I Calltornla Res~dents add 6% Sales Tax 
Send Check or Money Order t o  I 

LIN CORPORATION 
1531 1 S. Broadway Gardena, Ca. 90248 

(213) 532-8809 A d d  $1 .OO Shlpplng A n y  Above 
A l low 3 Week Dellvery 

Home 
training in 
AMATEUR 
RADIO 

,,,,a*,, ",,"" / A,, , !  I".,, 
Hn tu  (. H u r p r r  17Iui lhil '. i U I  Hlnns. 
H u t l t - ? n  tialun i rn I C L I  r a l l n g .  
140 to  120 f t  lnrcrtrd-Y or hort?onlnl. 
d v a t l d b l e  i n  k i t  tom or  alrmblcd 
r l l  801 154.95 cash VPn 1. U S A .  
" i t  Rnt+Br r t t h  100 f t  A f u  fo lm cable 

two ~ 1 2 5 9  182.95 cdsh rrtl i n  IISA. - .  
~ n l r c r r a t  R o d , ,  '.I, D r j l l  Ill Texas reltdents add 5 1  r e l ~ r  tax. 
ROX :604l I 1  i d r n .  l x  :P976 Order darcct *nrfcr Charge accepted. 
l e t e ~ h o n e  ( 9 1 5 ,  '292.1910 <end ~ l a m p ~ d  envelope for snfo-llon. 

N R I ,  l e a d e r  i n  C o m m u n i c a t i o n s ,  
T e l e v i s i o n .  E l e c t r o n i c s  a n d  T V -  
Radio home t ra in ing ,  now offers the 
first i n  Amateur  Radio courses, de- 
signed t o  prepare you  f o r  the F C C  
Amateur  License you w a n t  o r  need. 

Don't lose your favorite frequency 
The F C C  has said "either-or" on 
licensing, b u t  t o  pass Advanced and  
E x t r a  Class exams, you need the 
technical guidance as offered b y  N R I .  
N R I  Advanced Amateur  Radio i s  f o r  
the ham who already has a General. 
Condi t ional  o r  Tech Class t icket. 
Basic Amateur  Radio i s  f o r  the be- 
g i n n e r  a n d  i n c l u d e s  t r a n s m i t t e r ,  
3-band receiver, code practice equip- 
ment. Three t r a i n i n g  p lans offered. 
Get a l l  the facts. M a i l  coupon. N o  
obl ieation. N o  salesman w i l l  ca l l  o n  

CASH FOR 2-WAY FM RADIO 
MOTOROLA. GE, RCA, ETC. EQUIPMENT 

MOBILES BASES PORTABLES MOBILE- 
TELEPHONE< REPEATERS, R E M O ~ E  CONTROLS, 

TONE EQUIPMENT, 2-WAY ,TEST EQUIPMENT 
Operational Unlts Only 

Cornrnlssions/Finders Fees 
CALCOM SYSTEMS. INC. 

701-51A KINGS ROW, SAN JOSE, CALIF. 95112 
Telephone 24 Hwrs 408/998-4444 

Ferrite beads 20500 MHz 12.00 Dm 
Wideband chokes 20500MHz 95C Ea. 
Specify core size and mix. Pack and ship 50C 
USA & Canada. Alr parcel post delivery 
worldwide $2.00. 6 percent tax in Cal~f. Send 
for free brochure. 

i CFP COMMUNICATIONS ... j 
announces the addition of 

BRYANT HOZEMPA, WB2LVW 
to our staff. In addition to giving advice on what rig 
you should buy, Bryant will be available for selected 
installation work in our local area. 

Mail Orders accepted. N. Y. residents add sales tax. 
See us for al l  your Amateur Radio needs. 
SASE will get our list of used Amateur Equipment. 

 you:'^^^^^^^^ RADIO 
I N S T I T U T E ,  Washington, 
D.C. 20016. 

NATIONAL RADIO INSTITUTE 46-016 : 
Washlnrrton. D C. 20016 
Please send me miormation on Amateur Radio : tratnlng. ; Jim Beckett WAZKTJ Expanded Store Hours I I Manager C F p COMMUNlCATlONS Tues.-Fri. Sat. 10:OO-2:00 10:OO-7:00 p.m. p.m. I 

I Dave Flinn, MCFP 
I Owner 211 NORTH MAIN STREET Except Hamfest Weekends 

HORSEHEADS, NEW YORK 14845 Sun. I 
I 

PHONE: 607-739-0187 Other times by Appt. I 
! 

. Name Age- . 
Address 

. City S t a t e z i p -  : 
: ACCREDITED MEMBER NATIONAL now STUDY COUNCIL : ....................................... 
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3402 Campus Avenue 
Claremont, CA 9171 1 

(7141 621-1658 

Matches 50n Coax to Center 
to 50n Coax. Antenna Products for the Amateur Loaded Mobile Antennas 3.5- 

22 MHz 
All Prices Postpaid 

[California residents add 6% Sales Tax] 
Broadband 1.5:l maximum 
S.W.R. on all bands [typically 

Also 1 :1 and 4:l Baluns 1.1:l at Resonance] 

L f f i l C  PROBE K I T  0%. w n  LMOS T T L  L ) I L  RTL. HTL. HtNIL and 
mOI' HOS IC r Bull, 8" "'otrrllo" lyl"', Dol.ll," ....."I and orrro1,me 
0,- onlr . 1 . r  mA lrom ~ ~ r r u c t  1e.1 Dual LED readout Cormr*!~ 
kt1 ,"CluO" gu .m CllO I r a  18 95 
V A R I A B L E  R E G U L A T E D  POWER S U W L V  KIT-Contmuomtvnre 
mblr l rom 3 to o n  15 Valtr Shorlr#rculs ~uml rnln .Mronor cvrnnc Ihm 
btona a1 302 mA C o m o r l  .I,. and Irnnal mulatan of 0 1% m k e  tho> s m e n  

F I X E D  R E G U L A T E D  POWER S U W L V  KITSshai.trru~toroolrro!h 
Ih.c-l current ( #m> l#w  C O W I I  saze and Iv01c.l rqulatoon of 005% m k .  
thne de.1 lor most n.rlronmc ~roomtt  Ara,l.bk lor 5V R m m A ,  6 V  R 
5 m m ~ ,  9 v  v S O O ~ A .  12v (r 4rnmn. 15v .P 3 m m n  sa,fr m4. *nm 
or0.rlw 18 95 .. 
Thn. e n *  lo nUmbl. 111% ~nctulm -11 co-nnts, mn*llen mlmllsfl lnnrw 
ltonl and P1n.d I4brpl.u PC baards Poraf I-lr bnlr & no# ~nrlude r.u or 
mtro A M  $1 25 p r  koI lor postme and n.Mlanq 

TRANSISTORS INPNI  
2N81I TYPE RF A m p 6  OrYb to r  m 1 GHz VI1.W 
2N3561 TYPE RF A m p 6  Owl. 1 G H z l ~ . 2 N S l 8 l  t 6 1 . w  
2N3165 TYPE Gn .  hn.u Gain 170-821101 m l . 0 0  
2Wl l66 TYPE RF P a r  Amp 1.5 W 9 4 5 0  MHz $0.15 
2N39MTYPE G P A ~ P ~ S W I D  100 mA hFE I 00  m l . 0 0  
Ac~ott. WIN GP TYPES. m I. 2N36S4. 2113803. 11r. 115) $2.00 
2N3638 TYPE IPNP1 GP Amp6  Sw 1.300 mA 
2N3906 TYPE IPWPl GP Amp 6 Sw 10 30 MHz 
FET  I 

N CHANNEL ILOW NOISE1 
2N1091 TYPE RF Amp 6 Snhh I T 0  18110111 
2N4416 TYPE RF Amplqlm 10 450YHz(TO 12) 
2N5163TYPE G.n PurpouAmp6 Sw iT0  1061 
215486TYPE RF Amp 10 450MH1 I p l n t ~ c  2NU18 l  
E l 00  TYPE Ln ,  Can Audm Ampll lnr 
I T t l l W  TYPE Uls. L m  N w u  Adno Amp 
TISIP TYPE HqhS*.dSnl rh40 '1  
A s u n  RF 6 G I  FET s m m 2N5163 YIP182 .tc. (81 
P CHANWE 1 
2~4160  EM. PYW..Y A ~ P L  SIITO-~DU 
E l  15 TYPE H q h - S p d  S n t r h  l Z 5 I l  ITO.1YI 

I SUPER SPECIALS: 
ZU2222NPN TRANSISTOR GP Amp6  S n t r h  1 2NZY07 PNPTRAWSISTOR GP A m p 6  S*ntch 
2N3553 RF P-r Amp 5 W P I 50  MHz 1 W Q W Y H l  
MPFlOl  N CHANNEL FET RF Amp ZW MHz 
556 DUAL 555 TIMER 1 p u  to 1 hour (DIP1 
I 23  VOLT REGULATOR 3 30 v Q i zoo m~ lolrno c 
7140 FET 0. Am. Lsh. WE536 and "A140 I T 0  51 
; A J ~ O ~ V O ~ T A &  REGULATOR 5'~r 1 A 1TO.ZmI 
~ o ~ ~ w A V E F O R M C E W E R A T O R  b W ~ ~ ~ w l c b n  
IN4154 OIOOE 30 VIlOmA IN914 @.up1 30 V 
OR1 BRIDGE RECTIFIER 50 V PIV.500 mA 101P1 
MU5314 DIGITAL CLOCK CHIP wnh  Sp.n/Srhmuh 

I 

L I N E A R  IC's 
)D( MW.+- op A- ITO V~INI owl 
3WK V o l y .  R y l u  5 V Q 1 A I T 0  31 
324 Ould 141 Op Amp. C a m ~ I d  iD lP l  
MOT v.11 R. 1 A m p S r r f y  5 6 12 15 .,24Vrlrcln 
a o  2 5 w a n  A ~ I O  A ~ ~ I ~ I W ~  u as ( o w l  
555 1m.t 1 9 %  to 1 hr WE555 LM555 etc IYINl-DlPl 
109 Povular 01 Amp lOIP/lO 51 
139 Dual Ln *  NoouAu400 PrwmpIO) AmpIOlPl 
1451 0u.I 141 Op Amp 1MIWI DIP1 
141 FC- Comp O p ~ m p  IOlPnO 51YINI OIPI 
D IODES - - - - -  

Z E N E R S - S ~ i t l ~ ~ 3 . 3 . 3 . 1 . 4 . 3 , 5 . 1 . ~ . 8 . I . 1  -461.00 
a I 1 0 . 1 2 , 1 5 . 1 6 , 1 8 , 2 0 , 2 2 . 2 4 . 2 1 . ~ 3 3 ~ 1 1 1  t w ~ n 3 n l . w  

l N 9 I 4  w lW4148 TYPE G.-l P u r m  1WVIlOmA 1561.W 
IN3893 TYPE RECTIFIER Stud M.untUM V112 A 261.00 
0 5  VARACTOR 5 50 W Ovtpvl e 30-250 MHz. 1-70 pF $5.00 
F 1  VARACTOR I 3 W  Outpv lY 100500MHz.5-30pF $1 W 
-MAIL NOW, F H E E  LMTI S H E E T S  S U ~ C ~ ~ ~ M  r a t n  a r r y  ~tmm f r m  ,has mi 
F R I  I OM I l tOUES l  141 O h A r n o r m l h e r l r  order ol  $50, mare-149Dual 
on A- (,r la i 100 F F T  , ~ , t h  e r r r  order ol $10 or mom m.tmarked 
p 8 0 r  TO 8/31/76 <Iw l r r r  m!.m p r  osdsr 
ORDER TODAY 1 1 1 1  #!em >uh(nrl lo  Prlol uls and PrlcnlubjN! t 0 c h . V  
r ,vn~u? nntlc. Ali (tnnn are n m  surolur w# ts  100% lunctton.11~ m1.d 
WRITE FOR FREE CATALOG .7510oIlsr#n0orr 3 W u m l c o n d W o n c r  
r l n  ,n vocr S ~ M  13e rmmp 
T E ~ U I  S*M rn.. L or money or*. IU s lundsl wtth ord.r W e w r  1st C1.u 
pl$!.?c to U 5 C.n.da and Me.6ra 1 . ~ 4 1  on b l l t l  $ I  M h4ndllnp chaw on 
order. undw $10 blml rnsdanln d d  6 2  l ax  For.ln order5 & Postme 
COl )  orders *M $ I  M u r n n  chalga 

ADVA 
BOX 418. V WGODSIDE. CA 94062 
Tel. (415) 851:0455 

The HAL ST-6 RTTY demodulator is built to the 
highest standards, yet is priced to  be easy on your 
pocketbook. And you'll be getting a true value for 
your money. Features and options abound to  give 
you maximum flexibility. The ST-6 offers autostart 

operation, has an antispace feature, gives you switch 
selection of 850 Hz and 170 Hz shifts. Overall 

quality is reflected in components like a custom 
loop/low voltage power transformer and plug-in 

glass-epoxy PC boards. Filters and discriminators 
are designed for standard RTTY tones. Options 

include: 425 Hz discriminator for optimum reception 
of commercial press RTTY. AK-I AFSK oscillator 
or XTK-100 crystalcontrolled AFSK oscillator for 

transmission.Table or rack mount cabinetry. And, 
for VHF FM RTTY, you can buy the extremely 
economical ST-5 demodulator with the ST-5AS 

autostart o tion, lus the XTK-100 or AK-1 
AFSK oscil P ator. f or complete details on the 

ST-6, ST-5 and other fine products, 
communicate with HAL today! 

HAL Conununications Corp.. 807 E. Green Street 
Box 365, Urbam, Illinois 61801 Telephone: (217) 367-7373 
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AQerJCi~ers v' 
check-off 

... for literature, in a hurry - we'll 
rush your name to the companies 
whose names you "check-off" 
Place your check mark i n  the space between 
name and number. Ex: Ham Radio d 234 

INDEX 
Roanoke Hamfest * 
A & W - 359 
Action Radio - 417 
Adva - 265 
Aldelco - 347 
Altaj - 426 
Antech - 257 
Supermarket - 404 
Apollo - 011 
Aptron - 380 
Ashcraft 
Atlanta HamFest 
Atlas - 198 
Atronics - 382 
Babylon - 104 
Barber - 383 
Barry 
Rauman - 017 
Beta - 447 
B. T. T. C. ' 
Budwig - 233 
Bullet - 328 
Bu em & 

;ellem - 329 
CFP 022 
Cal-Com - 282 
Clegg 027 
Corncraft - 028 
Comm. Spec. - 330 
Cornputronics - 448 
Cont. Spec. - 348 
Corbin - 349 
Cush Craft - 035 
D-D - 269 
Dames - 324 
Dentron - 259 
Denver 

Hamfest - 424 
Disc.Cap - 449 
Dynamic - 041 
Ehrhorn - 042 
Elect. Dist. - 044 
Electrospace - 407 
ELPROCON - 301 
Executive - 428 
59-1- - 429 
Flesher - 446 
Franke - 289 
Genave - 168 
Gilfer - 207 
Glade Valle 213 
Gray - 0g5- 
Gregory - 201 
Hal - 057 
Harntronics - 246 
Heath - 060 
Henry 062 
Hewlett- 

Packard - 281 
Hosfelt A 390 
Howard Micro - 361 
Hufco - 403 
Hy.Gain - 064 
lcom - 065 
Int'l Xtal 066 
JMR Systems -450 
James 333 

Jan - 067 
Janel - 068 
K-Enterprises - 071 
KLM - 073 
Kensco 394 
Kenwood - 341 
Klaus - 430 
Lin - 451 
L ~ t t l e  Giant - 011 
Lyle - 373 
MFJ - 082 
MHz - 415 
Madison - 431 
Main - 4.52 
Workshop 
Mid-Continent - 453 
Mini.Labs - 441 
Mini Products - 395 
M-Tech - 357 
National Mult i  - 396 
N. R. I. - 397 
Nexus A 454 
Northshore RF -- 296 
NuData - 455 
Optoelectronics - 352 
Palomar 093 
Partrid e 439 
Police falE 425 
Poly Paks - 096 
Porta-Pak - 274 
RP - 098 
Callbook - 100 
Rainbow - 392 
Rarnsey 442 
Regency - 102 
Rohn - 410 
SST - 375 
Saga1 - 376 
SAROC - 146 
Sentry 
Sherwood - 435 
southwest- 

Tech. - 263 
Space - 107 
Spec. Comm. 

Sys. - 318 
Spectronics - 191 
Spec. Comm. 366 
Spec. Int. - 108 
Swan - 111 
Teco - 113 
Telco - 456 
Ten-Tec 
Trevose - 437 
Tristao - 118 
Universal 444 
VHF 121 
Vanguard 
Varian - 043 
Webster 

Comm. - 423 
Webster Radio - 255 
Weinschenker - 122 
Weirnu - 379 
Whitehouse - 378 
Wilson - 123 
Yaesu 127 

*Please contact this advertiser directly. 

Limit 15 inqtiiries per reqrrcst. 

June 1976 
Please use before July 31, 1976 

Tear off and mail  t o  
HAM RADIO MAGAZINE - "check off" 
Greenville, N. H. 03048 

........................... NAME. ........................................ 

CALL ................................ 

STREET .................................................................................. 

AAOlO AMATEUR 

Lake Bluff. 111 60044 
Order from your favorite rlectron~cs 
dralrr or direct from the publisher. All 
d~rtct orders add 51.00 s h ~ p p ~ s g  and 
handling per Callbook. 
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a TWO BANDS, 2 METERS AND 1% METERS 
DIGITAL FREQUENCY SYNTHESIS 
WORKS ANY REPEATER SPLIT 
EXTENDED FREQUENCY COVERAGE 

FEATURES: Covers entire 2 meter and 1% meter bands Covers MARS, 
CAP and CD frequencies from 142 to 149.995 MHz Full digital fre- 
quency synthesis with 5 kHz steps No crystals to buy-ever Built-in 
repeater offsets of 600 kHz, 1 MHz and 1.6 MHz both plus and minus 
25 watts output on each band No transmitter retuning across either 
band FM-AM receiver 8 pole crystal filter Front mounted speaker 

PTT microphone and mobile mount included Operates on 12 volts 
DC Front mounted speaker for better sound Accessory connector 
for tone burst and tone coded squelch Lighted thumbwheel switches 
-a Comcraft exclusive 

SPECIFICATIONS 

OENERAL RECEIVER TRANSMITTER 
Frequency Coverage- Sensitivity- Power Output- 

2 M; 142.00MHz to 149.985 MHz FM; 0.4 (rv for 20 dB quleting 2 M; 1U to 148 MHz: 28 watts typical 
1 u M; 220.00 MHz to 225.00 MHz AM; 4dB noise Hgure. nominal t ~h M; 220 to 225 MHz; 28 watts 

Squelch Threshold- 0.3 (rv 
typical (25 watts guaranteed over 

Frequency Resolution- 5 kHz both amateur bands) 
Frequency Stablllty- 0.00C15X Bandwidth- 13 kHz VSWR- Able to wlthstand lnflnlte 
Power Input- 11 VDClo t5VDC Image Rejection- 80 DB minlmum VSWR with 14 VDC power Input for 

10 mlnutes 
Dlmenslons- 10.S'W x 33.75H x 1OD Adjacent Channel Rejection- 80dB 

Warranty- 90days, parts and labor 
(30 kHz) 

AudioOutput Power- 2 watts 

CST.50 Tweband Transcdver . . . . . . . . S889.95 MADE IN USA by: 

COMCRAFT 
P 0. BOX 266. GOLETA, CA 93017 



YOUR COMPLETE SATISFACTION is our goal! And here is 
the offer that proves it! Order any MFJ Product and try it. If 
you're not completely satisfied, you may return it within 30 
days for a full prompt refund (less shipping). 

CW FILTER - Over 5000 now in use. 80 Hz bandwidth 
and steep sided skirts separate even the weakest slgnal 
from the QRM. Works with any receiver or transcelver. 
CWF-2BX, assembled and tested . . . . . . .  $27.95 
CMOS KEYER - Uses Curtis 8043 Keyer on a chip. Dot 
memory. Self completing dots and dashes. 8 to 50 wpm. 
Sidetone and speaker. Built in key. Uses 4 Penlite cells. 
lamblc operation with external squeeze key. 
CMOS-8043, assembled and tested . . . . . . . . .  $39.95 
SSB FILTER - Here's a new and different kind of single 
sldeband fllter. Unintelligible signals become readable as 
you sllde the selectivity switch to  optimize the audio 
bandwidth. Uses 9 volt Transistor battery. 
SBF.2BX. assembled and teste 
FREQUENCY STANDARD - The 
preclse markers every 100, 50. 
region. Gated for positive identification. CMOS. Accurately 
determines receive/xmit freq. Uses 9 V Transistor battery. 

. . . . . . . . . . . . . . . . . . .  MFJ-200BX, assembled and tested $24.95 
QRP TRANSMllTER - Work the world on 5 watts with 
this Transm~tter on 40 meter CW. No tuning required. 
Short clrcuit proof. Switch selects crystal or VFO fre- 
quency control (crystals and VFO not included). Requires 
12 VDC. 
MFJ.40T. assembled and tested 
QRP VFO - Companion VF 
transmitter above for stable 
from 7.0 to  7.2 MHz. Can be used with other xmtrs. 4V 
peak- eak output. Requires 12 V D.C. 

.............................. MFJ-&v, assembled and tested $24.95 
QRP POWER SUPPLY - This unit  will eliminate receiver 
hum and chtro and buzz in vour transmitted signal caused 
by power supply deficiencies. Delivers up to-1 Amp at 
12 VDC. Operates on 110 V, 50/60 Hz. A.C. 
MFJ-12DC. assembled and tested . . . . . . . . . . . . . . . . . . . . .  $24.95 
SUPER LOGARITHMIC SPEECH PROCESSOR - Up to 
400% more RF power is yours wlth thls plug-ln unit. Plugs 
In between mlc & xmtr. Actlve fllters concentrate power on 
those frequenc~es that yleld max. lntelllgence 9 V batter . 
LSP 520BX, assembled and tested $49.45 
SIZES Unlts Above are 4 x 3 %  x 3 3/16: Unlts Below 
5 9/16 x 3% x 2%. 
SUPER LOGARITHMIC SPEECH PROCESSOR - This optlon 
Includes all the features of the unlt above plus a rotary 
functlon swltch, an uncommcttcd 4 pan mlc lack and an 
extra speclal enclosure. Uses 9 V Translstor battery. 
LSP520BXl1, assembled and tested $59.95 
STATE-OF-THE-ART RECEIVER PRESELECTOR - Connected 
between your antenna and receiver, thls preselector dra. 
matlcally Improves weak slgnal receptlon. (Increases slgnal 
3 to 5 "S" U n ~ t s )  Uses 9 Volt Translstor battery. 
MFJ-1030BX, assembled and tested $49.95 
Please add $2.00 per i tom tor Shipping & Handling. 

4 - c -  -v-- ,-v-- 

All roducts manufactured 
by MFJ Enterprises are UNCONDIT~ONALLY GUARANTEED 

* 

the date of ~urchase.  Thls 
means we will repa i i  or replace free of chaige any of our :FAll : products which are defective for any reason. 
Why not let MFJ add that extra something to  your ' 
station. Order today and see just what conveniece and i $1 capabilities we can add to  your life. 1. s; 

I MFJ Enterprises 

I P. 0. BOX 494(H) MISSISSIPPI STATE, MISSISSIPPI 3 9 7 6 2  601-323-5869 

I FREE CATALOG AVAILABLE. 
DEALER INQUIRIES INVITED. 
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For Flexible Station Design 
and 

Total Spectrum Coverage from 160 thru 2 Meters 

FT-101 E 
TRANSCEIVER 

m 

FL-21008 FV-1018 SP-1OlPB FTV-250 FTV45OB 
LINEAR AMPLIFIER EXTERNAL VFO PHONE PATCH SPKR. 2-Y TRAN8VERTLR CY TRANOVEKTLR 

There are many reasons for you to choose Yaesu and they are best summed up 
as PERFORMANCE AT THE RIGHT COST. Your dealer will proudly demonstrate 
why the finest sounding signals heard around the world originate from YAESU. 

Yaesu Musen USA Inc., 7625 E. Rosecrans, No. 29, Paramount, California 90723 
Yaesu Musen USA Inc., Eastern Service Center 613 Redna Terrace, Cincinnati,OH45215 



The Drake L-4B's 
not-so-secret ingredient. 

EIMAC 3-5002 triodes. 
The good guys at Drake are proud to tell you about their L-4B 

linear amplifier. They won't hide the fact that precision design 
insures continuous operation at one kilowatt power input on CW, AM 
and RTTY; and two kilowatts PEP on SSB. You won't have to ask 
twice about the L-4B's features like the transmitting AGC circuit to 
control exciter gain, the standby switch or the built-in RF directional 
wattmeter. 

Our point? Drake doesn't keep it a secret that the L-46's high 
efficiency class B grounded grid circuit uses EIMAC 3-5002 zero 
bias triodes. EIMAC's performance reputation is a much publicized 
plus. Use of the 3-500Zs simplifies the circuitry, provides 1.000 
watts plate dissipation and turns driving power into maximum output 
power. 

To find out more about the reason Drake's first choice is EIMAC, 
or to ask about our design flexibility to meet individual applications, 
drop us a line or call. We have no secrets. 

Contact Varian, EIMAC Division, 301 Industrial Way, San Carlos, 
California 94070, (415) 592-1221. Or any of the more than 30 Varian 
Electron Device Group Sales offices throughout the world. 

varian 
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