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two l e a d e m  ... ettr-~adio 
present the 

ICOM'ssuperior LSI technology takes thc lead In Amateur from an external source, such as the microprocessor con- 
HF. The extremely compact IC-701 delivers 100 watts out- trolled accessory which will also provide remote band 
put from a completely solid state, no tune (broad band selection and other functions. 
design) final, on all modes and a l l  bands, from 160- 10 M. 
With single knob frequency selection and built-in dual Full band coverage of all six HF bands, and continuously 
VFO's, the LSI controlled IC-701 is  the choice in computer variable bandwidth on filter widths for SSB, RTTY, and 
conpatible, multi-mode Amateur HF transceivers. even SSTV, help to make the IC-701 the very best HF 

transceiver ever made. IC-701 includes two CW widths, 
The IC-701's single frequency control knob puts fully a l l  of this standard at no extra cost. 
synthesized instant turning at a single finger tip. Wide 
bandspread, with 100 Hz per division and s KHz per turn, Sold complete with the high quality electret condenser 
is  instantly co-ordinated hetween the smooth turning knob base mic (SM-2) and AC power supplylspeaker as shown. 
and the synthesizer's digital read-out with positively no the IC-701 is  loaded with many ICOM quality standard 
time lag or backlash (no waiting for counter to update: features. Standard in every IC-701 are two independently 
less operator fatigue). And at the push of the electronic selectable, digitally synthesized VFO's at no extra cost. 
high speed tuning button, the synthesizer flies through Also standard are a double-balanced schottk~ diode [st 
megacycles at 10 KHz per step (500 KHz per turn). mixer for excellent receiver IMD, and RF speech processor, 

separate drop times for voice and CW VOX, optionally 
The computer compatible IC-701 LSI chip provides input continuous RIT. fastlslow AGC, efficient IF noise blanker, 
of incremental step or digit-by digit programming data fast break-in CW, and full metering capability. 

THE BEST PLACE TO BUY THE 
BEST EQUIPMENT ... HENRY RADIO 

And it you can't come into one of Henry Radio's stores, please call or write. Let us answer your questions and then ship on 
of these exciting new rigs to you. Henry Radio offers the most complete selection of famous name amateur radio equipmen 
plus easy financing. 10% down or trade-in down, no finance charge if paid in 9 0  days. Good reconditioned equipment, near1 
all makes & models. Our reconditioned equipment carries a 15 day trial. 9 0  day warranty and may be traded back within 9 
days for full credit toward the purchase of NEW equipment. Write for bulletin. Export inquiries invited. 

11240 W Olymp~c Blvd , Los Angeles. Cal~f 90064 2131477.6701 
931 N Eucltd. Anahelm, Cal~f  92801 
Butler, M~ssourr 64730 8161679-3127 7~4/77Z9*~ rppfl/p?flb , ) t f ! -  



New HF 1030 VLF-HF Communication Receiver 



MODEL WJ. 

NEW 
MFJ INTRODUCES THE 

GRArnMASTER 
= MEMORY KEYERS 

A t  $139.95 this MFJ-484 GRANDMASTER 
memory keyer gives you more features per dollar than any other 

memory keyer available - and Here's Why . . . 
WEIGHT CONTROL TO PENETRATE MESSAGE BUTTONS SELECT DESIRED 25 CHARACTER MESSAGES. 
ORM. PULL TO COMBINE 
A AND B FOR 1. 2, OR 3 

RESETS MEMORY IN 

CHARACTER MESSAGES. 
USE TO BEGINNING. 

TlONS 1, 2. 3 ARE EACH 
SPEED CONTROL 8 TO SPLIT INTO MEMORY SEC- 
50 WPM. PULL TO TlONS A, B. C. 0 (UP TO 
RECORD. TWELVE 25 CHARACTER 

MESSAGES). SWITCH COM. 
BlNES A AND B. WSmOW 

MEMORY IS IN USE AND PULL TO TUNE TROL. POWER (0 TO 2 MINUTES). PULL DELAY REPEAT PRESSING BUTTONS A. B, 
WHEN IT ENDS. ONOFF. FOR AUTO REPEAT. MODE. C. OR 0. 

NOW YOU CAN CALL CO. SEN0 YOUR 9TH. lnstantfy insefl or make changes in any control. 8 to 50 WPM. 
NAME, ETC.. ALL AUTOMATICALLY. playing message by simply sending. Continue W4M control lets you adjust dot-dash. 

And only MFJ offers you the MFJ-484 by touching another button. space ratio; makes your signal distinctive to 
Grandmaster memory keyer with this much Memory ttSetS to beginning with button, or penetrate ORM. 
flexability at this price. by tapplng paddle when playing. Touching Tone contml. Room tilling volume. Built.in 

Up to twdve 25 character messages plus message bunon restarts message. Speaker. 
a 100. 75. 50, or 25 character message LEOS show wh~ch 25 character memory is Tune function keys transmitter tor tuning. 
(4096 bits total). in use and when it ends. Ultra nllablc soHd state keying: grid block. 

A switch comblnes 25 character messages Built-in memory saver. Uses 9 volt battery, cathode, sol~d state transm~tters ( -  300 V, 
lor up to three 50 character messages. no dram when power 1s on. Saves messages 10 ma. max.. + 300 V. 100 ma. max.). 

To record. pull w t  the speed control, touch in memory when power loss occurs or when CMOS ICs, MOS memories. Use 110 VAC or 
a message button and send. To playback, transporting keyer. Ultra compact. 8 x 2 ~ 6  12 to 15 VDC. Automatically switches to ex. 
push in the speed control. select your mes- inches. ternal batteries when AC power is lost. 
sage and touch the button. That's all there PLUS A MFJ DELUXE FULL FEATURE KEYER. OPTIONAL SQUEEE KEY 
is to it! Lsmblc operation with squeeze key. Dot.dash for all memory keyers. 

You can repeat any message continuously insertion. Oot and dash paddles have 
and even leave a pause between repeats (up Dotdash mcmwlss, self.completing dots and fully adjustable tension and 

ten. II no answer. 11 repeats CO again. To cept when recording). 

11 
to 2 minutes). Exlmple: Call CO. Pause. Lis- dashes, lamprool spacing, Instant Stan (ex. spacing tor the exact "teel" you lhke Heavy 

base with non.slip rubber feet eltm~nates 
answer simply start sending. LED indicates All controls are on front panel: speed. "walking". 529.95 plus $2.00 tor shipp~ng 
Delay Repeat Mode. weight, tone, volume. Smooth linear speed and handling. 

lMS WFJ-482 FEATURES FOUR 25 OR A 50 AND TWO 25 CHARACTER THE MFJ-481 GIVES YW TWO 50 CHARACTER MESSAGES. 
Speed, volume. weight. MESSAGES. 
tone contmls 

99956i*jJ Repeat hnetlon 
~ m b i r n  m e m q  s w k h  * T u n e h c t i o n  $7995 ieeQe  
Repeat, tune functions Built-In memory saver 
Built-in memory saver 

Similar to MFJ.484 but with 1024 bits of memory, less delay repeat. 

r-1 
Similar to MFJ.482 but with two 50 character messages, less weight 

single memory operating LED. Weight and tone controls adjustable from controls. Internal tone control. Volume control is adjustable I ran rear 
rear panel. 6 x 2 ~ 6  inches. 110 VAC or 12 to 15 VOC. panel. 5 x 2 ~ 6  inches. 11 0 VAC or 12 to 15  VDC. 

Order any product from MFJ and try it. li not delighted, return within 30 days for a prompt refund (less shipping). 
Order today. Money back if not delighted. One year unconditional guarantee. Add $2.00 shippinglhandling. 
For technical Intorrnatlon, orderlrepalr statue, In Mlsaleelppl, outslde continental USA, call 601-323-5869. 

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On 

M F J ENTERPRISES, I N C. :&,:%%ATE, ~ ~ ~ ~ ~ l p p l  !? 
2 december 1978 More Details? CHECK-OFF Page 150 
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Small-scale integration, large-scale integration, counters on a chip, 64K memories - are the possibilities limited 
only by the designer's imagination? I can think of no other segment of the electronics industry which has come 
so far, so fast, as integrated circuits. When vacuum tubes were 20 years old they were mired down by bitter 
patent litigation which had slowed development work to a standstill. Marconi, the Fleming patent holder, even 
placed a full-page advertisement in OST warning that amateurs who even used other than Marconi-licensed 
tubes for radio purposes were "liable to a suit for injunction . . . and they will be prosecuted." A scare tactic, 
perhaps, but it was effective and held back the progress of the entire radio industry. 

No such patent litigation ever developed in the transistor industry because the inventors placed the basic 
idea in the public domain, so by the time transistors reached their 20th birthday there were more than 2000 
registered types, and the industry was thriving. Circuit development, however, was stymied by engineers 
schooled in vacuum-tube techniques who struggled to make solid-state devices work as well as tubes. If you 
used any of the early solid-state ham gear you know that they were not always successful. In fact, there are 
some amateurs who still believe that, in a communications receiver, a solid-state front end is inherently inferior 
to a vacuum tube. In truth, solid-state front ends are actually several hundred times better than their vacuum- 
tube counterparts - both in strong-signal handling and sensitivity - but only when properly designed. 

The rapid growth of integrated-circuit technology has been hampered neither by patent squabbles nor inept 
circuit design - to engineers who cut their teeth on transistors. ICs were the next logical step. So in this, their 
20th year, ICs have already affected every industry, every level of society, and the end is nowhere in sight. 

I t  was during the summer and fall of 1958 that Jack Kilby built the first integrated circuit at Texas Instru- 
ments. Other semiconductor manufacturers had been working on ways to miniaturize electronic circuits, but 
most of them relied on miniature discrete components. Kilby was the first to use semiconductor material for 
both the active and passive elements (resistors and capacitors) to build a complete circuit on a single piece of 
germanium. (Germanium was used because germanium manufacturing techniques were well established, and 
those for silicon were not.) Kilby's first circuits, a phase-shift oscillator and multivibrator, demonstrated the 
feasibility of this approach. On top of the germanium substrate were the contacts of the diffused transistors, 
junction capacitors, and resistors. A gold-plated metal frame protruded from the lower surface of the wafer and 
thermally-bonded gold wires were used for connections between those elements not linked by the substrate 
itself. 

The first circuits were crude by today's standards - large and irregular; the photo masks and resists neces- 
sary for precision IC manufacturing were yet to be developed, so the patterns were hand painted on the semi- 
conductor chip with black wax. About the same time Kilby was working on the first ICs in Texas, Fairchild 
Semiconductor developed the Planar process; this process made semiconductors more reliable and less expen- 
sive to produce, and greatly accelerated IC progress and acceptance. 

In the 20 years since those early discoveries, prices have decreased and the number of circuits per unit area 
has increased dramatically. In 1962, for example, a typical IC flip-flop was about 2 mm square; a similar circuit 
in 1968 was ten times smaller, and today an entire 8-digit frequency counter with all control functions is avail- 
able on a single chip. In 1962 a decade counter required several counter chips and logic gates for a total cost of 
twenty or more uninflated dollars; by 1968 the cost of a one-chip decade counter had dropped to about seven 
dollars; today you can buy a TTL decade for fifty cents! And you must remember that 1962 counter did well 
to count reliably at 1 MHz; the 1978 counter is guaranteed to 30 MHz. 

Progress in the field of linear ICs has been just as impressive, and the many functions which are built into 
modern amateur transceivers are a direct result. Some of the newer transceivers have 25 or more controls on 
the front panel; can you imagine how many 6-foot racks of vacuum-tube circuits it would take to do the same 
job? And even if you had room for the racks, you wouldn't want to pay for the electric power to run them (and 
cool them). If progress in the next ten years is as rapid as in the past ten, the commercial equipment that will be 
available to amateurs in 1988 really boggles the mind. 

James Fisk, WlHR 
editor-in-chief 
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adOM'm New IC-280 
ICOM introduces its new 2 meter mobile rbdio wit 
the detachable microprocessor control head, the I C ~  
280. Bright, easy to read LED'S and a new style meter 
grace the brushed aluminum 'new look" front panel 
of the detachable control head, which provides mem- 
ory and frequency control for the remotely mountable 
main section. 

The IC-280 comes as one radio to be mounted in th 
normal manner: bu t  asan option, the entlre front on 
thirt 
mol 
and 
awa 
mol 
in P 
befc 

tor 
Even 

hen power is turned off at the ..,,.. ,,.. 
A-280 retains its programmed memoric,, ,,,, ,. 
power is completely removed from the radio, , 
?600 KHz splits are still maintained! 

the 
.m" .-.. 
the 

the Frequency coverage of the IC-280 is in excess of 
meter band; and the new band plan (144.5-145.5 
Hz repeaters) can easil be accommodated, since it 
4s included in the I C - ~ ~ O ' .  initial planning by the 
:OM desiqn team. 

4 of the radio detaches-and 
- 

lnts by its optional bracket The main section of the IC-280 puts you up to 
the main body tucks neatly minute with the latest state of the art engineering. 1 

~y out of sight Now you can new IC-280 includes the latest innovations in lai- 
~ n t  your 2 meter mobile radio signal handling FET front ends for excellent inter- 
,laces that seemed really tight modulation character and good sensitivity at 
)re. the same time. The IF filters are crystal 

monolithics in the flrst IF and ceramic in 
with the rn i c rop roce~~~r  head the the second, providing narrow ban? 
IC380 can store three frequendes of capacity for today and tomorrow'! 
your choice, which are selected by a four crowded operating conditions 
position front panel switch. These frequen- Modular PA construction wit! 

are retained in the IC-280'. memory ' broad band tuning provides ' ' 
Jng as power is applied to the radio. rated power across the full 

meter band (plus a little). 

the 
'he .",. 

1mpsd.m. MO ohmsdpamk a & ~ c a d e n . o  on* r r h u L . S M  2 I IRcrmng Smrm Dark u m h n n d w  I 'lnlmndru 
F-.rr(. 1s 106VSMH12d US'. KHz 1 S r n a ~ t y  I w afS . N h  at 10 dR a Mtn N n r u l m - n  unsWw20 dR 116 uu o r b  - - 

.OMty -than r75KH1at h6R k l h a n  ?15KH2.1 -60dB1'4udmUlrpll M u ~ f h a n 1 5 U  IlAudmOurpllmlnlarr. 8dmm 

ICOM WEST, INC. lCOM EAST, INC. ILUM CANADA 
Suite 3 Suite 307 7087 Vlclor~a Dr~ve 
13256 Northm~ Wav 3331 Towemaod Dr~ve Vancouver B C V5P 3Y9 
Bellevue. wash. g a b 5  Dallas. Texas 75234 Canada 

11 (206) 747-9020 (214) 620-2780 (604) 321-1833 
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transient suppression 
Dear HR: 

I have read the article in your June 
1978, issue, "Protecting Solid State 
Devices From Voltage Transients," 
with great interest. Mr. Prudhomme 
has written a very informative article 
that apparently was well researched, 
but I question his statement that 
varistors are excellent in suppressing 
transients on the line side of equip- 
ment power supplies. 

The surge energy capacity of the 
MOV is proportional to the volume of 
its active material, and the break- 
down voltage is proportional to the 
thickness of its material. Page 57 of 
the GE transient voltage suppression 
manual, referenced in Mr. Prud- 
homme's article, addresses itself to 
(1) Overstress Near Ratings, and (2) 
Extreme Overstress. The varistor has 
its place in the proper environment, 
but its application must be carefully 
chosen. As pointed out in Prud- 
homme's article, transients cover a 
wide range of frequencies and ampli- 
tudes. How do you select the proper 
component to protect against an un- 
known? 

As a manufacturer of transient 
voltage suppressors, we discarded 
the varistor a number of years ago 
because it will age, and aging in- 
creases the leakage current. The 
higher the current, the faster the 
aging - a runaway condition. Also 
the higher the ambient temperature, 
the sooner this can happen. We have 
marketed a 110-volt plug-in unit that 
is extremely effective, using a Tran- 

zorb* as the heart of a circuit; it is 
cost comparable to the circuits you 
describe. A comparison report of 
Tranzorbs versus various metal oxide 
varistors is available from General 
Semiconductor Industries. 

Nanosecond ranges are becoming 
antiquated; picosecond ranges are 
the ones you must be concerned 
with. 

Stephen J. Sorger, 
Vice President 

W. N. Phillips, Inc. 
Lake City, Michigan 

English, si! Metric, no! 
Dear HR: 

I have subscribed to ham radio 
almost since its inception, and have 
enjoyed it more than any of the other 
amateur magazines. When you add- 
ed the metric units after the English 
measurements it was annoying, but 
I just cussed the confusion under my 
breath; when you made metric pri- 
mary and English secondary, how- 
ever, it was more than I could put up 
with. I refuse to have the metric sys- 
tem shoved down my throat. 

S. D. Brokhausen, W5VMN 
Georgetown, Texas 

metrics made easy 
Dear HR: 

By choosing metrics for your pri- 
mary system of measurement, you 
have again set the pace for the other 
amateur radio magazines. It's only 
through everyday usage that people 
will become conversant in the metric 
system; once they can speak metric 
as well as they do English, opposition 
to metric conversions will disappear. 

David L. Campbell, WlCES 
Boston, Massachusetts 

'Tranzorb is a registered trademark of General Semi- 
conductor Industries, Inc., Post Office Box 3078, 
Tempe, Arizona 85281. 

radiation hazard 
Dear HR: 

WIHR's editorial in the August 
issue should serve as a caution to the 
ham community to exercise great 
care in the operation of vhf and uhf 
installations. This is particularly time- 
ly in view of the accelerating trend 
toward these higher frequencies. 

There is, however, another possi- 
ble hazard area which seems to have 
been ignored by amateurs and com- 
mercials as well. This is the use of 
uhflvhf handy-talkies. Here, too, 
their use is multiplying and our im- 
proving technology is compounding 
the problem. In the past, 1 watt was a 
high power for these units; now 5- 
watt units are common, and higher 
power is probably on the way. 

Now it seems that this should be 
low enough to be negligible, but the 
inverse square law does apply, so 
that power densities in close proximi- 
ty to the antenna can reach signifi- 
cant levels. In operation, the HT 
antenna is situated but a few inches 
from the eyes of the operator. 

A quick calculation, based on an 
isotropic source radiating 1 watt, 
shows that the 5 mW/cmz occurs 
about 4 centimeters from the anten- 
na. A 4-watt power would thus give 
this power level at 8 centimeters, 
which is about the distance that an 
HT would be located from its 
operator's eyes if he close-talks the 
unit - as most people do. 

I recognize that the 5 milliwatt 
level is recognized as being safe by 
most authorities. Furthermore, we 
are protected by the fact that most 
HTs will not function for an extended 
period of time at the 5-watt level. But 
I do not believe that it would be pru- 
dent to continue to ignore this possi- 
ble source of eye damage, and we 
certainly should limit HT power levels 
to no more than 5 watts. 

Harley C. Gabrielson, KGDS 
La Mesa, California 
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Some people have called the Atlas RX-I10 a DON'T LET THAT LOW PRICE DECEIVE YOU! 
strokeol genius But 11 d~dn ' t  take much genlus It's really a h ~ g h  performance amateur band 
to des~gn 11. just a lot of  common sense. recelver 

Newcomers to amateur radlo l ~ k e  to begin by It's all solid-state and provtdes coverage of 80. 
monltor~ng amateur act~vlty so they want an In- 40. 20, and 15 meters. and 28 to 29 MHz of the 
expenslve recelver Many old-t~mers l ~ k e  to 10 meter band. It's fully self-contained with its 
have an extra recelver for their llving room or own AC supply and built-ln speaker. and can 
bedroom so they don ' t  have to stay in  the operateon 12 to 14 VDC. The RX-110 is really a 

8 shack or car waitlng for band openings. hot performer, with exceptionally high sensi- 

8 But with the recent popularity of the trans- tlvlty. selectivity, and dynamic range. 

8 
celver concept, the economical receiver sim- But the RX-110 story doesn't end here. There's 
ply disappeared. Now Atlas reintroduces a low morel 

8 prlce recelver The RX-110 for $229 

u ~ h i s  1s where our new concept rnakes even these common stages, ellmlnat~ng the cost 
more sense (and saves you thousands o l  and labor of dupllcat~ng these steps But there ' 
c e n t s ' )  S~nce  many stages in a recelver are IS absolutely no compromse on performance 
also requ~red In a transm~tter (VFO. IF Sys- wlth thls new concept 
tems. Crystal F~lter.  Carr~er Osc~llator. Band- I!.. -:-,<:, 

Pass Filters. and D~ode  R ~ n g  M~xer). we pro- Slmply connect the TX-110Transmit Module to ' 
~ ~ 

~ -- .- ~ - . ~  

vlded a connect~on on the back of the RX-110 the AX-110 Recelver and you have a complete 

I 
so the TX-110 Transmitter Module can ut~llze 5 band CW-SSBtransce~ver! 

8 
0 

a.3 - \  -' ** a 
@b- 

Complete 
. P r o v ~ d e s  C W  a n d  SSB c o m m u -  

ntcat~ons on 10. 15. 20. 40. and 80 
meters w ~ t h  a cholce o f  two power 
levels 

The TX-110-L runs 15 watts Input on  
20. 40. and 80 meters. 10 watts Input 
on  10 and 15 meters 

The TX-110-H runs 200 watts Input on 
20 40. and 80 meters. 150 watts on 
15 and 100 watts on 10 meters 

Semi-break-ln CW wl th  s ~ d e t o n e  
monltorlng IS a standard feature 

PTT (Press-to-Talk) opera t~on  on  
SSB. Lower sideband on 40 and 80 
meters Upper sideband on 10. 15. 
and 20 meters 
TX-IIO-L I 5 watt module runs on AC 
supply In RX-110. so it IS completely 
self-contatned. i n c l u d ~ n g  speaker. 
Stmply connect antenna, and key or 
mtke. 
TX-110-H requires additional AC s u p  
ply to supply hlgh current for 200 watt 
arnpl~f~er (Model PS-110). 
200 watt ampl~f~er  may be added to 
TX-110-L at a later date. thus con- 
verting it to a TX-110-H. 

TheRX-I10 TX-110-L, and TX-110-H 
will all run dlrectly from a 12 to 14 volt 
DC battery supply for mob~ le  or port- 
able operation When the two unlts 
are mechan~cal ly  j o ~ n e d  (brackets 
s u p p l ~ e d  w ~ t h  TX-110). the trans- 
celver s l ~ d e s  Into a p l u g - ~ n  m o b ~ l e  
mount. Model MM-110 

SUGGESTED RESALE PRICES: 
RX-110 $229 

--- 
41 7 Via Del M o n t e  - Oceanside. CA 92054 - (714) 433-1983 a Specia l  Customer Service Direct Line (714) 433-9591 



AUTOPATCHES WEREN'T BANNED by the FCC in its action on interconnects in late October, 
despite a rumor to that effect circulating on both coasts. What the Commission did was 
to reaffirm the requirement that a control operator be on duty any time a repeater is 
used for autopatch, incoming or outgoing. "Automatic control' of a repeater is not per- 
mitted during autopatch operation. 

A Repeater Durin an autopatch is not a repeater, the Commission also decided, as it 
is not then operati2g as a repeater but as a conventional Amateur station making a phone 
patch. As a result, the rules governing regular Amateur station operation, not the re- 
peater rules, apply during autopatches. 

PHASE I1 OF FCC'S NEW CALLSIGN program is going into effect January 1, providing 
Advanced Class licensees with the opportunity to upgrade callsigns when renewing their 
licenses. After January 1, an Advanced Class licensee who wishes to exchange his pres- 
ent callsign for a 2x2 need only check item 13a on his renewal Form 610 and send it in 
during the 60 days prior to expiration. NOTE: Renewals received before January 1 will 
be processed without callsign change, so Advanced Class operators who wish to change call- 
signs should hold applications until after the first. 

Re uests For Callsi ns other than "Group B" (2x2) will not be honored under Phase 11, 
nor*l Extras be perPitted any choice other than a 2x1 after January 1 - under the 
present rules, an Extra can specify a new callsign from any group higher" than his pres- 
ent, if he so wishes. 

900 MHz WILL BE CB'S NEW HOME, if, indeed, CB is to get a new home. At an open Com- 
mission meeting in October the Commissioners heard the FCC's Personal Radio Planning 
Group present three options: keep CB as is on 27 MHz, keep 27-MHz CB as is but add a 
new CB service at 220 MHz, or keep 27-MHz CB as is but add a new CB service at 900 MHz. 
They made no specific recommendations to the Commissioners, but discussed the three op- 
tions at some length along with the factors affecting them (which definitely favored 
900 MHz for expansion). 

The Need For Any CB expansion was questioned by Commissioner Margita White and others. 
and after some discussion the Commissioners decided not to go ahead with a Notice of Pro- 
posed Rule Making. Instead, they had the Personal Radio Division staff prepare a Notice 
of Inquiry on the establishment of a new personal radio service in the 900-MHz region. 

THE FCC'S FEE REFUND PROGRAM is supposed to get under way by the first of the year. 
with FCC licensees who paid more than $20 for their licenses first in line for reimburse- 
ment. Details of how all this is to be done have vet to be worked out. as the amount to 
be repaid is to be the fee less the license's "valbe" to the applicant. (how much is a 
2-letter call worth?). A Notice of Inquiry, soliciting comments on how such values can 
be derived, and other aspects of the program, will come out first. About all that seems 
certain at this time is that Amateurs who paid $25 for a special callsign are due to re- 
ceive something back, and they'll be in the first group to be repaid. 

FCC Commissioner Margita White's term on the FCC has expired, and President Carter 
has nominated Ann P. Jones of Arlington, Massachusetts, to replace Mrs. White. Miss 
Jones has been general counsel to the Federal Home Loan Bank since last January. Mrs. 
White's departure from the Commission will be noted by the Amateur community. She's 
been particularly sympathetic to the needs of the Amateur service during her term. 

LICENSE REVOCATIONS for bribing an FCC employee to issue unmerited 1x2 callsigns were 
hanaed out to two Ohio Amateurs in October. Revoked were the Amateur licenses of WABZDFI 
WBMZ and WB8AKU/WBBCPL, as an aftermath of the FBI's licensing investigation that result- 
ed in the conviction of FCC Gettysburg employee Richard Ziegler in June, 1977. The re- 
vocations become effective in 50 days unless there is an appeal or the Commissioners 
choose to review the case. 

THE NEGATIVE EFFECTS OF AMATEUR ANTENNA structures on neighborhood property values is 
the= issue in many anti-tower zoning laws and anti-antenna suits, the Personal Com- 
munications Foundation (PCF) renorts. It's the issue in the N600 case. where the city ---.-- ~ - - ~ 

of Cerritos has agreed that'~6~b's tower wasstructurally sound'and its safety was not - . . 
an issue. 

Professional Help on the property value issue is being sought by the PCF for the N6QQ 
case, which the Foundation believes could have a negative effect on Amateurs antenna 
rights nationally if it goes against N6QQ. Real estate appraisers, realtors, or others 
who could provide expert opinions on the antenna vs property value issue should contact 
Ken Widelitz. WA6PPZ. at the Personal Communications Foundation, 10960 Wilshire Boule- 
vard, Suite 1504. Los Angeles, California 90024 (213) 478-1749. 

BIOLOGICAL EFFECTS OF RF radiation will be studied by a newly formed professional 
group, the Biomagnetics Society. Formation of the group was announced at the Interna- 
tional Microwave Symposium in Ottawa this summer, and its first president is Dr. Edward 
Alpen, professor of medical physics at the University of California at Berkeley. For 
membership information, write to Box 3651. Arlington, Virginia 22203. 
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The New GLA-1000" 
Just In Time for Christmas 

DenTron's newest linear, the GLA-1000 is an exciting gift for the ham in your 
life. It's a power packed 1200 watt PEP SSB 1 KW CW amplifier that covers 
15-80 meters. The GLA employs 4 D-50 A tubes in the final, (similar to 6LQ6 
tubes), thus keeping the cost down. Our Great Little Amp makes a great 
little gift! 

Great Size, Great Power, Great Price. Great 

2100 Enterpflse Parkway 
Twlnsburg, Ohio 44087 
(216) 425-3173 

Little 
Amp 

$379.50 Suggested Retail 
FCC Type Accepted 







low-power transverter 

forthe I 
Low-power transceivers are becoming more pop- 
ular each day on the amateur bands. Many of these 
rigs are single or dual band, usually for 40 and 20 

high=f requency meters. MY home-brew 20-meter ssb transceiver fits 
this category. The need for 80-meter operation re- 

amateur bands 

Is your 
QRP transceiver 

band limited? 
Try this 

simple transverter 
to obtain 

multiband operation 

sulted in the transverter described here. A savings of 
both money and construction time can be realized if 
a transverter is used - rather than constructing an 
entire assembly for another band. The transverter 
eliminates the need for another ssb filter, VFO and 
associated components, and dial drive and indicator. 
The transverter can be used with any 20-meter trans- 
ceiver or transmitterlreceiver combination. Com- 

I Printed-circuit boards for the low-band transverter. Receiv- 
er board is to the left, transmitter board to the right. 

By Mark Oman, WABRBR, 427 East 11 St., 
Loveland, Colorado 80537 

12 decernber 1978 



mercial QRP transceivers, such as the HW-7 and 
Ten-Tec PM series, can also be used with this trans- 
verter. Both ssb and CW modes can be used. 

I .built the transverter for 80 meters, but other 
bands can also be covered. With appropriate com- 
ponent changes for inductors and capacitors, the 
same PC-board layout can be used. Table 1 lists 
values for these components for 160, 40, 15, and 10 
meters. The transverter provides CW or ssb output 
of approximately 1-2 watts and needs a minimal 
amount of rf drive. 

operation 
The basic principle of this transverter is to  receive 

a 3'54 MHz signal' convert it l4 MHz' and trans- 
Transverter output on 80 meters showing ssb (upper) and 

mit a 3.5-4 MHz signal by converting 14 MHz to  3.5 CW (lower) modes as viewed on a Hewlett-Packard model 
MHz. A crystal oscillator of 18 MHz provides the sig- 182 oscilloscope. 
nal to  convert these frequencies. The oscillator 
operates on both transmit and receive modes. 

receive mode 
Referring to fig. 1, 0 3  operates as an 18-MHz, 

third-overtone crystal oscillator with output tuned by 
L5 and C14. Q1 is a dual-gate mosfet rf amplifier 
tuned to the 80-meter band. The 80-meter signals 
are mixed with the 18-MHz oscillator output in 02, 
resulting in a 14-MHz output across L4. A 50-ohm 

Rear view of the transverter showing the 10, 40, and 80 
meter circuit board assemblies. The receiver converters 
are in the background, while the transmitter converters 
are In the foreground. 

output impedance is obtained by using a capacitive 
divider across L4. 

transmit mode 
Q1 operates as a mixer, this time mixing 18 MHz 

with the 14-MHz input signal to produce a 4-MHz 
signal at 02 base. 02 is a class-A amplifier with about 
100 mW output to drive Q3. A "T" network matches 
02 collector impedance to Q3 base impedance. 0 3  
is a linear amplifier. Its bias is adjusted by R13. L4, 
L5, C15, C16, and C17 are a pi network to  match the 
0 3  collector impedance to 50 ohms. (This matching 
network also provides good harmonic attenuation.) 

The transverter matching network design was 
based on the excellent articles in reference 1. Design 
was a lot easier than anticipated and circuit debug- 
ging was fairly easy. 

Attenuator 21 is a critical part of the circuit for 
transmitting clean signals. Most QRP rigs will need 
about20 dB attenuation, as only 10-20 mW is needed 
to  excite Q1. Too much drive will cause distortion on 
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Circuit for the transmitter sec- 
tion is shown in fig. 2. 

ssb. Drive on CW, however, is not as critical. Some 
experimentation with Z1 may be necessary if you use 
ssb; i.e., more or less attenuation may be needed 
with your rig. Fig. 2 gives component values for the 
attenuation needed. The attenuator provides the ad- 
ditional bonus of a 50-ohm load to the driving trans- 
mitter, a near-must with solid-state rigs. 

Liberal use of bypass capacitors on the dc lines 
helps to prevent oscillation in both transmit and 
receive modes. 

construction 

sections are built onto separate boards. Circuit- 
board patterns for both the transmit and the receive 
board are shown. Double-sided, glass-epoxy board 
is used, with one side acting as a continuous ground 
plane. The copper around the component leads is 
drilled out using a large drill bit. 

PC boards are definitely the answer to home con- 
struction. They provide clean layout, ease of con- 
struction, and, almost always, superior operation. 
Board layout is easy and provides a convenient way 
to make changes and experiment with your own 
ideas. 

Transverter construction is easy because of PC- The two boards are wired together using RG- 
board layout and use. The receiver and transmitter 174lU cable. I mounted mine in an enclosure where 

L I  - 5  T U R N S 0  6 m m f N O  2 2  AWCI 

L Z  62 r U R N S 0 4 m m / N O  26 AWGI 

L  3 2 7  TURNS 0  6 m m f N O  2 2  I W C I  

L 4  1 9  TURNS 0  6 m m l N O  22 AWGI C 5  
0  0 0 2  

L5  21 TURNS 0  6 m m  ( N O  2 2  AWGI 
L I  

I1 * 
r - - - - - 1  C )  01 

L - - - -  J 
0  0 1  

* S E E  FIG 2 * * S E E  TAB1 E I  
TO RCVR B O A R D  

fig. 2. Circuit of the transmitting section of the 80-meter transverter. Transistor Q1 
is the mixer with oscillator injection from the receiver crystal oscillator; a2 is a 
class-A driver, and Q3 is a linear power amplifier. Some adjustment of the values 
of the input attenuator 21 may be required for correct operation with different rigs. 
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table 
metel 

Values for transverter comvonents for 160, 40, 15. and 

band 

160m 

band 

160m 
40m 

receiver assembly 
C1. CS 

L1 U ( r H )  U l r H I  IpFl 

7t 16 8 430 
53tlT68-2 45tlT68-2 

4t 4.3 4.3 82 
29tIT50-2 29tlT50-2 

3t 1.5 1.5 18 
22tlT37-6 22tlT37-6 

3t 1.1 1.1 5 
19tlT37-6 19tlT37-6 

bypass 
capacitor 

IrFI 
0.1 
0.005 

band L1 

160 16 
53tlT68-2 

40 4.3 
28tlT68-2 

15 1.5 
22tlT37-6 

10 1.1 
19tlT37-6 

transmitter assembly 
I2 W L4 

44 8.5 3.6 
90tlT68-2 4OtlT68-2 25tlT68-2 

11.8 2.25 1 
45tlT68-2 21tlT50-2 14tlT50-2 

4 0.8 0.33 
32tlT50-6 14tlT50-6 10tlT37-6 

3 0.6 0.25 
27tlT50-6 14tlT37-6 9tlT37-6 

band C3 00 C5 Cl1 C15 C16 C17lpF) 

160 430 15-60 5000 170-780' leOO 4000 2000 
40 82 15-60 loo0 50-380 430 loo0 500 
15 18 9-35 390 37-250 150 330 180 
10 5 9-35 300 16-150 110 240 130 

bypass 
capacitors 

band L6(pH) L7(pH) L8lpHl IpFl 

160 4.7 33 150 0.1 
40 1.5 8 33 0.005 
15 0.47 2.7 12 0.001 
10 0.27 2.2 10 0.001 

'In ~erallel with 500 

they are grouped with boards for 40, 15, and 10 
meters to make an all-band transverter. A 3PDT relay 
switches + 12V, the 20-meter transceiver, and the 
antenna between transmit and receive modes. S1 
allows either the transverter to  be used or the main 
rig to  be operated straight through. Heat sinks 
should be used at Q2 and Q3. 

alignment 
The first step in aligning the transverter is to  obtain 

View of the chassis showing the bandswitch end internal 
wiring. The small board on the left is a WWV receiver con- 
verter. 

18-MHz operation from Q3. Adjust C14 for maximum 
output using either an rf probe or a communications 
receiver. C23 can be used to  adjust Y1 to exactly 
18 MHz. The next step is to adjust C2, C6, and C10 
for maximum signal strength while receiving an 80- 
meter signal. 

Before applying drive on transmit, adjust R13 for 
minimum Q3 collector current. Next apply a low-level 
signal to  Q1 (approximately 8V p-p at G1 of Q1). 
With a 50-ohm dummy load connected to the out- 
put, adjust C4 and C11 for maximum output. 

Monitor the signal on a separate 80-meter receiver 
for best tone characteristics. For ssb adjust R13 for 
a collector current of 5 mA. Adjust C4 and C11 for 
maximum output. Monitor the ssb signal on an 80- 

attenuation (dB1 

3 
6 
9 

10 
12 
15 
m 
25 
30 

fig. 3. Component values for different attenuation ratings of 
the pi attanuator. 21. in fig. 2. 
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2 2 
fig. 4. Component layouts 6 

for  t h e  pr in ted  c i rcu i t  
boards used in the low- " 
bend transverter: Receiver 
board is shown on top. 
t r a n s m i t t e r  b o a r d  a t  01 ,"7,*" 

xi2 

bottom. RECEIVER BOARD 

RIJ 

-T, 
-- - 

IRLINSMI T T F  R BOARD 

meter receiver and readjust drive for no distortion 
(see photos). Readjust C4 and C11 for the best- 
sounding ssb signal. This completes alignment. The 
transverter should now be ready for on-the-air use. 

scope, no harmonic energy could be observed. The 
CW and ssb outputs are shown in the photos. 

Approximately two watts output was obtained on 
CW and one watt on ssb. The networks are suffi- 
ciently broadband to allow operation across the 80- 
meter band. operation 

Because of the transistor used and the output 
network, the transverter must be operated into a 
50-ohm load. Any departure from 50 ohms can cause 
the final stage to self-oscillate. Adding a 40V zener 
from Q3 collector to ground would be helpful in pre- 
venting damage to  Q3 should oscillations occur. A 
transmatch is a great help in providing a nonreactive 

in conclusion 
The transverter has provided good 80-meter cover- 

age. Contacts have been made between the East and 
West Coast and into Mexico. Because QRP is my 
main interest, the one-watt output level is quite ade- 
quate. Under poor band conditions a linear ampli- 
fier can be added to increase output level. 

reference 
1. DeMaw and Rusgrwe, "Learning to Work with Semiconducton." 
OST, April - September. 1975. 

ham radio 

load for the transmitter. 
With the output displayed on an HP-182 100-MHz 

.Full-size printed-circuit layouts are available from ham radio: please send 
self-addressed, stamped envelope with all requests. 
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Shown with Upt~onal 
Auto-Patch Encoder 
Installed for access to 

ters with 
a auto-pa 

a1 HANDFUL 
lMek 

Piersatility 
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tele- 
tch input 

Optional Holster-Style Leather case and 
External Microphone Let You Use the VF-2031 
with n 

The all new HEATHKIT VF-2031 
Two meters is the exciting place to be in Ama- Read about the new VF-2031 and all the other 
teur Radio today and the new Heathkit VF-2031 exciting Amateur Radio products from 
hand-held transceiver gets you there in real Heath in the new FREE Heathkit Catalog. 
style! Like every Heathkit product, it's Send for your copy today. 
designed by Hams for Hams, and it gives Or bring this coupon to your nearest Heathkit 

you the value, features and performance Electronic Center (Units of Schlumberger Products 
Corporation) for a copy of your FREE catalog. 

you're looking for! Price is mail order net. F.O.B. Benton Harbor 
A minimum 2 watts out gives you plenty Michigan. Prices and  specifications subject to 
of power for local two-way communica- change without notice. Available for shipment 

tions and repeater access. Spurs are Jan. 1979. subject to FCC Approval. 

down a full 60 dB so you never wony k- - -~  -:- 

about causing interference or acci- ~ - - --- ~ 

dentally keying repeaters. A separate speaker and micro- 
phone and welldesigned FM circuihy bring you outstanding 
audio quality on both transmit and receive. Eight crystal- 
controlled channels and + 6M) kHz offsets give you a total of 
8 receive and 24 transmit channels for real versatility. 
Shop and compare! At just $189.95 in kit form, we don't 
think you'll find a better all-around hand-held rig than the 
VF-2031! And with its complete list of options- auto-patch, 
tone encoder, external mike and holster-style leather car- 
rying case- it puts real 2-meter power right in your hands! 

There's more for the  H a m  crt Heath 

d = -- - ---+ m m 1 1 1 1 1 1 1 1  ~- 

~~ . -  *rrm Heath Company. Dept. 112-180 

I FREE! b i d  . . . . Benton Harbor. Michlparn 49021 
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I 

I Please send me my FREE Heathkit Catalog. I 
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lightning protection 
barded by cosmic rays. When these rays collide with for the I gas molecu,es electrons are separated from some 

amateur station 

A lightning strike 
can be devastating. 

- 
molecules, creating positive ions. Similarly, some 
molecules capture a free electron and become nega- 
tive ions. It's estimated that our atmosphere contains 
about 4 x 103 ions per cm3 (6.5 x 104 per inch3). At 
altitudes above 64 km (40 miles), the number of ions 
exceeds the number of neutral molecules; this is the 
region known as the ionosphere. At low altitudes, 
this number is insignificant compared with the num- 
ber of neutral molecules. Still, the presence of these 

This article provides 1 ions makes it possible for the air to C O " ~ C ~  electric- 

a thorough treatment 
of how to avoid 
catastrophe in 
the ham shack 

Lightning protection is a subject that should be of 
interest to every amateur and especially to those who 
have high antennas. It's a subject that's had little 
coverage previously in amateur publications despite 
the fact that there are some very effective protection 
techniques, which are widely known and applied to 
professional communications installations. Many of 
these techniques can be applied to the typical ama- 
teur station with minimal expense and effort. Some 
techniques, which involve more effort and expense, 
might be warranted only in situations where the 
probability of being struck by lightning is high. 

Before protection techniques are discussed, it's 
desirable to have an understanding of exactly what 

ity to a small degree. 1 

Atmospheric makeup. The atmosphere taken as a 
whole has a net positive charge of about 106 
coulombs. The Earth's surface has an equal negative 
charge, and a potential difference of about 3 x  105 
volts exists between it and the electrosphere. The 
electrosphere is the region beginning at about 48 km 
(30 miles) up, in which the resistivity is sufficiently 
low so that there's no significant voltage gradient. 
(The ionosphere has the still lower resistivity neces- 
sary to reflect radio waves.) In fine weather, a con- 
stant flow of electrons occurs from the earth to the 
electrosphere, resulting in an electric field of about 
100 volts per meter near ground. Lightning dis- 

' charges return these electrons to earth at a rate suffi- 
1 cient to  sustain a balanced dynamic system 

globally.2.3 
For lightning to occur, a localized region of the at- 

mosphere must attain sufficient electrical charge to 

I produce a breakdown of the air molecules. The elec- 
tric field near ground level rises to 500 volts per centi- 
meter below a developing thundercloud and much 

1 higher still when lightning is about to strike. 

causes lightning, the magnitude of a lightning stroke, I 
and the probability of being struck. By John E. Becker, KSMM, 201 E. Marion 

The Earth's atmosphere is constantly being bom- Street, Prospect Heights, Illinois 60070 
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The inside of a thundercloud is a turmoil of water, 
ice, and dust particles together with strong wind cur- 
rents and temperature gradients. Although the 
mechanism is not totally understood, the result of 
this turmoil is a concentration of positively charged 
particles rising to the top of the cloud; negatively 
charged particles are concentrated in the lower areas 
of the cloud. This negatively charged region at the 
base of the cloud repels free electrons on the ground, 
resulting in an area beneath the cloud that's positive- 
ly charged both with respect to the cloud and with 
respect to surrounding earth. Conditions now are 
correct for lightning to strike. 

Evolution of a lightning strike. A lightning flash 
begins with a virtually invisible stepped leader, which 
travels down from the cloud toward the ground. 
Each step covers a distance of about 46 meters (150 
feet) in less than one microsecond; the time between 
steps is about 50 microseconds. As this stepped 
leader progresses, it ionizes the air through which it 
passes, making it a good conductor. When the 
leader reaches within a few hundred meters of 
ground, ionized streamers begin to rise from the 
ground to meet it. Then the conductive path from 
cloud to ground is complete, and the visible portion 
of the bolt, known as the return stroke, begins. 

It is the return stroke that has the destructive 
effects against which protection is needed. As soon 
as the conductive path is completed, electrons start 
flowing rapidly to ground. This action starts at the 
point of contact between the stepped leader and the 
rising streamer, and the greatly increased current 
causes the ionized path to glow brightly and get very 
hot - up to 2 x  10% (6.5 x  104F). The region of high 
current and brightness moves upward to the cloud at 
a speed of over 9 . 6 ~  104 km (6x  104 miles) per 
second, drawing electrons from higher and higher in 
the cloud. This contrasts with the speed of the 
stepped leader, which typically averages only 384 km 
(240 miles) per second. Although the region of high- 
current density and hence the visible flash moves up- 
ward, the actual flow of electrons is downward. 

After the first return stroke usually enough charge 
remains in the cloud to initiate a second leader. This 
usually occurs within 70 milliseconds or less; because 
of remaining ionization, this leader usually follows 
the path of the previous stroke and travels directly to 
earth in one step of about one millisecond. For this 
reason it's called a dart leader, and, like the stepped 
leader, it's followed by a return stroke. Although the 
average bolt flashes only twice, about ten per cent 
will have as many as ten flashes; occasionally bolts 
will have up to twenty flashes over a period of about 
one second. 

Electrical analysis. For all practical purposes a 
lightning bolt may be considered a constant-current 
source. That is to say, when it strikes an object pro- 
truding above ground, the current that flows through 
that object to ground will be the same, regardless of 
whether the object is a metal tower with a resistance 
of 1 ohm or a tree with a resistance of several hun- 
dred ohms. This is because the atmosphere's resis- 

fig. 1. Map showing average annual number of thunder- 
storm days in the continental United States. 

tance is so high that the series resistance added to 
the path by the object struck is insignificant. The 
resistance of the object struck becomes important 
when the voltage drop across the object and the 
power dissipated in the object are considered.4 

The magnitude and duration of the current in a 
lightning bolt will vary from stroke to stroke. The 
stroke-current waveform consists of a rapid rise to 
the peak current, followed by a more gradual decay. 
A waveform of this type is described with two num- 
bers: the rise time to the peak value and the decay 
time to 50 per cent of the peak value. A typical light- 
ning bolt would have a rise time of about 2  micro- 
seconds and a decay time of about 40 microseconds. 
The peak current in a stroke will exceed 1.7 x  104 
amps in 50 per cent of all strokes. It will exceed 
6 x  104 amps in 10 per cent of all strokes, 1.2 x  105 
amps in 1 per cent of all strokes, and 2 . 4 ~  105 amps 
in 0.01 per cent of all strokes.5 

the probability of 
lightning damage in the U.S. 

The probability that any given object will be struck 
by lightning depends on two things: the frequency 
and type of thunderstorms at the location of the ob- 
ject, and the object's height above average terrain. 
Observations made over a period of years have 
resulted in the compilation of an accurate map show- 
ing the average number of thunderstorm days per 
year in the United States (fig. 1). Note that this map 
does not take into account the possible occurrence 
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of more than one thunderstorm in an area on any 
given day. Therefore it's somewhat conservative as 
an indicator of the total number of thunderstorms 
likely to occur in a year, particularly in areas having 
larger numbers of thunderstorm days. 

Thunderstorms are classified either as convection 
storms or frontal storms. Convection storms, which 
account for the majority of thunderstorms, are local 
in extent and relatively short in duration. Frontal 
storms extend over greater areas and may last for 
several hours. Statistical data has been tabulated to 
predict the expected number of lightning strokes to 

fig. 2. The concentric 
shell concept as an aid 
to understanding the re- 
sistance of the earth sur- 
rounding a ground rod. 

ground per square mile (assuming flat terrain) per 
thunderstorm day. This number is called the stroke 
factor. The stroke factor for convection storms is 
0.28; for frontal storms it is 0.37.6 

In areas of flat terrain, the probability of lightning 
striking any given point is extremely low, but an ob- 
ject protruding above ground will attract lightning 
that would have otherwise struck all other points 
within a circular area surrounding the object. The 
radius of this area depends on both the height of the 
object and the intensity of the stroke. An object will 
attract a 2 x 104-amp stroke that would have struck 
anywhere within a radius of twice the height of the 
object had the object not been present. This radius 
increases to six times the height of the object for a 
6 x 104-amp stroke and ten times the height of the 
object for a 1.35 x 105-amp stroke.7 

the importance of 
proper grounding 

Three distinct situations are associated with a 
lightning strike that can result in damage to electron- 
ic equipment. The most obvious and potentially 
destructive is the effect of a direct strike. Less obvi- 
ous, but still capable of causing considerable dam- 
age, are two secondary effects: induced voltage and 
ground current. 

A lightning bolt is surrounded by an intense mag- 
netic field. The bolt itself may go harmlessly to 

ground, but its magnetic field will induce a voltage 
transient into any wires it encounters, such as anten- 
nas and feedlines, rotor-control cables, power lines, 
or telephone lines. When a lightning bolt goes to 
ground, current flows through the ground in all direc- 
tions away from the point of the strike to dissipate 
the sudden excess accumulation of charge. This 
ground current can cause a significant potential dif- 
ference to exist between different ground points. 
Improperly grounded equipment can end up in the 
path of some of this ground current. The lightning 
protection techniques to be described can prevent 
equipment damage from all three of these effects. 

protecting your gear 
Lightning protection comes in increments. An 

unprotected station will be wiped out by any kind of 
strike. A partially protected station will incur less 
damage and may completely escape damage from a 
small bolt. A carefully planned and executed light- 
ning protection system will protect against just about 
anything. 

There are three basic protection techniques. 
Everything described here will contribute to one or 
more of them. The first technique is to send as much 
as possible of the lightning stroke directly down your 
tower and into the ground. The second technique is 
to make it as hard as possible for any of the energy of 
the strike to get to the equipment. The third and final 
technique is to control the path of any energy that 
reaches the equipment so that it finds its way harm- 
lessly to ground. 

Grounding systems. The first technique, that of 
sending as much of the current as possible directly to 
ground, requires grounding your tower. This isn't 
always easily accomplished. There's more to it than 
just driving a rod into the ground and connecting it to 
the tower. Any ground system has a resistance, 
which can be measured. This resistance determines 
the voltage level to which the tower will rise when 
struck by lightning. The magnitude of this resistance 
depends on certain characteristics of the soil that 
determine its resistivity; i.e., composition, tempera- 
ture, moisture content, and salt content. 

A ground rod driven into soil of uniform resistivity 
radiates current in all directions. To understand the 
resistance of the soil surrounding the ground rod, 
think of the rod as being surrounded by an infinite 
number of thin concentric shells of soil all of equal 
thickness (fig. 2). The greatest resistance is in the 
shell directly next to the ground rod, because it has 
the smallest cross-sectional area at right angles to 
the current flow. Each succeeding shell is larger in 
cross section and therefore has less resistance. At  a 
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small distance from the rod the area of each shell is 
so large that its resistance is negligible compared to 
the resistance of the shell directly next to the ground 
rod. The resistance varies inversely with the cross- 
sectional area. Measurements have shown that 90 
per cent of the total resistance surrounding a ground 
rod is usually within a radius between 1.8-3 meters 
(6-10 feet) of the rod. 
Soil considerations. The composition of the soil 
will depend on your location. Whatever soil you have 
you'll have to live with. Clay and loam are the most 
desirable soils for low resistance. Sand or gravel 

3Ocm 1 1  'TILE 
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fig. 3. Method of reducing resistance of a ground con- 
nection by chemical means. The tile may be eliminated with 
little effect. 

increase the resistivity in relation to their proportions, 
and soil that is mostly sand or gravel has fairly high 
resistance. 

Whatever type of soil you have, a deep rather than 
a shallow ground is better for several reasons. Soil is 
seldom of uniform resistivity at different depths. The 
soil near the surface generally has higher resistivity 
than that at deeper levels because of wetting and 
drying out with seasonal variations. Deeper soil is 
more stable and less subject to such variations. Usu- 
ally it has a higher moisture content than surface 
layers. 

As the soil temperature decreases, its resistivity 
goes up. Frozen ground is a very poor conductor, as 
the negative temperature coefficient of soil resistivity 
increases sharply below freezing. Any ground rod 
should, at a minimum, extend several feet below the 
frost line in your area. Otherwise an early spring 
thunderstorm may occur while the ground is still fro- 
zen, and your ground system will be greatly reduced 
in effectiveness. A 2.5-meter (&foot) ground rod is 
the absolute minimum that should be used. 

reducing soil resistance 
Soil resistivity may be reduced artificially by 

increasing its salt content. A doughnut-shaped 
trench can be dug surrounding the ground rod. Alter- 
natively, a length of drain tile can be buried next to it. 
The trench or tile is filled with a chemical such as 
magnesium sulphate, copper sulphate, or ordinary 
rock salt. Rain and snow will dissolve the chemicals 
and wash them into the soil (fig. 3). 

Deep-driven grounds are becoming the most pop- 
ular and economical method for obtaining low-resis- 
tance ground connections. For ease of handling and 
driving, sectionalized Copperweld ground rods may 
be used. These rods are available in several diameters 

APPROXIMA TELI 

W c m  //FOOT) DEEP 

L 2 5METERS MINIMUM 

W , "FEE" 

and lengths. They are threaded on both ends, and 
special threaded couplings are used to join them. A 
driving bolt is attached to the top of the section being 
driven to protect the threads from damage (fig. 4). 

Another effective method of reducing the resis- 
tance of a ground connection is to parallel several 
ground rods. For this technique to be effective, the 
rods should be between 1.5-3 meters (5-10 feet) 
apart. With less than 1.5-meter (5-foot) spacing, the 
conducting paths from adjacent rods will overlap ex- 
cessively. With more than 3 meters (10 feet) of spac- 
ing, the reactance of the connecting wires becomes 
a detriment. 

If multiple ground rods are used around the tower 
base, each rod should be securely fastened to the 
tower base, and also to a buried ring of 6.5 mm (no. 2 
AWG) copper wire surrounding it. Guyed towers 
should have at least one ground rod at each guy 
anchor point; these rods should also be tied back to 
the ground ring at the tower base. In areas of high 
soil resistivity, buried radials spaced every 60 degrees 
and up to 46 meters (150 feet) in length, if possible, 
may be connected to the ground ring to lower the 
ground system resistance. 

There's no hard and fast rule as to how low the 
ground system resistance should be for good protec- 
tion. A value considered acceptable by some electric 
power systems and protection codes is 10 ohms, so 
this is a good objective to shoot for. Where the soil is 
mostly clay or loam this value is achievable, but in 
areas with rocky or sandy soil it may be economically 
unreasonable to attain. 
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Accurate measurement of ground resistance 
requires the use of sophisticated equipment not usu- 
ally found in the amateur station. An ohmmeter is 
totally useless due to voltage gradients present in the 
soil from stray power-system currents and electro- 
chemical effects. However a method that can be 
used with reasonably good success requires only 

SECTIONAL RODS ARE 
THREADED ON BOTH 
ENDS amr SECTIONAL 
ROD WY EE USED AS A 
TOP. INTERMEDIATE, OR 
BOTrOYSECnON 

fig. 4. Copperweld sectionalized ground rods. 

equipment that many hams would have or could bor- 
row. It involves using an isolation transformer and a 
Variac (autotransformer) to pass 60-Hz ac through 
the ground between the ground rod to be tested and 
a known good ground, such as the power system 
neutral line. The voltage and current are measured, 
and the resistance is computed from Ohm's law. 
There's a very definite shock hazard associated with 
this method, so be careful! See fig. 5. 

A question is often asked as to how large a ground 
conductor is necessary in a lightning-protection sys- 
tem. Often wire much heavier than necessary is 
used. A lightning stroke is of very short duration, and 
the heat produced in the wire by the current is limit- 
ed. At a minimum, the wire must be large enough so 
that it's not heated to its melting point. A 2.6-mm 
(no. 10 AWG) copper wire can be sufficient to with- 
stand a lightning stroke with 2 . 5 ~  105 amps peak 
current and a 40-microsecond decay time. This am- 
plitude is exceeded by only one stroke in 104. A 4.1 - 
mm (no. 6 AWG) copper wire is recommended to 
provide an adequate safety factor in above-ground 
applications. For buried applications, 6.5 mm (no. 2 
AWG) copper wire is recommended because of cor- 
rosion. Aluminum wire should have a cross-sectional 
area 1.6 times as large as the recommended copper 
gauges for the same current-handling capacity. 

tower and rotator considerations 

With the tower securely grounded at the base, the 
next step is to ensure that this good solid ground ex- 
tends all the way to the top. Although you'd expect 
good continuity between sections in a fixed tower, 
the joints are designed for mechanical strength only, 
and the possibility always exists that oxidation and 
corrosion will cause increased resistance between 
sections. A good practice is to bridge each section 
joint on each leg with a short length of 4.1-mm (no. 6 
AWG) copper wire secured with ground clamps. This 
is particularly important at the hinge joint of foldover 
towers. 

Crankup towers are harder to deal with, which is 
unfortunate because they're also more likely to be a 
less-than-ideal path to ground for lightning - unless 
grounding straps are added. If the tower is lowered 
only occasionally for antenna work, the same tech- 
niques as those for a fixed tower can be used. The 
obvious inconvenience is that you'll have to climb the 
tower (make sure all safety stopsare properly engaged 
first) and remove the grounding straps before the 
tower can be lowered. If the tower is raised and low- 
ered frequently, about the only thing you can do is 
run grounding straps from the top of the top section 
all the way to the top of the bottom section. The 
straps should be pulled straight when the tower is 
fully raised, and of course they will hang down when 
it is lowered. 

To protect your rotor, one or more bonding straps 
should be connected between the mast above the 
rotor and the tower legs. Leave no more slack than 
necessary to allow full rotation. Stranded wire, such 
as automotive battery cable, will stand up better to 
repeated flexing than will heavy solid wire. 

The mast itself, or an air terminal clamped to the 
top of it, should extend far enough above the anten- 
na so that its cone of protection includes the antenna 
and protects it from a direct hit. This mast extension 
should be at least half the turning radius of the anten- 
na. The elements of an antenna are usually heavy 
enough to escape damage even if hit directly, and 
most antennas are at dc ground potential; but the 
path that provides this dc ground may not withstand 
the stroke current. Items such as ferrite baluns, 
traps, gamma matches, and element insulators are 
vulnerable and hard to protect in case of a direct hit 
on the antenna itself. 

If the topmost point on the antenna system is the 
vertical element of a ground plane, make sure it is dc 
grounded at the base with an rf choke. This choke 
should have the lowest inductance possible for the 
frequency range of the antenna and should be made 
of the heaviest gauge wire practical. 

If the tower is a wooden pole or other nonconduct- 
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the potential rise will be higher for a given stroke cur- 
rent. If the assumption is good that the rig is perfect- 
ly insulated from ground no current will flow, and no 
damage will occur. 

practical considerations 
It should be obvious at this point that this kind of 

situation is seldom likely to exist. In the real world, 
the rig is not perfectly insulated from ground and 
connections exist to power lines and to the telephone 

fig. 6. Ratings for a high-power 
zinc-oxide varistor. Note the 
sharply rising voltage charac- 
teristic above 10 amperes on 
parts rated for up to 2750 
amperes peak current. 

SELECTION AVALIABLE 

V130 PA10 

Vl3OPAIO 

TC=25.C 

I 3 0  VRMS 

200 I I I I I I I I I 
0 0 1  0 0 5  0 . 1 0  0 5  I 5 1 0  5 0  1 0 0  

AMPERES 

rms 
applied 
voltage 

model 50-60 Hz 
number volts 

V130PA10 
20 130 

V275PA10 
20 275 
40 

recurrent 
peak dc 

applied applied 
voltage voltage energy 

volts volts joules 

10 
1 84 1 70 20 

10 
389 360 20 

40 

system. This brings us back to that small portion of 
the stroke current that will go to ground through 
whatever path it can find at the rig. It can follow two 
routes, and each requires attention if damage is to be 
prevented. 

The first of these routes encompasses all direct 
grounding made at the rig. This grounding can in- 
clude the shield of signal-carrying leads between dif- 
ferent pieces of equipment, the third wire in ac line 
cords, and wires connected from the ground screws 
on various pieces of equipment to a main-station 

ground bus. This morass of ground interconnections 
may be fine in terms of signal distribution and ac 
safety, but it can spell disaster when lightning 
strikes. 

Consider where the current is actually going to 
flow. For example, it may come down the coax-feed- 
line shield to the linear amplifier chassis, across this 
chassis to the input connector, along the input coax 
shield to the exciter, up the power cable ground wire 
to the power supply, through the power supply print- 
ed-circuit board to the ac line cord, and down the 
third wire to the ac conduit. A long and devious route 
such as this will look highly inductive to the lightning 
pulse. As a result significant voltage drops will occur 
along the way with a high probability of equipment 
damage. 

' 0 °  1 , I yvms  
3 0 0  I U  

0 01 0 0 5  0 1 0  0 5  1 0  5 1 0  5 0  1 0 0  

AMPERES 

average 
power 

dissipation 
watts 

8 
15 
4 
7 

13 

peak 
current 

amperes 

1 200 
2750 
600 

1200 
2750 

characteristics 
varistor thermal 

peak voltage resistance 
at 1MA ac hot spot 

min. max. to case 
volts volts OC/watt 

6.8 
185 255 3.6 

13.7 
390 523 7.8 

4.2 

Single-point grounds. The solution to this problem 
is single-point grounding of each piece of gear 
together with bonding between each item. Single- 
point grounding prevents ground current from flow- 
ing through a piece of equipment, while bonding 
prevents destructive voltage differentials from devel- 
oping between different pieces of gear. The final 
ingredient necessary for this technique to be effec- 
tive is a good station ground. 

The station ground is second in importance only to 
the tower ground, and many of the techniques previ- 
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ously covered are applicable. The objective of the 
station ground is to provide a ground plane at uni- 
form potential for the entire station. 

Commercial installations. In commercial installa- 
tions where an entire building is devoted to the 
equipment installation, the recommended procedure 
is to install a buried ground ring around the outside 
perimeter of the building. This ring is supplemented 
with ground rods or radials. A second ground bus is 
run around the inside perimeter of the building. The 
two ground rings are interconnected at no fewer 
than four points and at intervals of no more than 15 
meters (50 feet). This system is also connected to the 
power-system ground, and any extensive masses of 
metal such as water pipes and heating ducts. Finally, 
the building ground system is connected to the tower 
ground system. This wire must not be run through a 
conduit, nor should it be routed near feedlines or 
other cables from the tower, as it may induce transi- 
ents into them. 

Amateur installations. For a typical amateur sta- 
tion in a home, a commercial-grade station ground 
would usually be impractical, since all the equipment 
is usually in one room and near to only a small por- 
tion of the building perimeter. The commercial pro- 
cedures can be modified using common sense to fit 
the circumstances of any particular installation. The 
important thing to remember is that a single ground 
wire to the nearest water pipe is not adequate, and 
every extra bit of grounding adds something to the 
degree of protection obtained. Whatever modifica- 
tions are made, the connections between the station 
ground, tower ground, power system ground, and 
the water pipes must not be eliminated. 

Interconnections and bonding. Once a suitable 
station ground has been provided, the equipment 
must be properly connected to it. The shields of all 
coax feedlines should be connected to the station 
ground at the point where they enter the building. On 
each piece of equipment, a ground tiepoint should be 
selected. This point should be connected to the sta- 
tion ground and also to the ground tiepoint on physi- 
cally adjacent pieces of equipment. These ground 
connections should be as short and straight as pos- 
sible, using 2.6-mm (no. 10 AWG) or heavier cop- 
per wire. 

It's particularly important on any piece of equip- 
ment where a coax feedline terminates from the 
tower that the point where the feedline connects be 
used as the ground tiepoint. The requirement for 
multiple connections of coax and other shielded 
wires to some pieces of equipment may make it 
impossible to eliminate secondary ground paths en- 

.-\ 
\ 

/ \- - A P P L I E D  VOLTAGE 

/ \ 

/ \ 
\ 
\ 

[VG 1 

I VG 
VA I 

_L VA 

/ 
vB . BREAKOOWN VOLTAGE \ / 
V' . GLOW VOLTAGE 

g . ARC VOLTAGE 

\ I 

VOLTAGE CHARACTERISTICS OF A GAS FILI-ED '-A' 

SURGE ARRESTER 

10-4 1 0  
STRIKING TIME (SECONDS) 

maximum ratings 40,000A - 15 pulses of 8120 waveform at 3- 
minute in te~a ls  
20A RMS ac or dc - for 1 second 10 times 
at 3-minute intervals 

life 10,000 surges typical with 10/1000 
waveform at 1000 amps 

dc arc voltage 30 vdc, maximum 

glow to arc 
transfer current 0.25 to 1 .O amp 
operate delay time 500 nanosecond, maximum 

insulation resistance 109 ohms 

capacitance 
end to end 1 picofarad 
end to center 2.5 picofarads 

dimensions 8 mm (5116 in.) dia. x 44 mm (1-314 in.) 
long 

fig. 7. Ratings for a T11-16 gas-filled surge arrestor. 
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tirely, but careful grounding and bonding will make 
these secondary paths relatively unattractive to light- 
ning current. The secondary ground path provided 
by these shielded cables can be made to look like an 
even higher impedance if the cables are made longer 
than necessary and the excess length is wound into 
a coil. 

Threewire ac cords. The ground wire in three-wire 
ac line cords is fine for its intended purpose of pre- 
venting shocks resulting from power-line leakages, 
but it's detrimental as far as lightning protection is 
concerned. Not only is it neither short nor straight, 
but its proximity to the other wires in the power cord 
could couple unwanted surges into the equipment 
through the power line. When proper grounding and 
bonding techniques are applied, the ground wire in 
the three-wire power cord is a secondary ground and 
no longer needed for its original purpose. Therefore, 
it should be disconnected for optimum lightning pro- 
tection. 

Dielectric breakdown. The second route to ground 
at the rig is by dielectric breakdown to power or tele- 
phone lines. This is most likely to occur in installa- 
tions where proper grounding and bonding practices 
have not been followed. But proper grounding and 
bonding practices do not completely eliminate the 
possibility of dielectric breakdown. This is because of 
the ever-present inductance in any ground wire, 
together with the fast rise time of the lightning pulse. 
As already noted, the chassis of all the equipment 
may rise momentarily to thousands of volts above 
ground when lightning strikes. The power-transform- 
er primary in each piece of gear is connected to the 
ac power line, which is at a low impedance and 
always within a few hundred volts of ground. If the 
insulation between any of these primary windings 
and the transformer core, which presumably is chas- 
sis mounted, is insufficient to withstand this voltage, 
dielectric breakdown will occur and the transformer 
will be destroyed. The same thing can happen with 
the telephone lines, except that here the phone patch 
or telephone itself will be destroyed. 

Surge suppressors. To prevent this sort of damage 
a form of bonding must be employed. Obviously the 
power and telephone lines can't be directly and per- 
manently shorted to ground. Instead, some type of 
transient voltage surge suppressor must be used. 
This is a device that's normally an open circuit but 
which will momentarily break down and provide a 
low-impedance path across whatever it is connected 
to in case of a lightning strike. When the surge is 
over, the device opens the circuit again so that nor- 
mal equipment operation is unimpaired. 

Many types of transient voltage surge supressors 
are on the market. They offer varying degrees of pro- 
tection and range in price from a few cents to hun- 
dreds of dollars. There are two devices which, when 
used together, will provide a high degree of protec- 
tion at relatively low cost. These are the zinc-oxide 
varistor and the gas-tube surge arrestor. Each has 
certain advantages and certain limitations; this is 
why it's recommended that they be used together.8 
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fig. 8. With two-electrode arresters (top), the first arrester 
to "see" the surge is ionized by that surge and provides an 
excellent path to ground. The second wire now uses the 
available ground, but, unfortunately, the path to ground 
goes right through the equipment to be protected. With 
three-electrode gas arresters (bottom). if either wire sees a 
surge, the arrester fires, ionizing the common gas chamber 
and instantly grounding both wires; there is no damaging 
potential difference across the equipment. 

The zinc-oxide varistor is a device on the market 
for just a few years, but it has gained wide accep- 
tance in the electronics industry as a transient. sup- 
pressor. It's available from several manufacturers in a 
wide range of ratings. The MOV line from General 
Electric is typical of those available. These devices 
are designed to protect against transients on the ac 
power line from lightning and from inductive load 
switching. Its advantages are response time meas- 
ured in nanoseconds and response to voltages only 
slightly above the normal operating voltage of the cir- 
cuit. Disadvantages are limited maximum-current 
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capability and high "let-through" voltage under high- 
current conditions (fig. 6). 

Gas-tube surge arrestors have a firing voltage that 
depends on the rise time of the transient waveform. 
Faster rise times result in higher firing voltages. For a 
lightning waveform having an Smicrosecond rise 
time, a gas tube can be expected to fire in about one 
microsecond (fig. 7). Once a gas tube has fired, the 
voltage drop across it is clamped to 30 volts. A gas 
tube can handle more peak transient current than a 
varistor, because the low voltage drop results in low 
power dissipation. 

A gas tube will continue to conduct until the 
applied voltage drops below 30 volts. In an ac-power 
circuit, this means the tube will conduct for a full half 
cycle, 8.3 milliseconds at 60 Hz, even though the 
transient that caused it to fire may have lasted only a 
few microseconds. This may exceed the long-term 
power handling capability of the tube, and for this 
reason gas tubes should always be installed on the 
load side of the fuse or circuit breaker in a power 
circuit. 

Gas-tube surge arrestors are available from TI1 
Corp., Joslyn Electronic Systems, and others. For 
power-line applications, a three-electrode gas tube is 
used, with the end electrodes connected to the two 
sides of the ac supply and the center electrode con- 
nected to ground. If the potential between the 
grounded electrode and either supply electrode 
becomes sufficient to fire the tube, the entire tube 
ionizes and all three electrodes are effectively shorted 
together for the duration of the transient (fig. 8). The 
disadvantage of the gas tube is that it's slower to 
respond than the zinc-oxide varistor and requires a 
higher voltage relative to the normal voltage in the 
circuit before it will fire. 

When both a zinc-oxide varistor and a gas-tube 
surge arrestor are used to protect a piece of equip- 
ment, the varistor will take care of short-duration, 
low-energy transients such as might result from a 
lightning strike on the power line at a considerable 
distance from your location. The gas tube will come 
into play when lightning strikes your tower or the 
close-by power line. If economic considerations dic- 
tate the use of only one of these two devices, the gas 
tube is the one that should be chosen. 

Devices are available using gas tubes that can be 
inserted between an appliance and the power outlet. 
This may seem very convenient, but these devices 
should not be used. The reason is that they are 
designed to protect against transients coming in on 
the power line only. We are mainly concerned with 
protecting against a lightning strike on the antenna 
or tower. This requires locating the gas tube as close 
as possible to the power transformer of the equip- 

ment to be protected to eliminate the inductance of 
the line cord from the ground path for the surge. 
Installation of a gas tube at this location will give 
maximum protection against a transient either from 
the power line or antenna. A set of these suppressors 
should be installed in each piece of equipment con- 
nected to the power line for which protection is 
desired (fig. 9). 

\ 
EPUIPYENT GROUND TIE POINT 

fig. 9. Use of both a gas tube and a varistor for maximum 
protection. 

If your station includes a phone patch, a three-ele- 
ment gas tube should also be installed at the point 
where the telephone line connects to the patch. 

concluding remarks 
Lightning protection may appear to be a very com- 

plicated subject. But the average amateur station can 
be well protected without an unreasonable invest- 
ment of time or money. Remember first and fore- 
most that all of these techniques are nothing more 
than a means of controlling the path that the light- 
ning bolt will take in its unstoppable search for 
ground. Work out the required protection system for 
your individual station with this in mind. 
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solar-powered repeater design 

Why use 
antiquated methods 

dability (with proper array sizing), and an attractive 
price (considering the alternatives). First, some back- 
ground. 

photovoltaic cells 
Silicon solar cells are P-N diodes whose photovol- 

taic characteristics (ability to produce electricity to power your hine? 1 when exposed to light) have been optimized. Peak- 
current output occurs when the cell is exposed to a st rang case 1 direct, unrestricted sunlight that has an intensity of 

for using solar power - 
it's inexpensive 

and effective 

In this article we provide the repeater-system 
designer with useful information about using solar 
power. The information is based on acceptable cri- 
teria for designing commercial solar-power systems 
and is supported by empirical data obtained in the 
actual operation of a repeater. The WR5ARO 19-79 
solar-powered repeater is on Redondo Peak, New 
Mexico. It was built using the principles outlined 
below. 

Solar systems to provide power for remote radio 
sites are not new. Recent advances in technology, 
and a national concern for conserving our energy 
resources, have brought recognition to solar power 
as a useful energy source. For remote sites, solar 
power is one of the few economically feasible power 
sources. As with other electronic devices, demand 
and popularity will reduce the price of solar-powered 
generators from its presently high level to one within 
the means of most amateurs. Based on projected 
technology, cost reductions of 50:l are possible in 
the near future. This would put the price of a useful 
solar electric generator not far above the cost of a 
good, well-regulated bench-type power supply of 
equivalent capability. Solar power provides good 
mechanical reliability (no moving parts), good depen- 

1 100 mW per cm.2 
The rated output current of a solar array is directly 

proportional to light intensity. Therefore, at 50 
mW/crn2 the array output current is 50 per cent of 
the peak rated current. The output current capability 
of a single solar cell is a function of the cell cross-sec- 
tional area. Solar-cell output voltage is independent 
of cell size. Output voltage is constant from 10 
mW/cm2 to 100 mW/cm2. The equivalent circuit to a 
solar cell is a constant-current generator with voltage 
limiting. A typical solar array I/V curve is shown in 
fig. 1. 

array sizing 
Solar cells are connected in series to provide the 

required voltage and are connected in parallel to pro- 
vide the required current. Array specifications are 
given as a peak value. Since the manufacturer has no 
control over the amount of sunlight available, array 
specifications are relative to peak sunlight (100 
mWlcm2). It's the responsibility of the system 
designer to derate the peak specifications to an aver- 
age value specific for the site. 

Most solar arrays come from the manufacturer 
with enough cells connected in series to be optimum 
for charging batteries. Consequently, the system 
designer need be concerned only with the peak cur- 
rent available and the derating necessary to provide 
some average charging current. The amount of de- 

B y  Ted Handel ,  WB5REA,  and Paul  
Beauchamp, WB5RSN, 241 Rio Bravo, Los 
Alamos, New Mexico 87544. 
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fig. 1. Typical I /V  
curve of nominal 
12V solar array. 
The curve approxi- 
mates that of a 
constant-current 
power supply with 100 M o 

voltage limiting. OUTPUT V O L ~ ~ E  (VOLTSI 

.rating is a function of the solar-cell insolation at 
the site. 

solar insolation 
A number of variables influence the amount of 

sunlight that strikes the Earth's surface. Among the 
most important are elevation, cloud cover, atmos- 
pheric water content, pollutant level, the sun's inci- 
dent angle, and the solar-day length. All these fac- 
tors affect the amount of available sunlight. The 
amount of sunlight striking the Earth's surface is 
called insolation. Solar insolation data is given in 
many different quantities, such as Langleys and kilo- 
joules per square centimeter. The mentioned quanti- 
ties are usually given for one year; thus the quantities 
are units of energy. Since solar electric generation is 
an integrating process, it's permissible to  use the 
average yearly insolation figure to size the solar 
array. This is true if the average yearly discharge rate 
of the repeater is also used. 

Solar insolation data for Redondo Peak, New 
Mexico, was found to be 750 kJlcm2 per year. This 
gives an average solar intensity of about 23 
mWIcm2. The average current available at this site 
is, then, about 23 per cent of the peak current avail- 

fig. 2. Map of the United States showing average solar in- 
tensity in mWlcm2. Year-to-year variations are less than 10 
percent. 

able from the solar array. Fig. 2 shows average solar 
intensities for the continental United States. 

storage devices 
To make power available to the repeater during 

hours of darkness and foul weather, some type of 
storage device is used to hold energy collected dur- 
ing hours of daylight and good weather. A battery of 
some type is almost always used. The capacity of the 
battery must be large enough to carry the system 

Co-author WBlRSN makes final angle edjustments to solar 
array that powers the 19-79 repeater on Redondo Peak, New 
Mexico (3433 meters, 11,254 feetl. The array is mounted at 
17 meters (56 feetl to prevent shading from nearby trees. 

through extended periods of poor weather and 
through the shorter days of winter. Battery capacity 
is relatively independent of array size. Generally, 
storage capacity is about ten days. The battery is the 
true power source for the repeater. It should be 
selected with care. 

High-capacity, lead-acid automotive batteries 
should be avoided. This type of battery is designed to 
provide large amounts of current for short periods of 
time. To accomplish this, the battery must have a 
low internal impedance. High leakage currents occur 
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in this type of design. A good-quality, electronic- 
grade rechargeable battery would be a better choice. 
Lead-calcium and gelled-electrolyte batteries, as well 
as telephone-type "wet" cells, are also good 
choices. Nickel-cadmiums aren't recommended 
because of their tempermental characteristics. Re- 
member that most of the vagaries of these cells were 
discovered in space satellite power systems where 
solar cells were used to  charge them. 

voltage regulation 
Solar generators normally provide more charging 

current than a fully charged battery can safely toler- 
ate. To prevent damage to  the banery, a voltage reg- 
ulator is used to limit the charge voltage to a safe 
level. The circuit shown in fig. 3 is a simple shunt- 
type regulator. The series diode prevents the array 
from discharging the banery during hours of dark- 
ness. The diode is also a reverse-bias switch that 

t i.. 

Redondo Peek repeater installation, Solar array is mounted 
near the top of the tower to prevent shading. The repeater 
electronics ere instelled underground at the base of the 
tower. 

WRSARO repeater is installed in a sealable Sgel lon barrel. 
The buried enclosure permits temperature stability. Moun- 
tain-top temperatures range from - 34C in the winter to 3EC 
in the summer. 

allows the shunt resistor to absorb the excess power 
generated. The regulator receives its power directly 
from the array and therefore does not draw power 
from the battery. Some battery current is used by the 
regulator for voltage sampling, but this current is 
very low. 

One of the important characteristics of this type of 
regulator is its negative temperature characteristic. 
Simple zener regulators have a positive temperature 
coefficient, which causes the battery to overcharge 
in the summer and undercharge in the winter. The 
opposite characteristics are desirable. Failure modes 
have been arranged to cause an open circuit in the 
shunt element, thus permitting the array to charge 
the battery in the event of a regulator failure. Battery 
status can be monitored by occasional on-site check- 
ups or by telemetry. 

array orientation 
Proper array orientation is required to provide max- 

imum power output during the year. Peak output 
occurs when the sun's rays are at normal incidence 
to  the array plane. To obtain maximum output, the 
array is oriented true south (north in the Southern 
Hemisphere) and inclined from horizontal to  an angle 
approximately equal to the latitude at which the site 
is located. This angle is then increased a few degrees 
to optimize the array for the winter months when the 
days are shorter and the sun is at a lower angle. Solar 
intensity is constant at all times of the year, but the 
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fig. 3. Voltage regulator protects the battery from over- 
charging. Diode CR2 prevents the battery from discharging 
through the array during hours of darkness (Courtesy Solar 
Power Corporation). 

solar day is shorter in the winter; hence, the net 
accumulated energy is lower. Fortunately, the solar 
array generates more power at lower temperatures, 
thus offsetting some of the loss. 

A tracking array could be designed to follow the 
sun, but the additional power generated would prob- 
ably be consumed by the tracking system. Reduced 
reliability would also be introduced into the system 
because of the mechanical components. In short, 
tracking sytems are not a good investment at  
this time. 

equipment selection 
The cost of solar systems requires that detailed 

attention be given to  operating power requirements 
and system power overhead. Ideally, the system 
would draw no power during standby and would 
convert all current consumed by the transmitter into 
rf power. Of course, this isn't possible; therefore, the 
system designer must minimize repeater standby cur- 
rent and maximize transmitter efficiency. Obviously, 
vacuum-tube equipment can't be used. Surprisingly, 
most available solid-state, base-station equipment 
isn't sufficiently efficient to be considered. Solid- 
state mobile or portable equipment is a good choice, 
because it lacks many of the frills found in base-sta- 
tion equipment. Pilot lamps and similar amenities 
should be powered down or disconnected. Logic cir- 
cuits should draw a minimum of power. CMOS 
devices can operate at high-voltage levels with amaz- 
ingly low current consumption. The WR5ARO identi- 
fier is built with CMOS and draws about 50 pA. Like- 
wise, the COR, control circuitry, supervisor, and 
timers all combined draw less than 1 rnA. 

Reasonable numbers to  achieve in equipment 
design or selection are idle currents (total) of 5-20 

mA and transmitter efficiencies of 60 per cent. Under 
these circumstances, the size of the solar array will 
be a direct function of the transmitter output power. 

If operation below O°C is anticipated, extended 
temperature devices are required. It's wise to make 
sure that the circuitry will operate over the expected 
temperature extremes. 

critical parameters 
The most difficult data to obtain in designing a 

solar-powered repeater is the time the repeater is 
actually on the air. The time that the repeater is used 
varies from location to location and is also deter- 
mined, to a great extent by the number of other 
repeaters in the area. The transmit time and transmit- 
ter power output will directly determine the size of 
the solar array. A mistake made in this estimate could 
be very costly; over-estimation is expensive; under- 
estimation is embarrassing. The best estimate can be 
obtained by timing the repeater use. The data should 
be accumulated for as long a period as possible. 
Ideally the period measured should be one year; this 
measurement will average out the concentrated 
operating times, seasonal variations, and other 
factors. 

If the repeater is to cover an area not presently 
covered by an existing repeater, an arbitrary decision 
should be made regarding the length of time the 
transmitter will be in use. When the repeater has 
been in service for a period of time, the amount of its 
use can be determined. The transmitter output pow- 
er can then be adjusted upward or downward to  

Duplexer cavltiss are mounted in a barrel. Styrofoam pack- 
ing chips slow rapid thermal changes. Cavities are copper- 
plated steel to minimize any detunlng due to thermal 
stresses. 
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Solar panel Is oriented true south and is inclined about 40 
degrees for horizontal. Latitude of the repeater is approxi- 
mately 38 degrees north. An additional four degrees of in- 
clination optimizes the array output during winter when the 
sun is lower in the sky and days are shorter. 

match the time use to the solar array. WR5ARO was 
designed to  handle one-half the local traffic load 
that's presently divided between four local, wide- 
coverage repeaters. At  its present power output, the 
repeater can comfortably provide 35 hours of opera- 
tion per week. 

Battery capacity is an important consideration in 
system design. The capacity figure will determine 
how long the repeater will operate when the solar 
array is not charging, or when the repeater is being 
used at a current rate greater than can be supplied by 
the array. It's necessary for the solar array to supply 
more current than the repeater will consume. It's not 
necessary for the array to fully charge the battery 
each day. The system can tolerate some deficit as 
long as the battery is not damaged by freezing or any 
peculiarities typically inherent to the type of banery 
used. 

design procedure 

Designing a solar power supply for a repeater isn't 
difficult. Remember that solar energy collection is a 
cumulative process. Its occurence is very regular and 
very predictable. Year-to-year variations are less than 
10 per cent. Repeater use must be averaged to  fit the 
collection criteria. The banery capacity is selected to 
be adequate to equalize the short-term variations in 
repeater use and local weather phenomena, which 
are highly unpredictable. The steps necessary for 
design are as follows: 

1. Determine solar insolation for the proposed site. 
Source data can be obtained from sources listed 
at the end of this article. Fig. 2 may be consulted 
directly. 

2. Determine continuous idle current, multiply by 
24 hours to determine the daily idle current ampere- 
hours. 

3. Determine the transmitter current: multiply it by 
the transmitter on time to determine the daily aver- 
age transmitter ampere hours. 

4. Average the repeater load over a 24-hour period. 
Then, divide the idle ampere-hours plus the transmit 
ampere-hours by 24. This is the average load current. 
This number must be less than the average charge 
current as supplied by the array. 

5. Determine the peak-panel output. The average 
solar intensity should be found (step 1) and divided 
into the average daily load current. Remember that if 
the average intensity is 22 mW/cm*, then the aver- 
age current available from a solar panel will be 22 per 
cent of the peak. 

6. Calculate the "no-sun" storage requirement of 
the battery. Ten days of storage is an average num- 
ber. Multiply the total ampere-hour load (steps 2 and 
31 by ten to obtain the battery capacity. 

Note that nothing has been said about battery- 
charging efficiency. Battery efficiency cancels, 
because the charging voltage is greater than the dis- 
charge voltage. The solar array provides the addition- 
al charging voltage required by design, with no sacri- 
fice in performance. This assumption is valid if the 
internal leakage of the battery is not great (less than 
3-5 per cent per month). 

conclusions 
Solar power is useful in providing adequate power 

to  operate a radio repeater if care is used in designing 
the system. The designer has a wide latitude of op- 
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tions available. Enough considerations have been 
given to  demonstrate that gross overdesign of a 
solar-power generator is not necessary. Attention to 
details and careful consideration of all available op- 
tions will produce an economical design. 

The Redondo Peak repeater has been in full solar- 
power operation since June 18, 1977. There has been 
no down time. A system checkout on December 16, 
1977, showed that the solar array was generating its 
rated power outputand the batterywasfully charged. 

The cost of the solar generator, when averaged 
over its 20-year life, comes to about $35 per year. 

"This number compares quite favorably with the price 
charged to many mountain-top customers for similar 
power. As the price of solar power drops, so will the 
yearly cost for power generated by this means. In to- 
day's energy-cost spiral, solar power will become 
very attractive in the near future. 
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appendix 
WR5ARO 
Specifications 
idle current (mA) 
transmit current (A) 
operation 
design average daily use 
transmitter power output IW) 
effective radiated power (W) 
solar array source 

battery source 

environmental characteristics 

12. 
1.07. 
available24 hours (open repeater). 
2.5 hours per day. 
9.5. 
35. 
Solar Power Corporation 
E-01-369-1.5 (1.5A peak output). 
Globe Union Gel Cel40 A-h 
(2 each GC12200). 
elevation 3.43 km (11,254 feet). 
temperature -34'C to 3a°C 
( - 30F to 100°F). solar insolation 
750 kJlcm2lyear. average solar in- 
tensity 23.7 mWlcm2. rainfall 46 
cm (18 inches) per year. snowfall 
91 cm (36 inches) per year. 

Sample Calculations Using WRBARO Data 
Step 1 Solar insolation data = 750 kJlcm2Iyr = 23.7 mWlcm2. 

Step 2 Continuous load = 0.012 A x 24 hrs = 0.288 A-h. 

Step 3 Intermittent load = 1.07 A x 2.5 hrs = 2.675 A-h. 

Step4 Daily average load = 2.963 A-h124 hrs = 0.123 A. 

Step 5 Peak panel output = 0.123 A + 10 per centl(23.7 
m W l c m ~ l 1 ~ ~  = 0.570 A peak. 

Step6 Storage Capacity = 2.963 A-h x 10 days = 29.63 A-h 
battery. (Add some additional capacity to prevent freezing 
in the winter). 
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universal digital readout 

A universal digital 
readout system featuring 

reduced ambiguity, 
high input frequency, 

and low power 
consumption 

This article describes a relatively simple design for 
a digital dial that evolved over several years of build- 
ing and improving. For easy home duplication, it 
uses a minimum number of specially selected com- 
ponents. It is adaptable to virtually all types of short- 
wave equipment. Options are also described for low- 
power operation and reduced last-digit flicker. 

The counter is connected to the vfo of the equip- 
ment and preset to the i-f, or the complement of the 
i-f. It is wired to count up or down depending on the 
internal frequency scheme of the equipment. It is 
even possible, without knowing these parameters, to 
set up the counter using only one calibration point 
and check whether the frequency indication moves 
in the right direction. 

This counter has a 35-MHz capability, and thus 
covers the entire conventional shortwave range (3 to 
30 MHz). It is therefore possible to measure the fre- 
quency that is generated by the premixing scheme in 
Drake equipment. 

counter components 
counter and readout. The basic four-digit counter 
consists of four low-power Schottky BCD counters, 
the 74LS190 (see fig. 1). The BCD outputs of the 
counters are connected to special LED readouts 
which contain an internal latchldecoder. The read- 
outs, HP-type 7300, are somewhat expensive. How- 
ever, for the home brewer they immensely simplify 
construction. 

As mentioned, the counter reads only the four 
most significant digits, since the MHz digits have 
always been read from the band switch in the past. 
Plus, the complexity of added digits might make the 

job more than the average ham would want for a 
home project. The motto here is keep it simple. 
time base. The time base is a very simple circuit. It 
consists of a single IC (CD4060) and a crystal, a trim- 
mer capacitor, and a resistor. The IC contains the 
necessary amplifiers for a crystal oscillator and 14 di- 
vide-by-2 stages. At the output of the last stage, 
labeled Q14, the oscillator frequency has been divided 
by a factor of 214. Starting with a 409.6-kHz crystal, 
the final output is a 25-Hz squarewave. This output, 
plus the 50-Hz squarewave from QI3, are used to 
generate the necessary counter timing pulses. 
counter timing. Operation of a counter generally re- 
quires various timing pulses to control the counter. In 
a conventional counter, the count gate provides a 
precisely timed interval which allows the number of 
counts admitted to be equal to the frequency of the 
signal. Since frequency is measured in terms of 
events per second, this gate is always a fraction of a 
second. Or, in this case, where we want to read tc  
hundreds of Hz, the gate is exactly 0.01 second long. 
Other pulses are required for presetting the counter 
to a fixed starting number (frequency) and for trans- 
ferring the final count to the readouts. 

FOUR-DIGIT COUNTER I 
I$/DoWN PRESET INPUTS 1 

DIGIT 

PDWER 
SUPPLY 

fig. 1. Simplified block diagram of the universal digital 
readout. 

The count gate, the display, and the preset pulse 
are all derived from the two squarewaves provided by 
the time base (see fig. 2). The first two gates con- 
nected to the CD4060 buffer the CMOS outputs of 
the time base. 
preamplifier. A preamplifier, though not always 
necessaw, is a good idea. It not only increases sensi- 

By Gerd Schrick, WB81FM, 4741 Harlou Drive, 
Dayton, Ohio 45432 
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m TIMING WAVEFORMS 

I a 6  1' COUNTER 
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2 0  mrsc mm 
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DISPLAY 
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0 1- 
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-m 
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? l - - - v  

CEN -wea/ 1- 
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fig. 2. Schematic diagram of the three different timebase versions. In  A, the count gate is actually enabled for 20 mS, but since 
the counters are held in  the preset state for the first 10 mS, the time that the counters are allowed to be clocked is 10 mS. The 
low-power version, B. runs the display at a 25 per cent duty cycle. For the low-ambiguity version, C, the crystal is changed to 
204.8 kHz, effectively quadrupling the count gate to 40 mS. 

tivity but also acts as a buffer, reducing possible 
spurious responses in the receiver generated by the 
timing pulses. A single transistor, as shown in fig. 3, 
is used in common-emitter configuration. The sensi- 
tivity is better than 50 mV RMS from 100 kHz to 30 
MHz. The maximum voltage is about 1 volt RMS. 
power supply. The digital dial, using mainly TTL- 
devices, requires a 5-volt dc power source. The cur- 
rent, depending on the desired version, will range 
from 170 mA for battery-powered equipment to 500 
mA for the low-ambiguity 100 per cent display 
version. 

last digit ambiguity 
The problem last-digit ambiguity arises from the 

fact that the count gate, as generated from the crys- 
tal oscillator, is not synchronized to the incoming fre- 
quency. The gate will sometimes accept an addition- 
al count, changing the digit, for example, from a 5 to 
a 6. This is the well-publicized Ifr 1 digit ambiguity 
that digital counters exhibit. One way of overcoming 
this ambiguity is to increase the number of digits 
counted, yet only display a limited number. This, in 
effect, is the same as simply covering the blinking 
digit. 
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TO COUNTER 

fig. 3. Schematic diagram of a simple buffer/preamplifier 
which can be used between the counter and the receiver. 
Sensitivity is better than 50 mV RMS. 

The conventional counter can achieve the addi- 
tional counts only by lengthening the gate; if we con- 
sider another decade, the count gate would be 0.1 
second, reducing the counter's final update rate to 
only 6-8 Hz. It is still possible, using the memory cap- 
ability of the readout, to obtain a blink free and 
almost instantaneous update when turning the dial of 
the VFO. 

However, it is not actually necessary to add a com- 
plete decade to the counter; any integer will do. How 
then is the ambiguity affected by the addition of the 
new counter? In reality, it never goes away. What 
does happen is that the probability that the + 1 ambi- 
guity will occur is reduced by the reciprocal of the 
additional factor. For example, if you add a divide- 
by-two, the probability will be reduced by 112, or 50 
per cent; for a divide-by-four it will be 114, or 25 per 
cent. However, for this reduced probability, there is a 
price that must be paid. The count gate will have to 
be lengthened by the same factor. 

programming 
To program the counters, the individual load lines, 

labeled DA, DB, DC, DD in fig. 4, are connected ac- 
cording to the required BCD code. To program a 5 in- 
to a particular counter, ground the data lines for DB 
and DD. The other data lines may remain open or 
connected to + 5 volts. 

A simple scheme using a single-pole, double- 
throw switch, as shown in fig. 5, can be used to pre- 
set the counter to two different starting frequencies. 
For more than two positions, a multiple-deck switch 
would be required. 

counter options 
standard version. This is the simplest form of the 
digital dial, with no precounting to reduce ambiguity. 
The time base generates a 0.01-second gate, giving a 
readout to the nearest 100 Hz. The display is updated 
at the rate of 25 Hz, with a display duty cycle of 50 
per cent. Power requirements are 5 volts at 300 mA. 

low-power version. In this version the time base 
output is slowed to 0.02 second, permitting the addi- 
tion of a single divide-by-two counter which reduces 
the last digit flicker to 50 per cent. The display duty 
cycle is also reduced, to 25 per cent, giving a some- 
what dimmer, but still quite visible, display. The up- 
date rate is still 25 times per second. Power con- 
sumption is under 1 watt (170 mA at 5 volts). 

low-ambiguity version. For a little added complexi- 
ty, this version is the most useful for fixed-station 
use. The time base is further slowed to 0.04 second 
by substituting a 204.8-kHz crystal for the 409.6 crys- 
tal. With this change, a divide-by-four prescaler, 
which reduces the last digit ambiguity to 25 per cent, 
can be used. 

Since the update rate is now only 12.5 Hz, an intol- 
erableflickerwouldoccur if the display were switched 
at that rate. To eliminate the flicker, the latch in the 

4th DIGIT 
0 OR + 5 v  0 

3rd DIGIT 2nd DIGIT 1st DIGIT 

T T 7 

I 1 1 
UP/OOWN 

L 
ALL 7 4 L . 5 1 9 0 ~  

;RESET 
a',.,$ 1 6 : + 5 V  

fig. 4. Schematic diagram of the four 74LS190 counters and the HP-7300 LEDs. The R line, connected to pin 5 of the 7300s. is used 
to strobe the latches when used in the low-ambiguity version. Pin 5 of the counters is taken low for up counting, and can be left 
open to count down. 
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DATA / I N P U T S  
4 t h  3 r d  2 n d  I s 1  

fig. 5. Example of using a single-pole double-throw switch 
to select different preset programming. Those lines that 
are always high are left open, while those that are always 
low are held low. The switch changes the level into the in- 
puts depending upon the preset value. 

7300s is also strobed, giving a 100 per cent display 
cycle. Even with the bright display power consump- 
tion is quite reasonable, 500 rnA at 5 volts. 

checkout and calibration 
With an adequate power supply connected to the 

counter, checkout and calibration can be completed 
in a few simple steps: 

1. Program the preset inputs according to the re- 
quired BCD input. For a quick check, the number 7 
can be programmed into the counter by grounding all 
pin 9s. 
2. Apply a stable rf signal to the input of the pream- 
plifier. The counter should count either up or down, 
depending upon the input to the control pin. 

3. Next, apply a signal of known frequency (crystal 
calibrator, for instance). Check the displayed fre- 
quency against the input, the preset, and whether 
the counter was programmed to count up or down. 

parts list Plus: 
Standard Version 

4 ea 74LS 190 409.6 kHz crystal 
4 ea HP 7300 Numerical Indicators pNp trans, 
1 ea CD 4060A 8200 Res. 
4 ea Resistors 2.2k. 15k. 22k. 

33k. 1 I4  W Low-Currant Version 

5ea Ceramic C a ~ 2 x . 1 . 8 0 0 ~ .  409.6 kHz crystal . . . .  
360p, 50p 50v PNP trans. 

1 ea Trimmer Cap 35p 74LS109 IC 

1 ea Rectifier Diode 1A. 50V PIV 
1 ea LM 309 K IC Low-Ambiguity Version 
1 ea Electrolytic Cap 250 pF 15V 204.8 kHz crystal 
div. HW,  sockets, chassis, etc. 74LS109 1C 

If all readings are correct, the counter can then be 
permanently connected to the receiver. 
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the Oscar Calcu=puter 
If you are adventuresome enough to attempt 
automatic antenna tracking of Oscar, but don't have 
the necessary bucks to tie into a computer, this arti- 
cle should be just what you need. Even if mathemat- 
ics isn't your strong suit, don't get discouraged, read 
on. The formulas for tracking Oscar are not that 
tough, especially if you apply one of the inexpensive 
hand calculators. Unfortunately, the main disadvan- 
tage of the hand-calculator method is the need to 
constantly manipulate the buttons, even for informa- 
tion for the Oscar pass. This article will explain my 
method of solving this problem - automating a 
small hand-held calculator. I'll even explain a few 
ideas for making a complete steering system. That 
way all you have to do is enter the equator crossing 
longitude, punch a button when Oscar crosses the 
equator, and from there on it's automated all 
the way. 

program explanation 
The terms I've used in the program (see fig. 1) 

have been summarized in table 1. In addition, I've 
assigned line numbers to each program step to make 
it easier to follow. Actually, the program is divided 
into six separate parts, each part solving one of the 
following equations:' 

Lat(T) = sin- 1[0.9790*sin (3.1319T)l (1) 

Long(T) = 
cos-~{cos(3.1319T)/cos[Lat(T)]) + 0.25T+ Lo (2) 

D = cos- 1 fiinAsinB + cosAcosBcosL) (3) 

Ar = cos - I[(sinB - sinAcosD)/cosAsinD1 (4) 

El = 90- tan- 1 [4867sinD/(4867cosD - 3957)l (5) 

M = (4867cosD - 3957)/cos(90 - El) 16) 

Steps 004 through 030 solve eq. 1, 031 to 058 eq. 

2, 059 to 108 eq. 3, 109 to 148 eq. 4, 149 to 191 eq. 
5, and steps 192 to 203 for eq. 6. Each step is actually 
a single key-stroke on the calculator. There are sever- 
al steps that should be briefly explained. This might 
eliminate program questions as you follow the equa- 
tions through the program. 

Step 000 represents the unit being turned on. In 
addition, other circuitry resets the external logic back 
to a common starting point. The one-shot multivibra- 
tor which performs the reset function also enables 
the clock gate. Anytime the clock gate is enabled, 
the sequencer is allowed to advance to the next pro- 
gram step. If the gate is disabled, the program will 
stop on that particular step. This is an important 
feature, as I'll explain later on. 

Steps 001 through 003 merely clear the calculator 
of any previous computations or stored answers. The 
next two steps shift the calculator into four decimal 
place readout. The calculations are actually done to 
the limit of the ICs involved, and the answers round- 
ed. For all program steps you'll notice a listing for 
type of entry. This notation is explained in table 2. 

Program steps 013 and 014 cause the time since 
the satellite crossed the equator to be entered into 
the calculator. This is entered as even minutes and 
results in a readout for antenna azimuth, elevation, 
and distance to the satellite for each minute of the 
pass. In theory, at least, if you provide the correct ini- 
tial data and accurately enter the time, the calculator 
could provide information for tracking for the next 
pass, or even several later passes. This is limited only 
by the accuracy of the entries you make, and could 
easily be updated. 

The last unusual steps are 038 and 039. In some 
calculations it is easier to .find a denominator before 

Ev Dave Brown, W9CGI. Route 5, Box 39, 
Noblesville, Indiana 46060 
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fig. 1. Program solved by the Calcu-puter. When broken into parts, this program will solve the six equations necessary to track 
Oscar. 

Type of  Program 
E n t r y  S t e p  

* 000 
K 00  1 
M 0 0 2  
M 0 0  3 
D 004 
D 005 

CO OOb 
C 007 

CO 0 0 8  
Co 009 
CO 010 
Ca 0 1  1 
M 012 

T i  0 1  J 
TI 014 
Me 015 
Me 016 
M 017 

Me 018 
Me 019 
T 020 
C 02  1 

CO 022 
Co 02 3 
Co 024 
Co 025 
M 026 
P 027 
r 028 

Me 029 
Me 030 
T 031 

Me 032 
Me 03 3 
Me 034 
Me 035 
T 036 
M 037 
K 038 
K 039 
i- 04 0 
T 04 1 
C 042 

Co 04 3 
Co 044 
Me 045 
Me 04 6 
M 047 
M 048 
S 049 
S 050 

Kev 

DPS 
CLR 
CLX 
UPS 

4 
3 

Dl' 
I 
3 
1 
9 

EN'I' 
T t e n s  
Tc,"es 

SIO 
I 
x 

ST0 
2 

S I N  
UP 
9 
7 
1 
0 
X 

INV 
SIN 
ST0 

3 
COS 
ST0 

RCL 
2 

COS 

DPS 
l / X  
I MI 
COS 
oe 
2 
5 

RCL 
1 
X 
t 

t.0X LOO 
EOS LO 

Type of 
E n t r y  

S 
C 
S 
S 
M 

Me 
Me 
M 

c q  
Cq 
C 

Cq 
Cq 
Me 
Me 
T 

Me 
Me 
Me 
Me 
T 

Me 
Me 
M 

Me 
Me 
M 

Me 
Me 
T 

Me 
Me 
M 

Mc 
Me 
M 

Cq 
Cq 
c q  
C 

Cq 
Cq 
M 

Me 
Me 
M 
T 
M 
M 

Me 
Me 

Program 
S t e p  

0 5  1 
052 
0 5 3  
054 
055 
056 
057 
0 5 8  
059 
060 
061 
Oh2 
003 
064 
065 
066 
067 
0 6 8  
069 
0 70 
071 
072 
0 7 3  
074 
075 
076 
077 
0 7 8  
079 
080 
0 8  1 
082 
OR 3 
084 
085 
086 
087 
088 
089 
090 
09  1 
092 
0 9 3  
094 
095 
096 
097 
098 
099 
100 
10  1 

tie y 

EQX 1 
DP 

EQX . I  
EQX .O1 

+ 
ST0 

5 
CLX 

LAT 10 
IAT 1 

DP 
LAT .1 

I.AT .O1 
ST0 

6 
SIN 
ST0 

7 
RCL 

3 
SIN 
ST0 

8 
X 

S TO 
9 

CLX 
RCL 

6 
CO S 
S TO 

I 
ENT 
RCI. 

4 
EN'r 

LONC 100 
LON(; 10 
LONG 1 

DP 
LONG . 1 

LONC .O1 
ENT 
RCL 

5 

cns 
X 
X 

RCL 
Y 

' rogram 
S t e p  Key 

103 ST0 
104 2 
105 INV 
106 COS 
107 ST0 
108 3 
109 RCI. 
110 7 
111 ENT 
112 RCL 
1 1 3  2 
114 X 
115 ST0 
116 5 
117 RCL 
1 18 8 
119 ENT 
l?O RCL 
121 5 
122 
123 ST0 
124 5 
125 CLX 
126 RCL 
127 1 
128 ENT 
129 RCL 
130 3 
131 SIN 
132 ST0 
133 6 
134 X 
135 RCI. 
136 5 
137 
138 DPS 
139 1/X 
140 INV 
141 COS 
142 DPS 
143 0 
144 CoSUBl 
145 DPS 
146 4 
147 ST0 
148 4 
149 CLX 
150 4 
151 8 
152 6 
153 7 

Type of Program 
E n t r y  S t e p  

Me 154 
Me 155 
Me 156 
Me 157 
M 158 

Co 159 
Co 160 
Co 161 
Co 162 
M 163 

Me 164 
Me 165 
Me 166 
Me 167 
M 168 

Me 169 
Me 170 
M 171 
M 172 
T 173 
T 174 

Me 175 
Me 176 
Co 177 
Co 178 
M 179 

Me 180 
Me 181 
M 182 

Me 183 
Me 184 
D 185 
U 186 
R 187 
D I 8 8  
D 189 

Me 190 
Me 191 
Me 192 
Me 193 
M 194 

Me 195 
Me 196 
T 197 
M 198 
D 199 
D 200 
R 201 

Me 202 
Me 203 
** 204 
** 205 

Key 

ST0 
7 

RCL 
2 
X 
3 
9 
5 
7 

ST0 
8 

RCL 
7 

ENT 
RCL 

6 
X 

INV 
TAN 
ST0 

9 
9 
0 

ENT 
RCI. 

9 

S TO 
1 

DPS 
0 

GoSUB2 
DPS 

4 
ST0 

6 
RCL 

8 
ENT 
RCL 

1 
COS 

DPS 
0 

GoSUB3 
ST0 

5 
STOP 
END 

its associated numerator. This leads to dividing the 
denominator ( d )  by the numerator (n), or d / n .  To get 
the correct answer (n/d vs d/n), the reciprocal key 
(l/X) is used after the division answer has been 
obtained. On my calculator, I have to use the DPS 
key to access the I / X  function. This accounts for the 
use of two steps. 

circuit description 
The heart of the automating device is a 1702A 

EPROM (see fig. 2). The program, from fig. 1, is 
entered into the PROM such that the outputs, when 
decoded, will electrically press the appropriate keys 

address in the PROM. As seen in the schematic dia- 
gram, 74193, 4-bit binary counters are used to 
sequentially address the 1702A. I decided to use the 

table 1. Definit ion of terms used in the Calcu-puter 
program. 

(T) Time in minutes since EQX 
LatlT) Satellite sub-point Latitude in degrees at (T) 
EQX Satellite equator crossing reference 
Long(T) Satellite sub-point Longitude in degrees at (T) 
Lo Satellite sub-point Longitude in degrees at EQX 
D Great Circle distance Stn to Sat in degrees 
Stn Station location (your QTH) 
Sat Satellite location 

on the calculator. For general use, a RAM would be A Latitude of Stn in degrees 

more appropriate, but I wanted to solve one specific B Lat(T) 

problem: the equations necessary to track Oscar. Ls Longitude of Stn (QTH) in degrees 
L Ls - Long(T) The 1702A PROM has 256 distinct address loca- Az Azimuth bearing for antennas (from true North) 

tions, enough to handle the 205-step program. Each E or El Elevation bearing for antennas (from horizon upward) 
step of the program represents a sequential binary M Distance in statute miles from Stn to Sat (true position) 
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GROUNO FOR SINGLE 

ALLOW FOR REMOVAL 

CHOOSE RE FOR REWIRED 
I T O 3  SECOND K L A Y  FOR 

+ 5 ~  TRIG FUNCTION 
fig. 2. Schematic diagram of 
the input and output logic con- 
nected to  the 1702A EPROM. 
The preset inputs for the 74193s 
are normally connected to V,, 
through 1000-ohm resistors. 74121 

The clock and gating connect b4 - ,m CO-I STOP 

to  the input of the first 74193 as b, 1 L CLOCK G4TE CLOCK 

shown in  fig. 3. I f  required, TO C,  OF ENABLE DEC-4 OUTPUT 
DEC-4. PIN IS SIN. OR COS. M) TAN 

buffers can be inserted be- 
tween the outputs of the PROM and any external devices. The actual pin numbers on the inverters and NAN0 
gates have not been shown to  allow flexibility in other systems. To incorporate the trigonometric delay fea- 
ture, a 74121 is inserted between the decoder and the 7430 NAND gate. 

74193 instead of the 7493, taking advantage of the 
preset capability. This means that the program can 
be started at any spot by simply entering the correct 
starting address into the data inputs and momentarily 
taking load line low. If this capability is not desired, 
the 7493 could be used. 

Eight output lines are available on the 1702A. For 
direct calculator control, I've only used six of the 
available outputs. The first four outputs, bo to b3, are 

used as normal addresses for 74154 one-of-sixteen 
decoders. The outputs are simultaneously applied to 
all four decoders. The b4 and b5 outputs from the 
1702A are also decoded and used to select the appro- 
priate 751 54. 

The final two outputs, b6 and b7, are used as a pro- 
gram stop and program halt. When step 204 is ad- 
dressed, the output from the PROM will be 01000000. 
The high level from the b6 output is detected and 
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used to stop the program until a new "minutes" time equator, the first flip-flop is set, which in turn sets 
is entered. This is one of the different means of dis- the second flip-flop. Having both set will enable the 
abling the clock gate. Output b7 is programmed in a clock gate. 
like manner to provide a high output at step 205. This I have tried to divide the decoders into a logical 
output will stop the program, regardless of the order, with DECI using the binary codes for number 
minutes timer. 0 through 9, to directly decode the number informa- 

TRIG OEL. 0 s - C G  I 

GO SUB ( I S - C G  2 

CLOCK 
INPUT CLOCK- CG 3 

TO FIG. I 
CLOCK SEQUENCER 0 -FkPlN 5 

+5v 

fig. 3. Schematic dia- 
gram of the clock gating 
logic. The actual input 
clock frequency will de- 
pend upon the speed at 
which your calculator 
can do the computa- 
tions. For initial testing, 
it could be as slow as 1 
pulse per second. 

CLOCK 

Two flip-flops are used for clock gating. As seen in 
fig. 3, the one-shot multivibrators receive the various 
start and stop commands. The pulses are then used 
to trigger the flip-flop into the desired states. In addi- 
tion, provisions have been made to interface a real- 
time clock to signify the equator crossing. When you 
initiate the start command as Oscar crosses the 

table 2. Type of entry notation used in the program. 

t 

M 
D 
Co 

c q  

Ti 
Me 
T 
K 
S 
C 
R 
** 
STOP 
END 

Power on, reset timer (T) and program sequencer to 000, 
and all readouts to zero 
Machine function - CLX, ENT, +, - etc. 
Change of decimal point location 
Constants defined by Oscar and put into PROM 
Constants defined by your QTH and put into only your 
PROM 
Entry from timer output 
Storage or Recall function tolfrom memory and number 
Trigonometric function (and added delay trigger) 
Keyboard shift function (SHIFT that is not DPS) 
EQX Longitude entry by switches 
Constant (decimal point entry) 
Readout Sub-routine function (external to calculator) 
Operational system command (Stop, End) 
Halts calculator until next timer period enters 
Detects maximum period of pass elapsed - full stop 

74/21 
ONE SHOT 

( I N I T I A L  START FROM 
FF-I 5 LINE 

MANUAL 
STOP 

u 7 4 / 2 1  '- 1 
O)VE SHOT 

A 
FROM 1702A 
m is (STOP1 

tion. The keys for the four basic math functions are 
also included in DEC1. As seen in fig. 4, outputs 
from the decoders are used to drive open-collector 
buffers. The buffers then drive the reed relays which 
are connected across the calculator keys. It is imper- 
ative that the relays have a very high resistance 
across the open contacts, and also a very low closed- 
contact resistance. 

A complete listing of the respective decoder 
addresses is given in table 3. Note that the first 
address in DEC1 does not have an associated func- 
tion. This is to prevent a problem when the step 204 
and step 205 commands are initiated. If the address 
were used, you would have a simultaneous key clo- 
sure in addition to either a stop or halt command. 

You'll notice that the only functions in DEC4 are 
the trig functions. This was done for a very specific 
reason. In most calculators, depending upon the IC 
set used, a trigonometric operation will take longer to 
perform than a basic math function. This was also 
true in the calculator I used. To overcome the prob- 
lem, I needed some method of momentarily stopping 
the program until the calculator had completed the 
trig operation. Otherwise, the program might have 

december 1978 41 



advanced several steps without correct data from the 
trig operation. By placing these operations in DEC4, 
detecting any 0011xxxx number will automatically 
indicate that a trig function is present. After the func- 
tion has been detected, a one-shot disables the clock 
gate long enough for the calculator to do the compu- 
tation. 

Instead of using this program-delay technique, the 
time between steps could be made long enough to 
allow for a trigonometric operation, but this will con- 
siderably slow down the time necessary to perform 
all the calculations. Using the one-shot requires a 
few more parts, but the tradeoff is worthwhile, con- 
sidering the time saved. 

The GoSub routines, listed in DEC3, are used to 
output the data from the calculator to external read- 
outs and other external processing. Gating for the 
GoSub routines is shown in fig. 5, with a quasi-sche- 
matic diagram of the readout system shown in fig. 6. 

On the subject of the GoSub routines, you'll notice 
a DPS 0 step just before each GoSub step in the pro- 
gram. This truncates the display to eliminate any 
numbers to the right of the decimal point, and also 
shifts the answer to position the units digit on the ex- 
treme right of the display. 

In the multiplexed displays (as used in my calcula- 
tor), the same segments of each display are tied 
together, with a digit strobe activating the appropri- 
ate digit. The Calcu-puter, as I've aptly named it, is 
interfaced to external readouts by connecting the 
segment information lines and the data strobe lines 

r 
0 0 0 0 1 0  - 

OOOOll 

I 

DEC-I 
I 
I 

I I I 
I 

SEE FIG. 3 FOR DEC-3 DECODING 

i 
SW CLOSE 
DEVICES 
ACROSS 
KEYBOARD 
KEYS 

I 
I fig. 4. The outputs from the decoders are 
I used to drive either reed relays or solid- ! state switches through open-collector 
I buffers. For complete buffering, 24 will be 
I required, 15 in DEC1, 6 in DEC2, and 3 in 

1 ~ ~ ~ 1  ~ & 4 .  The logic connected to DEC3 is 
DEC OUTPUTS shown in fig. 7.. 

to external latches. Fig. 6 is not an absolute sche- 
matic diagram since the voltage levels and required 
interface, will differ between calculators.2 You'll also DEC3 also decodes the commands necessary to 
notice the use of digital information to indicate the enter the equator crossing longitude and time since 
actual antenna position. This information, combined crossing from the external BCD switches. As seen in 
with the Calcu-puter information, nicely lends itself fig. 7, the switches and outputs from the timers are 
to completely automated antenna control.3 OR-wired and used to feed a 7445 BCD-to-decimal 

table3. DEC output functions. In DEC 2, only the underlined functions are used in the program. 

binary 
000000 
OOOOO 1 
000010 
00001 1 
000100 
000101 
000110 
0001 1 1  
001OOO 
001001 
001010 
00101 1 
001 100 
001101 
001 110 
001 1 1  1 

DEC 1 
decoded function 
not used 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
D.P. 
+ [add) 
- (sub) 
x (mult) 
+ (div) 

binary 

010000 
010001 
010010 
01001 1 
010100 
010101 
0101 10 
0101 1 1  
01 1000 
011001 
01 1010 
01 101 1 
01 1100 
01 1 1  101 
0111110 
0111111 

DEC 2 
decoded function 
not used 

In (log) 
sigma+ (x,s) 
+I- (XI) 
x -Y ( % I  
roll x (delta%) 
Y (sqr X) 
not used not used 
not used not used 
not used not used 

binary 
1M)00(30 
100001 
100010 
loo011 
100100 
100101 
100110 
1001 1 1  
101000 
101001 
101010 
10101 1 
101100 
101101 
101110 
101111 

DEC 3 
decoded function 
not used 
EQX 100 
EQX 10 
EQX 1 
EQX .1 
EQX .O1 
(T) 10 (minutes) 
(T) 1 (minutes) 
Go Sub 1 
Go Sub 2 
Go Sub 3 
not used 
not used 
not used 
not used 
not used 

binary 

1 10000 
110001 
110010 
11001 1 
110100 
110101 
1101 10 
110111 
1 1  1000 
11  1001 
1 1  1010 
111011 
111100 
1 1  1101 
11  1 1  10 
11 1 1 1 1  

DEC 4 
decoded function 

not used 
sine 
cosine 
tangent 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
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XGS, r 

4 1  

XGS, * 

BUFFER I 
74121 

CLOCK 

3.4 
GATE-2 

fig. 5. Details of the GoSub routine logic. The output pulse, 
in conjunction with the digit strobe, is used to enter the out- 
put data into the 7475 latches. 

decoder. The output from the decoder also drives 
reed relays connected across the calculator keys. 

Fig. 6 shows digital information indicating the 
actual azimuth and elevation of my antennas. In 

addition to being applied to the 7485, 4-bit compara- 
tors, the information is applied to BCD-to-7 segment 
decoders and readouts. Also, fig. 7 indicates where 
decoders could be connected to readout the time 
since equator crossing. With all the information con- 
verted for readouts, I have a panel that shows dis- 
plays of: azimuth (beam), azimuth (calculated), ele- 
vation (beam), elevation (calculated), distance M 
(calculated), distance M (for later use), time, and 
sequencer location. The sequencer location was 
included as a troubleshooting aid should the program 
ever stop. 

Limit switches have been included in my system to 
stop the antenna from going beyond the prescribed 
limits. If you run the program only during valid pass 
times, the program should never produce invalid 
commands. But, should this ever be a problem, the 
limit switches will prevent major damage. You can 
readily see from the readouts where the problems are 
if they occur. 

Trigonometric functions near 0 or 90 degrees, and 
numbers which result in zero denominators can give 
the program fits, but there just isn't any easy way 
around this. I haven't found it to be a problem, how- 
ever, except on way out, very short passes. A final 
note on PROM programming: in steps 059-063 and 

fig. 6. Quasi-schematic diagram of the readout system used with the Calcu-puter. It wil l  be necessary to in- 
sert an interface device between the 7-segment information and the BCD format required by the 7475s. The 

would be to  use the National 74C915 to  convert the data. Though not shown in this diagram, the author has 

H 
author uses another 1702A EPROM programmed to do the necessary conversion. An alternate method cw ccw 

-00. 

also connected decoders and readouts to indicate the actual antenna position. The 7404 buffers between the calculator and the 
latches may have to  be changed depending upon the type of strobe coming from the calculator. 

december 1978 43 



087-092 be sure to enter the latitude and longitude 
for your location. This will be retained as permanent 
information in the PROM. 

concluding comments 
The primary message of this article has been to 

show you that a complete computer/microprocessor 
is not required to do simple math problems. The 
PROM is in a sense a simple BASIC language like no 
other. It has automated a calculator, providing both 
for inputing and outputing of data, much in the same 
way as a full-scale computer. 

I did write a program in algebraic notation instead 
of RPN, but quickly discarded it when I couldn't find 
an inexpensive calculator with enough onboard 
memory. Lacking this capability meant dumping out 
the interim answers, performing more calculations, 
and retrieving the interim answers before the final 
numbers could be outputed. It generally amounted 
to a lot more hardware, fast approaching a full-blown 
computer, a mess that I wanted to avoid from the 

l o O D 0 0  
NC 

beginning. The APF 55 calculator 1 finally used was 
provided by a friend because some of the digit seg- 
ments would not light. It was about as cheap, and 
definitely quicker, for him to buy a new calculator 
and give me his remains! Shop around because the 
price on some of the very sophisticated units is get- 
ting ridiculously low. For that matter, one of the 
many calculator shops around these days might part 
with some of their damaged returns, for the right 
price. 

For anyone wishing additional information, a self- 
addressed, stamped, envelope will bring a quick 
reply; and any comments on improvements to the 
system will be welcomed. 

l0oOOl 

roooro 

100011 

looroo 

lO0lOl  

lOOl l0  

DEC-3 

l O O l I I  

101000 

lOl0Ol 

l o l o l o  
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X SEE FIG 6 8 6 
FOR GO SUB 
DETAILS 

S, bS 
< I * 

I T )  TIMER 

fig. 7. The external BCD switches, 
for entering equator crossing 
longitude, are OR-wired with 
the 7490 minutes counters. This 
information is also used to drive 
buffers and relays which input 
information into the calculator. +5v 

The gates are all 7409 open-col- 
lector AND gates. The 1 pulse per 
minute clock will have to come 
from an external source. 

I 

7 4 0 4  
-3 

5 

9 
+5v 

-5 
11 +5v - f 5V - 

+5v 

I X BCD TO 7 SEGHENT 
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simple video display 

Two projects 
to get you started 

in building a 
video display unit 

using readily 
available devices 

There has been much recent interest in video 
display units. They can be used as part of a video 
typewriter, for putting up displays on ATV and 
SSN,  and for decoding RTTY and Morse off the air. 
Most of the displays are complex and expensive. 
Even the available kits aren't suitable for those who 
haven't had much experience. For normal use you 
don't need whole screens full of characters, and the 
simple 32-character single-line display described here 
is an excellent beginning for those who would like to 
play around with an inexpensive video display unit. 

description 
The heart of the unit is the Fairchild 3258 dot- 

matrix character generator IC. Externally it's a 16-pin 
package (I hate to think what's inside it!), which ac- 
cepts ASCII inputs and produces 64 characters on a 
5 x 7 dot matrix. Apart from the inputs and outputs, 
the only other signal connections to the chip are in- 
puts to a clock and a master reset. The chip has an 
internal clock and addressing system. After the 
master reset input operates and goes high, the in- 
formation representing the first row of the character 
is available after the first clock pulse. Subsequent 

clock pulses select the next six rows in turn; after 
that, the outputs are clamped high and the character 
generator stops until another master reset pulse ap- 
pears. Thus, if the character-generator clock is 
pulsed at line frequency, the character will appear on 
the screen. 

experimental system: 
one character 32 times 

Fig. 1 shows the logic diagram of the display unit. 
Only nine integrated circuits, including the character 
generator, are required. There is no reference crystal 
or dividing network. I used a monitor from a non- 
composite camera and monitor combination and 
simply fed the horizontal and vertical sync pulses into 
the VDU. If you wish to use a regular TV set, it's 
quite easy to add two 555 timers to provide horizon- 
tal and vertical sync pulses. Fig. 2 shows the connec- 
tions for the monitor, which would be typical, and 
fig. 3 shows the circuit for the 555 timers required. 

system operation 
The second half of the 74123 feeds a gate, which 

feeds a second gate, which in turn feeds back into 
the 74123. This action sets up an oscillating circuit 
whose frequency is determined by the 5k pot in the 
+ 5-volt line. This frequency is used to step the 74195 
shift registers and provides the basic video signal. 
The character-generator output is loaded into the 
74195 shift registers then clocked out in a serial mode 
at the VIDEO OUT terminals. The J and inputs of 
the first shift register cause highs to be entered as the 
data from the character generator is shifted along. 
Finally, when the six outputs to the 9007 gate are all 
high, a low is sent on the MOD 7 counter line, which 
reloads the shift registers and clocks the horizontal 
character count 7493 1Cs. 

BY Roy Hartkopf, VK3AOH, 34, Toolangi 
Road, Alphington, Victoria, Australia 3078 
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fig. 1. Logic diagram of the video display unit (VDU). Only nine ICs, including the character generator, are used. 

When this action occurs 32 times, the 7493 pro- 
vides an output to the HORIZONTAL STOP line, which 
inhibits the 5-MHz oscillator and stops the sequence. 

This action occupies about two-thirds of a single 
horizontal line. When the end of the TV line is 
reached, a horizontal sync pulse operates the first 
half of the 74123, resetting the 7493 counters, pro- 
viding a clock pulse to the character generator. This 
pulse acts to output the information for the next line 
and resets the 74195 shift registers. The sequence 
then repeats for the next line. 

The character generator automatically blanks out 
after a complete row of characters has been sent, 
and if it's required to have more than one row, the 
9316 will count the rows and reset the character 
generator. A vertical sync pulse resets the 9316, so 
the information is always at the same position on 
successive frames. 

There are no critical adjustments in this circuit. 

The 25k pot in the first half of the 74123 positions the 
first character on the left-hand side of the screen, 
and the 5k pot in the second half opens up or closes 
the 32-character-length display so it can be spaced 
evenly across the screen. 

The logic shown in fig. 1 will produce a display of 
one character repeated 32 times across the screen. 
The character will be determined by the ASCII input 
to the character generator. For test purposes you can 
apply a combination of 5-volt and ground inputs as 
required. This can be treated as a project in itself, so 
that those who want to take a bit at a time can do 
this, then go on to the second half of the project. 

32 different characters 
The logic for the second half of the project is 

shown in fig. 4 and again is quite simple. Here, the 
main device is a Fairchild 3349 hex 32-bit static shift 
register. Like the character generator, the 3349 has a 
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fig. 2. Connections for a 
typical monitor (Toshiba 
TMCZAX). 

deceptively simple 16-pin package; and again, there 
is a ~omplex integrated circuit inside. 

Only two signal controls are needed: a clock input 
and a loadlrecirculate input. The clock pulse steps 
the 32 bits in each of the shift registers, which recir- 
culate until the LOADIRECIRCULATE input goes low. 
Then new data is accepted and the data at the other 
end is lost. When the LOADIRECIRCULATE input 
goes high again, the 32 bits in each of the six shift 
registers at that time resume recirculating. To obtain 
32 different characters across the screen, the shift 
registers must present the six new bits to the 
character generator each time the Mod 7 counter 
operates so that the shift-register clock is fed from 
the Mod 7 counter. This action would produce 32 
characters, but they would be random characters 
that happened to come up when the display was first 

fig. 3. Circuit using the NE- 
555 timer to provide hori- 
zontal and vertical sync RI RZ CI 

pulses If a regular N set is VERTICAL f i r 1  IDOR o .on  
used as a monitor. MORIZONTAL 4.11 2 2 1  O.WZZ 

switched on. So we must have some way of putting 
in the characters we want. This is done by 
simultaneously presenting the required ASCII code to 
the shift-register inputs and applying a negative key 
pulse to the set input of a flip-flop. This action sets 
the flip-flop output high and puts a high on the data 
input of a second flip-flop (both halves of a 7474). A 
pulse from the HORIZONTAL STOP line (at the end of 
the display of the 32 characters) clocks the second 
flip-flop. This allows a low to be put on the load input 
and also operates a gate, allowing an extra clock 
pulse (from the horizontal sync) to clock the new 
data into the shift registers. Then, at the end of the 
horizontal sync pulse, the flip-flops are reset and the 
31 old characters and the one new one recirculate 
until another character is entered. 

The two 74121s merely give a controlled-length 

fig. 6. Full-size PGbaard layout for both sections of the dlsplay unit. I t  hss been tested by the euthor and works perfectly. 
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fig. 4. Video-display logic for producing 32 different on-line 
characters. The main device is a Fairchild 3349 hex 32-bit 
static shift register. 

pulse and could be replaced with a resistor-capacitor 
combination, but they were used because the pulse 
length is more controllable. Apart from the shift 
register and flip-flops, the only other ICs are a couple 
of normal gates. The only other point worth mention- 
ing is that the shift register outputs require external 
resistors (8.2k) from each output to the -12-volt 
supply. 

construction 
Two simple circuit boards about 3 inches (76mm) 

square will accommodate the entire system, or it can 
be built on a slightly larger board (fig. 5). It's a good 
idea to use sockets for the character generator and 
the shift register. Sockets for the other devices are a 
matter of personal preference. 

When testing the circuit be very careful not to let 
the - 12-volt supply get into any of the + 5 volt TTL 
devices - it can have disastrous results1 

final remarks 
This project will give a beginner in this area an in- 

sight into the principles of VDUs and provide an ex- 
cellent starting point for developing something more 
complex. To keep the project as simple as possible 
no attempt has been made to eliminate additional 
lines, so there will be several identical lines of 32 
characters across the screen. In practice, they help 
rather than hinder reading the characters. 

ham radio 
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updating the 
Collins 32s-1 

Never being satisfied with the status quo when it 
comes to any radio equipment I've ever owned, I 
eventually succumbed to the urge to modify my re- 
cently acquired Collins 32s-1 transmitter. The modi- 
fications described here include the following: 

1. BFO generation of the CW carrier 

2. Voltage regulation of the PTO and HFO 

3. Control of the keyed wave shape 

4. A spotting switch (CW CALI 

5. The ability to monitor the final-amplifier plate 
(cathode) currents individually 

6. Alterations to the tone oscillator 

The modifications were made to bring the per- 
formance of the 32s-1 up to the standards of its suc- 
cessor, the 32s-3, without incurring an expenditure 
of some $300-$400 in the process. 

Table 1 identifies the components involved in the 
modifications discussed here. Schematics and parts 
lists should be changed accordingly to reflect these 
changes, since removed components will have their 
identities transferred to newly installed pieces that 
correlate with those used in the 32s-3. 

BFO CW generation 
The 32s-1 generates its CW carrier with a tone fed 

from the tone oscillator through the mechanical filter 
(much like whistling into the mike or feeding AFSK in- 
to the mike jack on RTTY). The frequency of the tone 
used in the 32s-1 was chosen specifically so that its 
second harmonic falls well outside the mechanical- 
filter passband. However a weak residual signal still 
exists, and it has been heard on occasion at some 
distance. 

The 328-3, uses the BFO signal to generate the 
CW carrier, eliminating this residual signal. The resul- 
tant on-the-air signal is much cleaner and sounds 
much more like a true CW signal when compared 
with that of the 32s-1. 

Installing this feature requires extraswitching capa- 
bilities, which must be performed by the EMISSION 

switch, S8. The 32s-1 has four wafers on this 
switch, while the 328-3 has five. Here are some ways 
in which this additional switching may be handled; a 
separate 4 PDT toggle switch may be used; S8 may 
be entirely replaced; or the existing switch may be 
disassembled and a new index and wafer added. 
Although the first possibility was initially pursued, I 
found it to be inconvenient. The most satisfactory ar- 
rangement was to replace the index assembly and 
add an additional wafer to S8. 

The MIC GAlN pot and switch must also be re- 
placed with a new unit using two pots commonly 
controlled and switch S14. The additional pot con- 
trols the cathode bias (CW DRIVE) on the rf amplifier, 
V6. Both parts are available from Collins; the switch 
is part no. CPN 259-1628-000 and the dual pot and 
switch is part no. CPN 376-2648-0000. 

First, replace the existing MIC GAlN pot with the 
new dual unit. Note that space is at a premium, and 
the possibility of a shorted terminal strip lug exists 
next to V12. To avoid this, mount a two-lug terminal 
strip on the opposite side of the crystal board and 
secure it with the self-tapping screw that holds 
another two-lug strip. Remove the B + ends of R60, 
L20, and the B+ feed wire (greedwhite) from their 
original location. Attach them to the new terminal 
strip. The now empty lug may be bent over to clear 
the pot and switch R81S14. 

Mount a single-lug terminal strip under the hard- 
ware securing the two ground lugs between V13 and 
V4. Lift C20 (0.01 pF) from ground and connect it to 
the strip. Route a length 01: RG-174lU cable from this 
junction to the vicinity of S8. Lift R39 (V6, pin 7) 
from ground and connect that end to a single-lug 
strip that has its ground lug straightened and sol- 
dered to the ground shield/barrier across V6. From 
this same point, run a wire to R8B and install a new 
R71 (68k12W) between this lug and the terminal lug 
near V5 where R29 and R30 (4.7k12W) connect to 
the + 275-volt line (red/white wire). 

From R8B run another wire to S8-B lugs 9 and 10, 
which are then connected in parallel. In the 32s-1 

By Paul K. Pagel, NIFB, 4 Roberts Road, En- 
field, Connecticut 06082 
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these two lugs are empty, as are those on the wafer 
to which R87 (470 ohms) is attached. Connect the 
empty lug of R8B to ground. 

Connect a 33-ohm resistor (new R70) to V2A pin 9. 
Remove the BFO input cable. At this time S8 should 
be modified or replaced. Assuming the index and 
wafer are to be replaced and added, remove the 
switch and thread some bare wire through the rivet 
holes (which secure the switch contacts on wafers 1 
through 4) at two points 180 degrees apart to prevent 
the spacers from separating from the wafers. Then 
the existing index may be removed, replaced, and 
the 5th wafer added with little effort. 

Wire the switch as shown in fig. 1. Run a wire 
from S8B lug 11 (presently empty) to V10 pin 1 to 
prevent premature VOX relay dropout on CW. 

ALC modification 
Unlike the 325-1, the 32S-3 does not use ALC in 

the CW position. During CW, switch selection S8G-5 
grounds the midpoint of ALC capacitors C83 and 
C142. This change may be added to the modified 

table 1. Component identification for the 32S-1 mods des- 
cribed in the text. 

328-3 original 32s-1 modified 325-1 
part no. part no. value part no. value location 

C81 not used C81 0.005 pF second mixer 
C115 C115 0.01 pF C115 0.33pF keying circuit 
R17 R17 33kl lW 1317 5k/10W voltage regulator 
R70 R70 470k/1/2W R70 33 ohm11 /2W V2A 
R71 R71 470k/1/2W R71 68k/2W B + 

32S-1 by simply adding a jumper wire from S8G-1 
and -2 to S8G-5 (fig. 2). Now, during CW operation, 
the GRID CURRENT position (instead of ALC) is moni- 
tored, and the MIC GAlN control is adjusted to obtain 
a grid current reading of 1 to 2 dB on the meter while 
sending a series of dots. 

keying circuit and CW calibrate 
The 32S-3 keying circuit provides some manual 

control of the keyed wave shape, fig. 3. The spotting 
feature (CW CALI may be installed coincidentally. 
The CW CAL function switch should be front-panel 
mounted for ease of operation. The KEY SHAPE con- 
trol, R123, may be located under the lid of the 32S-1 
exciter on the bracket containing the VOX controls, 
or a separate bracket can be made and attached to 
the power-amplifier cage with self-tapping screws. 
Most of the other components are mounted on the 
terminal strips from which the 32S-1 keying circuit 
components will be removed. The addition of a 
single three-lug terminal strip (center ground) be- 
tween K1 and V14 ensures that all components are 
securely mounted. 

L U G  11 

fig. 1. Schematic of the BFO generated CW showing modifi- 
cation of switch S8 to eliminate the weak residual signal in 
the 32s-1 when in the CW mode. 

R70, R71, and R72 may be removed from the ter- 
minal strips at the bottom left of the chassis and 
R125 mounted in place of R72; R126 in place of R71; 
and R124 in place of R70. Remove relay Kl's lead 
and mount it onto the newly installed terminal strip. 

Instead of using the multiple-leaf switch and 250k 
pot arrangement of the 32S-3 for the CW CAL func- 
tion, a fixed resistor and three-pole rotary switch 
were used (fig. 4). The rotary (or toggle) switch has 
a more positive action and doesn't require constant 
depression to activate the desired function. A value 
of 68k resulted in a satisfactory over-all spotting level 
and this resistor was secured to the two innermost 
lugs of a 5-lug (center-ground) terminal strip mount- 
ed with its ground lug soldered to the ground lug of 
the strip behind K1 and at right angles to it. (The 
other lugs will be used in the regulated voltage modi- 
fication.) 

Mount the 3PDT switch (S13) on the front panel 
between the FREQUENCY CONTROL and MIC GAlN 
shafts. Center the holes 87 mm (3-7116 inches) from 
the top of the panel. If done carefully it will appear to 
have been factory installed. 

For ease of wiring and 'installation I recommend 
that the FREQUENCY CONTROL switch be temporarily 
removed. Unsolder and tie back the greenlwhite 

fig. 2. A jumper wire is added to switch S8-G to ground 
ALC voltage during CW operation. 
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wire at S9E-1. Wire the remaining circuit according 
to fig. 4. 

In operation the transmitter must be properly 
tuned for CW operation for the CW CAL function to 
be enabled; it will not work on ssb. 

The KEY SHAPE control (R123) should be adjusted 
to eliminate key clicks created by the rapid rise of the 
keyed signal. The effect of this control will be fully 
appreciated when the transmitted signal is monitored 
on an oscilloscope. The control should be adjusted to 
round the leading edge of the waveshape slightly. 

Additional shaping of the waveform on the trailing 
edge may be accomplished by adding capacitance in 
two places: between the key line to ground and be- 
tween the junction of R33lR37 and ground in the 

0 01 

B I A S  

1 0 0 h  KEY S H A P E  R l 2 4  
R I Z J  IMEG 4 7 h  

R l Z 5  
4 7 A  

(SEE T E X T )  
B I A S  

fig. 3. Keying circuits of the 32s-1 (A) and 32s-3 19). By 
modifying the 32s-1 as described, you can have control of 
the keyed waveform within limits. The CW CAL feature is a 
handy addition. I t  won't work on ssb, however. 

first mixer, V5. Some experimentation should pro- 
vide a wave with the desired characteristics, with 
values of 0.025 pF (C115-A) and 0.005 pF (C81) being 
a good starting point in their respective positions. 
See fig. 5. 

A difference will be noticed between on-the-air 
signals when using a transistor-output keyer versus a 
bug or relay-output keyer; the transistor provides a 
softer signal and you might use considerably more 
key-line capacitance with a bug or relay-output key- 
er, depending on personal preference and speed. 
Too much capacitance at high speeds tends to slur 

KEY S H A P E  P I 2 4  R l Z 7  
R 1 2 3  I M  4 7 h  

fig. 4. Modifications to the CW CAL circuit. A fixed resistor 
and a 3-pole rotary switch provide more positive action. 
It  isn't necessary to hold down the switch to activate the 
desired function. 

freed socket V13, which was used to hold an OA2 
tube to supply the regulated voltage for the oscilla- 
tors. I found it simpler to use a 140-volt, 10-watt 
zener (1N3010A) for the regulator. They are inexpen- 
sive and eliminate the need to free V-13's socket, 
with the problems of rewiring the ALC circuit and 
finding space for more parts. 

An advantage of the zener is its ease of mounting. 
Mount CR9 (fig. 6) on the perforated wall of the bot- 
tom side of the power-amplifier cage by enlarging 
one of the holes to accept the 10-32 threaded stud of 
CR9. Mount a dropping resistor (new R17, 5k110W) 
on the terminal strip installed previously to the rear of 
K1. (Note: The original R17 must be removed ac- 
cording to the following steps.) 

A convenient source of +275 volts is the terminal 
of C137 on the PA-cage wall; it has the 100-ohm/ 
1 /2-W resistor attached. 

Modify the PTO and HFO circuit as follows. 
Remove the original R17 (33k/lW) and substitute 

--. --- 

t o o *  rn ( S E E  T E X T )  R I Z ~  
4 7  

- .  

the code elements. fig. 5. Improved keying wave is provided by this change. 
The added capacitances improve shaping of the signal trail- 

voltage regulation ing edge. Capscitances C115A and C81 (respectively 0.25 FF 
and 0.005 FF) ere good starting points. Some experimen- 

In the 328-3, the 6AL5 ALC rectifier was deleted tation might be needed to provide desired waveform char- 
and solid-state devices used in the ALC circuit. This acteristics. 
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fig. 6. Regulated-voltage modifications. A 140-volt, 10-watt 
zener replaces the old OA2 regulator. This change is even 
simpler than that in the 325-3 (see text). 

3  T R A N S  v~~ L20  the-air CW signal, its frequency may be altered to 
IWr, 

L22 (2-mH). R17 is located close to C57 and the 
shield can. Run a wire from CR9 past the crystal 
board and up through the grommet to S9. At  S9, 
locate the red/white/greenlblue wire that connects 
to L22's B +  end. Cut the black jumper connecting 
the two S9 wafers (+275 volts) and attach the 
+140-volt line to the commoned lugs, 3 and 4, 
TRANS VFO and SYNC (fig. 6). 

One of the two greenlwhite wires on S9's rear 
wafer supplies +275 volts to the HFO, V12. Locate 
this wire, disconnect it at S9 rear, and move it to the 
+ 140-volt line on lugs 3 and 4. Disconnect R60 (47k) 
completely. Install L23 (1 mH) in its place. This com- 
pletes this modification. 

TO V I I  
P I N  3 
2, 

,C 4,  

tone-oscillator changes 

v 1 2  
provide a more pleasant monitoring note. This note is 

6 0 C 6  

.-- 
purely a matter of personal preference, so some ex- 

..- ..- perimentation may be necessary. In my case, a 100- 

Both before and after the modifications described, 
an unwanted high-frequency oscillation was audible. 
I found it necessary to add 0.1 pF of capacitance be- 
tween V11 screen and ground in parallel with C107. 

Since the tone oscillator no longer supplies the on- 

R l 7  
5 h  /OW L 2 3  

11 

pF mica capacitor was paralleled with C110. 
I m H  

CR9 separate plate-current 
I N J O l O A  1 

o monitoring of the power amp 
+ 2 7 5 V  

Unsolder R52 (I k). (Note: This value may differ 
from unit to unit.) R52 is attached to the copper strap 

( S E E  T E X T )  remove the strap from between the tubes. Attach a 
length of hookup wire to each of the pins from which 
the strap was removed and route them toward the 

3 2 S - l  perforated wall of the PA cage. Mount a 4-lug terrni- 

R 6 3  R l l 8  
4 7 h  1 MEG 

fig. 7. Tone oscillator changes. This change eliminates an 
unwanted high-frequency oscillation in the output. Capaci- 
tor CX in parallel with C110 provided a more pleasing moni- 
toring note. 

fig. 8. Modifications to 
provide separate power- 
amplifier monitoring. 
Now you can monitor 1 . 4 . 6  

tube balance and identify - 
tubes that may be going 
soft. R 4 4  TO R 4 6  1 C I 2 5  TO C127 

112 E A c H I T  ( *0°  

N O T E :  BREAK AT POINTS X 

nal strip inside the enclosure toward the rear of the 
chassis with 4-40 (M3) hardware and wire as shown 
in fig. 8. Mount the DPDT switch, S15, directly 
beneath the meter. For ease of access the meter 
should be removed before drilling the mounting hole. 
Use a miniature toggle switch in this location, which 
is almost unnoticeable. 

No interpolation of the readings is necessary since 
the cathode voltagelresistance ratios are unchanged. 
Tube balance, which is necessary in all parallel-tube 
amplifiers, is readily observed, and a soft tube may 
be easily spotted. The cathode currents of the indi- 
vidual tubes should track within + 10 per cent to sat- 
isfy a balanced condition. 

closing remarks 
The incorporation of these mods into the Collins 

32s-1 provided performance that rivals that of the 
more costly 32s-3. It's given a new lease on life to a 
veteran of some 18 years and has saved a couple of 
hundred dollars in the process! 

ham radio 
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Santa knows he can get terrific package 
deals at Hamtronics. All the famous brand 
names in Transceivers, Receivers, H F, VH F- 
UHF, FM equipment. The latest in Antennas, 
Rotors, Towers and all the necessary 
accessories. 

Santa's so shrewd, even his own personal 
station could have been bought at Hamtronics 



for a lot less than he'd pay at 
the dealer closest to home - 
the North Pole! Why not take 
a tip from Santa, shop 



OMNI-THEALLINCLUSIVE. Because OMNl has it all. Designed to 
give you evey advantage, every capability, whatever your operating 
specialty. Designed to give you new conveniences and new levels of 
performance. Designed to give you lhe world of Amateur Radio with a 
world of difference-the OMNl world of unique features. An unusual 
combination not found in any other. 
FUNCTIONAL STYLING. The "look you requested. "Clamshell" 
aluminum case clad in textured black vinyl. Complementary nonreflective 
warm dark metal front panel. Extruded satin aluminum him bezel and tilt 
bail. Convenient controls. Fully shielded. And everything in a larger. 
easier-to-use size: 5%"h x 14'i"w x14"d. 
TOTALLY SOLID-STATE. Sharing the TEN-TEC heritage of solid-state 
design leadership with its companion transceivers, the highly successful 
540/544. OMNl has all the advantages of proven solid-state 
technology-reliability. long life, cool performance, better stability. 
8-BANDS. The world now and in the future. OMNl covers 160. 80.40. 
20. 15. and 10 meters now (crystals included for all present Amateur 
bands. 1.8-30 MHz). And it has convertible 10 MHz and "AUX band 
positions for the future. 
BROADBAND DESIGN. Permits changing bands without tune-up. 
without danger of out-of-resonance damage to the final stage. 
ANALOG OR DIGITAL READOUTS. OMNI-A features an analog dial 
with 1 kHz dlal markings. OMNI-D has 0.43" LED readouts with the 5 
most significant in red and the 6th in green to show 100 Hz increments. 
BUILT-IN VOX AND PTT. Smooth VOX action with 3 easy-to-adjust 
front panel controls. PTT control is available at both front and rear panel 
jacks: an external microphone switch may be used. 
BUILT-IN SQUELCH. Unusual in an hf riq. but handv for tuning or 

BUILT-IN PHONE PATCH JACKS. Provide interface to speaker and 
microphone audio signals for phone patch connection. 
BUILT-IN "TIMED CRYSTAL CAWBRATOR. In the OMNI-A a 
pulsed 25  kHz calibmtor desensitizes the receiver and provides an 
automatic 5 to 10 second "on" time for easy two-hand dial skirt 
adjustment 
BUILT-IN ZERO BEAT SWITCH. Permits placing your transmined 
signal exactly on the listening frequencies of CW stations. 
BUILT-IN SWR BRIDGE. The "S" meter electronically switches to 
read SWR every time you transmit to provide a continuous antenna 
check. 
FRONT PANEL MICROPHONE AND PHONE JACKS. 
ADJUSTABLE AUT OMATlC LEVEL CONTROL. For setling output 
power level from low power to full output, for retaining low distortion at 
desired drive power to linear amplifier. 
SEPARATE RECEIVING ANTENNA CAPABIUW. Rear panel 
switch and jack connect receiving section to common antenna or separate 
receiving antenna. Also acts as receiving antenna by-pass when used with 
instant break-in linear amplifiers. 
BUILT-IN ADJUSTABLE SIDETONE. Variable pitch and volume 
DUAL COMPRESSION-LOADED SPEAKERS. Larger sound out- 
put, lower distortlon. no external speaker needed 
POWER INPUT. 200 watts when used with 50  ohm load. Proven. 
conservatively-rated. solid-state final amplifier design with full warranty 
for first year and pro-rata warranty for 5 additional years. 
100% D U N  CYCLE. Ideal for R l T Y .  SSTV. or sustained hard usage. 
PLUG-IN CIRCUIT BOARDS. For fast. easy field senrice. 
POWER. Basic 12 VDC operation for convenient mobile use: extemal - 

monitoring for a net or sked. supply required for 117 VAC operation. 
BUILT-IN 4-POSITION CW/SSB FILTER. 150 Hz bandwidth with 3 OPTIONAL ACCESSORIES. As all-inclusive as OMNl is. there are a 
selectable skirt contours for optimum CW reception. few optlons: Model 645 Keyer. 243 Remote VFO. 248 Noise Blanker. 
8-POLE CRYSTAL FILTER. 2.4 kHz bandwidth. 1.8 shape factor. 252M Power Supply. 
SEPARATE MODE SWITCH. Permits using all filters in any mode. Model 545 OMNI-A 5899  Model 5 4 6  OMNI-D $1069 
2-SPEED BREAK-IN. Swltch to "fast" or "slow" receiver muting lo 
accomodate any hand condition or mobile operating. 

Experlence the  world of dlfference of OMNI. see your TEN-TEC 

2-RANGE OFFSET TUNING. Switch-select the +5 kHz ranqe for dealer or  wrlte for dbb l l s .  
- 

off-frequency DX work or the k0.5 kHz range for fine tuning. 
OPTIMIZED RECEIVER SENSITIVITY. Ranges from 2 uV on 160 m 
to 0 3 uV on I 0  m (10 dB S+N/N) to achieve ideal balance behveen 
dynamic range and senslhvlty 
GREATER DYNAMIC RANGE. Typtcally exceeds 90 dB to reduce 
poss~ble overload from nearby stahons Also Includes swtchable 18 dB 
PIN diode anenuator for add~ttonal overload prevenhon TEN -TE C .INC. 
WWV RECEPTION. On the 10 MHz band swtch wsttlon S E V I E R V I L L E .  T E N N E S S E E  11862 imr ... . . ,.,.. , ,,, . ., 
FRONT PANEL CONTROL OF LINEARI'NTENNA BAND- 
SWITCHING. Auxiliary bandswitch terminals on back panel for 
simultaneous control of external relays or circuih with the OMNl 
bandswitch. 

TEN-TECs NEW @MNI 
HAS IT ALL 



top-loaded 
delta loop antenna 

Design and construction 
of an efficient, 
low-f requency, 

vertically polarized 
antenna using 
wire elements 

The  vert ical ly  polarized fu l l -wave  l o o p  has I . . 

emerged as a popular antenna on the low-frequency 
bands. The most common form of this antenna is the 
triangular (delta) loop12 with one of its vertices 
pointing skyward. Such an antenna can be suspend- 
ed from a single point located on a tower or a tree. 

The delta loop antenna is an interesting cousin of the popular in- 
verted-V dipole. I t  has been arwnd for quite a while and yet p r b  
vides some pleasant surprises. For those interested in tracing its 
backgrwnd I have provided references 1 and 2. Reference 1 is par- 
ticularly informative and provides polar diagrams of the delta radia- 
tion panern in three planes together with supporting mathematics. 
These references are available in most of the libraries in large cities. 

Editor, W6NIF 

On the 80- and 160-meter bands, height limitations 
can reduce the effectiveness of the delta loop. This 
article describes a method for reducing this problem 
by means of an easily implemented loading proce- 
dure. The case of a support height of 20 meters (65 
feet) for an 80-meter antenna is shown in fig. 1. An 
interesting aspect of this comparison is that the top- 
loaded delta loop fig. 16 (TLDL) has more gain than 
a full delta loop. Experience since the end of 1976 at 
WlDTV has been that the antenna performs as well 
as an inverted V for short-range contacts and pro- 
vides one to two S units better performance for DX 
contacts. In this article, I discuss the evolution of the 
TLDL and provide detailed design information for an 
80-meter TLDL. 
Two kinds of vertically polarized antennas are in 

I Homebrew matching transformw tor the top-loedd ddm 
loop antenna. 

By Frank J. Witt, WIDTV, 20 Chatharn Road, 
Andover, Massachusetts 01810 
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3 M  1 I O f I  I 
F R O N T  

L O A D I N G  S T U B  
M A K E  AS H O R I Z O N T A L  

/ I S  POSS'RLE 

I - _ - - 

/ / 7 / / 7 / T /  
S I D E  

fig. 1. An 80-meter delta-loop antenna with apex at 20 
meters (65 feet). Sketch A shows the classic delta loop for 
3.825 MHz; B shows a top-loaded delta loop for the same 
resonant frequency. Loading-stub dimensions are discussed 
in the text. 

common use on the low-frequency bands. One type 
is suspended above ground and fed directly; the 
other is erected from ground level and excitation oc- 
curs between ground or a simulated ground plane 
and the antenna. Both antennas would benefit from 
a highly conductive ground; but in the latter case, 
since ground resistance appears in series with the 
antenna at the drive point, efficiency is highly depen- 
dent on ground conditions. Therefore, the more suc- 
cessful monopole installations are those that use 
many radials. The TLDL is not fed against ground 
and hence ground plays only the role of a reflector. 
This is also true of full delta loops and sloping di- 
poles. Experience has shown that impressive per- 
formance may be obtained with such antennas with- 
out an elaborate system of radials. 

evolution of the 
top-loaded delta loop 

the TLDL design is to get these parts of the antenna 
away from ground and at least partly vertically orient- 
ed to increase antenna gain. Fig. 2A shows a typi- 
cal vertically polarized conventional delta loop 
designed for 3.825 MHz. Actually, this antenna can 
only be said to be mostly vertically polarized because 
of the position of the feed point. True vertical polari- 
zation (in a direction perpendicular to the plane of the 
loop, i e . ,  the direction of maximum gain) is obtained 
when the feed point is one-quarter wavelength away 
from the peak of the triangle as shown in fig. 28. 
You can see that the polarization is vertical by noting 
the current flow; the vertical components from the 
currents in the two upper sides of the triangle add, 
while the horizontal components cancel. 

The objective of the loading is to "lift" the current 
nodes higher in the vertical space available for the 
antenna and to make the vertically radiating sides of 
the antenna more vertical. Both actions will increase 

Ale B E T W E E N  DOTS 
ARROWS INOICATE 
INSTANTANEOUS 
DIRECTION OF 
CURRENT FLOW 

The signal at a distant point from a part of a trans- 
mitting antenna is proportional to the current in that 0 H O R I Z O N T A L  

part of the antenna. For a half-wave dipole, for in- 
stance, maximum radiation is received from the cen- 
ter of the dipole, where the current is greatest. The 
radiated contribution from the ends of the antenna is 
negligible. 

The TLDL 'Oncept resulted from a recognition Of fig. 2. Physical dimensions of a typical corner-fed delta loop 
the fact that for a conventional, vertically polarized antenna (A). True vertical polarization occurs when the 
delta loop, much of the antenna where high currents feedpoint is one-quarter wavelength from the apex (B). 
exist is horizontal and near ground. The objective of Sketch C shows current distribution. 
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the low-angle gain for vertically polarized signals. 
The derivation of the TLDL from a conventional delta 
loop is shown in fig. 3. 

The feedpoint resistance for both a conventional 
delta loop and a TLDL has been measured at W1 DTV 
to be 130 ohms. From this information and from the 

C O N V E N T I O N A L  DELTA L O O P  

SlOE V I E W  O F  LOOP 

fig. 4. Method of adding the stubs on both sides of the delta 
loop to reduce horizontally polarized radiation. 

B R I N G  P O I N T S  2  A N D  < T O G E T H E R  

S I N C E  P O I N T S  2  A N 0  4 A R E  AT S A M E  
P O T E N T I A L .  R E P L A C E  S E G M E N T S  2 . 3  A N 0  
3 . 4  W I T H  A S I N G L E  W I R E  

8 6 
7 

F R O N T  S I D E  

T .:9=~-y 
C U R R E N T  D I S T R I B U T I O N  I\ H O R I Z O N T A L  
O F  T L D L  N O T E  H O R I Z O N T A L  S T U B  
" D O U B L E " C U R R E N T  I N  S T U B  A N D  N E A R  G R O U N D  

fig. 3. How the top-loaded delta loop ITLDL) is derived from 
the conventional delta loop. The top loading makes the cur- 
rent nodes higher with respect to ground and increases the 
vertical polarization from the antenna sides. This improves 
low-angle radiation. 

geometry of the two antennas (and if one assumes 
sinusoidal current distribution), the TLDL has a gain 
of 2.3 dB over a conventional delta loop. The dimen- 
sions of fig. 1 have been assumed for this calcula- 
tion. See reference 3 and fig. 4 for an explanation of 
the methods used to arrive at this result. 

The TLDL is truly vertically polarized in a direction 
perpendicular to the plane of the loop. It is mostly 
vertically polarized in other directions and exhibits an 
almost omnidirectional pattern. 

loading stub 
The loading (or matching) stub is shown in fig. 3 

to be horizontal, but this is rarely possible. At 
W1DTV it runs to the farthest point on the property 
and makes about a 60-degree angle with the plane of 
the loop. The stub should be X/8 or 9.8 meters (32 
feet) at 3.825 MHz. However, it was necessary to 
lengthen it to 13 meters (43 feet) for resonance at 
that frequency. The probable reason for this is that 
the stub is severely folded back toward the loop; the 
consequent detuning is overcome by lengthening the 
stub. This effect is observed in inverted V antennas, 
where the length must be made longer than would be 
necessary for a straight dipole. 

The stub could be added on both sides of the loop 
as shown in fig. 4. This would virtually eliminate the 
effect of the stub on the radiated pattern. This 
method hasn't been tried, and the practical effects 
are unknown. 

The stub can be shortened considerably by means 
of a loading coil installed in series with the stub at the 
point where the stub is connected to the triangle 
apex. See fig. 5. The 13-meter (43 foot) stub was 
reduced to 4.9 meters (16 feet) by the use of a 3ZPH 
loading coil. The loading coil reduces radiation from 
the stub, but it results in a reduction in antenna 
bandwidth. The loading coil is a B&W 302913905-1," 
which is 63.5 mm 12 1 / 2  inches) diameter by 254 mm 

'Barker and Williamson, Inc., Canal Street and Beaver Dam Road, Bristol, 
Pennsylvania 19007. 
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LOADING COIL 

. '. . 

I 

S I D E  VIEW OF LOOP 

fig. 5. Using a loading coil to reduce stub radiation. 

(10 inches) long (6 turns per 25 mm). This coil with 
the 4.9-meter (16-foot) stub allows the TLDL to reso- 
nate anywhere in the 80-meter band by changing the 
tap position. 

matching methods 
A common method for feeding delta-loop anten- 

nas is to use a quarter wavelength of 75-ohm trans- 
mission line between a 50-ohm transmission line and 
the feedpoint. For a feedpoint resistance of 130 
ohms, the vswr at resonance would be 

which is quite acceptable. Since the conventional 
delta loop and the TLDL are essentially balanced an- 
tennas, it's desirable to use a 1:1 balun at the anten- 
na to prevent antenna currents on the coax feedline. 

At W1 DTV, a transformer (shown in fig. 6 and the 
photo) accomplishes both impedance matching and 
the unbalanced-to-balanced transformation; it 
handles the legal power limit quite satisfactorily. The 
transformer has been evaluated only on 80 meters, 
but the design could be trimmed to work over several 
bands. See reference 4 for details on optimizing such 
designs. 

voltage standing-wave ratio 
The vswr using the transformer of fig. 6 and 50- 

ohm coax is shown in fig. 7 for the conventional del- 
ta loop, the TLDL using a wire stub only, and the 
TLDL with a wire stub and loading coil. Note that an 
excellent midband match is obtained for all three 
cases, but the bandwidth depends on the configura- 
tion. The bandwidth of the worst TLDL case (using 
the loading coil) is substantially better (6.6 times wid- 
er) than that of a loaded 20-meter (66-foot), 80-meter 
sloping dipole,5 which would require about the same 
mounting height. The vswr plot of the latter is also 
shown in fig. 7 for comparison. 

Note from fig. 7 that the vswr of the TLDL with a 
loading coil is not univ. The reason is that the induc- 
tive loading modifies the current distribution at the 

top of the antenna, and the feedpoint resistance is 
changed. For the purist, a more optimum trans- 
former for this case would be one where the 3-1 12- 
turn winding of fig. 6 is reduced to 2-1 I 2  turns. In all 
cases, the installation involved a steel tower with the 
antennas supported 1.2 meters (4 feet] from the tow- 
er on a boom at the 19.8-meter (65-foot) level. All 
guy wires were broken with insulators to avoid reso- 
nance, and no guying was used above the 10.7- 
meter (35-foot) level. 

concluding remarks 
The TLDL antenna performs as well as other simi- 

lar antennas requiring higher points of support. The 
design is based on the positioning of the high-current 
parts of the antenna so that they will provide a pri- 
marily vertically polarized radiated signal. The TLDL 
has substantially more bandwidth than its nearest 
low-height competitor, the XI4 sloping dipole (load- 
ed). Calculations indicate that the antenna should be 
a good performer, and on-the-air experience has sub- 
stantiated these results. 

A point of caution - if you try this antenna, or any 
new antenna, take steps to convince yourself that 

WINDING I  N  
@ f - 7  

@ r y 3  1,2 TURNS 

2 7 
5 0 0  COAX T U R N S  R A T I O  : - . 1 . 5 8 8  

17 

T U R N S  

1 3  ( 6 1 1  ANCEDI  

T U R N S  

e 
5 0 0  COAX 

W l R E  I m m  fAWG 181 HOOKUP WIRE 

CORE A M I O O N  F E R R I T E  R O D .  1 2 m m  D I A M E T E R ,  IOOmrn LONG.? I 2 5  f A M l O O N  
A S S O C I A T E S .  1 2 0 3 3  OTSEGO STREET.  NO HOLLYWOOD. C A .  9 1 6 0 7 1  

CONSTRUCTION I 3  I / Z  T R I F I L A R  TURNS WlTH I 0  T l lRNS REMOVED FROM O N E  
W I N D I N G  W R A P  W l T H  V I N Y L  E L E C T R I C A L  T A P E  AND TAPE TO T H E  FEEDPOINT 
I N S U L A T O R  N O  O T H E R  P R O T E C T I O N  N E C C S S A R I  

fig. 6. Construction of the matching transformer for the top- 
loaded delta loop antenna. Sketch A shows the basic prin- 
ciple. Any impedance ratio between 1:l and 1:4 may be ob- 
tained by tapping winding 1. The basic configuration is 
shown in B. Sketch C shows the schematic and winding - 
logic. 
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CONVENTIONAL DELTA LOOP 
(FIG I A )  

TLDL W l T H  INDUCTIVE LOADING 

,414 SLOPING DIPOLE W l T H  INDUCTIVE LOADING 
FREOUENCI f M H l l  

fig. 7. Vo l tage  s t a n d i n g  w a v e  r a t i o  a n d  b a n d w i d t h  of t h e  
conven t iona l  de l ta  loop.  t h e  TLDL. t h e  TLDL with i n d u c -  
t i v e  loading,  a n d  a quar te r -wave leng th  s l o p i n g  d ipo le  an-  
t e n n a  with i n d u c t i v e  loading.  Resonan t  f requency  i s  3.825 
MHz in t h i s  mode l .  

other nearby antennas are not significantly influ- 
encing its behavior. A considerable amount of inter- 
action between a TLDL, an inverted V, and a sloping 
dipole, all supported by the same tower, has been 
observed. The data in this article were taken with the 
inverted V and sloping dipole removed from the 
tower. 
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250 & 400 Hz 8-pole xtal filters 
WIN YOUR BATTLE AGAINST ORM 
GET THE BEST AND SAVE 

"Fantast~c!" IS the word K2TK uses in summarlzing the performance of 
the new Fox-Tango Bpole 250 Hz CW crystal lattice filter In comparison 
with that of hts standard 4-pole Heath unit. "Remarkably free from 
ringing ... except~onal ultlmate rejection ... superior shape factor ... easy 
installation ..." are other quotes lrom his enthusiastic report. Wh~le gratl- 
fylng, h ~ s  remarks come as no surprtse - they merely echo those of hun- 
dreds ol satisfied Yaesu and Kenwood purchasers ol Fox-Tango lilters 
who have dec~ded to up-grade thetr present sets instead of purchasing 
new onesat today's inflated prlces. 
Fox-Tango lilters are des~gned to match the mounting holes in the most 
popular Heath rigs like the HW.101. 88-301, etc., exactly. For the 
others, the drilling of a lew small holes will pose no problem for Heath 
owners who have "built lheir own". K2TK mounted his new 250 Hz untt 
in the space reserved for an AM filter in his S8300 thus making use of 
exist~ng front panel controls for selecting ellher of his two CW filters. For 
those whose models lack t h ~ s  lacll~ty, it will be easy to improvise mechan- 
lcal or electromagnet~c switching arrangemenls 11 dual filters are desired. 
01 course. for those satlsfted w ~ t h  one filter, installallon usually conststs 
ol lightening two nuts and soldering two connections. 
Our complete line of filters is l~sted below. Note that we olfer both 250 
and 400 Hz bandwidths lor Heath rtgs. Although the latter appears to be 
the same as Ihe standard Heath CW filter. the difference in &pole per- 
lormance has lo  be heard to be bel~eved. The 400 Hz unlt is Ideal tor rou- 
tine CW operation even though it lacks the needle-sharp response (and 

E 33H250 CW 3395 4 8 250kHr Sharp vnlt for OXand contesl work 5 338400 CW 3395 4 8 400 kHr Use rnneadof slandard Heatn CWflllers. 

To avoid error due to slmilarlly of some liller numbers, specify des~red unit 

Dlods Swilchlng Boards permil easy mounting (without drilling) 01 up to two crystal 
llllers 01 any lype m addltron to those lor whlch the manutaclurer provides space. 
These boards will accommodale any 01 the l~llers Itsled axcspl Hsath. Speclty make 
01 set w~th whtch board is lo be used. $20 airmall postpaid. 

VISA and MISter Charge lCWpl8d. 
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updating the 
vacuum-t ube receiver 

Rejuvenate that old 
vacuum-tube receiver 

by replacing 
the tubes with 

equivalent transistor stages 

All of the communications receivers made in the 
1940s and 1950s, and most of those made in the 
1960s, were vacuum-tube designs. Receivers manu- 
factured during those decades were intended for the 
amateur modes then popular - a-m and CW - and 
they usually performed quite well on a-m. Inclusion 
of the beat frequency oscillator made possible re- 
ception of ssb and CW, but, by today's standards, 
much was left to  be desired. These older receivers 
can often be picked up at flea markets or swap meets 
for a small fraction of their original cost and, properly 
modernized, can be made to equal or even surpass 

the performance of new models selling at many times 
the price. 

Probably the two worst shortcomings of older 
tube-type receivers are their lack of selectivity and 
their warm-up drift. The drift results mainly from 
temperature changes brought about by the large 
amount of heat generated by the tubes. Although 
much can be done with tube receivers to minimize 
temperature drift,' the best solution is to abandon 
tubes altogether and substitute transistors. Modern 
field-effect transistors have characteristics so similar 
to those of tubes that often a direct one-for-one re- 
placement is possible with only minor circuit and 
supply voltage changes. 

Any of several possible routes can be taken when 
transistorizing a tube receiver. Probably the most 
conservative (some would say cowardly) approach is 
to proceed one stage at a time; that is, substitute a 
transistor circuit for a vacuum tube stage and perfect 
its performance before moving on to  the next stage. 
This strategy makes debuggingeasy, but, because of 
different impedance and signal levels, tubes and 
transistors do not always interface easily. Sometimes 

By Fred Brown, WGHPH, 1169 Los Corderos, 
Lake San Marcos, California 92069 



a transistor stage will have to be modified when a 
following or preceding stage is changed over from 
tube to  transistor. 

Next to frequency drift, the greatest shortcoming 
of these old a-m receivers is usually their poor skirt 
selectivity. The old single-pole crystal filters and Q- 
multipliers gave good selectivity at about 6 dB down, 
but the skirts were very wide at 30 to 60 dB down. 
The rectangular passband so necessary for today's 
ssb communications calls for a mechanical or multi- 
pole crystal filter. 

If your receiver is a single-conversion general- 
coverage type, you will probably have to stick with 
the original intermediate frequency. This means a 

-mechanical filter if the i-f is below 1 MHz. A ham- 
band-only receiver, however, can be converted to  
practically any intermediate frequency so long as the 
i-f does not lie inside or near an amateur band. (It's 
very hard to make a superhet that will tune through 
its own intermediate frequency.) 

Generally speaking, a high intermediate frequency 
is to be preferred, because it improves image rejec- 
tion. Furthermore, if the local oscillator operates on 
the low side of the signal, a high i-f means a lower LO 
frequency, and this contributes to  frequency stabil- 
ity. Today, the availability of high-frequency multi- 
pole crystal filters makes possible single conversion 
designs with high intermediate frequencies, thereby 
avoiding the spurious response, birdie, and cross- 
mod problems of dual-conversion designs. 

modernizing the HQllOA 
To start this project, I tore out all the old circuits 

and started with a clean slate, leaving intact only the 
front-end tuned circuits and bandswitch. Most of the 

Rear view of the HQ11OA. The i-f emplifier. detector, first 
audio, and S-meter circuits are built on the circuit board 
that runs along the left side of the chassis. 

tube sockets were left, as they make handy tie-points 
for the new wiring. There is something to be said for 
building from the ground up, but most of the work 
with sheet-metal and the mechanical drudgery is 
avoided if you rebuild a commercial receiver. Also, it 
is hard for the average amateur to duplicate the pro- 
fessional appearance and calibrated dials of a manu- 
factured receiver. 

The H01 10A is a good example of how an inter- 
mediate frequency can be radically changed. Orig- 
inally, the receiver was dual conversion on all bands 
above 80 meters, with a first i-f of 3035 kHz and a 
second i-f of 455 kHz. I happened to have a McCoy 
Golden Guardian 9-MHz ssb filter. I wanted to  move 
the i-f to this frequency and make the receiver single- 
conversion on all bands. This took some doing; it 
meant all the original i-f transformers had to be 
scrapped, and all the local oscillator coils rewound. 
The result was worth it. The transistorized receiver 
has much better selectivity, frequency stability, and 
image rejection than the original. And the existing 
dial calibration holds on every band, even better than 
in the tube version. 

Power supply and audio. A good place to start 
your conversion to solid state is in the power supply; 
you won't be able to try out any transistor circuits 
without low-voltage dc. Although the old power 
transformer will be less than ideal for a transistor 
power supply, it is possible to obtain low voltages 
from the 5.0- and 6.3- volt filament windings. For in- 
stance, a full-wave rectifier on the 6.3-volt winding 
will provide 9 volts dc, and a full-wave doubler about 
18 volts dc. In this receiver, however, I replaced the 
old power transformer with a more appropriate one 
having a 16-volt center-tapped secondary. 

Both positive and negative supplies were needed, 
since dual-gate MOSFETs, like vacuum tubes, nor- 
mally require a negative AGC voltage. Although it is 
possible to use FETs with positive-only voltages, the 
AGC system is simplified if a negative supply is 
available. 

The positive supply (see fig. 1) is filtered by a con- 
ventional L-C filter which uses an 88-mH toroid for a 
filter choke. The resulting unregulated 19 volts is 
used for the audio output stage and diode bias. A 
conventional emitter-follower regulator, 0 1  and CR5, 
is used to regulate the positive supply to + 12 volts 
dc for the remainder of the receiver. 

Most designers would use a class B integrated cir- 
cuit for the audio output, but I prefer the class A 
arrangement shown in fig. 1. This circuit has proven 
reliable in many different applications. It has excel- 
lent dc stability due to the negative-feedback biasing 
arrangement, and low distortion because of the neg- 
ative-audio feedback around the output transformer. 



Detector, i-f, and AGC systems. The 9-MHz i-f 
signal from the McCoy filter is applied to the first i-f 
stage, 05. This common emitter stage is R-C 
coupled to the dual-gate MOSFET second i-f stage. 
R-C coupling is used for simplicity and to avoid the 
need for neutralization. The added gain that could be 
obtained from transformer coupling was not needed. 

The i-f transformers, T3, T4, and T5, are ordinary 
fm transistor radio transformers which are shunted 

time to avoid "popping" at the beginning of a word. 
One inherent limitation on attack time is the delay 
caused by the crystal filter. Envelope delay time in a 
bandpass filter is determined by the skirt steepness 
ratio: the steeper the skirts, the longer the delay. The 
McCoy filter, having exceptionally steep skirts, has 
an inordinately long delay time, and for this reason it 
was not possible to use as much AGC feedback 
around the filter as would have been desirable. The 

8 OHM SPEAKER 

N O 4 7  N O 4 7  

IN4001 14 PLACFSI 

0 + /9voc  
120 fflc 

0 IZVDC. REGULATED 

fig. 1. Schematic diagram of the revised power supply and audio circuit. Q1 and Q4 should be mounted on heatsinks. The audio 
stage will provide 100 mW of undistorted audio output. In addition, the use of Class-A transistors vs. an IC may prevent destruc- 
tion of the devices if the output is shorted. 

with sufficient capacity to resonate at 9 rather than 
10.7 MHz. The different resonating capacitors are 
due to the use of different brands of transformers. 

The third i-f stage is an emitter-coupled pair, 07  
and Q8. The emitter of Q7 also drives the AGC ampli- 
fier, Q9 and Q10. It was not possible to derive the 
AGC signal from the collector circuit of Q8 because 
the BFO signal is too strong at this point and would 
swamp the AGC. An audio-derived AGC system 
would have been easier, but in this receiver I wanted 
AGC that would work on a-m carriers. 

The AGC signal is rectified by CR9, with the result- 
ing dc applied to 011. An emitter follower is used 
because its low output impedance allows C1 to 
quickly charge through CR10. In any single-sideband 
AGC system it is important to have a short attack 

AGC control voltage to the r-f and mixer stages 
(AGC 2) is attenuated by the voltage divider, R4-R5. 
In addition, AGC 2 also controls the S-meter driver 
through the S9 adjustment pot R4. 

The product detector, CR7-CR8, requires push- 
pull BFO drive which is provided by the center-tapped 
secondary of T6. The BFO is switched by means of 
diode switches for upper or lower sideband. 

Local oscillator. In the interest of best frequency 
stability, the local oscillator operates on the low fre- 
quency side of the signal on the 20-, 15, lo-, and 6- 
meter bands. On 160, 80, and 40 meters, the oscilla- 
tor is 9 MHz higher than the signal frequency. This 
arrangement automatically takes care of sideband 
switching; upper sideband is received on 20 meters 
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and the higher bands and lower sideband on 40 
meters and lower, as is the accepted standard. The 
BFO switch can therefore be labeled NORMAL and 
REVERSE without any reference to the bandswitch 
position. 

Table 1 gives the required oscillator tuning range 
of each amateur band. On three bands - 20, 15, and 
10 meters - the HQ11OA dial calibration is wider 

total shunting capacitance must be reduced to a 
mere 23 pF. This 23 pF includes the 8 pF minimum of 
the tuning capacitor, and a few pF of stray and coil- 
distributed capacitance, and a few pF for the trim- 
mer. When all this is added up, the shunting capaci- 
tance left for the remainder of the circuit will have to 
be limited to a maximum of about 12 pF in order not 
to exceed the 23-pF total. This is one restriction on 
the oscillator circuit. In addition, the oscillator is call- 
ed upon to operate over a wide frequency range 
(5 to 45 MHz) and also tolerate a wide range of L to 
C ratios. 

L1 14 turns no. 24 (0.5rnrn) L4 60 turns no. 32 (0.2rnrn) L7 7.5 turns no. 24 (0.5rnrn); 
L2 17 turns no. 28 (0.3rnrn) L5 17 turns no. 28 (0.3rnrn) L8 17 turns no. 24 (0.5rnm); 
L3 20 turns no. 22 (0.6mrn); L6 16 turns no. 28 10.3rnrn) 

fig. 3. In the local oscillator, C3B is one section of the main tuning capacitor. Inductors L1, L2, L4, L5, and L6 are wound on the 
original 6.5 mm I%'? slug-tuned form; L3 is wound on a T-68-6 toroid; L7 and L8 are wound on 6.5 mm (%"I slug-tuned forms. 
Most of the components can be mounted on a small circuit board. 

than the amateur band limits. Table 1 also gives the 
LO tuning range as a percentage of the lowest oscil- 
lator frequency on that band. Notice that the per- 
centage tuning range varies from a maximum of 
10.53 per cent on 10 meters to a minimum of 1.85 
per cent on 160 meters. The oscillator percentage 
tuning range is determined by the amount of fixed 
capacity which shunts the tuning capacitor; the 
smaller this capacity, the greater the range. 

To make the dial calibration come out right, both 
the inductance and shunt capacitance of the LO tank 
must be correctly chosen. In the HQ7 10A, the oscil- 
lator tuning capacitor (only one of two sections is 
used) has a minimum capacitance of 8 pF and a max- 
imum of 13 pF, or a range of only 5 pF. This capacitor 
must be shunted with a total of about 134 pF to pro- 
vide the 1.85 per cent tuning range for the 160-meter 
band (10.8 to 11.0 MHz). On ten meters, however, 
the tuning range expands to 10.53 per cent, and the 

Many different oscillator circuits were tried in 
search for one that would meet these stringent re- 
quirements and would also be stable in frequency. 
The circuit shown in fig. 3 worked best. It is an fet 
version of the Seiler oscillator,2 followed by a two- 
stage buffer amplifier. Table 1 shows the excellent 
frequency stability of this oscillator for supply voltage 
changes of one volt (from 11.0 to 12.0 volts). Since 
the 12-volt supply is fairly well regulated, it's possible 
to vary the line voltage from 80 to 130 volts ac with 
no noticeable change in beat note. Try to do that 
with your tube receiver! 

Theoretically, this circuit will oscillate with any L 
to C ratio in the tuned circuit. The only limitation on 
L-to-C ratio is Q; the lower the ratio, the higher the 
tank circuit Q must be to sustain oscillation. The low- 
est L-to-C ratios occur on those bands with the 
smallest percentage tuning range, 160 and 40 me- 
ters. On 40 meters, it was not possible to get enough 
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Q with the original 6.5-mm (0.25-inch) slug-tuned 
coil form. Therefore, a toroidal coil was used for this 
band. Since toroids are not adjustable, the circuit 
arrangement shown in the schematic was adopted. 
The capacitor in series with the coil (C2) effectively 
trims the inductance. 

On 160 meters, it was possible to wind the coil on 
the original coil form and still get enough Q, but just 
barely. All the other coils, except 6 meters, are 
wound on the original forms and mounted in the 
original shield cans. 

Notice in fig. 3 that the 10-meter coil is shorted by 
S6F when the bandswitch is in the 6-meter position. 
This is because the ten-meter coil happened to res- 
onate near 42 MHz, which, unfortunately, was with- 
in the oscillator tuning range on the 6-meter band 
and caused a back "suck-out" as the oscillator was 
tuned past this resonant frequency. Also, unfor- 
tunately, there was no unused contact on the band- 
switch in the 6-meter position, so one had to be add- 
ed to do this shorting job. This, however, was the 
only modification that was necessary to the original 
bandswitch. 

The untuned buffer amplifier is made up of a corn- 
mon-emitter stage (0151, for amplification, directly 
coupled to an emitter follower (016) for low output 
impedance. As with any amplifier, there is an upper- 
frequency limit where gain begins to fall off. In this 
case, output is down about 3 dB at 19 MHz (10 
meters), but on 41 MHz (6 meters), it is down about 
12 dB. For this reason, a compensating coil (L8) is 
placed in series with the output. This inductance 
forms an L network in conjunction with the mixer in- 
put capacitance, thereby boosting the 41-MHz LO 
voltage at the mixer gate. On the lower bands it has 
little effect. 

The 82-ohm resistor in series with the emitter re- 
sistor of Q16 delivers a local oscillator signal to a 
phone jack located on the rear apron of the chassis. 
By plugging a frequency counter into this jack, you 
can have a poor-man's digital readout. Of course, it 
is necessary to add or subtract 9 MHz from the 
counter reading, but in practice it is easier to simply 
ignore the digits to the left of the decimal point and 
mentally substitute the appropriate digits for the 
band being received. For example, the receiver is 
on forty meters and the counter reads 16.238. 
Obviously, this means 7.238 MHz. Remember also, 
that the counter reading corresponds to the center 
of the passband, which is typically 1500 Hz higher or 
lower than the carrier frequency, depending on 
which sideband is being received. 

The tuning rate of the HQ110A was a bit fast for 
ssb, especially on 10 and 6 meters. For this reason, a 
clarifier, or ultra-fine tuning control (C4 in fig. 3) was 

added to the LO circuit. This variable capacitor is 
mounted in the hole formerly occupied by the func- 
tion switch and is turned by the large, function- 
switch knob, which is ideal for the purpose. 

A very small capacitance range is needed for the 
clarifier capacitor. It could have been made from a 
small variable by removing all but two plates, but in 

table 1. Frequency ranges for the new local oscillator in the 
rebuilt HQ11OA. 

oscillator oscillator oscillator clarifier 
band range percentage stability range 
MHz MHz range Hzlvolt Hz 

my case it was fabricated from the remains of an old 
wire-wound pot. The resistance element and wiper 
arm were removed and a semi-circular plate was 
soldered to the rotor shaft. Another semi-circular 
plate was fastened to the Bakelite case to form the 
stator. The resulting capacitor has a range of only 1 
pF and produced the frequency ranges given in the 
fifth column of Table 1. 

rf and mixer stages. Because dual-gate MOSFETs 
make such ideal replacements for pentode vacuum 
tubes, no radical changes were necessary in the re- 
ceiver rf  and mixer stages shown in fig. 4. None of 
the antenna or rf stage coils were changed, with the 
exception of the tap on the six-meter antenna coil: it 
was moved up to three turns above ground. Both rf 
and mixer stages, Q17 and Q18, are RCA40673 dual- 
gate MOSFETs. For simplicity, coils for only the 6-, 
lo-, 15-, and 20-meter bands are shown in fig. 4. 
Experimentally, it was found that receiver sensitivity 
on these four bands could be optimized for a 50-ohm 
antenna by placing a proper size capacitor in series 
with the antenna input. 

When the receiver is tuned to 28.0 MHz, the image 
frequency happens to be 10.0 MHz, a fact that is 
exploited with a minimal increase in complexity to 
provide 10-MHz reception of WWV. For WWV, S5 
in fig. 4 shunts the 10-meter rf stage coil with trim- 
mer C5. This capacitor resonates the 28-MHz coil 
down to 10 MHz, with the WWV signal from the an- 
tenna coupled into the mixer through the series- 
tuned circuit, L9-C6. Tho rf stage is not used in this 
mode; WWV is normally so strong that an rf stage 
is not really needed. 
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fig. 4. Schematic diagram of the rf, mixer, noise limiter, and crystal calibrator circuits. The antenna and rf stage coils and trim- 
mers are unchanged from the original receiver. For simplicity, only four bands are shown. L9 is 7 pH, made by close winding 30 
turns of no. 24 (0.5mml AWG wire on a 4-mm 15132-inch) diameter ferrite rod. 

Noise l imiter and crystal calibrator. I wanted 
some kind of first-line defense against impulse noise 
without resorting to all the complexity of a noise 
blanker. Thus, the simple noise limiter in fig. 4 was 
included. In order to be effective, the limiter should 
clip the noise pulses before they become stretched 
out by the crystal filter. 

The limiter was placed between the mixer and 
sideband filter and has the option of being switched 
in or out. The common-emitter stage, Q19, ampli- 
fies the noise pulses up to a level where they can be 
clipped by the shunt limiter, CR19-CR20. These sili- 
con diodes are biased by R6 to a point where they are 
just beginning to conduct. After being clipped, the 
signal is brought back down to its original level by 
means of the capacitive voltage divider, C7-C8. 

I make no claim that this limiter can compete with 
a good noise blanker, but it can make the difference 
between copy and no-copy. Only high-amplitude 
noise pulses are clipped. It takes about 50 microvolts 
at the antenna before clipping begins to occur. This 
means weak noise pulses are unaffected, but the 

weak pulses are not normally a problem because they 
are reduced in amplitude after being stretched out 
by the i-f filter. For best results, the AGC should be 
turned off when using the noise limiter. 

Of course, the greatest shortcoming of this type of 
limiter is that it is highly susceptible to cross-mod 
from strong in-band signals. If yob have both high 
noise and strong signals at the same time, you must 
choose between cross-mod and impulse noise, 
depending on which is worse. 

The 100-kHz crystal calibrator, Q19 and (220, uses 
the original 100-kHz crystal and trimmer capacitor. 
The circuit is patterned after one in the Atlas 210X; 
it provides plenty of harmonic strength right up 
through 54 MHz. 
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double=stub tuner 
for 1296 MHz 

Feedline and matching 
problems at 1296 MHz 

are easily overcome 
by using 

this simple 
but effective 

double-stub tuner 

Shortly after the military APX-6 became available 
on the surplus market in the 1950s, a number of mag- 
azine articles were published which described con- 
version of the unit to the 1215-1300 MHz amateur 
band. For a time there was considerable interest in 
this band; here in the San Fernando Valley there 
were about seven stations active for a year or more. 
Eventually interest declined, until there were only 
two of us left - K6BV and myself. We had 85 MHz 
of amateur frequency spectrum with almost no 
takers. That's too bad, because this band is ideal for 
repeaters, wide-band television, satellite communi- 
cations, and amateur experimentation. 

Why is the use of this band so meager? Probably 
the main reason is that there is no equipment avail- 
able for the band. Also, it requires the application of 
techniques quite different from thoseused on the low- 
er frequencies; of necessity, striplines and cavities 
must be used. These take some getting used to by 
newcomers to the amateur bands above 1000 MHz. 

Another aspect that has not received too much 
attention is transmission lines. Losses in coaxial 
cable are tremendous at this frequency. Standing 
waves are a disaster if they appear on the line. The 
best RGSIU coax has a loss of 8 dB per 30 meters 
(100 feet) at 1296 MHz. Any reflection at the antenna 
is power lost in all but the shortest lines, and putting 

a radiator at the top of a tower does not promote a 
short feedline. On the low-frequency amateur bands 
a reasonable reflection of power at the antenna does 
not represent any appreciable loss in radiated power; 
if nothing gets hot, and the transmitter loads, the 
power has to radiate. Reflected power makes a 
round trip at low frequencies. At 1296 MHz, the 
reflected power suffers the 8-dB loss on the trip back 
to the transmitter and again on the second trip to  the 
antenna. The net result is that reflected power is 
power lost, and power is hard to  come by at 
1296 MHz. 

Measurement of power and standing waves on the 
feedline was a serious problem at my station for sev- 
eral years. A field-strength meter is easy to make for 
1296 MHz, and setting it up in front of the antenna 
gives a good indication of relative power levels, but it 
usually turned out that a slotted line was still showing 
a considerable standing wave on the feedline, even 
after everything was tweaked for hours on end. Just 
taking the slotted line out of the line was apt to be a 
disaster if only because of the change in length of the 
line. In addition to this problem, the field-strength 
meter didn't give a true reading of the actual power 
being radiated. It was strictly a relative measure- 
ment, and I could not tell whether the transmitter 
was running at 5 per cent efficiency or the hoped for 
30 to 40 per cent. 

Uncertainty over the power output of the transmit- 
ter and the unhappy situation with standing waves 
on the feedline led to several not-so-cheap purchases 
and also a rather close-tolerance construction proj- 
ect. The first purchase was a Bird model 43 watt- 
meter with a plug-in covering 1.1 to 1.8 GHz. The 
second purchase was a Sierra Model 1608-300 dum- 
my load (I couldn't build a suitable dummy load and 
gave up after a number of attempts). The way to 
rationalize these purchases is to say that the test gear 
will not wear out and with much cheaper plug-in ele- 
ments the Bird 43 wattmeter will work on other ama- 
teur bands. 

With the wattmeter and the dummy load I could 
read transmitter power output and pick up reflected 

By George Hatherell, KGLK, 10160 Maude 
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power when the feedline was moved from the dum- 
my load to the antenna radiator. Things began to fall 
into place. I t  became possible to trim the driving 
dipole for a reasonable match to the line. Single-helix 
antennas were stubborn, and responded only half- 
heartedly to matching devices; a twin-helix antenna 
was much better; a quad helix never seemed to work 
just right, regardless of the matching scheme I tried. 

A nasty development surfaced when the dipole in 
front of my 2.5-meter (8-foot) dish was moved for 

fig. 1. Mechanical diagram of the double-stub tuner. As 
mentioned in the text, the length of the center conductor 
of the main line is determined by the type of N connector 
which is used. Matching is accomplished by the two stubs 
with sliding shorts which provide adjustable amounts of 
reactance. 

field-strength tests and beamwidth measurements. 
Any change of antenna configuration forced me to 
retune the driver. The answer, of course, was to find 
some kind of impedance-matching device that could 
be put into the line at the antenna and at the trans- 
mitter. The double-stub impedance transformer was 
the logical solution. But, where to find one? The sur- 
plus houses I trade with never had a single one that 
could possibly have worked at 1296 MHz. I had to 
build one; in fact, I had to make four of them. (Any- 
body working 1296 is bound to have more than one 
antenna. 

The impedance-matching range of the double-stub 
impedance-matching transformer is astonishing. For 
example, it is no problem at all to bring the feedlines 
from two dipole antennas together at a T and match 
the resulting 25-ohm impedance to a 50-ohm line. 

tuner construction 
The stubs of a double-stub tuner are normally 3/8 

wavelength apart and mounted at right angles to a 
%-ohm line section, Insertion loss is not readable on 
a 0- to 25-watt rf power meter running at half scale. 
There is just one problem with the tuners: they are 
hard to make because mechanical tolerances must 
be held tightly so that the tuning plungers do not 
bind when they are adjusted. It is not necessary to 
have a mill to build a double-stub tuner, although 
there is one minor place where it produces a more 
professional job. A lathe should be available. 

construction 
Referring to the cross-sectional sketch (see fig. 11, 

tubing sections used for the stubs can be sawed to 
length; remember that they must be long enough to 
reach halfway around the mainline section. Cut and 
file one end of each stub tube to fit snugly around the 
main section line. Scribe the outside contour of one 
of the stub tubes onto the main line, 43 mm (1.7 
inches) from the center of the main line; scribe a 
similar contour 43 mm (1:7 inches) from the center 
toward the other end. These outlines must be parallel 
along the main line tube. Remember, these scribed 
contours are the outside of the stub tubes. Cut and 
file openings in the main line tube to match the inside 
diameter of the stub sections. Final fit must be made 
with the file strokes at right angles to the line tube 
and parallel to the axis of the stub tubes, as they will 
solder in place. This may sound difficult, but it's not, 
just a bit tedious. 

Assembly of the two stubs to the main line must 
be done accurately. I found the simplest way was to 
lay the three parts on a piece of 1.9-cm (314-inch) 
plywood and drive nails on both sides of all three 
tubes to hold them in place. A square will indicate 

december 1978 73 



when the stubs are at right angles to the main line. 
The plywood will keep all three parts in the same 
plane. Put something heavy on each of the tubes to 
keep it from shifting during the soldering operation. 
The stubs are soldered to the main line section with a 
substantial bead halfway around the joint. The as- 
sembly is then turned over in the jig to complete the 
second half of the soldering job. If the half-soldered 

I -4 (9/2?71 /- ,NSTRWEX, 
SPECIALTIES 

97 -308  

JEWELERS SAW 

fig. 2. Close-up view of the fingerstock assembly. If brass 
shim stock is used instead of fingerstock, the size of the 
brass ring can be changed to compensate for the size dif- 
ference. 

assembly, when flipped over, does not drop into the 
nail jig without binding, the right-angle alignment of 
the jig is faulty. If this happens, it is best to start over. 

In fig. 1, the dimension of the inner conductor of 
the main line has not been shown. This is because 
flanged N connectors vary somewhat in design, and 
the builder must determine this length to match the 
available fittings. For final assembly, the outer face 
of both N flanges must be recessed into the main line 
tube approximately 1.5 mm (1116 inch). The normal- 
ly square flanges are turned on a lathe to a diameter 
allowing a slip fit into the copper tube. The center- 
conductor's length is set to fit snugly up against the 
boss at the base of the conductor extension of each 
N fitting. This is not critical, but recessing of the N 
connector flanges is necessary to permit a substan- 
tial solder bead for maximum strength under torque 
load from connected equipment. 

Once the inner conductor length is established, the 
ends of the rod are tapered and an 11 mm (7116 inch) 
deep hole is drilled in each end. The diameter of the 

hole is selected to provide a slip fit on the center pin 
of the connector. With a jeweler's saw, three longitu- 
dinal cuts are made on each end of the center-con- 
ductor rod, giving six segments at each end. The 
segments are given a set toward the center to estab- 
lish a press fit over the center pin of the N conductor 
(no soldering is possible at final assembly). The longi- 
tudinal cuts are 9.5 mm (318 inch) deep. If the N con- 
ductor pins are more than 6.5 mm (114 inch) long, 
cut them back to 6.5 mm (114 inch). 

There is one very critical dimension in the inner 
conductor assembly, the spacing between the points 
at which the stubs connect. This spacing must 
match, as closely as possible, the center spacing be- 
tween the outer tubes already assembled. Measure 
the distance between the stub centers accurately and 
transfer this measurement to the center conductor of 
the main line. (Center-to-center measurement is 
most easily done by measuring from the left-hand 
side of one tube to the left-hand side of the other 
tube, or conversely, from the right-hand side of one 
tube to the right-hand side of the other tube.) This 
measurement is transferred to the center conductor 
of the main line so that the distance from one end of 
the line to the first stub is equal to the distance from 
the other end of the line to the second stub. 

Clamp the rod in a vise and file flat spots 6.5 mm 
(1 14 inch) wide over the stub locations. These should 
be filed one-third of the way through the rod. The 
faces must be flat and parallel to each other since 
they affect final alignment of the stubs. Drill and tap 
each flat for a 4-40 (M3) machine screw, ensuring 
that the distance between the drilled holes is exactly 
the same as the distance between the centers of the 
two stub tubes already assembled. Insert brass 4-40 
(M3) machine screws from the bottom so that the 
threaded end of the screws extends 9.5 mm (318 
inch) above the face of the flats. The above proce- 
dure is for those who don't have access to a mill. 
(With a mill, sink a 6.5-mm [1/4-inch1 end mill 3 mm 
[I 18 inch1 deep, then drill and tap for the screws.) 

The center-stub conductors are squared in the 
lathe, drilled and tapped for the screws already in 
place in the main line. Screw the stubs onto the 4-40 
(M3) studs and check for perpendicular projection 
from the line and for parallel alignment. If alignment 
is correct, the screws can be soldered to the main 
line, after which the excess should be sawed off and 
smoothed to maintain the shape of the line. The 
stubs must be removed from the mounting studs for 
final assembly. 

The plungers are made from 6.5-mm (1 /Cinch) ID 
brass hobby tubing, which is a slip fit on the center 
conductor stubs. The tubing is also split with a jewel- 
er's saw as indicated in fig. 2. The segments are 
pressed inward to give a good sliding fit on the center 
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conductor. The brass ring which supports the finger- 
stock is bored, turned and soldered in place. The in- 
dicated fingerstock is ideal for the job, but brass shim 
stock may be substituted if the fingerstock is not 
available. When using shim stock, wrap it around the 
ring, slit in segments, and solder in place. Give the 
segments an outward bias and contour the tips to 
slide rather than dig into the outer conductor. 

with the plungers completely in. It is good insurance 
to wrap the base of the stub tuner lines, where they 
solder to the main line, with a damp cloth while sol- 
dering the N fittings into place. 

With these three pieces of gear, directional watt 
meter dummy load, and stub tuners, 1215 MHz to 
1300 MHz becomes one of the easiest of the amateur 
bands to work on, rather than one of the hardest. 

fig. 3. Different configurations for using one or two double-stub tuners. 

The plastic fitting at the end of each stub is drilled 
for a slip fit on the plunger tubing and pressed onto 
the end of the stub. The plunger knobs may be any 
type of plastic and are also press fitted onto the 
plunger tubing. 

final assembly 
The center conductor of the main line is slipped in- 

to the tube, the center conductor stub lines are 
screwed into place on the 4-40 (M3) screws and set 
tight with a pair of heavy pliers. The N fittings are 
pressed into the ends of the main line center conduc- 
tor and the plungers are slid down over the stub ten- 

ter lines. The plastic guide sleeves are pressed into 
the open end of the stub tubes and the plungers are 
run up and down to check for any binding. There 
should be none, though a slight difference in resis- 
tance may be noticed at first as the plungers move 
full stroke. If no problems show up, the flanges of 
the N fittings may be soldered with the plungers both 
fully inserted. This is important, as any misalignment 
will be less troublesome if the N fittings are soldered 

The guesswork disappears in checking cavity or 
stripline efficiency, antenna match, and line reflec- 
tions. Comparing one antenna to another becomes 
routine, rather than the long, drawn-out process of 
trying to match power into an antenna system in the 
face of all the line and feed problems that constantly 
disturb the results. 

Different tuner configurations are illustrated in fig. 
3. Asa simple indication of what can beaccomplished 
with one of these tuners, a test set-up was arranged 
on the bench. Eight watts of power was fed into a 
dipole that had been trimmed to give a good match 
to a 50-ohm line when used to drive a 2.5-meter (8- 
foot) parabolic dish. The wattmeter showed that two 
watts were being reflected. With a double-stub tuner 
into the line at the dipole, it took le& than ten 
seconds to wipe out the reflected power by adjusting 
the stub plungers. This was a 25 per cent increase in 
radiated power without having to touch the antenna. 
If aggravation has a price tag, these three pieces of 
gear are a bargain. 

ham radio 
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WINTER j78179 PRODUCT LINE 

The AT-200 is  an  antenna 
tuner, but it 's also much more. 
I t ' s  an  antenna switch, an  
SWR bridge and an in-line 
wattmeter. The AT-200 re- 
duces the clutter and increases 
theoperating efficiency of your 

station. . . and at a surprisingly 
moderate price. 
The SP-520 matching speaker 
offers improved sound i n  a 
handsome cabinet. 
The DG-5 option gives you 
your exact frequency, while 

transmitting and receiving. in operating flexibility. 
large easy to  read digits by The N - 5 0 2 s  2-meter trans- 
mixing the carrier. VFO, and verter produces 8 watts on 
heterodyne frequencies. SSB and CW. I t  easily horL-  
The VFO-520 remote VFO is u p  to  theTS-520 and TS-8 
a perfect match for your TS- series transceivers, provid 
5 2 0 s  and provides maximum an inexpensive method of ( 
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HE TS-520s SERIES LITERALLY TOOK THE AMATEUR WORLD BY STORM. NO OTHER R 
AUGHT ON SO FAST AND THE REASONS ARE OBVIOUS...EXCELLENT PERFORMANCE 
HARACTERISTICS, DEPENDABILITY, FLEXIBILITY, AND A VERY SOLID VALUE FOR THE PRICE. A 
OW THE TS-520s SERIES OFFERS THE MOST COMPLETE LINE OF ACCESSORIES AVAILABLE. 

ULL COVERAGE TRANSCEIVER gives you extra punch in the pile RF ATTENUATOR AC POWER ~ u r r ~ l  

he ~ ~ - 5 2 0 ~  provides full cover- UPS and when the going gets The TS-520s has a I The TS-520s is completely self- 
ge on all amateur bands from dB attentuator that i- contained with a rugged AC 

2g'7 MHz' Kenwood gives VERNIER TUNING FOR FINAL vated by a push buj power supply built-in. The addi- 
~u 160 meter capability. W PLATE CONTRO conveniently located on the on of the DS-1A DC-Dr 
1 15.000 MHz.. and an aux~l- A vernier tuning front panel. mverter (optional) all1 
ry band position. And with the allom easy and PROVISION FOR lobile operation of tht 
idition of the TV-506 transverter, ment of the plate control a, - EXTERNAL RECEIVER 

your TS-521 rer 160 tune-up. 4SY PHONE PATCH CONNECTtO' A special jack on the rear pant 
rn SSB and of the TS-520s provides recei ie TS-520s has two convenient 

C' FINAL AMPLlFlt signals to an external receiver CA phono jacks on the rear 

The TS-520s is -V...,.=.c., .did increased station versit~lity. A 3nel for PHONE PATCH IN and 
UTSTANDING RECEIVER 
ENSlTlVlN AND MINIMUM state except for the driver switch on the rear panel deter. HONE PATCH OUT. 

ROSS MODULATION final tubes. mines the signal path. . .the 
he TS-520s retains a 

i e  TS-520s incorporates a Kenwood has employed tw receiver in the TS-820 or any ,atures of the original TS-520 
SK35 dual gate MOSFET for husky S-2001A (equivalent w external rece~ver. that made it tops In its class: RIT 

cross mod j 61468) tubes. These rugged. 
ponse char time-proven tubes are known for CW-520-CW FILTER (OPTION) ' 8 - ~ 0 1 e  cn/stal Iilter ' 

Built-in 25 kHz calibrator. Front 
has a low their long lifeand superb linearity. The CW-520 500i - I~  filter can be panel carrier level control Semi- 

jure (3.3 dB typ.) and hlgn galn easilly installed and will provif- 
HIGHLY EFFECTIVE NOISE .eat-in CW 

8 dB typ.) for excellent improved operation 
BLANKER OX/PTT/h 

?nsitlvity. 
An effective noise blanking AMPLIFIED TYPE P ,r low powt 

EW IMPROVED SPEECH developed by Kenwood t h ~ .  ... The AGC circuit has three pos )eaker Bu~~c-lrt cuu~tr 

ROCESSOR tually eliminates ignition noise is tions (OFF. FAST. SLOW) for Provisions for four fixed frequency 

n aud~o compression amplifier built into the TS-520s. optimum operation on CW. channels Heater switch. 

I on CW. 

rGC ClRCU 

?I 
ver Tt 

for RI 
Pi 

IER 

with s~det 
IIOX TUh 
:r tune up 
:,. :- 

one. 
IE position . Built-in 
i g  fan 

t i ng  o n  the 2-meter band. monitor.  I t  allows you  t o  moni- 
The N - 5 0 6  is a n  equally prac- tor your transmissions, monitor 
t ical  way  of get t ing o n  the  6- incoming signals and  monitor 
meterband, providing l o w a t t s  t h e  a m o u n t  a n d  s t reng th  o f  
o n  SSB a n d  CW. band activity' and performs as 

The  SM-220 i s  a n  extremely a genera l  Purpose 10 MHz 
use fu l  a n d  u n i q u e  s ta t ion oscilloscope, as well. 

'Wath 85 -5  or BS-8 pan desplsy oplion. 



The TS-820s. .  . known worldwide as the Pacesetter. Amateur 
Radio Operators universally respect i ts  superb quality, proven 
through thousands of hours of operating t ime under al l  environ- 
mental conditions. The TS-820s has every feature any Amateur 
could desire for operating enjoyment, o n  any band from 160 
through al l  of 10 meters. 

You can always tell who's running a TS- 
8 2 0 5 .  Its superb quality stands out from 
all the other rigs on the band.. . and when 
the QRM gets heavy. the TS-820S's 
adjustable RF speech processor, utilizing a 
455-kHz circuit to provide quick-time- 
constant compression, will get the message 
through. RF negatlve feedback IS  applied 
from the final to the driver to improve 
linearity, and third-order products are at 
least -35 dB. Harmonic spurious emis- 
sions are less than - 4 0  dB and other 
spurs are less than -60 dB. RF input 
power is 2 0 0  W PEP on SSB. 160  W DC 
on CW, and 100  W DC on FSK. Receiver 
sensitivity is better than 0 . 2 5  IIV for 1 0  
dB S /N .  TheTS-820s is known for its 
superb receiver selectivity, and its famous 
IF shift easily elirnlnates heavy QRM. 
That's why the TS-820s is the DXer's 
choice. 
See your local Authorized Kenwood Dealer 
today. 

. . . w)w e P M ~ $ / , O O O  
Kenwood developed the T-599D transmltter and R-599D 
recelver for the most dlscr~rnlnatlng Amateur 

The T-599D transcelver 1s solld-state wlth the exception 

of only three tubes has bullt-ln power supply and full 
metering. It  operates CW. LSB. US8 and A M  and. of 
course. 1s a perfect match to the R-599D recelver 

The R-599D is the most complete receiver ever offered. It 
is entirely solid-state, superbly reliable and compact. I t  
covers the full Amateur band. 1 0  through 160 meters, 
CW. LSB. USB. AM and FM. 



Addlt~onal features Include A monltor swltch 
whlch allows the user to  hear h ~ s  own volce 
when using assoclat~d transmitter E ~ t t i ~ r  VFO 
control or crystal control on four selectable -~ 
frequencies. Dig~tal hold. . locks counter and 

Int roducing t he  u l t imate in receiver design display while VFO IS tuned to another fre- 
. . . t he  Kenwood R-82( quency . . . facilitates return to "hold" fre- 
W i t h  more features tha foreavailable quency. RIT/notch control.  . . RIT allows 
in a ham-band receiver. , r,,J t,,rle-conversion receiver to be tuned off frequency, while not 
(8.33 MHz.455 kHz, and 50 kHz IFs) receiver, affecting transmit frequency when in trans- 
covering a l l  Amateur bands f rom 160 through celve mode with TS-820s.  Notch control 
10 meters, as well  as several shortwave 
broadcast bands, features d ig i ta l  as we l l  as 
analog frequency readouts, no tch  f i l ter, I F  
shift, variable bandwidth tuning. sharp I F  
filters. noise blanker. stepped RF attenuator. 
25 kHz calibrator, and many other features, 
providing more operating conveniences than 
any other ham-band receiver. The R-820 
may be used i n  conjunction w i t h  the Ken- 
wood TS-820 series transceiver, provid ing 

tunes notch within IF passband for e l im~na- 
l ing interference. Interfering s~gna l  remalns 
notched even when IF shift 1s ut~lized. Bu~lt- in 
crystal calibrator, settable to WWV, prov~des 
signal every 2 5  kHz. Noise blanker/level 
control. .  . for  maximum reduct~on of nolse 
interference. A transceive/separate switch 
enables receive VFO to control the receiver 
and TS-820 (or TS-820s) frequency (or the 
TS-820 VFO to  control both), or, of course. 

fu l l  transceive frequency control. both can function independently 

TL-922A 

I f  you have never considered the advantages of operating 
a receiver/transmitter combination. . . maybe you should. 
Because of the larger number of controls and dual VFOs 
the combination offers flexibility impossible to duplicate 
with a transceiver. 

C o m ~ a r e  the specs of the R-599D and the T-599D with 
any other brand. Remember, the R-599D is all solid-state 
(and includes four filters). Your choice wil l  obviously be 
the Kenwood. 



10 WATT 
. .. KENWOOD 

OFFERS A 
CHOICE 

output (switchable to 1 watt low power) 
Nose-cancelling nllcrophone Compact 

stze (only 6-7/16 Inches wide. 2-7/16 Inches 
hlgh, and 9-3/16 inches deep) 
The RM-76 MicroDrocessor Control 
Unit D ~ O V I ~ ~ S  more ooeratina 

The . Ful 
on 2 
knot .- . . 

features to  the TR-7600 2-meter FM 

TR-7600 
, tranceiver than found in any other rig! 

With the RM-76 Microprocessor Control Unit 
attached to  your TR-7800, you can... 

Select any 2-meter frequency Store 
frequencies in SIX memories . Scan all memory 
channels. Automat~cally scan up all 

.THE RADIO THAT REM S frequencies In 5-kHz steps Manually scan up 
or down In 5-kHz steps. Set lower and upper 
Scan frequency limits. Reset scan to 144 MHz 

=very feature you could posslbiy want In a frequency up or down 600 kHz for repeater Stop scan (with HOLD button) Cance' - - -  

2-meter FM rig is available now In the operat~on.. or tor swltchlng the transmitter (for transmlttlng) Automat~cally slop s( 
Kenwood TR-7600 and RM-76 Microprocessor to the frequency you have stored In the on first busy or open channel. Operate 
Control Unit TR-7600's memory (whtle the recetver remains MARS (143 95 MHz simplex only) Selet 
-. 

new TR-7600 gives you ... on the frequency you have selecled wlth the repeater mode (simplex, plus transmit 
dual knobs) Memorv channel. w ~ t h  frequency oftset, minus offset, or any of six 

I 4.MHz coverage(l44 0~0.147.995 MHz) simplex or repeater (b~us or rnlnus 600  HZ memory transmit offsets). Select transmit 
meters. 800 ~~~l concentric transmitter offset) operation. Dlgltal offset (1 MHz1600 kHz) 

IS for fast frequency change (100- HZ and frequency dlsp'ay (large. bright. orange LEDs) The Mlcroprocessor Control Unit's display 
i z  steps). 5-kHz offset swltch MHz UNLOCK lndlcalor an LED that lndlcates indicates frequency (even while scanning) and 
-tor swltch.. f o r  desired band (144, 145. transceiver protectLon when lhe lrequency functions (such as autoscan, lower scan 
or 147 MHZ) . Mode sw~tch for operating Selector swltchrs are improperly posrtloned. frequency limit, upper scan limit, enor, 
8lex or for switch~ng the transm~t or the PLL has rnalfunct~oned 10 walls RF and call channel). 

Subject to FCC approvr' 

S t i l l  t h e  same fine, t i m e  p roven  r ig.  B u t  n o w  w i t h  
t h e  s imple addi t ion o f  a p lug - in  crystal. t h e  
TS-7OOSP w i l l  b e  able to ut i l i ze  t h e  n e w  repeater 
sub-band (144.5 t o  145.5 MHz). S t i l l  features a l l  o f  
t h e  f i ne  a t t r ibutes o f  t h e  TS-700s: A dig i ta l  
f requency display, receiver pre-amp, VOX, semi- 
break in, and  CW sidetone. O f  course, i t ' s  a l l  mode. 
144-148 MHz, VFO con t ro l l ed . .  . a n d  Kenwood  
qua l i t y  throughout .  

Features: 4 M H z  band coverage 
(1 4 4  t o  1 4 8  MHz)  - Au tomat i c  
repeater offset capability o n  a l l  FCC 
authorized repeater subbands 
i n c l u d i n g  1 4 4 . 5 - 1 4 5 . 5  M H z  . 
Simply  d ia l  receive frequency and  
rad io  does the rest.  . . simplex, re- 
peater, or reverse. Same features 
o n  any  o f  11 crystal posi t ions 
Transmit/Receive capability o n  44 
channels  w i th  11 crystals Oper- 
ates all modes: S S 8  (upper and  

lower).  F M .  A M  a n d  C W  Dig i ta l  
readout  w i t h  "Kenwood  Blue" 
digi ts Receiver pre-amp Built- in 
VOX Semi  break-in o n  C W  . C W  
sidetone A l l  solid-state . AC a n d  
DC capabil ity. 1 0  watts RF output  
o n  SSB. FM. C W  3 watts o n  A M  

1 wat t  F M  low-power  sw i t ch  
0.25 pV for 1 0  dB  (S+N)/N SSB/ 
C W  sensitivity 0 . 4  /LV for 2 0  d B  
qu le t ing F M  sensitivity. 



audible CTCSS slgnahng fea~ure may 

TR-7400A be used on transrnlt and recelve, or 
transmlt only Opt~onal tone.burst 
modules are avatlable Rece~ver sen- 
s ~ t ~ v ~ t y  1s better than 0 4 IIV for 2 0  
dB qilletlng Large. htgh Q. hellcat 

-'re fully-synthesized TR-7400A 2-meter TheTR-74OOA 2-meter FM transceiver resonators rnlnlmtze Interference from 
\n transceiver operates on  800 channels prov~des fully synthesized operatton. outslde the band A two-pole 1 0  7. 
~d features repeater offset over the ~ n c l u d ~ n g  600-kHz repeater offsets. MHz rnonol~th~c crystal ftlter provtdes 

 tire 144-148-MHz range, dual fre- over the entlre 144-148-MHz range. 11 excellent selectivity. Intermodulation 

rency readout, six-digit display, and can operate on any of 8 0 0  channels. distortion IS down more than 66 dB. 
spaced 5 kHz apart. RF output IS at spurious rejection is better tharr - 6 0  

~baudib le tone encoder and decoder. least 2 5  W. and typically 3 0  W. A low dB. and image rejection is better 
F output is  at  least 2 5  watts! power posltlon produces 5-1 5 W (ad- than - 7 0  dB. 

justable). Included is a dual frequency See your local Authorized Kenwood 
readout w ~ t h  large SIX-digit LED dls- Dealer today, for a demonstration of 
play plus a dtal readout. The sub- the fantastic TR.7400A. 

TS-600 Experience the excitement of 6 fixed frequency operation on  
meters. The TS-600  all mode NETS or to listen for beacons. 
transceiver lets you experience State of the art features such as 
the fun of 6 meter band openings. an effective noise blanker and the 
This 1 0  watt, solid state rig cov- RIT (Receiver Incremental Tun- 
ers 50 .0 -54 .0  MHz. The VFO ing) circuit make the TS-600 
tunes the band in 1 MHz seg- another Kenwood "Pacesetter". 
ments. I t  also has provisions for 

TRIO-KENWOOD COMMUNICATIONS INC. 
11 11 WEST WALNUT, COM 



The Kenwood name has grown t o  represent t he  f inest Ama- 
lur Radio equipment available. The TL-922A linear amplifier 
wries o n  tha t  tradition. As a linear it gets your signal through 
day's crowded bands and provides the  power t o  reach those 
Ir away  places w i t h  ease. And because i t ' s  Kenwood you 
In count  on  i t s  dependability. The TL-922A i s  FCC type ac- 
+pted. I t  runs the fu l l  legal l im i t  o n  a l l  ham bands f rom 
50-1 5 meters and is  compatible w i t h  most amateur exciters. 

Contact  your nearest Authorized Kenwood Dealer f o r  com- 
plete specifications and the best deal. 

WHY SHOULDTHETL-922A 
BE PART OF YOUR 
STATION? COMPARE 
THESE FEATURES AND 
SPECS.. .THE ANSWER 
WILL BE OBVIOUS. 
Instant heating filaments - 
The 3.5002 tubes require no 
warm up period. Just turn it 
on and go! 
Time delay fan circuit - Even 
after you turn the TL-922A off. 
the super quiet fan continues 
to work for approximately 2 
minutes to greatly extend tube 
life. 
Adjustable ALC output volt- 
age - Lets you tailor the ALC 
voltage to your exclter. 
Standby position - Provides 
ampl~fier bypassing without 
having to turn the AC power 
Off. 
Two independent safety in- 
terlocks - One disconnects 

AC line voltage and the second 
shorts B+ to ground when 
tripped. 
Vernier plate control - For 
smooth, easy tune-up. 
Diecast side panels-Includes 
functional carrying handles for 
easy transportation. 
Thermal protection of power 
transformer - Amplifier auto- 
mat~cally switches to standby 
if power transformer tempera- 
ture exceeds 145°F. 
Tuned Input Circuit - Means 
improved spurious character- 
istics. 
Line voltage selector - Easily 
switched between 1 2 0  and 
2 4 0  VAC. 
Multimeter - Reads high vol- 
tage. relative output or grid 
current (selectable). 
Plate Current Metar - Separ- 
ate meter allows continuous 
monitoring of plate current. 

Dependable operation. superior specifications and excellent 
features make the R-300 an unexcelled value for the short- 
wave listener. It offers full band coverage with a frequency 
range of 170 kHz to 30.0 MHz Receives AM, SSB and CW 

Features large, easy to read drum dials wi th fast smooth 
dial action . Band spread is calibrated for the 1 0  foreign 
broadcast bands, easily tuned with the use of a built-in 5 0 0  
kHz calibrator Automatic noise limiter 3-way power sup- 
ply system (AC/Batteries/External DC) . . . take it anyplace * 
Automatically switches to  battery power i n  the event of AC 
power failure. 



- 1 0  watts nk output  (3wItchable to  1 watt1 
2 3  crystal.conlro.led channels (3 supp l~ed )  
4 4 5  0 . 0 5 0  0 MHz  transmll  ranqe - 4 4 2  0 - 4 4 7  0 MHz  rcccwe range 
Transmitter and  tecetver ad.ustable o v e ~  any 
5-MHI segment l r o m  4 4 0  l o  4 5 0  M H z  
5.sect8on hFltcal rezonalor and  2.pole crystal 
I lter I!) IF to teleLI n t~ tcon~ud . < W R  ~srnnnrtann ,n Imz l  nmnlolaer -. . . . v.- . - - . . - .  . .. . . .. -. . . v . . . .  ". 

Excess~ve-voltage an0 reverse-polarlly 
prolect lon clrcul ls 
0 5 ,1V lor 2 0  d B  q u i e l ~ n g  s e n s ~ t ~ v i l y  . Better than -60 d B  sou r~ous  radtatton - 

How would you like to work an uncrowded frequency.. . hear signals with less ' 20 kHz ( k 6  dB) 40 kHz ( -70 dB) selectlv'ty 

noise.. .or use a sophisticated repeater or remote base with better coverage? M o n ~ t o r  swl tch that lets you  check m o d u l a t ~ o n  
and  frequency netlong 

4 4 0  MHz is the answer. I t  will surprise you. It will penetrate buildings where 2 . Call CH switch that act,valrs CTCSS 
meters won't, and often you can even work out from underground garages.. . I ~ , , ~ ~ , , T ( , ~ I -  t n n ~ \  fllnrtlnn \" " 

where 2 meters is dead. Large S meter 
Best of all, it's easy to get on 4 4 0  MHz (70 cm) . . .with a Kenwood TR-8300 Move up to 4 4 0  MHz today.. . with a 
transceiver. High quality is critically important on VHF bands, and the TR-8300 is ~ ~ ~ w o ~ d  TR-8300..  . for more reliable 
just what you need to meet all technical requirements. communications! 

3ke qu ip~fe~t  that beb~gs i~ every 
we// egurplped station 

HF LINES 
8 2 0  Seriw 
TS-H2OS . .TS-820 with Digital Installel 
TS-870. . . . 160-10 m Deluxe Transcenvl 
YG-UUA.. . 6-kHz AM Idler for R.280 
YG-455C.. 500-Hz CW ltlter lor 17-820 
YG.455CN. 250-Hz CW ltlter lor R-820 
0G.l . . . . . . Digital Frequency Display for TS-820 
VFO-820.. Deluxe RemoteVFO lor TS-820/820S 
SP-820.. . . Excernal speaker w ~ l h  audio lilters 
CW-820..  . 500 Hz CW F~ller lor TS-820!820S 
520 Series 
TS-520s. .  ,180-10 m Transceiver 
OG-5. . . . . . Digital Frequency Display for TS-520 

Series 
VF0.520.. .Remote VFO lor TS-520 and TS-520s 
SP-520.. . . External Speaker lor 520 /820  Series 
CW-520..  . 500 Hz CW Filter lor TS-520/520S 
DK-520..  . Otgrtal Adaptor Kit lor TS-520 
599D Series 
R-599D. . . 160-10 m Solid State Receiver 
T-5990. . . 80-10 m Matching Transm~tler 
S.549.. . . . External Speaker for 599D Series 
CC-29A.. . 2-meter Converter lor R-599D 
CC-69A.. . 6-meter Convener for R-5990 
FM.599A.. FM Filter for R.599D 

HF ACCESSORIES 
TL.922A. . . 160.15 m kilowatt linear amplifier 
SM.220.. . Station monitor. 10-MHz scorn 

8s-8. .  . . . . SM-220 pan display for TS-820 Series RM-76..  . . Remote Controller for TR-7600 wi 
8s-5. .  . . . . SM-220 pan display for TS-520 Series sax memories. scannang 
AT-200.. . . 200-W antenna tuner. SWR/power TR-8300. . . 7 0  CM FM Transceiver (450 MHz 

meter. switch N - 5 0 6 .  .. . 6-m Transvener lor 520!820!59 
DS-IA.. . . . OC-DC Convener lor 5 2 0 / 8 2 0  Series Series 

W - 5 0 2 s . .  .2.m Transvener for 5 2 0 / 8 2 0 / 5 9  
SHORT WAVE LISTENING Seraes 
R-300 Genoral Coverage SWL Raveiver 

VHF LINES 
POPULAR STATION ACCESSORIE - 
HS-4. . . . . . Headphone Set 

TS.600. . . . 6 m All Mode Transceiver MC.3OS . . low.wnpedance mobile notse-cancell~ng 
TS-700SP. 2 m All Mode Digital Transceiwr mtcrophone 
VFO-700s. Remote VFO for TS-700s MC-35s.. . h~gh-nmpedance mobile noise-cancell~ng 
SP-70..  . . . Match~ng Speaker lor TS-600/700 microphone 

Sorles MC-50. . . . Desk Mncrophone 
VOX-3. . . . . VOX lor TS-600/700A PS.6 . . . . . Power Supply for TR-8300 
TR.7400A. 2 m Syntheslzed Deluxe FM Transceiver ps.8.. . . . . power supply for TR.7400A 
TR.7600.. . 2  m FM lransceovar with 8 0 0  channels 

and memory Trio-Kenwood n a k s  a complete line 01 replacl 
pans. accessories. and manuals for all 
Kenwwd models. 

MORE ACCESSORIES: 

Desmoption Modal o For uw w~th 
Repeater Subband Kit RSK-7 TS-700A/S 
Rubber Hel~cal Antenna RA-1 TR-220OA 
Telescoping Whip Antenna 190-0082-05 TR-2200A 
NI-Cad Battery Pack (set) PB.15 TR-2200A 
4 Pan Mic. Connector E07.0403-05 All Models 
Actwe Ftlter Elements See Service Manual TR.7400A 
Tone Burst Modules See Service Manual TS.700A. TR-7400A 
AC Cables Specify Model All Models 
DC Cables Spectfy Model All Models 

The Kenwood HS-4 headphone w( adds 
versatlllfy to any Kenwood statmn For 
enended pertods of wear. the HS-4 IS mmI0II- 
ably padded and IS completely adlustable The 
lrequency response of the H S 4  IS tanlored 
s p c ~ l ~ c a l l y  lor amateur communlcatlon u9s 
(300 to 3000 Hz. 8 ohms) 

The MC-50 dynamic microphone has been 
designed expressly lor amateur rad~o operation 
as a splendid add~tion to any Kenwood shack. 
Complete wnth PTT and LOCK sw#tches, and a 
mtcrophone plug lor onstant hwk-up to any 
Kenwaod rtg. Easily convened to hogh or low 
~mpadance. (600 or 50k ohm). 

TRIO-KENWOOD COMMUNICATIONS INC. 
1 11 1 WEST WALNUT, COMPTON C A E - - - -  



1.5 GHz dividemby-four prescaler 
Extending the range 

of your counter 
is made easy 
by this simple 
divide-by-four 

1500-MHz prescaler 

In the last few years frequency counters have 
developed from bulky, slow, costly units affordable 
only by well-heeled laboratories, into small, high- 
frequency instruments at a price easily within the 
reach of the average ham. Quite a few manufacturers 
now offer counters with 1-Hertz resolution to 50 or 
60 MHz, low power drain, and a price in the neigh- 
borhood of $100. In addition, many articles have ap- 
peared in the amateur magazines describing the con- 
struction of frequency counters and prescalers; 
recently, an entire issue (February 1978) of ham radio 
was devoted to the subject of frequency counters. 

The upper frequency limit of every counter is set 
by the maximum operating speed of the input divider 
stage. This first divider is usually a fast prescaler - a 
fixed, asynchronous divider operating with the main 
divider chain. The most popular low-cost prescalers 
use the 11C90 digital divider, which has a typical 
maximum operating frequency of about 600 MHz. IC 

prescalers with higher operating speeds are available, 
but their high prices have kept them from finding 
much amateur use. 

However it is now possible to inexpensively extend 
a counter's operating frequency range to  well 
beyond 1 GHz, with a recently introduced ECL 
(emitter-coupled logic) divide-by-four prescaler. This 
device is the Motorola MC1697, a very fast ECL 
prescaler which has a typical operating frequency of 
1600 Mhz. Thus, a prescaler using this circuit will ex- 
tend the range of a 400-MHz counter to above 1.5 
GHz. It will operate with signals as low as 1 mW, re- 
quires only a single dc supply, and will drive 50-ohm 
loads. The MC1697 is a low-cost, plastic-packaged 
device that sells for less than $18. 

fig. 1. Schematic diagram of the divide-by-four prescaler 
using the Motorola MC1697. Chip capacitors are preferred 
for the input and output coupling capacitors, though silver 

1 micas may be used if the other types cannot be obtained. 

1 If the IC should free-run, the oscillations can be stopped 
by connecting a 10k resistor across pins 4 and 5. 

By Jerry Hinshaw, N6JHr 2500 Medallion 
#193, Union City, California 94587 
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circuit description 
The schematic diagram of the prescaler's circuit is 

shown in fig. 1. The signal to be counted is fed 
through C1 to the MC1697, which contains two 
divide-by-two stages in cascade. The input to the 
first counter is internally biased to accept zero-mean 
signals so that no external set-up bias is needed. The 
second flip-flop has complementary outputs. One of 
these is fed to the output connector through C2, the 
other is terminated in a 51-ohm resistor. The 200- 
ohm resistor terminates the open emitter of the out- 
put emitter follower. 

A single dc power supply is required to provide - 7 
<volts at approximately 60 mA. A simple power supply 
for this prescaler module can be built using an adjust- 
able voltage regulator. The design of power supplies 
using this type of regulator has been discussed bv 

construction 
The prescaler is built on the small printed circuit 

board shown in fig. 2.. Double-clad, 1.6-mm (1 116- 
inch) glass-epoxy board is used. One side forms a 
ground plane, which provides for low-impedance 
grounding and permits the use of microstrip lines for 
the input and output. 

All components, with the exception of C1 and C2, 
are mounted on the ground plane side of the board. 
If chip capacitors are used for C1 and C2, they should 
be soldered directly across the gaps in the microstrip 
lines. If silver mica capacitors are to be used, they 
may be mounted on the ground plane side of the 
board with the rest of the components. The use of 
chip capacitors is preferable, as they will provide low- 
er loss and less inductance than capacitors with wire 
leads. 

Be sure to leave enough clearance under the 
bodies of the two 1000-pF bypass capacitors so that 
the lead can be soldered to the ground plane at the 
points indicated by Xs on fig. 2C. One end of the 51- 
ohm resistor is connected to the top side of the 
board. 

If a socket is used to mount the MC1697, it must 
be the type that can be soldered to both sides of the 
board so that pins 1 and 8 can be properly grounded. 
Molex or swage-in pins will work here, or the IC can 
be soldered in the circuit board. Soldering the IC is 
the best choice in terms of electrical and thermal per- 
formance, but it does make changing the device diffi- 
cult. If you are going to purchase only one IC (rather 
than buy several to select the fastest), you may as 
well solder it directly to the board. 

'An etched, drilled, and plated glass-epoxy circuit board is available for 
86.00 postpaid. from HBM Microwave. Pmt Office Box 185, Montrose, 
California 91020. California residents please add 6 per cent sales t a x .  

The board was designed to fit into a Bud CU124 
cast aluminum box, although it will also fit into a 5.1 
x 7.6 x 10.2-cm (2 x 3 x 4-inch) sheet-metal box. 
The cast box provides better grounding and rf shield- 
ing. The board fits into the box as shown in fig. 3. 
The component side is mounted facing down; this is 
done so that the BNC input and output connectors 
can be directly soldered to the microstrip lines after 
the board has been installed in the box. 

The board itself is mounted in the box with four 
9.5-mm (318-inch) standoffs located at the four 
mounting pads near the corners of the board. The 
standoffs should be soldered to the ground plane and 
then securely clamped to the box with screws. 

If an external power supply is used, the lead may 

i t -  

- 

fig. 2. The top and bottom sides of the printed circuit board 
are shown in A and B respectively. In the parts placement 
diagram, C. C1, and C2 are installed on the top of the board 
if glass or mica capacitors ere used; if chip ceramics are 
used, they are mounted on the foil side. The leads marked 
with an X are to be soldered on the ground plane side. 
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be brought into the box with a feedthrough bypass- 
type capacitor. Alternatively, a small power supply 
can be built in the box containing the prescaler. 

operation 
This  res scaler module has no adjustable compo- 

nents and should work, Murphy willing, when it is 
first turned on. However, if it does not, there are sev- 
eral points to  check. First, see that the -7  volts is 
present at pin 5 on the MC1697. If you have an oscil- 
loscope, check to  see that the IC is not oscillating. (A 
cure for oscillations is to connect a 10k-ohm resistor 
from pin 4 to  V,.) Also check the grounds on the 
two bypass capacitors, pins 1 and 8 on the MC1697, 
and on  the 51-ohm resistor. All of these ground 
points must be soldered to the top of the printed cir- 
cuit board. 

Once the prescaler is built and operating you will 
naturally want to  check it to find the maximum oper- 
ating frequency. One way of doing this involves find- 
ing a signal generator or source that covers the 1- to  
2-GHz range. Anach the prescaler and counter to  
the generator. Start with the generator set near 1 
GHz and verify that the counter reads approximately 
250 MHz. 

Slowly increase the frequency of the signal gener- 
ator and watch the counter display. Somewhere be- 
tween 1500 and 1700 MHz (about 375 to 425 MHz on 
the display) the indicated frequency will suddenly 
jump downward. This shows that the divider is no 
longer able to operate normally. The point at which 
the display jumps to a radically different value in- 
dicates the maximum input frequency at which your 
prescaler will operate. 

There is another test that will help locate the criti- 
cal upper frequency. While slowly increasing the in- 
put signal frequency, watch the least significant 
digits on the display of the counter. As the maximum 
operating frequency is approached these digits will 
become erratic, indicating that the phase noise on 
the prescaler's output is becoming significant. This 
flickering occurs a few megahertz below the cutoff 
frequency. 

If you wish to vary the power supply voltage slight- 
ly, you may be able to  find a point at which the maxi- 
mum operating frequency is increased. However, I 
found that presetting the supply to - 7 volts is nearly 
optimal, and that adjusting the voltage never raised 
the upper frequency limit by more than a small 
amount. 

Another good test of the prescaler is to count a 
signal whose frequency is near the maximum limit for 
the counter itself, note the frequency displayed, and 
then count the same signal using the prescaler. If the 
counts (after multiplying by four) are very nearly the 
same, the prescaler is probably operating correctly. 

The most serious shortcoming of this prescaler 
module is its limited dynamic range. Typically, the in- 
put signal must be in the range of 200 to  1600 mV p-p 
for proper operation. The dynamic range could be 
extended by the use of an input stage of amplifica- 
tion and limiting. The problem with this approach is 
that the amplifier stage must be broadband, covering 
at least 600 to 1500 MHz; such amplifiers are not 
easily built. Avantek* has published an application 

v SOLaER FILLET 

fig. 3. Mounting details for the divide-by-four prescaler. The 
center pin of the BNC connectors is soldered to the trace on 
the printed circuit board. 

note which covers the construction of a 40-dB dy- 
namic range preamplifier covering 25 to 1000 MHz. 
Using thin-film hybrid amplifier modules to achieve 
its performance, its principal shortcoming lies in the 
cost - more than $120. 

The simple prescaler described here, even without 
a preamplifier, is a useful test instrument. If the input 
signal's amplitude is outside the operating range, the 
prescaler does not produce spurious outputs - it 
simply stops operating. As long as the input signal 
source can provide at least 1 mW, some attenuator 
level can be found which will permit operation of the 
scaler. Several versions of this prescaler module have 
been built. All functioned without problems and all 
had a maximum operating frequency of at least 
1500 MHz. 

references 
1. Chris Cogburn, KIVKQ, "How to Design Regulated Power Supplies." 
ham radio, September 1977, page 58. 
2. "A 1-GHz Prescaler Using GPD Seims Thin-Film Amplifier Modules." 
Avantek Application Nore ATP 1036. Avantek Corporation, 3175 Bowers 
Avenue. Ssnta Clara, California 95051. 
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Hy-Gain 3750 with optional Hy-Gain 3 8 5 5 1  
VFO and Hy-Gain 3 8 5 4  Matching Speaker 

More Details? CHECK-OFF Page 150 december 1978 87 
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MESSAGE TO ALL. . . 
I n  t h i s  Christmas season, when our thoughts and des i res  a re  turned toward ma te r i a l  
possessions, we o f f e r ,  f o r  your considerat ion,  one possession o f  l a s t i n g  value 
which w i l l  t r u l y  s a t i s f y  an i nne r  hunger. 

There i s  an area o f  human des i re  t ha t  can on l y  be s a t i s f i e d  by our Heavenly Father. 
We can attempt t o  s a t i s f y  t h i s  area i n  our l i f e  w i t h  ma te r i a l  possessions, bu t  i t  
w i l l  no t  be successful. 

The B i b l e  t e l l s  us i n  Psalms 37:4, 5;  "Del ight  t h y s e l f  a l so  i n  t he  Lord, and He 
s h a l l  g i ve  thee the  des i res  o f  t h i ne  heart .  Commit t h y  way un to  the  Lord; t r u s t  
a l so  i n  Him, and He s h a l l  b r i n g  i t  t o  pass*'. (KJV) 

Jesus t e l l s  us i n  the  Gospel o f  John t h a t  He i s  the  way, t he  t r u t h  and the  l i f e .  
I f  we be l i eve  t h i s ,  f o l l ow  His teachings and obey His commands, we may ask any 
request o f  Him and i t  w i l l  be granted. He has t o l d  us t h i s  so we w i l l  be f i l l e d  
w i t h  H is  joy. 

H is  way f o r  our l i f e  w i l l  f u l f i l l  our des i res  and solve the  complex and confusing 
problems o f  t h i s  l i f e .  Jesus said, "I am come t h a t  they might have l i f e ,  and t h a t  
they might have i t  more abundantly". Johri 10:lOb (KJV) 

God's p l an  f o r  our l i f e  makes us a complete person through Jesus Chr is t .  Please 
accept H is  love  and have a blessed Chr is t -centered ho l iday  season. 

" 7 ~ " + ~ ~  RD 1 4B@!&F BOX 185A - FRANKLIN, PA 16323 

C A L L ~ / T O L L  FREE 

0-800- 251 -0264 
TEN N. RESIDENTS 1-61 5-764-0831 

AUTHORIZED DEALERS FOR 
YAESU ROHN TOWERS 
DENTRON LARSEN 
CUSHCllAFT TURNER 
WILSON CDE 
HY-GAIN HUSTLER 
CES KDK 
RENCHER VIRROPLEX 
ATRONICS ALLIANCE 

TEMPO 
AND MORE. .,. 
ALSO: THE APPLE I1 PERSONAL 

COMPUTER SYSTEM 

CALL OR WRITE FOR TH 
BEST PRICES 

SUPER TUNER PLUS 
ON AMATEUR EQUIPMENT . A IUII looo ,,,,,cw and 

1200 warts SSR power 
handlinr: capacity. 

SOUTH'S FASTEST GROWING AMATEUR STORE 

HWY , BRISTOL. TN 31620 

REPEATER 
AUTOPATCH 

Otfer your club COMPLETE 
emergency communlcatlons 

Commercial quallty, gold plated contacts. plug 
in, epoxy glass PC boards. 12 volt DC or 115 volt 
AC operation - Power supply included. Four 
digit access - S~ngle d ig~t  releases - field 
programmable. Hybrtd network - No switching 
Aux~liary required. " ~ n  FCC Use" certified contacts telephone supplied. hne Land coupler. line 

"call-inu signathng control contacts prov~ded. 
Price complete S498 + $3 shipping 8 handl~ng. 
Master Charge. Bank money order, or certified 
check acce~table.  

Accessories: CES-300 powered tone 
pad - $59 EiUS.COM Soft-touch@telePhone 
powered mlkelpad element - $34.05. 

MONHOE ELECTRONICS. INC. 
410 Housel Ave.. Lyndonville. N.Y. 1- 



Write today for HAL'S latest RrrY catalog. 

HAL COMMUNICAIIONS CORP. 
Box 365 
Urbana, Illinois 618 
217-367-7373 

t o r  our vverseas customers: 
see HAL equipment at: 

Richter & Co.; Hannover 
I.E.C. Interrelco; Bissone 
Vicom Imports; Auburn, Vic., Australia 



products 

For literature on any of the new 
products, use our Check-Off 
service on page 150. 

vlf-hf communications 
receiver 

The new HF1030 communications 
receiver introduced by Communica- 
tions Product Corporation is a fully 
synthesized, tunable, solid-state re- 
ceiver that covers the frequency 
range from 10 kHz to  30 MHz in 10- 
Hz steps. Designed by Dr. Ulrich L. 
Rohde, DJZLR, well known to ham 
radio readers for his many contribu- 
tions to modern high-frequency re- 
ceiver design, the HF1030 has many 
unusual features not previously avail- 
able. Included are frequency preset, 
remote control, and remote program- 
mability - features which permit the 
receiver to  be used in computer- 
based communications systems. 
Communications Product Corpora- 
tion is presently working with Tek- 
tronix on a system for military appli- 
cations which allows a Tektronix 
4051 computer to store and decipher 
Morse code and RTTY transmissions. 
The Tektronix 4051 computer is also 
capable of remotely controlling and 
programming the HF1030 via an inter- 

phase card and IEEE bus, allowing 
simultaneous control of up  t o  30 
separate HF1030 receivers. 

Other features of the HF1030 in- 
clude provision for  al l  reception 
modes (a-m, ssb, and CW), 455-kHz 
output for FSK demodulation (FSK fil- 
ter built in), selectable i-f band- 
widths, electronic bandpass tuning, 
and excellent immunity to  strong- 
signal overload. The two selectable 
tuning speeds of the optical shaft 
encoder (1800 Hz and 180 Hz per 
360° dial revolution) give the feel and 
smoothness of an analog VFO in 
quasi-continuous tuning wi th  ab- 
solutely backlash-free performance 
while retaining the accuracy and 
stability of the internal or external 
frequency standard. No separate 
MHz control is required - the fre- 
quency may be preset w i th  the 
thumbwheel switches, then returned 
to  VFO control; the fast-switching 
synthesizer permits frequency jumps 
of 30 MHz in less than 10 milli- 
seconds. 

All internal frequency control, in- 
cluding the BFO, is derived from a 
master crystal standard; worst case 
frequency stability for the oscillator 
is 1 Hz/CO. For more demanding 
stability requirements, there is pro- 
vision for an external rubidium or 
cesium standard. The fully synthe- 
sized BFO provides a f 5 kHz tuning 
range. Almost all frequency synthe- 
sizer circuitry is based on CMOS cir- 
cuits; this reduces power consump- 
tion to less than 2 watts and en- 
hances reliability because of heat 
reduction. Spectral purity of the syn- 
thesizer is improved because of the 
great reduction of digital noise. The 
CMOS memories and standby battery 
provide storage of frequency data for 
at  least one year in the event of 
power failures; upon restoration of 
power, the receiver will return to the 
previously tuned frequency. 

The HF1030 receiver uses a spe- 
cially developed, high-level double- 
balanced mixer with monolithic hot- 
carrier diodes, which is terminated in 
a low-noise amplifier with heavy feed- 
back for excellent sensitivity without 
any requirement for an rf amplifier. 

Sensitivity on CW, FSK, and ssb is 
typically 0.5 pV for 10 dB signal-to- 
noise ratio; a-m sensitivity is 2.6 pV 
typical for 10 dB SIN. The noise fig- 
ure is less than 10 dB from 1-30 MHz. 
The third-order input intercept point 
is +20 dBm (signals separated 30 
kHz); second-order IMD is - 80 dB. 

The first i-f of the HF1030 is at 
40.455 MHz; the second i-f is at 455 
kHz. To improve input selectivity the 
8-pole 40.455-MHz crystal filter has 
a bandwidth of f 4 kHz with a 1:2 
shape factor; this filter was designed 
specifically for low intermodulation 
distortion products. The five built-in 
455-kHz i-f filters have been specially 
selected for optimum performance on 
ssb (2.7 kHz), CW (375 Hz), FSK 
(1.9 kHz), and a-m (5.8 kHz). The 
built-in bandpass tuning feature (con- 
trolled by the main tuning knob) is 
accomplished by electronically shift- 
ing the frequencies of the LO and 
BFO. 

The very effective AGC system 
used in the HF1030 receiver has a 
minimum range of 120 dB with a 
threshold at 0.2 pV; there is less than 
6 dB audio change with rf inputs 
from 1 pV to 100 mV. On ssb, the 
AGC attack time is 100 ms; hold time 
is 1.6 seconds and release time is 
50 ms (typical). For a-m reception, 
AGC attack time is 10 ms; release 
time is 35 ms. 

Other features of the HF1030 in- 
clude a very effective squelch system 
which discriminates between man- 
made noise or electrical noise and 
voice or other wanted transmissions. 
Editor-in-chief WlHR had an oppor- 
tunity to  compare the performance of 
the HF1030 against several other 
high-frequency receivers and re- 
ported that "It's probably the best 
communications receiver I've ever 
used; weak signals that were com- 
pletely covered by noise and internal 
IMD in other receivers were solid 
copy on the HF1030. It's amazing 
how much of the splatter hams com- 
plain about is actually being gen- 
erated right in their own receivers!" 

The receiver uses modular con- 
struction with easy access to all as- 
semblies; its compact size allows two 
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HF1030 receivers to be mounted side 
by side in a single rack panel. The set 
measures 8.24 inches wide, 5.22 
inches high, and 14.48 inches deep 
(21 x 13.3 x 36.8 cm); weight is 18 
pounds (8.2 kg). Total power con- 
sumption (all LED displays on) is less 
than 15 watts. Power requirement is 
1101220 Vac, 47-400 Hz at 25 watts, 
or 15 to 25 Vdc at 1 amp. Further in- 
formation on the HF1030 Communi- 
cations Receiver can be obtained 
from Rohde 8 Schwarz Sales Com- 
pany, IU.S.A.1 Inc., 14 Gloria Lane, 
Fairf ield, New Jersey 07006. 

bencher keyer paddle 

Bencher, Inc., of Chicago, is pro- 
ducing a dual-lever, iambic keyer 
paddle that has a lot of features 
you'll find helpful for ease and relia- 
bility in CW operation. Some of these 
features are dual adjustment of spring 
tension on the paddles to match the 
"feel" to your fist; precision contact 
adjustments with a set-screw locking 
feature so the adjustment stays 
where you want it; and a heavy steel 
base, equipped with nonskid feet so 
you don't have to chase the paddle 
around the desk top. 

The contact points are solid silver, 
for a lifetime of flawless keying. 
Nylon bearings are used on the key- 
ing shafts, and the bearings float on 
machined brass fittings for a self- 
aligning action. Spring tension pre- 
vents play and sloppiness, eliminating 
contact bounce and backlash. 

The Bencher Ultimate Paddle looks 
good and works well. The frame, 
posts, and bearing ring are all pre- 
cision machined from solid brass 
stock, polished and plated for dura- 
bility and first-rate appearance. 

You can obtain the model BY-1 
(standard black-finish base) for 
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CUSHCRAFT 
IS THE VHF-UHF 
ANTENNA 
COMPANY. 
Cushcrafl preclslon eng~neered VHF/UHF Yagl beams 
have become the standard of comparlslon the world 
over for SSB and CW operat~on on 6 meters through 432 
MHz Bu~lt by skilled craftsmen from the b e s t  ovallable 
materials these beams represent that rare comb~nat~on  
of h ~ g h  electrical performance rugged construct~on 
and durab~llty 
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/ O  Clrrnr.nt L"A Arrov 
- Cushcran s wade vorletv 01 VHt /UHF 

Quoil vr l y  &oms ~ncludes on antenna tor e v w  
Cushcrofi s Quad Anoys for 144 220 amat~ur oct~vtty above 50 MHz whcthn 
and 432 MHz use four matched local rogchewing or long houl over Ihe 
11 element Cushcrofi Yog~s and ore horllan L)X All models have becln 

the ult~mote In a hlgh perfotmance corelullv ODl~m~zeo for maxlmrirn 

Yagl array These arrays hove been tward goln with hlgn front to bock 

corefully engineered for maxlmum rotlo Ihe h~aly  wail brlght harl drawn 

foward goln h~gh front to-bock ratlo 
olurnlnum booms and elements arc 
cornbln6 d wttn neoly formed alumlnum 

and brood frequency response All brackets and ploted mounttng 
antennas provtde a low VSWR match hardware to( long oDerotlng l ~ r r  and 
to 50 ohm cwx~ol  feedline SUIVIVOI ~n severe weather 

cushyceff C O R P O R A T I O N  

UPS SHIPPABLE 

In Stock Wlth Dealers World Wide PO Box 4680 Manchester N H 03108 



FOR ALL M A K E S  MODELS OF AMATEUR 
TRANSRECEIVERS - TRANSMITTERS - 
GUARANTEED FOR 2 0 0 0  WATTS SSB 
1000 WATTS CW. FOR NOVICE AND ALL 

LIGHT - STRONG - ALMOST INVISIBLE l CLASS AMATEURS1 

COMPLETE AS SHOWN ~ n h  90 ft. R G ~ ~ U - 5 2  I ~ ~ ~ I I ~ ~ .  and PL259  connector. ~nsu~mtora. 3011. 
3 0 0  a. test dasron end supp~rt., center connosto. ~ n h  bum I" llphnlnp anoster mnd stotlc dlsch.rae - 
molded Ismlad, wamthsrproof, resonant traps VX6"-you Just swnsh t o  band dested for e.sellont worldwlds 
opsratdn - tr.nsrn~Unp and r o s l o ~ ~ ~ ~ l  WT. LESS THAN 5 LBS. 

I 160-00-40-20-1510 bmnd. 2 trap--130 f t  with 90 It .  RG58U - conneetot - ModaT778U . . , 1 5 1 9 5  
80-40-20-15-10 bmndl 2 Vmp -- 102 I t .  wnh 9 0  ft. RG56U - connector - Model 998BU . . ,149.95 
40-20-15 -10 band* 4 trap ---5411. wnh 9 0  ft. RG68U co.. - sonnestor - Model 1001BU. . , 1 4 8 . 5  
20-15-10 band. 2 trap--- 2 6  ft. wnh 9 0  ft. RG58U coax - connector - Model 1007BU . . . . 647.95 

SEND FULL PRICE FOR POST PAID INSURED DEL. IN USA. <C.n.d. h 15 .00  crtrm for pestape - 
c1srlc.l - customs - etc.1 or ords uslnp VISA 8.n~ Amarlcard - MASTER CHARGE - AMER. EX- 
PRESS.GIvanumbn and ex. date. Ph 1-300-236-5333 9AM - 6 P M  wash days. We rMp In 2 -3  days. 
PRICES MAY INCREASE S O  - ORDER NOW AN0  SAVE1 An mn1enn.s pumr.ntced for 1 year. Money 
back trl.11 Made In U S A .  FREE INFO.AVAILABLC ONLY FROM. 

WESTERN ELECTRONICS Dcpt. AR-12 Kearney. Nsbrmskm. 6 8 8 4 7  

/ \ 

(HAND HOLDING? . . . LET' 

I DATA SIGNAL PU' rings on F n p n  . 
m I lwith our SUB-MINIATURE ENCODERS 

I The world's smallest hand-held goes hand-in- 
hand with the world's smallest, lightest and I 

least expensive T-T Pads. 

MODEL SME - Smallest available Touch Tone Encoder. Thin. 
only .05" thick, keyboard mounts dlrectly to front of  hand., 
held portable, while sub.miniature tone module f i ts instde. 
This keyboard allows use of battery chargers. Price $29.00, 

i w i th  your choice of keyboards. SME (less keyboard) $24.00 
' . , . 2 $ > ! ,  

or, SME 

MODEL DTM - Completely self.contained miniature encoder 
for hand-held portables. Only 5/16" thick. Three wrre con. 
nection. Automatic PTT keying optional. With our choice of 
keyboards. Price DTM - $39.00, DTM-PTT - $49.80. 
'Touch.Tone is a registered trade name of AT&T. 

I with our AUTOPATCH - Ready to go! 

A Complete Autopatch faci l i ty that  requires only a repeater 
and a telephone line. Features include s~ngle.digit access/ 
d~scannect,  direct d ia l ing  f rom m o b ~ l e  o r  hand-held radtos. 
adlustable amplifiers for t ransmit ter and telephone audio, and 
tone-burst transponder for acknowledgement of patch dis. 
connect. 
RAP-200 P. C. Card 
RAP-POOR Rack Mount  

Be sure to ask about 
our new keyers and CW 
memory tor CW buffs. 

DATA SIGNAL, INC. 
2403 COMMERCE LANE ALBANY, GEORGIA 31707 

9129834703 

$39.95; or the BY-2 (polished 
chrome-plated base) fo r  $49.95. 
Bencher will quote the price of a 
Gold Plated Presentation model 
(BY-3) upon request. The paddles 
are available at selected dealers, or 
direct from Bencher, Inc., 333 West 
Lake Street, Chicago, Illinois 60606. 

Palomar synthesized 
transceiver 

The Palornar PTR-130K is the first 
completely multi-functional trans- 
ceiver ever made available to  the pub- 
lic. It incorporates some of the most 
advanced features of logic tech- 
nology. The PTR-130K is a minia- 
turized mobile transceiver capable of 
operating w i th  100-Hz resolution 
from 100 kHz to  30 MHz, in all modes 
of transmission and reception (ssb, 
CW, fm, and a-m). Instant frequency 
selection is available at the touch of a 
finger. 

The transceiver has a built-in rf 
compressor t o  increase effective 
transmitter output by 12 dB (16 
times). Two cascaded Collins me- 
chanical filters in the receiver provide 
superior selectivity, with a typical 
shape factor of 1:1.25 (3 dB160 dB). 
These, and many other features, are 
packed into a small, 16.5 x 6.3 x 
20 cm (6-112 x 2-112 x 8-inch) 
package. Power output is 5 watts on 
a-m, 12 watts on other modes. 

The PTK-130K is the latest in a 
long line of innovative electronics 
products from Palomar Electronics 
Corporation, 665 Opper Street, 
Escondido, California 92025. 

"Band-Aids" Handbook 
James Dersch, WDQAJE, has just 

published Band-Aids, which he calls 
the "Radio Amateur Operator's 
Handiest Handbook." If you've ever 
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had to  frantically search for some bit 
of information in the midst of a QSO 
or contest, you will agree with that 
description. 

Band-Aids is a spiral-bound book- 
let full of handy information in a mul- 
titude of categories. It contains many 
operating aids that the amateur will 
find useful - perhaps essential - 
during the many activities he pur- 
sues. It has maps and lists for such 
things as the Worked Al l  States 
award (WAS), time-zone informa- 
tion, abbreviations, IACO word list 
(phonetic alphabet), OSCAR fre- 
quencies, U.S. 160-meter allocations, 
W1AW broadcast schedule, third- 
party agreement information, ama- 
teur network listings and Q-signals, 
international prefix lists, and many 
other bits and pieces that are always 
needed at your fingertips but manage 
to get lost at the wrong time. 

I n  the  nonoperating category, 
Band-Aids contains useful material 
on metric conversions, resistor (and 
other component) color coding, 
schematic-diagram symbols, tele- 
phone touch-tone frequencies, vswr 
nomograph, some useful formulas, 
and much more. 

Band-Aids contains 110 pages, and 
measures 14 x 21 c m  (5-112 x 
8-112 inches). The spiral binding 
allows it to  lie flat, and the compact 
size allows it to  f i t  comfortably on 
even the smallest of operating posi- 
tions. You can obtain one from Ham 

The complete receiver audio active filter 
YOU CAN DO IT SIMULTANEOUSLY with both 

NOTCH and BANDPASS filters. 

NOTCH FILTER 

CONTINUOUSLY V A R I A B L E  
3 0 0  - 1 4 0 0  HZ. 

NOTCH DEPTH F I X E D  A T  
NO LESS THAN 3 0  DB. 

INDEPENDENT OF BANO- 
PASS CONTROLS. 

MAY BE CENTERED FROM 
2 0 0  - 1 4 0 0  HZ. SL-55 

Audio Active Filter 

BANDPASS FILTER 

CONTINUOUSLY V A R I A B L E  
2 0 0  - 1 4 0 0  H z .  

CENTER FREQUENCY CON- 
TINUOUSLY V A R I A B L E  
FROH 2 0 0  - 1 4 0 0  HZ. 

CHANNEL WIDTH CONTINU- 
OUSLY V A R I A B L E  FROM 
1 4  TO MORE THAN 1 4 0 0  
nz -- 3 00. 

Both filters are cascaded with afixed 
WARRANTY lowpasr filter ( 1  8 d8/octave rotloff FULLY 
ONE YEAR above 1400 Hz) for optimum SSB RFI PROOF 

filtering. (3.5x5.5x7.5 inches) 
CONTAINS 1 1 5  VAC POWER SUPPLY. REQUIRES LOW IMPEDANCE ( 4 - 1 6  OHM) AUDIO 
DRIVE FROH ANY RECEIVER. CONNECTS I N  SERIES WITH AUDIO OUTPUT L I N E  AND 
W l L L  DRIVE SPEAKER OR HEADPHONES. AUDIO OUTPUT POWER ONE WATT. WE W l L L  
MODIFY TO 2 4 0  VAC FOR FOREIGN USE FOR $1.00 ADDIT IONAL.  FRONIPANEL BY- 
PASS SWITCH RESTORES AUDIO PATH TO I T S  O R I G I N A L  CONFIGURATION. 

NET: $72.50 cellin. grov . ~ b i ~ . l  and dark g.ov W.,~LI. P".I 

porlpald sn Ihc USA and Conoda V!rp<nlo cn~dcnh odd 44,  ,ale% lam 

ERC INTRODUCES A BRAND NEW CON- 
CEPT IN THE MEASUREMENT OF VSWR 
AND POWER ACCEPTEDBYTHELOAD 

REQUIRES 1 1 5  VAC AT TWO 5 0 - 2 3 9  COAX CONNECTORS 
LESS THAN 1 / 1 6  AMP. ARE AT THE REAR PANEL. 

COLLINS GRAY CABINET. D IMENSIONS 3.5 X 5 .5  X 7.5 
WRINKLE PANEL - BRIGHT INCHES. 
RED LEO D I G I T S  ( .33" ) .  
DECIMAL P O I N T  I S  THE WEIGHT I S  2 POUNDS. 
P I L O T  L I G H T .  

SL-65A GREAT FOR 
ANTENNA PROJECTS 1.8 - 3 0 ~ ~ 1  QRP 8 CB 
THE MODEL SL-65': ( 2 0  - 2 0 0 0  WATTS) AN0 THE MODEL SL-65A:: (0 .2  - 2 0  
WATTS) D I G I T A L  VSWR AN0 NET POWER INDICATORS PROVIDE INSTANTANEOUS 
AN0 CONTINUOUS D I S P L A Y S  OF VSWR AN0 NET POWER ACTUALLY ACCEPTED 9Y 
THE ANTENNA. THERE ARE NO BUTTONS TO PUSH OR C A L I B R A T I O N  SETTINGS. 
E ITHER MEASUREMENT I S  D I S P L A Y E D  WITHOUT D I G I T A L  READOUT F L I C K E R  THE 
INSTANT RF H I T S  THE COAX FOR VIRTUALLY ANY TYPE OF MODULATION - - - 
EVEN SSB AN0 CW GREATER THAN 1 0  WPM. THERE 1 5  NOTHING L I K E  I T  A V A I L -  
ABLE ANYWHERE ELSE. CHECK THE PERFORMANCE S P E C I F I C A T I O N S  BELOW. 

S L - 6 5  
WARRANTY S L - 6 s  

VSWR INDICATOR ONE YEAR NET POWER INDICATOR 

TWO D I G I T  D I S P L A Y  SHOWS VSWR 
TO AN ACCURACY OF .1 FOR VALUES 
FROM 1.0 AND 2.2. ACCURACY 1 5  
. -  .- . . - - . ~  
3 . 4  AND TO . 3  FROM 3 .0  TO 4.0. 
FROH 4.1 TO 6.2 THE I N D I C A T I O N  

OFOR VSWR VALUES NEAR 1.0. THE 
POWER RANGE FOR A V A L I D  READING 
1 s  2 0  - 2 0 0 0  WATTS OUTPUT. FOR 
HIGHER VALUES THE UPPER POWER 
L I M I T  FOR A F L I C K E R  FREE V A L I D  
READING 1 5  SOMEWHAT LESS ( 3 5  - 
1 0 0 0  WATTS FOR VSWR AT 2.0). 

* D I V I D E  THE ABOVE POWER LEVELS 
BY 1 0 0  TO O B T A I N  THE PERFORMANCE 
OF THE SL-65A QRP MODEL. 

SURFACE POSTPAID I N  US C CANADA 
PRICE:  5189.10. V I R G I N I A  RESIDENTS 

.THE POWER D I S P L A Y E D  I S  THE DETECTED 
PEAK OF THE PEP FOR ANY MOOULATION. 
T H I S  I S  THE POWER THAT THE TRANS- 
MITTER IS"TALKE0"  UP TO.OISPLAY DE- 
CAY T I M E  I S  ABOUT ONE SECOND. 

.THE POWER D I S P L A Y E D  I S  THAT WHICH 
I S  ACCEPTED BY THE ANTENNA (FORWARD 
LESS REFLECTED). 

.POWER I S  D ISPLAYED ON THE SAM€ TWO 
D I G I T S  AS VSWR I N  TWO AUTORANGED 
SCALES. 2 0  TO 5 0 0  WATTS AN0 5 0 0  TO 
2 0 0 0  WATTS. TRIPOVER AT THE 5 0 0  WATT 
LEVEL 1 5  AUTOMATIC EX: A READING OF 
1.2 COULD MEAN 1 2 0  OR 1 2 0 0  WATTS. I YOU MUST KNOV WHICH RANGE YOU ARE I N .  

1 .ACCURACY I S  TO I 0  WATTS I N  THE LOWER 
RANGE AND 1 0 0  WATTS I N  THE UPPER RANGE 
D I V I D E  POWER SPECS BY LOO FOR SL-65A. 

A m  4: SALES TAX. T E L . ( B 0 4 ) 4 6 3 - 2 6 6 9  

AVArLABLE A T  ELECTRONIC RESEARCH CORP OF VIRGINIA 
$2.00  REDEEMABLE TO- 
WARD PURCHASE F! 0. BOX 2394 
::PATENT PENDING VIRGINIA BEACH, VIRGINIA 23452 
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MODEL , 5OOMHz [ [ lB[ i i [  
CTR-ZA & 1 G H z  

. . .  . . 

1 us t o  -,, :#..,. I t  
10 m v @  

1 sec. t 150 MHz 

The New Model CTR-2A Series Counters are deslgned and bu i l t  t o  the highest standards 
t o  fu l f l l i  the needs of commercial communlcatlons, engineering labs and serious experl- 
mentors. With an accuracy o f  + .00005% (oven optlon) the CTR-2A can handle the most 
crltlcai measurements and Is about half the cost o f  other commercial counters. 

If you need a reliable counter at an affordable price, the CTR .2A is the answer. 

Built-in Pre-Amp 10mv @ 150 MHz Peiiod Measurement (Optional) 
8 Digit .3" LED Dlsplay Input Diode Protected 
Hlgh Stability TCXO Tlme Base 12V-DC Operation (Optional) 
Bullt-in VHF-UHF Prescaler Oven Controlled Crystal (Optional) 
Automat~c D p  Placement + .5 ppm 
TCXO Std. L 2 ppm Selectible Gate Times - 1 & 1 sec. 

500 MHz K i t  CTR-2A-500K . . . . . . . . . . . . . . . .  $249.95 
500 MHz Assembled CTR-2A-500A . . . . . . . . . . . .  349.95 
l G H z  K i t  CTR-2A-1000K . . . . . . . . . . . . .  399.95 

. . . . . . .  lGH2  Assembled CTR-2A-1000A . . .  549.95 

. .  OPTIONS..  
02) Oven Crystal $49.95 05) 10  sec. Time Base $ 5.00 
03) .43" LED 10.00 06) Period 15.00 
04) 12 V-DC 10.00 07) Handle 10.00 

@gj- - 
DAVIS ELECTRONICS 636 Sheridan Or.. Tona., N Y .  14150 71 

\ 
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Radio's Communications Bookstore, 
Greenville, New Hampshire 03048, 
for $7.95, plus 40 cents shipping and 

, handling. Order CC-BA. 

tunable sub-audible 
tone encoder 

1 Vega introduces its new subminia- 
1 ture, subaudible tone encoder for 
I hand-held as well as routine mobile 

radio applications. The Model 188 is 
ideal for one-way, tone-protected ap- 
plications where all mobiles are 
equipped to  transmit, but  not t o  
receive, tone. The tone frequency is 
continuously field tunable and no 
modifications or elements are re- 
quired to establish the tone frequen- 
cy. Extremely stable, the Model 188 
maintains frequency and level accura- 
cy over the temperature and voltage 
variations found in mobile radio envi- 
ronments. The unit measures 2 x 2 
x 1.3 cm (0.8 x 0.85 x 0.52 inch) 
and is backed by a three-year warran- 
ty. It is available for quick delivery. 

For further information, contact 
VEGA, 9900 Baldwin Place, El 
Monte, California 91731. 

amateur antenna 
catalog 

A new catalog covering their com- 
prehensive line of mobile and base 
station antennas for amateur radio 
applications has just been issued by 
Antenna Incorporated, Cleveland, 
Ohio. The 8-page catalog provides 
detailed descriptions and complete 
electrical and mechanical specifica- 
tions on some 4 dozen ham antennas, 
including 10 meter, 6 meter, 2 meter, 
314 meter, and 1-114 meter types. 
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Thirteen types of mountings are avail- 
able, according t o  Randall J. Fried- 
berg, vice president and sales rnana- 
ger. The antennas are designed for 
100,150, and 200-watt power ranges. 
The mobile units are designed for 
temporary or permanent installation 
on all types of vehicles, Friedberg 
said. 

All of the antennas and accessories 
described in the Spage booklet are 
manufactured in the United States 
and of highest quality materials to  
assure dependable performance. 

Copies of the catalog are available 
free on request from Antenna Incor- 
porated, 26301 Richmond Road, 
Cleveland, Ohio 44146. 

CW/ssb active filter 
MFJ Enterprises has introduced 

two new CW and ssb active filters. 
The top-of-the-line model is called 
the MFJ-721 Super Selector CW/ssb 
Filter. It has a 2-wan audio amplifier, 
switchable noise limiting, and an in- 
put selector switch for two rigs. 

The CW filter is an Spole active fil- 
ter (4  cascaded stages) centered 
nominally at  750 Hz. It has four 
selectable bandwidths, 180, 150, 110, 
and 80 Hz. In the 80-Hz position, the 
response is at least 60 dB down one 
octave from the center frequency. It 
drastically reduces noise and provides 
up to 15 dB improvement in signal-to- 
noise ratio. 

With a pair of stereo headphones, 
simulated stereo reception directs the 
narrow, filtered signal to one ear and 
the unfiltered signal to the other. The 
ears and brain then reject the interfer- 
ence, but allow off-frequency calls to 
be heard. 

The ssb filter dramatically improves 
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SPECIAL FEATURES 
SOLIDSTATE ELECTRONICALLY REGULATED 
FCLD.BACK CURRENT LIMITING Protects Power Supply lrOm 
excesswe current & continuous shorted oulpul. . CROWBAR OVER VOLTAGE PROTECTION on Models RS-7A. 
RS-12A. RS-20A. 8 RS.35A. 
MAINTAIN REGULATION 8 LOW RIPPLE a l  low line input Voltage. 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN U.S.A. 

PERFORMANCE SPECIFICATIONS 
ASTRON 35 AMP REGULATED 
POWER SUPPLY Model AS-35A 

INPUT VOLTAGE: 105 - 125 VAC 
OUTPUT VOLTAGE: 13.8 VDC 20.05 volts 
(Internally Adjuslable: 11-15 VDC) 5" (H)  x l I " ( W )  x 11"(D) 
RIPPLE: Less lhan 5mv peak l o  peak (lull load 8 low line) Shipplng Weight 28 Ibs. 
REGULATION: 2.05 volts no load tolull load 8 low line to high llne Rice . . . . . . . . . . $136.95 

Mhsr popular POWER SUPPLIES also available: (Sarmleatures and specil!cdl~ons asabove) 

NEW . . . . . .  Coaxprobe* . . . . . . NEW 
Coaxial RF Probe for Frequency Counters and 

Oscilloscopes That Lets You Monitor Your 
Transmitted Signal Directly From the Coax Line. 

$9.95 Only 
plus .50 postage 

FINALLY! A RF PROBE that lets you connect USE IT ON 2 METER RIGS TO ADJUST 
into your coax cable for frequency FREQUENCY. The CoaxProbe' has a range 
measurements and modulation waveform of 1.6 to 150 mhz. 
checks directly from the transmitter. MONITOR YOUR MODULATION 
JUST CONNECT THE CoaxProbe* into WAVEFORM. With an osc~lloscope of prop- 
your transmission line and plug the output er bandw~dth, you can check your modula- 
into the frequency counter or oscilloscope. tion lor flat-topping, etc. Ideal tor adjusting 
Insertion loss is less than .2db so you can the speech processor. 
leave it in while you operate. NOW YOU CAN MONITOR SIGNALS when 
A NECESSITY IN ANY WELL-ORGANIZED connected to the dummy load, eliminating 
HAM SHACK. the CoaxProbe' eliminates unnecessary on-the-air radiation. 
' ' lerr~-r lgging" and hassles when tapping AVAILABLE FOR THE FIRST TIME TO 
into the coax line is desired. AMATEURS. Try it tor 10 days. If not 
A SPECIAL METHOD OF SAMPLING satisfied. send it back for refund (minus 
keeps output relatively constant with a wide sh~pp~ng  charges). 
variation of power. Power output of 8 watts Order today from: 
gives .31v out. while 800 watts will give 
1 . 8 ~  out. (rms 3-30 mhz.) 2000 watts PEP Coaxprobe CO. 
rating too! 
'Trademark of CoaxProbe Co. lor rt sampling devlce 

P.O. Box 426, Portage, MI 49081 
1978 bv CoaxProbe Co 

Dealer Inquiries Invited 

readability by optimizing the audio 
bandwidth to reduce sideband splat- 
ter, remove low- and high-pitched 
QRM, hiss, static crashes and back- 
ground noise, and eliminate 60- and 
120-Hz hum. 

A self-adjusting automatic peak 
clipper is provided for ssb. For CW, 
another clipper removes background 
noise that is smaller in amplitude than 
the signal. The MFJ-720 plugs into 
the phone jack and drives a speaker 
or phones with 2 watts of audio. The 
size is 12.7 x 5 x 15.2 cm (5 x 2 x 
6 inches). It requires 9 to 18 Vdc; an 
optional ac adapter is available. The 
price is $59.95. 

The MFJ-720 Deluxe Super CW 
Filter uses the same 8-pole active fil- 
ter as the MFJ-721. The frequency 
determining components are hand 
selected for a response within one Hz 
of the nominal 750-Hz center fre- 
quency. The low-Q cascaded design 
minimizes ringing. A self-adjusting 
peak noise limiter is also built in. 

The MFJ-720 plugs into the phone 
jack and drives the speaker or 
phones. The size is 10.2 x 5 x 15.2 
cm (4 x 2 x 6 inches); it requires 9 
to 18 Vdc. An optional ac adapter is 
available. The price is $44.95. 

The MFJ-721 Super Selector 
CWIssb Filter and the MFJ-720 
Deluxe Super CW Filter are available 
from MFJ Enterprises; they both 
have a =-day, money-back trial peri- 
od. If you are not satisified, you may 
return the filters within 30 days for a 
full refund (less shipping). MFJ also 
provides a one-year unconditional 
warranty. 

T o  o rder ,  c a l l  t o l l  f r e e  
800-647-8660, or mail your order to 
MFJ Enterprises, Post Office Box 
494, Mississippi State, Mississippi 
39762. Include $2.00 for shipping and 
handling. 

Chemtronics 
desoldering tool 

Chemtronics Inc., of Hauppauge, 
New York, recently announced the 
latest addition to its popular line of 
solder and industrial-chemical prod- 
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ucts: the D5 Desoldering Tool. This 
unique new product, which features 
Chemtronics' highly sffective desol- 
dering wick in a specially engineered, 
refillable dispenser tool, helps tech- 
nicians remove solder more efficiently 
while economizing on wick use. D5 
may be used alone, or as an integral 
part of Chemtronics' new SD5 Sol- 
der1Desolder System. 

The D5 Desoldering Tool consists 
of a 25-mm (1-inch) clear-plastic 
cylinder which contains a visible 
supply of 152 cm (5 feet) of the com- 
pany's specially formulated desol- 
dering wick. Braid is fed to the wick 
through a Teflon* probe that extends 
from one end of the wick supply. 
The heat-resistant Teflon probe 
allows users to desolder with pin- 
point accuracy and without burnt 
fingers, even in high-density circuitry. 
In addition, the D5 Tool's exclusive 
probe permits the user to shape or 
"web" the wick, providing maximum 
absorbency and further economizing 
on wick use. When the wick supply 
is exhausted, the user simply snaps 
the tool's probe into the D5 Desol- 
dering Tool Wick Refill. 

Chemtronics' D5 Desoldering Tool 
uses the highest-quality braid in nat- 
ural copper color, which permits the 
user to see the absorption of solder. 
The braid, which meets all MIL-specs 
and NASA publications require- 
ments, is treated with a pure, water- 
white rosin flux which is nonactivated 
and free from halogens and corrosive 
chlorides. This assures complete sol- 
der absorption without leaving harm- 
ful residue. 

The pocket-sized D5 Desoldering 
Tool is available alone or as part of 
the SD5 SolderIDesolder System, 
where it telescopes or snaps in and 
out of a pound or half-pound spool of 
Chemtronics' solder. D5 wick refills 
are also available, in two diameters, 
allowing the D5 Tool to be economi- 
cally reused for years. More informa- 
tion is available at Chemtronics dis- 
tributors or directly from Chemtronics 
Inc., Solder Products Division, 45 
Hoffman Avenue, Hauppauge, New 
York 11787. 
'Teflon isa registered DuPont trademark. 

New device opens up the world of Very Low Frequency 
radio. 

Gives reception of the 1750 meter band a t  160-190 KHz 
where transmitters of one watt power can be operated 
without FCC license. 

Also covers the navigation radiobeacon band, standard 
frequency broadcasts, ship-to-shore communications, 
and the European low frequency broadcast band. 

The converter moves all these signals to the 80 meter amateur band where 
they can be tuned in on an ordinary shortwave receiver. 

The converter is simple to use and has no tuning adjustments. Tuning of 
VLF signals is done entirely by the receiver which picks up 10 KHz signals 
at 3510 KHz. 100 KHz signals at 3600 KHz, 500 KHz signals at 4000 KHz. 

The VLF converter has crystal control for accurate frequency conversion, a 
low noise rf amplifier for high sensitivity, and a multlpole filter to cut 
broadcast and 80 meter interference. 

All this performance is packed into a small 3" x 1Vz"  x 6" die cast 
aiuminim case with UHF (SO-239) connectors. 

The unique Palomar Engineers circuit eliminates the complex bandswltch- 
ing and tuning adjustments usually found in VLP converters. Free 
descriptive brochure sent on request. 

Order direct. VLF Converter $55.00 in U.S. and Canada. Add $2.00 
shippinglhandling. California residents add sales tax. 

Explore the lnterestlng world of VLF. Order your converter today! Send 
check or money order to: 
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POWER POWER WIRED A N D  

M O D E L  B A N D  EMISSION INPUT OUTPUT TESTED PRICE 

BLC 10170 
BLC 2170 
BLC 101150 
BLC 3011 5 0  
B L D  2/60 
B L D  10160 
B L D  101120 
BLE 10140 
BLE 2/40 
R L E  30/RO 
BLE 101HO 

144  MHz 
144  MHz 
144  MHz 
1 4 4  MHz 
220 MHz 
220  MHz 
220  MHz 
420  MHz 
4 2 0  MHz 
420  MHz 
420  MHz 

CW-FM-SSBIAM 
CW-FM-SSB1AM 
CW-FM-SSBIAM 
CW-FM-SSBIAM 
CW.FM.SSBIAM 
CW.FM-SSBIAM 
CW-FM-SSBIAM 
CW.FM-SSBIAM 
CW-FM-SSBIAM 
CW-FM-SSB1AM 
CW.FM-SSB1AM 

F.O.B. Binghamton. Prices and specifications ere subject t o  change. Export  prices are slightly higher 

FEATURES 
High efficiency means low 
current drain. 
Broad band design ( n o  tuning). 
Direct 12 volt DC operation. 

Indicator lamps for On/Off 
and FMISSB. 
Relay switching (allows you 
to put amplifier in or out of 
circuit at the f l ip of a switch). 
Insert ion loss of less than 1 dB. 

90 day limited warranty on 
parts and labor. 

DIV IS ION OF BROWNIAN ELECTRONICS CORP. 

320 WATER STREET / BINGHAMTON, N.Y. 13901 1 Phone 607-723-9574 



I 
State ZIP - I 

G.E. T.P.1. 
SPECIAL 

I FE43JA5 (Late Model) 1 
Front ~ o " n t  132-1 50 
MHz, 12 volt, 12 watts, 
fu l ly  so l id  s t a t e  re -  
ceiver, 3 tubes in trans- 
m i t t e r ,  fu l ly  n a r r o w  

I band, with accessories. 

bench tested $58.00 
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The revolutionary Swan 100 MX: 100% new, 100% solid state, 
100% portable from home station to mobile! 

I r r~ruuucrr~~ a auPcib "get up and 
go" transceiver, superbly designed 
for 100% mobility and control, as  
only new Swan space-age tech- 
nology could do it! 

100% solid state 100 MX: the 
compact H F  unit you can take 
seriously - anywhere you choose 
to operate. 

At home, set into Swan's unique 
new style-coordinated station, 
with marching antenna tuner and 
power supply. 

Or on the road - it's easy to 
relocate 100 MX. Instantly. Just 
two simple connections on the 
back panel: snap out, snap in.. . 

nd run! 
100% improved audio quality: 

ome or mobile, transmit or 
receive. 100 MX electronics cut 
through SSB sound barriers - 

producing a natural clarity 
reported comparable to AM ! 

Your most-wanted extras, 100% 
built-in: like noise blanker and 
VOX. Like a preselector to opti- 
mize signals. Like a real RF GAIN 
control, and CW sidetone. 

Swan includes the RITcontrol 
(k1.5 kHz) you'd like too. Plus. 
for stability, a permability tuned 
oscillator with 1Kc readout. 

A powerful package, delivering 
a minimum 100 watts PEP output 
on all bands, 10-80 meters. 

Setting a 100% new state of art: 
100 MX and our matched-station 
units. Ready for check out today at 
your Swan dealer, the first major 
breakthrough in Swan's new pro- 
gram dedicated to changing the face 
-and performance - of ham equip- 
ment 100%. . . inside and out! 

Swan 100 MX: 5849.95 
Matching Power Supply PSU-5 

$179.95 
Matching Antenna Tuner ST-3: 

$169.95 
Av.atlahlc onl) lhrou~h aathorlzcd Su.an dralcrr 

r--------"-"--"-------- 1 I Optease rush  full specs on Swan's all-new I 

1 100 M X  home/mobile transceiver. I 
I 

I I 
I I : Name I 

I 
I I 
t Address I 
I I 

city ! 
I I 
I State Z i p  I 
! OST 10/7R I 

Q Swi~Af 
ELECTRONICS 

305 Airport Road, Oceanside. CA 92054 
(714) 757-7525 

Swan's conttnuinp commmtment lo prcduct impmvcrncnt 
may allcct rpcctftcntnonr and prlccs without notice. 



An ancient amateur proverb has it that: "If you can't hear them. you can't you w ~ t h  the ~ncreasedsensltiv~ty you need to make thosecontacts that you've never 

work them." made before. Remember, the other guy may not have a Lunar amp/preampyet. Our 
That's one reason why our linearized amdifier/preamplifier combnatiom are the better than 2 d~ noise figure ind~cates that Lunar has achleved the pract~cal l im~t at 
fastest selling a m p  in the amateur radio market. Not only do they provide you with 2 meters lor any local noise condit~ons you m~ght have. Whether you're bouncing 
9 dB (almost 2 "S'unfls) of increased signal at the other guys' receiver: but. they signals off the mmnor trylng to pick up a noisy signal in your car. Lunar's preamp in 

'also provide y w  with a greatly improved capability to mad his signal. Our trans. our bi.linear amplifier is the best "baring aid" you can have. 
mitting anplpreamp combos dm't lust give more output power: they also provide 

LINEARIZED AMPLIFIERS 
Accepts all modes. Power ranges from 50 to 250 
watts. frequencies from 50 MHz to 220 MHz. 
From $199.95 

RECEIVING PREAMPS 
For the most demanding needs where Imv noise 
figure is imponant. Medium and high gain models 
now available for frequencies 28 to 450 MHz. 
From $34.95 
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6111 111h S (tml. 98101. A U S l I U U  l m m  ih< l rnmn Room 108 661 
bu<g .S l  S v l n n  liSH 10Un. I M E L I N O  5014 1'1rhm.r V . i  Womlon 11.1 

pmlL75 I P X  . GrRYIlll I- M a l l i n  Hlul 16 ?nllxh IOM 6611118anh8q. 
YIU !.n.t*rnri m u a n  a q  :r 515 HW-a h r m . i u  I?! 
PORTUGU L . . ~ , ~ ~ ~  iopn& cili,la i i v r r n n d . ~ ~ ~ ~ l h l ~  (16~~11(~.vt#r 10 wh.1 prcdum 
lutla  me^^.^^^ n. ~omma.~n~.\ born l m ~ l  , . n x ~ ~  'ni. NEW l [ l  IOU lhlnt a ought 
U*O 5 o u l l l m  i l o % l  I h l l ~ h , c %  76 I o y l h l l  C I O L ~  40.6 Inh. l .n .  l v l l n d  ID C pmldmp 10, 

B n l  e l  Senm's Ornt inr  le dl ma.rn*vmwlnfal  Lads 4ri .n 
WOBMMT 

I THEVWORK '\ /k?$&/h?>/l 

I TEST EQUIPMENT 
All  equipmenl lisled is Operational and 

~ncond i l~ona l l y  guaranteed. Moncy back il not 
satislied Prlceslisted arc FOB Monroe. 

. . . . . . .  HPIZOB 450kHz q e n  p u r  scope .%215 
HP170A(USM140)  3 0 m H z s c o p e w i t h  

..... r e g  hor iz ,  d u a l  t r a c e v e r t  p l u g s  ,475 
M e a s  M o d  80 S tand  s i g  g e n  

. . . . . . . . . .  2 4 0 0 M H z  w i t h c a l i b a t t n . .  ,225 
. . . . . . . . . . . . .  Q u a n t e c h  303 W a v e  A n a l  ,445 

Tek565 D u a l  b c a m  l O m H z  scope 
. . . . . . . . . . . . .  less p l u g  i n s  ( 3 s e r i e s ) .  ,625  

Tek585 80MHz g e n  p u r  scope less 
. . . .......................... p l u g i n  ,645 

U R M 2 5  S t a n d  Siq G e n  10kHz 5 0 M H z  
. . . . . . . . . . . . . . . . . . . . . . . . . .  c a l i b a t t n  ,225 

For complete list of all lest egutpmenl 
send Stampcd. sell addressed envelope 

GRAY Electronics 
P.O.Box 941, Monroe, Mich. 48161 

Spccialalinq ~n used lest equipmenl. 

ELECTRONICS 
v 

t ' t ~ e * l ,  ' ,.""C< ........... - 
I ~ . c ~ i , r . ~ l  I ' I ~ ~ ~ I , ~ ~ . ~ ~  I ,la I ( cwnlcr k11111)111 1111. S a ~ r l l l c e  of Hilqic Pcrfor~ll.lnce 

"Check the features we have that some other low cost counters don't have." 

I 
- - - . , - - - - . . 
.Input Cable Included .Push gutton Conlrols Bu l l t -#n  Preamp I o ~ t l o n a l )  
m12V l n p t ~ l  Jack .Gate Light .Cr~%tal Time Base I 1  ppm after cal.1 

7208K 600 MHz Kit  . . .  $149 9 5  7208A Assembled . . .  $199 9 5  
. . . . . . . . .  OPTIONS. . . .  01) Portable wlNI-Cad Battery (Built-an Chsrgarl .$39.95 

. 021 crystal oven  ( 1  ppm 0 to 60°CI $39.95 03) n a n d l n . .  $5.00 7 - 
(04) Bui l t - in Preamp 10  MV 150 M H z . .  . . . . . . . . . . . .  $10.00 '@@ 

\ mfl OAVIS ELECTRONICS 636 Sheridan Or., h a w a n d a  N Y  14150 116 874-5848 , 

r GREAT LAKES i 
for 

Great Buys 

alda 103 
All solid state I 

Super compact ! 

250 watts SSBlCW 1 
Super stable 
Totally broadbanded 
80-75, 40, 20 

3 V i " H x 9 " W x l Z H " D  ' 
8% pounds light! 

ACCESSORIES: 
Microphone $14.95 I .......... 

....... Mobile Mount.. $3.95 I 

Noise Blanker. ........ $39.95 
C a l i b r a t o r . .  .......... $19.95 

.......... Portable AC $84.95 
Heavy Duty AC.. ...... $149.95 . 

3993 Lorenson Rd. 1616) 766-3868 
Muskegon, MI 49'445 A 

A m a t e u r  S u p p l y  C o m p a n y  
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Power Nom8nal 13 8 VOC mpul at 15 amps 
Requlremenls: nt.gal&ve ground only 

Power Recewe - 5 5 watts rtncludes dial and 
Consumption: meter lamps) Tranrmlt - 260 watts 
Dimensions: 3-114- htgh x 9 wlde x 12-112" deep 

(82 55 mm x 228 6 mm r 317 5 mml 

Welght: 8-114 1b3 13 66 kg) 

PERFORMANCE SPECIFICATIONS 
Frequency ~ a i ~ e :  80 mptcr hand - 3 5 to 4 0 MHz 

40 meter band - 7 0 to 7 5 MHz 
20 meIPr hand - 14 0 to 14 5 MHz 

Modes: CW US0 LSB 

RF Input Power: SSB - 250 walls PEP nomlnal 
CW - 250 watts OC max8mum 
lad]uslablel 

Tnnsmltler: 

Anlenna 
Impedance 50 ohm unbalanced 

Cnrrter 
Suppress~on Better than 45 dB 

Sode-Band 
Suppression Belle, lhan 55 dB a1 1000 Hz 

Spurlous Harmon~cs better lhan 45 dB below 
Rad~at~on 30 MHz better than 60 dB above 

30 MHz 

Frequency Less lhan 100 Hz drl l l  per hour i lrom a 
Slabllsly cold 51111 at room temperaturel 

Mtcrophone Hrgh ~mpedance 3000 ohm 

R ~ ~ e l v e r  

Sens8tlvnty Belle, than 0 5 walts audjo output lor 
0 5 p V  Input 

S1gnal.to.N~~se Belter than 10 dB S*NlN for 
Ratlo 0 5 "V 1mpu1 

Image R a l ~ o  Belter than 60 dB 
(typical wllh respect to 0 5 VV tnpul 80 mpters - 

130 d~ 40 meters - 100 dB 20 meters - 75 dB1 

IF RelPcl!on Beller than -70 dB 
(typical wtlh respect to 0 5 VV onput 80 melers - 
110 dB 40 mrlprs - 80 dB 20 meters - 75 dB1 

Inlermodnlatlr~n 
Intercept Pomt Beltet than 10 dBM 

Select!v#ty 2 5 k H r - 6 d B  5 O k H z 6 0 d B  

Audio Oulpul 
Power More than 3 wnttr 

Audm Otstorl~on Less than 5% at 3 watts 

OPTIONS & ACCESSORIES 

Microphone . . . . . . . . . . . . . . . . $14.95 
Mobile Mount.. . . . . . . . . . . . . . . $3.95 
Noise Blanker - 
Model No. PC 701 . . . . . . . . . . $39.95 
100 kHz and 25 kHz 
Dual Crystal Calibrator- 
Model No. PC 801 . . . . . . . . . . $19.95 
Portable Power Supply - Model 
No. ALDA PS 115: average duty 
15 amp unregulated: input - 
115/230 VAC. 50160 Hz; output - 
13.8 V nominal at 15 amps.. . $84.95 
Heavy Duty Power Supply - Model 
No. ALDA PS 130: output - 
regulated 30 ampat 13 8 VDC; input - 
115or230 VAC. 50/60 Hz.. . $1 49.95 

alda communications, inc. 215 Via EI Centro Oceanside. CA 92054 (714) 433-6123 
LUROPL Dolocorn Dox 442 S lVd 04 Upplondr Vorby Sweden EXCEPT FMNCE Pourrtelques O~ffu$ton EIecnon8que SARL BV Dl\ Rue De Chorenton - 75012 Par15 

ALDA 103 is cornplereiy manufomred in tl?e USA. 



*****-*XMAS HINTS******** 
AEA I QSL T-SHIRTS 

AD-1 A u t o - D i a l e r  $109 , c-" 
+ lo, "', 
$$,J& 

WESTCOM .- I ~3~ 
I 

2M Amps FM L SSB 
15X90L 

' SHIRTS AVAILABLE I N  LETTERS AVAILABLE IN  

15X70L 
1 THE FOLLOWING COLORS: 

51 17 
THE FOLLOWING COLORS: 

1 Be ige  Ye l low B l u e  Whi te 
Reg. 1 3 . ' 8 ~ ~ ~  S u p p l i e s  I ~ t .  ~l~~ ok. B l u e  . 

$66 1 
B l a c k  Brown 

RS- 12A 
RS-2OA $86 1 

S I , ~ % :  5.Fl.l . X I  11111 <cIt1.,r 116'  I < , r t ~ r  ' ,I?? 

RS-35A $123 1 S695 - INCLUDES YOUR CALL SIGN - Name. 
I S t a t e  o r  o t h e r  i n f o - 2 5 t  p e r  l e t t e r  
I - SEND S.A.S.E. FOR AODlTIOtJAL DESIGiiS - WZAU Ba lun  $1 3.25 1 

TUBES AIR VARIABLE CAPS ROTORS 

EIMC-NewIGuaranteed Duals: 40-310pf 7KV $27 Wi l son  WR-500 $100.53 

3-4002 572.00 
27-300pf 4 . 5 ~ ~  $25 Wi l son  WR-1000 $414.53 

3-5002 $72.00 s i n g l e s :  55-450pf 7KV $25 COE AR-22XL 537.95 

3-1 0002 5204.00 40-310pf 7.5KV $19 CDE C0-44 593.44 

4-4OOA $68.40 27-300pf 4.5KV 518 COE $117.30 

4-400C $74.40 COE Ham-X $211.14 

8873 5110.40 TOWERS A l l i a n c e  H073 $1 21.33 

(1874 $1 10.40 Wi l son  TT-45 u?guyed ANTEIJNAS 
2875 5110.40 
21877 

Crank-UP, 45 $253.14 Hygain TH6OXX $241.27 
$270.00 Wi l son  TT-114 tower Wi l son  SY-1 $21 7.44 

Sockets & Chimneys s e c t i o n ,  1 1 ' 4 "  Cushcraf t  ATB-34 $233.48 

A v a i l a b l e  a1 uminum $31.75 
ANTEiiNA SPECIALISTS 
~ -- - . - - -. -. 

ASPCZOlL 130-450MHz 114 Wave $9.90 
SPELIIII h o d  thru 12111/71: 
Pled5e d l l U w   lo^ Ihlj8plnq. 

ASP-558 2M 3dB Gain Mag ,+bunt 533.30 
ni rcs,dmti I , r ,  HM-223 1 1141.1 3dB 5/8 Wave 523.40 

HM-224 1 1/4M 4dB Col i n e a r  532.40 
HM-175 314M 5dB Col i n e a r  524.30 

F o r  o n l y  a 1 i t t l e  more you  can 

(602)833-8051 b ~ y  t h e  b e s t ! !  

The only thing you need to know about Quartz Crystals is: 

1-405-224-6780 
* Best Delivery plus Emergency Service with Guaranteed Delivery 

* Highest Quality with gold MIL-(2-3098 Process 
* Ask for Sentry Technology Manual 

And, order Toll Free 1-800-654-8850 

m' Sentry" [m] F] 
1 CRYSTAL PARK - 

CHICKASHA, OKLAHOMA 73018 

NEW - IMPROVED* 
sl- Sym*n*Hlm-rlhr ~ o d s l  ISM) - Binourol Synthaizcr-Filtsr with Tons-Tag 

US.. B "D" C.11, - Less Batl~ris. 186.00 &, U.S. 

Modst 1501 - Rsquirs, your 12 10 I 5  volt DC i n p l ,  103 ma. 
"om. (internal rseulmtion) S89.Wppd. U.S. 

WOII Trmsformsr 11SV AC svpply rdd ot I 2  volts, 350 ma. 
i w  ula with MDdsl 1501 of . . .  $4.95 

*A n a  bolancod bipoler Tone-Tog noduldor y l t m  nplmcn diod. modul-of Models l l W d  7W 

GET BETTER THAN 1W HZ EFFECrlVE SELECTIVITY O N  OH, A SELECTABLE NOISE BANDWIDTH OF LESS THAN IS0 HZ . . .  PLUS PERIPHERAL HEARING I N  BlNAlRAL SOUND ALL WITHOUT LISTENING THROUGH THE TINKLING ROM 
. .  OF A NARROW-BAN0 FILTER OR FUSSING WITH SELECTIVE SQUELCH SYSTEMS. EXPERIENCE THE BINAURAL 

. . .  FUNCTION O N  SIDE BAND VOICE Just connect lo your nseiusr's heodphma or v k a  jock ad plup in  two 8 O h  
. . .  orranged slsroo f m h i a  odditionol jock pmvided ot l w s r  p e r  lo potect y w r  $1.- h d s e t .  

la HR rmgazine ~ r t i c l n  on Nor.'75 ond N a  .'76 . . .  Ask for our nobe on llst.ning with binovml end Tone-Tmg y l t r n s  

HILDRETH ENGINEERING BOX 60003 SUNNYVALE CA94088 

BARBER 

ENCODER 
CRYSTAL CONTROL 

9.18VDC 

W. 0. CASE 
2.1" x 2.1" x .312" 

W. CASE 

Tone Encode 

HT 220 VHF 
Slim PL 8 Ch. Kit ................................... $49.00 

OMNI PL 8 Ch. Kit .................................. $49.00 
OMNl PL 15 Ch. Kit .................................. $89.00 
Repeater Tone To Rotary Dial Converter. 
Telco Central Office, 48V or 24V $160.00 

NEW! GOLDLINE AMP - 2M 
%-I% watts In. 25 Watts out . . .  $66.00 
1-4 Watts In, 7-25 Watts Out ............ 156.00 
10 Watts In. 80 Watts Out .......... 1138.00 

Ohio Residents Add 4.5% Sales Tax. 
No COD'S to P. 0. Box Numben. 
Send Check or Money Orders To: 

WREN CO. 
8630 WINTON RD. 

CINCINNATI. OHIO 45231 

4CX150 4CX1000 4.65 4-250 
4CX250 4CX1500 4-125A 4-400 
4CX300A 4CX3000 4-1000 
4CX350A 4CX5000 304TL 

4CX10.000 
5CX1500 

Other tubes and Klystrons also wanted. 
See last monlh for other items available. 

The Ted Dames Company 
308 H i c k o r y  St. Ar l i ng ton .  N.J. 07032 
(201) 998-4246 Eveninns (201) 998-6475 

.CU ilpolw. p.I* InT0rl.d 
.em., 4ubIet .a  qv.4. 

.IrMIIowIICI...r.".. 

.pun -r In m n k n n m  

- B n d k n & d  3-4ONha. i m-a 
-Swl l ,  Il.hl, mth*r-?Nd , '?L" 
.1:1 IlVhno d k  :.- - 
-nmpImcn c- l n a . H w  ,I--* 

-Hot?# e l l m i m k  TVI 

.Cull, ~ r m ~  $9.95 - 
Van CCD 

Gorden U."A. 

Engineering 
BOX 11305, 1. IUCLID, OHIO 441n 
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I CRYSTAL FILTERS ma DISCRIMINAT~RS 
9.0 MHz FILTERS 
XF9-A 2.5 kHz SSB TX $40.65 
XF9.B 2.4 kHz SSB RX/TX $55.10 
XF9.C 3.75 kHz AM $59.30 Export 
XF9.0 5.0 kHz AM $ 59.30 
XF9.E 12.0 kHz NBFM 159,30 Inquiries 
XF9-M 0.5 kHz CW (4 pole) $41.50 
XF9.NB 0.5 kHz CW (8 pole) $73.45 Invited 
9.0 MHz CRYSTALS IHe25ful . . .  

9000.0 kHz Carrier 
8998.5 kHz USB 
9001.5 kHz LSB 
8999.0 kHz BFO 
Hc25/u Socket Chassis 
Hc25/u Socket P.C. Board 

Shipping 
$1 .so 

per filler 

I VHF and UHF FILTERS 
ELIMINATE IMO "BIRDIES" 145 MHz PSf145 $54.95 
FROM YOUR RECEIVER. 432 MHz PSf432 $41.95 
CLEAN UP YOUR TRANS- 1296 MHz PSf1296 $41.95 
MITTER OUTPUT. Shipping $3.50 1691 MHz PSfl691 $44.95 I 

1 RECEIVE CONVERTERS I 
MODELS FOR ALL BANDS 50 MHz 

THRU 1296 MHz. LOW NOISE OP. 
TlONS AT 432 MHz. I 

STANDARD 1.F 
POWER 12V 0 
MMc5O 
MMc144 
MMc220 
MMc432 
MMc432-S 
M Mc438/ATV 
MMc1296 

- 
. 10M. I.F. OPTIONS 
. -. 
N. F. 2.5 dB typ. 
N. F. 2.8 dB typ. 
N. F. 3.0 dB typ. 
N. F. 3.8 dB typ. 
N. F. 3.0 dB typ. 
Ch2 or Ch3 IF 
N. F. 8.5 dB typ. 

2M AVAILABLE 
Shipping $2.50 

I ANTENNAS (FOB CONCORD, VIA UPS) 
144-148 MHz J-SLOTS 

I 
8 OVER 8 HORIZONTAL POL. t12.3 dBd 08/2M $48.25 
8 UY 8 VERTICAL POL. DB/ZM.VERT. $56.65 
8 1 8 TWIST 8XY/2M $49.95 ' 

*- 420450 MHz 

MULTIEEAMS I 
I 48 EL. GAlN -1 15.7 dBd 70/MBM48 

88 EL. GAlN +18.5 dBd 70/MBM88 
UHF LOOP YAGlS 
26 LOOPS GAIN 20 dBi 
1250-1340 MHz 129kLY $56.95 
1650.1750 MHz 1691.LY 
- $59.95 
Send 30c (2 stamps) for full detalls of KVG aystal products and all 
Your VHF & UHF equipment requirements. 
Pre-Selector Fillers Amplifiers SSB Transwrtcrs 
Varacror Tr i  lers Cr~slal Filters FM Transwrten 
Decade  re-8calen Frequency Meters VHF Converters 
Antennas Oscillator Crvrtrls UHF Connrtcn 1-1 

Office Bc 
ss. 0171 

SPECIALS OF THE MONTH 

ICOM's New IC-280 See 
page 5 of this issue for com- 
plete details on this exciting 
new 2 meter mobile radio. 
Y O U R  S P E C I A L !  Buy  a n  

IC-280 at $480.00 and receive an $80.00 credit 
toward another purchase! Sorry, no trades. 

KENWOOD'S TR-7400A 
You've heard this rig on your 
local repeater amids t  such 
mutterings as "It's got every- 
thina". This fullv svnthesized 
2 rnGter FM trans'ceher operais on 800 channels from 
144-148 MHz w ~ t h  an RF output of 25 watts1 
YOUR SPECIAL! Buv a TR-7400A at $449.00 and 

II recelve a 1525 EM brake encoder microphone at no 
charge ($50.00 value). II 

I I A  DIVISION OF TREVOSE ELECTRONICSI 

1 4033 BROWNSVILLE ROAD. TREVOSE. PA-19047 I 

Now-direct from Amperex- 
2-meters,lO watts in/100 watts out, 
FM or SSB w h y  seltle for 10 watts of R F oulput 
w l i r r i  cur 2 ~ r i t ' (  r Model  110 solld state llnear amollfler - - - ~  ~ - 

wi l l  give you 1001 besigned for base. 
mobtle and repeater operations. 
NO duty cycle problems; operates 
100Y0 key down: full VSWR- 
protected. To order, simply f i l l  in 
coupon below and mai l  immediately. 

A NOIIlIl A M I Y I C A N  P l l  

1 S e n d M o d e l  1 
I @ $189.90 each. Tolal 
1 U Payment enclosed. (N.Y. residents add sales tax )  I 
1 Send C.O.D. Send complete 1 
1 detailed specifications olily. I 
1 NAME 1 
I STREET ADDRESS 1 
1 CIW STATEIZIP 1 

AMPEREX ELECTRONIC CORPORATION. Comrnunicationr Dspt. 1 
1 230 Dully Ave.. Hicksvllls, New York 11802 I 
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NEW! EXCITING! BREAKTHROUGH! 
Dual Gate FET for~low noise figure 
An RF sensing circuit allows use with 

YAESU FRG-7000 transceivers 
Shortwave Receiver Built-in 117 volt AC Power Supply 

Connecting Coaxial cable for transceiver 
included 

$89.50 

11 U, a- ETO - ALPHA 

( ca l l  for Quotes) 0 ,  / Buy The Best First! 
Full Power + C.C.S. Ratings. 

f'hJffj $1,395.00 

- .. -, 57 'y 1,695.00 
1,795.00 

OtMl J 
ANTENNAS 

Model OJA.146 1 1 16 ELEMENTS - F9FT - 144 MHz 

TWO METER AMATEUR BAND 146.148MHz I 
. NO GROUND PLANE REQUIRED . USE FIXED. MOBILE. OH PORTABLE 

568 GAIN OVER ISOTROPIC I N  M O S l  MOBILE 

APPLICATIONS - OVERALL LENGTH LESS THAN M INCHES - COLLAPSIBLE TO 22 INCHES MAY BE PACKED IN SUIT 
CASE FOR THOSE OUT OF TOWN TRIPS . STEEL WHIP AND ADAPTER INCLUDED FOR MOBILE AND 
FIXED APPLICATIONS 

VSWR LESS THAN 1 2 t 
f 

PRICE $39.95 UPS Prepaid 

220 MHz - $37.95 450 MHz - $37.95 

I I The 'Tonna' You've been 
hearing about 

1441146 MHz SWR 1.2:l 
50 ohms Wt. 4.4 kg. 

length 6.4 m. Horiz.lVert. 
Horizontal aperture 2 x 16" ( -  3 dB) 

Vertical aperture 2 x 17"( - 3 dB) 

$79.95 

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

A 11lerrl5 (;nnr,trllli*.ll '501nCl 11111715 ,%L/ l l l r . /  f 1 : 1 1 1 1 1  b.l'l. 51.811 Ih.!l,.'lledd 101 

~ r n a l o ~ r  ctenlrr., j,rir17 li,.t Tcxdb ri..;~,irwit5 add 6 1,11 l)!i,dsf. adrl 

W'lGJ WSMBB. 





INTERNATIONAL CRYSTALS ~ O K H Z  to 160 MHZ 

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

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

WRITE FOR INFORMATION 

F- ., . 
* 

-- 
t.1 Manufacturing Co., 

guarantees 
every crystal against defective 
materials and workmanshlp for 

nllmlted Hme, when ustA I- 
pment tor whlc 
Iflcally made. 

F-700 
HOLDER TYPES 

FM-2 

i k  MO dl. 
HC25IU 

T I40mm 

Int. 

IMERNATIONALCRYSTAL MFG. CO.. INC. 
10 North Lee 1 Oklahoma City Okla 73102 





I sm yon RANDOM WIRE ANTENNA TUNER 1 
An band qmration (16010 meters) with 
any random kmgth d wire. 200 watt 
output power capabil i ty4 w r k  with 
virtually any hanreiver. Ideal for port- 
able or home operation. Great for apart- 
ments and hotel rooms-stmpb run a 
wire inside, out a unndow, or anyplace 
available. Efficient toroid inductor for 
small size: 41/4" x 23/8" x 3". and negli- 
gible loss. &It-in neon tune-up &tor. 
SO.239 connector. Attractive bronze 
finkhed enclosure. 

SST T-2 ULTRA TUNER 
Tunes out SWR on any coax fed antenna as well as random 
wires. Works great on all bands (m10 meters) with any trans- 
ceiver running up to 2M) watts power output. 
inn- usable banhuidth of any antenna. Tunes out SWR 
on mobile whips from vlnde your car. 
Uses efficient tapped inductor and special)y made capacitors 
for small size: 5V4" x 2.114" x 2-VZ". Rugged, yet compact. 
Negtigble line loss. Athactiue bronze finished enclosure. SO- 
239 coax connectors are used for transmitter input and cmx 
led antennas. Conwnient bin+ posts are provided for ran- 
dom G e  and gound connections. 

300 watts output capability. 
AU bands-1.830 MHz. 
SWR meter built in. 
A n t m  switch on back panel. 
Efficient tapped inductor. 
208 pf laM v. capacitors for flexible. reliable opera- 

sh~pping) if you are not satkfied for any reason. Please 
add $2 for s h i i  and Mi. Calif. residents, please 
add sales tax. COD orders OK 

ELECTRONICS c.'. P.O.BOX 1 LAWNDALE. CALIF. 
90260. [2131 376 -5887 
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P U I H  UP 
Your 

1 

, 
i 

ost Called Numbers 
with a 

.L le Key Punch! 
Now you can d~al up to 18 complete 7 or 
8d1gll phone numbers by punch~ng only 

one (or two) keys on your pad. 
The AD-1 Auto Baler's 10 number capaclty 
RAM can be completely programmed from 

11s own pad in less than a mlnute. 
I field. ~nstallabte factory.programmed 

PROM adds 8 more numbers for $4 95. 
The AD-I IS #deal for mobile autopatches. 

home or buslness use. It features a 
untque MOS rntcroprocessor whlch 

perrnlts both tone duratlon and spaclng 
to be programmed along with the num- 
bers, addlng versatlltty for repeater or 

Similar control functions its crystal controlled 
tone generator assures hlgh stablllty over 

a wlde temperature range The AD.1 1s fully 
automaloc and foolproof In operation Co~l cord 

vides conventent connection to your rlg. Suggested 
Amateur net prlce S 129 95. A PROM order card 1s 

packed wnth each AD-1 

e AD. 1Auto Daler  is available a1 the 
finest amateur radfo dealers and  

dfstribufors everywhere. 

( Advanced Electronic Applications, Inc. P O  aox21aa W B S ~ I ~ ~ I D ~  98038 1 

I W L  ll4 KILOWATT 
LINEAR AMPLIFIER 

TPL p r o u d l y  p resen ts  t h e  f i rs t  t rue  power  114KW 
SSBIAM, FM o r  CW solid s ta te  

The 2 m  ul~llzes the latesl slate 01 Ihearlengiruering including micro- 
strip circuilly and modular construction. The three linal transistor4 
combine to produce 250W when drlven by 15W or more at 13.8VDC. 

POWER INPUT. HARMONIC ATTENTUATION: 
5-?OW Carrier FM or CW All Harmonics Anenualed 
20W PEP maximum SSB or AM 60 dB or Greater 

POWER OUTPUT CURRENT DRAIN: 
200-250W carrler FM or CW FM-40 Amps @ 250W 
300W PEP SSB or AM SSB-30 Amps @ 3OOW PEP 

FREQUENCYRANGE DUTY CYCLE 
144 to 148 MHz' FM 50% @ 150W 33% @ 250W 
will opera* wolh slight SSB 60% @ 15GW 50% @ 250W 
degradation at I42 150 MHz. 

Mode1 2002 s479.W 
can be ordered for repeater application 

for additional information contact 

p!l COMMUNICATIONS INC. 
1324 W 135TH ST. GARDENA. CA 90247 1213) 538.9814 

Canada: Lanbrook Induslrlss. Ltd.. 1145 belt am^ Rd., Scarborouph. Onls,loMlH ?h5 
Expo" EMEC lnc.. 23Y)Soulh 30th Avsnus. Hallandale. Flollda33arJ 

THIS IS IT 
wm 

M O D E L  4411 I H H U L I N E '  

RF DIRECTIONAL WATTMETER 
w ~ t h  VARIABLE RF 

SIGNAL SAMPLER - BUILT IN 
I N  STOCK FOR PROMPT D E L I V E R Y  

A U T H O R I Z E D  DISTRIBUTOR 

lE!dEl 
a s s o c i a t e s  

115 B E L L A R M I N E  
ROCHESTER, M i  48063 

CALL TOLL FREE 
800 - 521-2333  

I N  MICHIGAN 313 - 375-0420 

-Y -\ 

Pre-Registration i 
- - 

$3.00 -P.O. flax 350045, Riverside Sla. 
Miami. Fla. 33135 

-~ ~. ~ . . 
. -  . -- 

. ~ ~ - . . ~ -  -- ---/ \ 
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DIODESIZENERS 
IN914 1 oov lOmA .05 
1 N4005 600v 1 A .08 
IN4007 1000~ 1 A .15 
11\14 148 7 5v 10mA .05 
1 N4733 5.lv 1 W Zener .25 
1 N753A 6 . 2 ~  500 mW Zener .25 
1 N758A 1 ov  .25 
1 N759A 12v .25 
1 N5243 13v .25 
1 N5244B 14v .25 
1 N5245B 15v .25 

SOCKETSIBRIDGES 
8-pin pcb .20 ww .35 

14-pin pcb .20 ww .40 
16-pin pcb .20 ww .40 
18-pin pcb .25 ww .75 
22-pin pcb 35 ww '95 
24-pin pcb .35 ww .95 
28-pin pcb .45 ww 1.25 
40-pin pcb .50 ww 1.25 
Molex pins .O1 To-3 Sockets .25 
2 Amp Bridge 100-prv '95 

25 Amp Bridge 200-prv 1.95 

TRANSISTORS, LEDS, etc. 
2N2222 NPN (2N2222 Plastic .lo) .15 
2N2907 PNP .15 

2N3904 NPN (Plastic - Unmarked) .10 
2N3906 PNP (Plastic - Unmarked) .10 

2N3054 NPN .35 
2N3055 NPN 15A 60v 
TIP125 PNP Darlington 

.50 

.95 
LED Green, Red, Clear, Yellow .I5 
D.L.747 7 seg 5/8" High corn-anode 1.95 
MAN72 7 seg corn-anode (Red) 1.25 
MAN361 0 7 seg corn-anode (Orange) 1.25 

MAN74A 7 seg corn-cathode (Red) 1.50 
MAN82A 7 seg corn-anode (Yellow) 1.25 

FND359 7 seg com-cathode ( R e d )  1.25 

C MOS 
4000 .15 
400 1 .15 
4002 .20 
4004 3.95 
4006 .95 
4007 .20 
4008 .75 
4009 .35 
4010 .35 
401 1 .20 
401 2 .20 
401 3 .40 
401 4 .75 
401 5 .75 
401 6 .35 
401 7 .75 
401 8 .75 
401 9 .35 
4020 .85 
4021 .75 
4022 .75 
4023 .20 
4024 .75 
4025 .20 
4026 1.95 
4027 .35 
4028 .75 
4030 .35 
4033 1.50 
4034 2.45 
4035 .75 
4040 .75 
4041 .69 
4042 .65 
4043 .50 
4044 .65 
4046 1.25 
4049 .45 
4050 .45 
4066 .55 

4069174C04 .25 
407 1 .25 
408 1 .30 
4082 .30 

MC 14409 14.50 
MC 1441 9 4.85 

451 1 .95 
74C151 1.90 

9000 SERIES 

7400 .10 
7401 .15 
7402 .15 
7403 .15 
7404 .10 
7405 .25 
7406 .25 
7407 .55 
7408 .15 
7409 .15 
741 0 .15 
741 1 .25 
741 2 .25 
741 3 .25 
741 4 .75 
741 6 .25 
741 7 .40 
7420 .15 
7426 .25 
7427 .25 
7430 .15 
7432 .20 
7437 .20 
7438 .20 
7440 .20 
744 1 1.15 
7442 .4 5 
7443 .45 
7444 .4 5 
7445 .65 
7446 .70 

7473 .25 
7474 .30 
7475 .35 
7476 .40 
7480 .55 
7481 .75 
7483 .75 
7485 .55 
7486 '25 
7489 1.05 
7490 .45 
7491 .70 
7492 .45 
7493 .35 
7494 .75 
7495 .60 
7496 .80 
74100 1.15 
741 07 .25 
741 21 .35 
741 22 .55 
741 23 .35 
741 25 .45 
741 26 .35 
741 32 .75 
74141 .90 
741 50 .85 
741 51 .65 
741 53 .75 
741 54 .95 
74156 .70 

LM380(8-14 PIN) .95 LM75451 .65 
LM709 (8,14 ~ 1 ~ 1 . 2 5  NE555 .35 
LM711 .45 NE556 .85 

LM340T18 .95 
LM340T24 .95 
LM340K12 1.25 

9301 .85 95H03 1.10 
9309 .35 9601 .20 

, 9322 .65 9602 .45 

- T T L -  

7447 .70 1 74157 .65 

LM318 (Mlnl) 1.75 
LM320K5(7905)1.65 
LM320K12 1.65 

741 76 .85 
74 1 80 .55 
74181 2.25 
741 82 .75 
74190 1.25 
74191 .95 
74 192 .75 
74193 .85 
74194 .95 
74195 .95 
74196 .95 
74 197 .95 
74198 1.45 
74221 1.00 
74367 .75 

751 08A .35 
7 549 1 .50 

7448 .50 
74 50 .25 
7451 .25 
7453 -20 
7454 .25 
7460 .40 
7470 .45 
7472 .40 

MICRO'S, RAMS, CPU'S, 
E-PROMS 

74LS107 .40 
74LS123 1.00 
74LS151 .75 
74LS153 .75 
74LS157 .7 5 
74LS164 1.00 
74 LS193 .95 
74 LS367 .75 
74 LS368 .65 

74H22 .40 
74H30 .20 
74H40 .25 
74 H 50 .25 
74H51 .25 
74H52 .15 
74H53J .25 
74H55 .20 

741 61 .55 
74 163 .85 
741 64 .60 
74165 1.10 
74166 1.25 
741 75 .80 

NE565 .95 

748188 3.00 
1702A 4.50 
MM5314 3.00 
MM5316 3.50 
2102-1 1.45 
2102L-1 1.75 
21 14 9.50 
TR16028 3.95 
TMS 4044- 9.95 

8080 8.95 
8212 2.95 

74H72 .35 
74H101 .75 
74H103 .55 
74H106 .95 

74LOO .25 
74L02 .20 
74L03 .25 
74 LO4 .30 
74L10 .20 
74L20 -35 
74L30 .4 5 
74L47 1.95 
74L51 .45 
74L55 .65 
74L72 .45 
74L73 .40 

.45 

74S40 .20 
74850 -20 
74S51 .25 
74664 . I 5  
74874 .35 
7481 12 .60 
7481 14 .65 

MCT2 .95 
LM723 .40 
LM725N 2.50 
LM739 1.50 
LM741 (8-1 4) .25 
LM747 1.10 
LM1307 1.25 
LM1458 .65 

INTEGRATED CIRCUITS UNLIMITED 8214 8.95 
8224 3.25 
8228 6.00 
8251 8.50 
8255 8.50 
8T13 1.50 
8T23 1.50 
8T24 2.00 
8T97 1.00 
21078-4 4.95 
2708 9.50 
z80 8.50 

7481 33 .40 
74S140 .55 
74S151 .30 
74S153 .35 
74S157 .75 
74S158 .30 
74S194 1.05 
74S257 (8123) 1.05 

74 LSOO .20 
74LS01 .20 
74 LS02 .20 
74 LS04 .20 
74LS05 .25 
74 LS08 .25 
74LS09 .25 
74LS10 .25 
74LS11 .25 

LINEARS, REGULATORS, etc. 
LM340K15 1.25 
LM340K18 1.25 
LM340K24 1.25 
78L05 .75 
78L12 .75 
78L15 .75 
78M05 .75 

8038 3.95 
LM 20 1 .75 
LM301 .45 
LM308 ( M I ~ I )  .95 
LM309H .65 
LM309K (340~-s)85 
LM310 .85 

NE567 NE566 1.25 .95 - 

74LS20 .20 
74 LS2 1 .25 
74 LS22 .25 
74 LS32 .25 
74 LS37 .25 
74 LS38 .35 
74 LS40 .30 
74 LS42 .65 
74LS51 .35 
74 LS74 .35 
74LS86 .35 
74LS90 .55 
74LS93 .55 

75492 5 0  1 :{%: .55 

LM320T5 1.65 
LM320T12 1.65 
LM320T15 1.65 
LM324N 1.25 
LM339 .75 
7805 ( 3 4 0 ~ 5 )  .95 
LM340T12 .95 

7889 Clairemont Mesa Boulevard, San Diego, California 921 11 
(71 4) 278-4394 (Calif. Res.) SPECIAL 

DISCOUNTS 
All orders shipped prepaid No minimum Total Order Deduct 
Open accounts invited COD orders accepted $35 - $99 10% 

Discounts available at OEM Quantities California Residents add 6% Sales Tax $loo - S3O0 15% 
All IC's PrimeIGuaranteed. All orders shipped same day received. $301-$1000 20% 

24 Hour Toll Free Phone 1-800-854-2211 American Express I BankAmericard I Visa I Mastercharge 

74H00 .15 
74H01 -20 
74H04 .20 
74H05 .20 
74H08 .35 
74H10 .35 
74Hl l  .25 
74H15 .45 
74H20 .25 
74H21 .25 

LM373 2.95 LM3900 .50 LM311 D ( ~ i n i )  .75 

.55 
74L123 .85 

74SOO .35 
74S02 .35 
74803 .25 
74S04 .25 
74805 .35 
74S08 .35 
74S10 .35 
74Sll .35 
74820 .25 

LM340T15 .95 



I The World's Greatest I 
Sending Device 

Adjustable to 
Any Desired Speed 

Now available Imm Palomar Englnem 
- the new Eleclronlc IC KEYER. 
Hlghly prlzed by professlonal operaton 
because It is EASIER. QUICKER, and 
MORE ACCURATE. 

It transmlta wlth amazing eass CLEAR. 
CLEAN-CUT signals at any deslred 
speed. Saves the arm. Prevents cramp, 
and enables anyone to send wlth the 
skill ol an expert. 

SPECIAL 4 
RADIO MODEL 

Equipped wlth large specially mn- 
strutted contact polnts. Keys any 
amateur transmitter wlth w e .  Sands 
Manual. Seml-Automatic. Fully Auto- 
rnatlc. Dot Memory, Dash Memory. 
Squeeze, and Iambic - MORE FEA- 
TURESthan any other keyer. Ha9 built- 
In sidetone. speaker, speed and volume 
mntrols, BAlTERY 0PERATED.heavy 
shielded dlecast metal case. Fully 
ADJUSTABLE CONTACT SPACINQ 
AND PADDLE TENSION. The perfect 
paddle touch will AMAZE you. 

Every amateur and Ilcenned oprator 
should know how to send wlth the IC 
KEYER. EASY TO LEARN. Sent any- 
where on recelpt of prlat. Free bro- 
chure sent on request. 

Sand check or money order. tC KEYER 
$97.50 In U.S. and Canada. Add $3.00 
shlpplnglhandllng. Add sales tax In 
Calltornla. 

Fully guaranteed by the world's oldW 
manulacturer of electronlc keys. 

ORDER Y O U R S  NOW! 

ERICKSON'S 
MOVED! 

Come in and see our new, 
bigger, and better store. 
Just a few blocks south of 
our old location. 
YOU'LL FIND the best from 

AEA Ameco ASP Atlas 
Belden Bencher Blrd 
CDE CIR CES Cushcraft 
DenTron Drake Hy-Gain 
Icom KLM Kenwood 
Larsen MFJ Mldland 
Mosley NPC Newtronlcs 
Nye Palomar Regency 
Shure Swan Standard 
Tempo Ten-Tec Tonna 
Transcom Wilson Yaesu 

NEAR CHICAGO? 
COME IN AND SEE US! 

Tim WBBSBL and Mike WNQANF 
sewlng you! 

9:30.5:30 Tuar.. Wed. md Frl. rep1 ~:00-3:00 --. 
Call our now toll-Ire8 numbers lor the Erickson prlce. 

I Illinois, outside 312: (800) 972-5841 
Outs~da Ill~nols: 18001 621-5802 I 

COMMUNICATIONS. INC 
5456 N MILWAUKEE AVE 
CHICAGO lL 60630 (312) 631-51111 

Paper up, 
Printing costs up, 
Posts -up, r Up, p,up... 

It all points 
one way- HAM 

RADIO Magazine 
will cost more 

January 1, 1979. 

1 year. . . . . Just $12.00 
($15 after January 1) 

2 years . . . . Just $22.00 
($26 after January 1 ) 

3 years . . . . Just $30.00 
(535after January 1)  

(use thehandycardincluded in thislssue orcompletebelow) 

New Extension Renewal 

For payment enclose check, money order or charge 
card inlormation (acct. #, expire date, bank # lor 
Master Charge) 
Name Call 
Address 

City State- Zip- 
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Ham Radio's guide to help you find your local 

RAY'S AMATEUR RADlO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

Alabama QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

LONG'S ELECTRONICS 
2808 7TH AVENUE SOUTH 
BIRMINGHAM, AL 35202 
800-633-3410 
Call us Toll Free to place your order SHAVER RADlO 

3550 LOCHINVAR AVE. 
SANTA CLARA, CA 95051 
408-247-4220 
Atlas, Kenwood, Yaesu, KDK, 
Icom, Tempo, Wilson, Ten-Tec. 

Illinois 
AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL 60540 
3 12-420-8629 
"Amateur Excellence" 

Alaska 
RELIABLE ELECTRONICS 
3306 COPE STREET 
ANCHORAGE, AK 99503 
907-279-5100 
Kenwood, Yaesu, DenTron, Wilson, 
Atlas, ICOM, Rohn, Tri-Ex. 

- 

TOWER ELECTRONICS CORP. 
24001 ALICIA PARKWAY 
MISSION VIEJO, CA 92675 
7 14-768-8900 
Authorized Yaesu Sales & Service. 
Mail orders welcome. 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL  60630 
312-631-5181 
Hours: 9:30-9:00 Mon. & Thurs.; 
9:30-5:30 Tu, Wed, Fri; 9:OO-3:00 Sat. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL  60304 
312-848-6777 
Chicagoland's Amateur Radio 
leader. 

Arizona 
HAM SHACK 
4506 A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Serving all amateurs from 
beginner t o  expert. 

Colorado 
MILE-HI COMMUNICATIONS, INC. 
1970 SOUTH NAVAJO 
DENVER, CO 80223 
303-936-7108 
Rocky Mountain's newest 
ham store. Lee Tingle K@LT. 

KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
Your Complete Amateur Radio Store. 

Indiana 
Connecticut HOOSIER ELECTRONICS, INC. 

P. 0. BOX 2001 
TERRE HAUTE, IN  47802 
812-238-1456 
Ham Headquarters of the Midwest. 
Store in Meadows Shopping Center. 

AUDIOTRONICS INC. 
18 ISAAC STREET 
NORWALK, CT 06850 
203-838-4877 
The Northeast's fastest growing 
Ham Dept. dedicated t o  service. 

POWER COMMUNICATIONS 
6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-6030 
Arizona's #1 Ham Store. 
Kenwood, Drake, ICOM & more. 

KRYDER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, IN  46815 
219-484-4946 
Your Complete Amateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT. 

OSA 599 AMATEUR RADlO CENTER 
Florida ii SOUTH MORRIS STREET 

MESA, AZ 85202 
602-833-805 1 
Eimac Distributor. New & Used 
Equipment, Parts - Surplus too! 

AGL ELECTRONICS, INC. 
1800-8 DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

California 
C & A ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105 
P. 0. BOX 5232 
CARSON, CA 90745 
213-834-5868 
Not the Biggest, but the Best - 
since 1962. 

BOB SMITH ELECTRONICS 
RFD #3, HIGHWAY 169 and 7 
FT. DODGE, IA 50501 
515-576-3886 
For an EZ deal. 

AMATEUR RADlO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

Kansas 
MARC'S 

CENTRAL EQUIPMENT CO., INC. 
18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL 33160 
305-932-1818 
See Marc, WD4AAS, for complete 
Amateur Sales & Service. 

HAM RADlO OUTLET 
999 HOWARD AVENUE 

-- 

ASSOCIATED RADIO 
8012 CONSER P. 0. B. 4327 
OVERLAND PARK, KS 66204 BURLINGAME, CA 94010 

415-342-5757 
Visit our stores in Van Nuys 
and Anaheim. 

913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade 

- 

YOUSHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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Arna teur Radio Dealer 

Kentucky Minn eso ta METUCHEN RADlO 
216 MAlN STREET 
METUCHEN, NJ 08840 
201-494-8350 
New and Used Ham Equipment 
WA2AET "T" Bruno 

PAL ELECTRONICS INC. 
3452 FREMONT AVE. NORTH 
MINNEAPOLIS, MN 55412 
612-521-4662 
The Midwest's Fastest Groming 
Ham Dealer. 

COHOON AMATEUR SUPPLY 
HIGHWAY 475 
TRENTON, KY 42286 
502-886-4535 
Yaesu, Ten-Tec, Tempo, DenTron. 
Our service is the BEST. 

RADIOS UNLIMITED 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 
New Jersey's newest 
complete Amateur Radio center 

- - 

Missouri Maryland 
HAM RADlO CENTER, INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS, MO 63132 
800-325-3636 
For Best Price and Fast Delivery 
Call toll free 1-800-325-3636 

MIDCOM ELECTRONICS, INC. 
2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961-9990 
At Midcom you can try before you 
buy! 

THE BARGAIN BROTHERS 
216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 
WEST TRENTON, NJ 06828 
609-883-2050 
A r r~ i l l~on  parts - lowest prices 
anywhere. Call us! 

THE COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
301-792-0600 
R.L. Drake, Ten-Tec, Icom, Wilson, 
Tempo, DenTron, Mosley, Cushcraft 

New Mexico 
PROFESSIONAL 

ELECTRONICS CO., INC. 
1710 JOAN AVENUE 
BALTIMORE, MD 21234 
301-661-2123 
A professional place for amateurs. 
Service-sales-design. 

ELECTRONIC MODULE 
601 N. TURNER 
HOBBS, NM 88240 
505-397-3012 
Yaesu, Kenwood, Swan, DenTron, 
Tempo, Atlas, Wilson, Cushcraft 

Nebraska 

COMMUNICATIONS CENTER, INC. 
443 NORTH 48  ST. 
LINCOLN, NE 68504 
800-228-4097 
Kenwood, Yaesu, Drake and more 
at discount prices. 

New York 
ADIRONDACK RADlO SUPPLY, INC. 
185 W. MAlN STREET 
AMSTERDAM, NY 12010 
5 18-842-8350 
Yaesu dealer for the Northeast. 

TEL.COM, INC. 
675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
61  7-486-3040 
The Ham Store of New England 
you can rely on. 

Nevada 
AM-COM ELECTRONICS INC. 
RT. 5 
NORTH UTICA SHOPPING CTR. 
UTICA, NY 13502 
315-732-3656 
The Mohawk Valley's Newest & 
Largest Electronics Supermarket. 

COMMUNICATIONS CENTER WEST 
1072 RANCHO DRIVE 
LAS VEGAS, NV 89106 
800-634-6227 
Kenwood, Yaesu, Drake and more 
at discount prices. 

TUFTS RADlO ELECTRONICS 
209 MYSTIC AVENUE 
MEDFORD, MA 02155 
6 1  7-395-8280 
New England's friendliest 
ham store. 

- - - 

GRAND CENTRAL RADlO 
124 EAST 4 4  STREET 
NEW YORK, NY 10017 
212-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 

- -- 

New Hampshire 
Michigan 

EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, DenTron & Yaesu dealer. 
We service what we sell. 

ELECTRONIC DISTRIBUTORS 
1960 PECK STREET 
MUSKEGON, MI 49441 
616-726-3196 
Dealer for all major amateur 
radio product lines. 

HAM-BONE RADlO 
3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
3 15-446-2266 
We deal, we trade, all major brands! 

New Jersey RADlO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
315-337-2622 
New & Used ham equipment. 
See Warren K21XN or  Bob WAZMSH. 

RADlO SUPPLY & ENGINEERING 
1207 WEST 14 MILE ROAD 
CLAWSON, MI 48017 
313-435-5660 
10001 Chalmers, Detroit, MI  
48213, 313-371-9050. 

ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 

december 1978 119 



Ohio 

AMATEUR RADIO 
SALES & SERVICE INC. 

2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas for all services. 

- 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG, (COLUMBUS) OH 

43068 
614-866-HAMS 
Drake, Yaesu, Ten-Tec, KDK, Wilson, 
DenTron, Tempo, Sigma. 

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 

PORTLAND RADIO SUPPLY CO. 
1234 S.W. STARK STREET 
PORTLAND, OREGON 97205 
503-228-8647 
Second location, 1133 S. Riverside 
Avenue, Medford, OR 97501. 

Pennsylvania 

ARTCO ELECTRONICS 
302 WYOMING AVENUE 
KINGSTON, PA 18704 
7 1  7-288-8585 
The largest variety of serniconduc- 
tors in Northeastern Pennsylvania 

ELECTRONIC EXCHANGE 
136 N. MAIN STREET 
SOUDERTON, PA 18964 
215-723-1200 
Demonstrations, Sales, Service 
New/Used Amateur Radio Equip. 

HAMTRONICS, DIV. OF 
TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215.357-1400 
Same Location for 30  Years. 
Call Toll Free 800-523-8998. 

Tennessee 

GERMANTOWN AMATEUR SUPPLY 
3203 SUMMER AVE. 
MEMPHIS, TN 38112 
800-238-6168 
No monkey business. Call 
Toll Free. 

Texas 

AGL ELECTRONICS 
3068 FOREST LANE, SUITE 309 
DALLAS, TX 75234 
214-241-6414 (within Texas) 
Out-of-State, Call our toll-free 
number 800-527-7418. 

HARDIN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH, TX 76112 
817-461-9761 
Your Full Line Authorized 
Yaesu Dealer. 

TRACY'S ELECTRONIC MODULE 
5691 WEST CREEK DRIVE 
FORT WORTH, TX 76133 
8 1  7-292-3371 
We Handle and Service 
All Major Lines. 

Wisconsin 

AMATEUR 
ELECTRONIC SUPPLY, INC. 

4828 WEST FOND du LAC AVENUE 
MILWAUKEE, WI 53216 
414-442-4200 
Open Mon, To, Wed, Thur, 9:00.5:30; 
Fri. 9:OO-9:OO; Sat. 9:OO-3:00 

Washington 

"HAM" BUERGER, INC. 
68  N. YORK ROAD 
WILLOW GROVE, PA 19090 
215-659-5900 
Delaware Valley's Fastest Growing 
Amateur Radio Store 

AMATEUR RADIO SUPPLY CO. 
6213 13TH AVENUE SOUTH 
SEATTLE, WA 98108 
206-767-3222 
First in  Ham Radio in  Washington 
Northwest Bird Distributor 

1,000's OF CRYSTALS 
*H25C Case Scanner Monitor 
40.7 Amateur Ham 
*2 Meter, CB, Standard 

1 to 9 10 to 49 50 and UP 
$3.70 83.00 $2.50 

FT-227 "MEMORIZER" 
OWNERS: SCANNER KIT 

Selectable sweep width (up to full 
band) 
Scans only the portion of band you 
select 
Scans at the rate of 200 kHz per 
second 
Switch modification on mike allows 
you to scan past, or lock on, any 
occupied frequency 
Complete kit with detailed instructions 
Installs inside rig; no obtrusive 
external connections 
Rig can easily be returned to original 
condition whenever desired 
Scans to preset limits and reverses 
Automatic bypass of locked frequency 
in 3-1/2 seconds unless you press 
lock-on switch 

Kit $34.95 preassembled and tested S54.m 
add $1.50 postage and handling 

IC-22s Scanner Kits also available 
Kit $34.95; $54.00 assembled. 

add 51.50 postaga and handling 

dealer lnqulries lnvlted 

AED pF1 
ELEC,R,N,CS - 

750 LUCERNE RD., SUITE 120 
MONTREAL, QUEBEC, CANADA H3R 2H6 

TEL. 514-737-7293 
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i 

It's Thomas Communications For Top Quality Equipment and Service 

Call Toll-Free 1-800-243-7765 
Retail Price Catalog 

Monthly Used Equipment List 

I 9' YAESU YAESU ICOM DRAKE 
FT-7 FT-901 IC-701 TR-7 

1 KENWOOD YAESU TEN TEC PANASONIC RECEIVER 

I TS-820s FT-227R 544 RF 4800 

\ 
I r 
1 KENWOOD KDK OENTRON WILSON 

1 TS-7OOSP 201 5R MLA 25006 MARK IV 

OVER 50 BRANDS * NEW AND USED EQUIPMENT 
"Get on our used equtpment ma111ng hst" 

I IN STOCK * TRADES WELCOME 

I "The best allowances anywhere" 

I "We buy good used SSB gear" 
KENWOOD SWAN KDK DENTRON * FREE CATALOG I 

MOSLEY WILSON YAESU DRAKE "Pr~ces of all major manufacturers" 
LARSEN BENCHER KLM BEARCAT * SAME DAY U.P.S. SHIPPING 
B & W DATONG ICOM PANASONIC "Just o phone call away" 

ARRL PUBLICATIONS ALLIANCE* BIRD * COMPLETE RADIO SERVICE SHOP 
CUSHCRAFT TRAC MICROLOG C D E  

I 

Fast Eff~c~ent Serv~ce We Repa~r All 

HAM KEY* MFJ* DAYBURN INSULATORS Brands All Work Guaranteed Amateur 

DSI SAXTON T E N T E C  REGENCY 
Extra/F~rst Class L~censes Send Us Your 
Defectwe Equ~pment U P S Collect Free 

t 
HUSTLER *ASTATIC P I P 0  AMCOMM Sh~pplng Both Ways If  Work Is Done Most 
AMECO CALL BOOK FlNCO TEMPO Repa~rs Done & Sh~pped  W ~ t h ~ n  7 Days I 

* O U R  FINE REPUTATION SPEAKS FOR ITSELF * "YOU SHIP IT - W E  FIX IT" ! 

Call or write for 
your super quote today! 

Connecticut Residents Call: 1 

203-667-0811 I 
95 Kitts Lane W' 

MU' 
Newington. Conn. 06111 -1 
"Near ARRL Headquarters" 

OPEN MON -FRI. 10-6 THURS 10-8 P M. SAT. 10-4 

EASY DlRECllONS Rt 15 South - 2 blocks past McDonald% (Berlin Turnpike) 
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RTTY for ALL Systems 

ELECTROCOM@ "SERIES 4 0 0  
FREQUENCY SHIFT CONVERTERS 

Professionally engineered for outstand~ng systems IS assured by matched flllers. pre- 
performance. stabil~ty. and rellablllty, the clslon linear detectors. baud rate selector. 
Electrocom* Models 400 and 402 add new bias compensalion, and seml-dlverstty clr- 
dtmens~ons of compat~bllity between radlo cuttry. Operatlon is enhanced by a CUT 
and teletypewriter systems. Manufactured to monitor. autostart with solld-stale motor 
hlghesl quality standards-an Electrocom switching, antlspace. markhold. EIAfMIL 
t rad~t~on for nearly two decades-these unlts output voltages. and a constant current loop 
are tdeal for mllltary. government. commer- supply. In  addltlon. varlous optlons are 
clal, civil defense and amateur appl~catlons available includ~ng rack mountlng and polar 
The Model 400 front panel d~gital knob accu- current output. 
rately selects shlfts up to 1000 H z .  while two Wrlle or call us lor complere producl de- 
such knobs on the Model 402 Independently larls and spec~l~calrons. Learn why Electro- 
set the mark and space frequencies Both corn' "400 Converters are deslgned not 
models may also be preset w ~ t h  any lone palr only lor  today's communrcatron envcron- 
between 1000 and 3200 Hz. ment. but ultimately to fulfill RTTY requlre- 

Optimum performance with FSK or AFSK ments for years to come. 

Ham Gear 
Collins 31284. Sta. Cntl.. rd.. exc. 5250 
Collins 31285. V lo  Console, exc. f 550 
Collins 32S3, Transminer, rnd., sxc. 5850 
Collins 75S3B. Ham receiver, vy gd 5725 
Collins 75A4, Ham receiver, vy gd 5425 
Collins 51S1, 2-30 MHz rcvr Special 
Collins R-388/51J3 receiver, vy gd 5425 
Hammarlund SP-GOOJX, rcvr 1395 
Collins CP-1 Crystal Pack 5195 
Racal 6217E. .5-30 MHz recsivsr $1350 
New R390A rcvr avail. Call for quote. 
Collins 30S1 Linear, wing. excsllsnt 31695 
Johnson 2kW Matchbox w/swr meter 5225 
Collins 3283 ham transm~tter, vy gd 5650 
Yaesu FTOX-570 transceiver, vy gd 5475 

Test Gear 
HP-ZOOCO wlde-range oscillator S175 
HP-202H 54-216 MHz AMIFM Sig. gsn. 5695 
HP-6OBD 10-420 MHz sig. gen. S 550 
Tek 564 storage 'scope, w/plug Ins 5695 
Tnk 545 30-MHz 'scope 5395 
Tek 531A 'scope, exc. f 350 
Tek 453 portable scope, exc. $1295 

We stock Amateur and Profes8lonal 
equipment from manufacturers such 
as Collins, Hewlett-Packard, etc. 

All equipment sold checked 
and realigned 

Write for free catalog. 

IS KING 

11 DEALERS WANTED )I 
Hamtronics. Inc. is a stocking distributor for 
all major lines of Radio Communications 
Equipment, parts and accessories. 
If you are presently in the electronics sales 
and service business, and have experienced 
difficulty in maintaining proper inventory to 
serve your customers or i f  you are contem- 
plating going into your own business, we may 
be able to solve your problem with our large 
inventory. 

For more information fill in coupon below and 
mail today with your letterhead or Tax Exempt 
Number. 

I I A  DIVISION OF TREVOSE ELECTRONICSI 

1 4033 BROWNSVILLE ROAD, TREVOSE. PA-19047 I 

I Business Name I i street I 
I city. State ZIP I 
I Telephone No. I 
I Tax Exem~t No. I 
I Name. Title I 

much more. Thlsys unquesl~onably ..-- ::--I !he besl log book value anywhere. _.--_, 
80 pages 101978. Sptralbound 

Send check, mone order or credit 7 card information p us $1.00 shipping to: 

Ham Radio's Communications Bookstore 
Greenville, NH 03048 
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, THE SWITCH IS ON! 
dark Ser the switch Not only is the big move t c  to the \ ies of M ladios, but now 

switch is on the Mark! 
. . 

Wilson Electronics, known for setting the pace in 2m FM Hand-Helds, goes one step beya 

AT NO EXTRA CHARGE: all Mark Series Radios now will include a switch for you to 
power of operation. This will enable you to use the high power when needed, then later switch to I 
P' conserve battery drain for extended a 1. 

IDDITION: Mark Series Radios no an LED Condit~on ~ n a  
mountea on the top plate. A quick peek will reassure yuu of a chalycu udttery in the radlv. 

the 
low 

w have - ..a. icator cc 
a,. 

- NOW s w m  
MARK 11: N 1 & 2.5 wi 

W~,.~,~,~~,,d-helds have been known world-wide for except~onal 1 
ql I durable performance. That's why they have been 
t t  ling units for years. 

a t t s  
m s  

~al i ty  anc 
le best sel 

Now me dark Series of miniature sized 2-meter handhelds 
offers the same dependability and operation, bu I 1 
to use, more comfortable to carry size 
in the palm of your hand. 

t i n  an ea 
onvenienl 

Range: 144-148 MHz 
carry one or more extra packs in your pocket for super ex- 6 Channel Operation 

tended operation time. No more worry about loose cells Individual Trimmers on  T 
Rugged Lexane outer cas 
- 

ent Drain: R X  1 5 m f  

The small compact size battery pack maKes ~t posstole to / 
X and R X  
e 

Xtals 

shortinq out in your pocket, and the economical price 
m lakes h e  I 

- 
extra pac ks a must \ 

m A  
m A  

c Filter ant 

r k  11: 5 0 0 1  
r k  IV :  900 
Hz Cerami 
2 .A Incluoeo. 

10.7 MHz and 455 IKI 
Spurious and Harmoni 
below carrier 

BNC Antenna Conne,.,. 
.3 Microvolt Sensitivity fo r  20  dB  Quieting 

Uses special rechargeable N iCad  Battery 

Rubber Duck and one pair Xtals 52/52 

opeaner IVIIKL., D ~ L I - ~ Y  T I  

and Touch To 

io l i th ic  F i l  ter 

! I F  
cs: more tl i an  5 0  dB  

Conveniently located on t c  
of the radio are the contro 

Wei 
bat 
Size for volume, squelch, acces! 

ory speaker mike connec- 
tor, 6 channel switch, 
BNC antenna connector 
and LED battery 
condition 
indicator. 

Poc 
Wal 
Der 
--. 

mlar acces! 
I Charger, 
;k Charger, 
-0.-..a,,.- 

;ories avail; 
Mobile Chi 
Leather C 
I)̂ ....̂ . 0 

able: 
~rger.  
ase, 
acks, 

meTH Pad. 

rm 

arger 
shown charging the Mark Series Un i t  

or the B C 4  Battery Pack only. 
J A -  , ,  >/- - - ]able 

, ,- T o  obtain complete spec~ficatlons . on the Mark II and Mark IV ,  along w l th  
4 I 

Electronics Gorp. dea 
Wi la 

ller o r  writ1 
m's other ' 

for our F 
fine p r o d u ~  
ree Amate 

31s. see yo1 
ur  Buyer's 

l r  local 
Guide. 

- 
,.ZOO pUUth Polaris Avenue P. 0. Box 19000 Las Vegas, Nevada 8911 

Tele~ 12) 739-1931 TELEX 684-522 phone (71 



RADIO AMATEUR 

CALLBOOKS 

. . 

. . 

h=spwfea  WAIC!WI,IC> ,,? 

rh? uoly C'imDlPIC dlilhrlrlfy 

for radlo drnaleul 

051 and OTH inforrna1,on 

The U. S. Callbook has nearly 
350,000 W & K listings. It lists 
calls, license classes, names 
and addresses plus the many 
valuable back.up charts and 
references you come to expect 
from the Callbook. 

Specialize in DX? Then you're 
looking for the Foreign Callbook 
wi th almost 285,000 calls, 
names and addresses of ama. 
teurs outside of the USA. 

U.S. Callbook $15.95 

Foreign Callbook $14.95 

(Plus Sh~pping) 

Order from your lavorlte electron. 
Ics dealer or dlrect from the pub- 
Ilsher. All dlrect orders add $1.75 for 
shlpplng. llllnols residents add 5% 
Sales Tax. 

RAOIO AMATCUR I ( b 
(( 00 INC. 

Dept. E 925 Sherwood Drive 
Lake Bluff. 111.600(4 

RNC F/l ' I IF-M 
111:-27311 12.50 

BNC F/BNC-F 
LlG-91411 52.00 

UG-14611 $4.75 

'N' F/UHF-M 
UO-RIBII $4.75 

BNC F-PANEL 

" 6 - 1 0 9 ~ 1 1 . 0 0  

'' N" M C I H L E  
Y G - 2 8 8  1 2 . 1 5  

'' N" F PANEL 

50 OHM 200 WATT 
5 0  r 7 .  *:. 7 %  

at 2Rv 25". 
*5-12 a d l u s t a b l e  

z ,.., romputer Grarlr 
~ ~ l l l a ~ i t t l l s  

r . . 5 "  ~ 1 . 5 "  10.000uf  50" 52.95 
23.200uf  50" 3.50 

1 1 . P S  
100.onouf 10" 1.75 

, . I ... 
T'I IS ASSORTMENT OF 

POTS 15  NEW. WE JIIST 
W N ' T  I IAVE THE TIHE 

Too - '  - . , ' . , ~ n g .  TO SORT THEM. 
BLAC'I r.n1\ .. . . 

$3.25 51.00/10 

""UI CIS'#  Ills 

8 
4 I N C n  I L , < C A  11.sa 

50-239 t ,5c 
l iL-259 1,5C 

6 INCH l i l ( i E A  S 2 . 5 0  10/$6,00 NIX mV\CCI1 

Pririting costs up, 

. F 

llSV-s~tCh/OUtlet 
takes a 1x2  7 /16 "  

ho1e.$.75 

2OOPIV 25A @ 51.75 . 

Posta costs*, a" up, p, up.. . 

pJ3000 $2.25 

. : : """(2 
- 

PC HoI'N'!. l l i i  PANEL 
PIIN1 S ! '  D:' SWITCH 

51.00 lO/$R.OO 

7812 V.REG. 
I . " '  ' 

tirl\i',E 75c M h R I L D  

I 

1 year. . . . . Just $12.00 
($1 5 after January 1) 

MARLIN P JONES F. ASSOC. 
PO BOX 0023 

RIVIERA BEACH, FLORIOA 
33404 

r3Oc>1 848-H236 

.pie. , . . i , ~ c n t s  add 48 s. l l i , . .  t a x .  

.MC 6 "IS,, p l r a s v  inc lude  expir- 
a t i o n  d . l t e  and s ~ q n a t u r e  a s  on card .  

thdd $1 .00  f o r  ardcr undcr $10.00. 
.canarfa b ~oreiqn o r d e r s  please add s u f f l -  
cent pos tage .  

.*USA orders  please add 5% pos tage .  

2 years . . . . Just $22.00 
($26 after January 1 ) 

3 years . . . . Just $30.00 
($35 after Januarv 1 )  

(use thehandycardincluded tn lhislssue orcomplelebelow) 

New Extension U Renewal 

For payment enclose check, money order or charge 
card information (acct. 1, explre date, bank W for 
Master Charge) 

Name Call 

Address 

City State- Zip 
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You're just a few digits away from 1 

YAESU 
KENWOOD 
DRAKE 
ICOM 
STANDARD 
EDGECOM 
KDK 

DENTRON TAYLOR E.T.O. ALPHA 
HY-GAIN SWAN VHF ENGINEERING 
MOSLEY TEMPO BERK-TEK CABLE 
CUSHCRAFT TEN-TEC CONSOLIDATED TOWER 
WI LSON MIDLAND SAY 
HUSTLER CDE SHURE 
L4RSEN AUTEK TELEX 

plus many more 
We carry a l l  major lines of Antennas at Discount Prices - 

OUR NEW HOURS 
t Lincoln store only 

I 
I 
I 
I 
I 
1 CST 

( M-F 8 am - ~ i d n i ~ h t  1 

I 
I Sat 8am - 6 pm   EASTER^ I Sun Noon - 8 pm 

MOUNTAIN I 
Isat 9 am - 7 Pm 
I sun Noon- 8 Pm 

SAME DAY SHIPPING 'TF-3 ON MOST ITEMS 

180012~4097 -- 

I Communications Center , 
443 N. 48th, L~ncoln, Nebraska 68504 In Nebraska Call (402)466-8402 - -- - 
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TR5-80 rnErnoRy ExpRnslon: $159 ! 
t Our Convers8on Klt contatns all parls land detalled Inslructlons) necc5sdry lo  upgrade a TRS 80 tnaln 

lrarne from 4K l o  16K, or populate the Memory Expansion Module Also works wllh APPLES Only St59 13 
1111~15450) and we back up our parts wl lh  a 1 year warranly 

C. W. KEYBOARD 

BY WB2DFA. SEE I A N  '78 HR. PGS 81.87 
a DOUBLE SIDED. PLATED THRU BOARD l 

USES POWERFUL 6 5 0 4  MICROPROCESSOR 
l 2 5 6  CHARACTER BUFFER 00 6 4  CHARAC. 
TEA RECALLABLE BUFFER FOR CQ's. HERE 

. . .  I S  ETC. oo 5 TO 99 W.P.M. SPEED 
R A N G E  *o XTAL CONTROLLED 
EXPANDABLE MORSE CHARACTER SET *o 
AUTO XMT SWITCH OUTPUT FOR YOUR RIG 
(KEYBOARD VOX!) 00 BUFFER OVERFLOW 

. J. W. Miller Presents.. . J. W. Miller Presents.. 

RF Speech PracessorlModel RF440 
From DAlWA C ~ O R A T I O N  

Increases lalk povver w ~ l n  splaller free operallon 
RF r ~nntna assures low d1SIor1,on S~rn~ ly  Insla I 
belw&n &lcrophone and lransrnltter 
Talk Power Beller than 6dB 
Clipping Threshold Less lhan 2 rnVal1 KHz 
Bandw~dlh 2200 Hz a16 dB down 
Frequency Response 3003000 Hz at 12 dB down 
D~slort~on Less lhan 3% at 1 KHz. 20dB cllpplng 
Outpul Level More lhan 50 rnVat 1 KHz 
Power Requ~rernent 11 5 VAC. 60 Hz. 1 4 W. 

or 13 5 VDC. 55 rnA 
Dlrnens~ons 150x70x150mrn 5 x 2 5 x 5 1 n  
Wrlle for lhteralure 

Exclusive USA agent for this unit. 

Coaxial Switches 
From DAlWA C O R P O R A ~ ~ N  

2 Pos~l~onIMcdel CS201 
4 Pos~t~onIMcdel CS401 
Proless~onally engineered cavlty 
Conslructlon Hlgh ls0lallOfl 
Power Ral~ng 2 5 kW PEP 1 kW CW 
Impedance 50 Ohm 
Inserllon Loss less than 2 dB 
VSWR 1 1 2  
Max~rnurn Frequency 500 MHz 
lsolal~on Betler lhan 60 dB a1300 MHz. 

betler lhan 45 dB a1450 MHz adlacent 
terminal 

Connectors 50239 
Wrile for literalure 

Exclusive USA agent for this unit. .... ..,.,, ----- L-,-------.. _____-.14---_._- -.----.--.----- J.W. Miller Division 
BELL INDUSTRIES 
: r ' , l tEYE: ,hi !  .I' IX l r  'C'. 1 ' 1  ;m~uEYE:,ri'd . 1 2 (  IVIa 'H."I 

W>MPTON lki I1 < ml.NIA '<i. .I 
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NOT A KIT Regular Price $79.95 
Introductory Offer 

Bv Hal-Tronix 

TIMETRAC FEATURES ,, , , 

FIRST TIME OFFER Sleek modern styl lng l o  complement 
any home or ol l lce decor the microcomputer 

controlled 
appointment clock 

. Tells the  t lme 
Tells Ihe  date and year. 
Up-tuner to  60 mtnutes, 59 seconds 
w ~ t h  pause. 

only S69.95 
Alarm to r lng  a! the  same tame. 
everyday 
Dally appotnlment sets appotnlmenls lo r  
the  next 23 hours. 59 mcnules 
Fulure appotntments u p  to one year 
01mmer swltch lor display 

A NEW SOLUTION FOR SOME 
OLDPROBLEMS 
YOU, spouse will never W upsel with p u  lor 
m1551n0 d blilhdilY 

FOR THE STUDENT 
I me, 101 cnem slry dh boo d b  llmr tor 
SO ,no oloo ems 01 DreDalaloon 101 exams 

FOR THE GOURMET COOK 
Alarms 10 tell you when lo stan nel l  rlep on 
meal preparallon By programming Ihe l l m r  
alarm YOU I1 know lust when each course ol 

Your birlness as;octales will be plea& 
when you re never late lor appolntmnts 
Your doclor will be conlldent lhal you are 
laklng your medlcallon at Ihe llme pre. 
scrlbed 

Memory w ~ l l  hold up l o  3b 
appointments 
L l l h ~ u m  Dower cell to retaln memory 

an elabbrale meal musl be prepared so 
everythlng wltl be ready a1 the same l ~m 
Helps YOU keeo track at recbpe Ilmlno FOR THE BUSY EXECUTIVE 

Conlrols length 01 bus!ness meellngs 
Reminds vou 10 rntnules ahead 01 llme 10 

durtng power outage 
Appolnlmenls enlered o u l  01 
chronolog~cal order will be stored In 
chronolog~cal order 
Colon l lashes once each second 
A M IP M tnd~ca lor  . Pluos tnlo anv wall oul lel  

FOR THE SALESMAN 
RELAX AND LET TIMETRIC 
DO YOUR REMEMBERING. 

prepare lor mettng and glves you llm lo 
Clear our desk Reminder 01 wlle's birth. 
dav Jemtnder lo catch Dlane tor IrnDonanl ~ I M E T R A C  helps manage you1 uusy 

schedule. increases your eltlclency Evew 
home and olllce needs l lMtiRAC 

MMETRAC - THE CLOCK 
THAT REMEMBERS 
Thtq IS  the exr#t#ng 111 ,new l~me.m!nder lhal 
cornblner space age lorhrlology wlth evey- 
day practlcallly I! rememllers and remlnds 

f ou ol everythlng lhal you mlqhl torgel 
~melrac combines smart. modern deslon 

FOR THE PHOTOGRAPHER 
llmer lor phol raphlc deveto men1 cham 
Can Insen redylgllal d~splay Iller to avold 
damaqlng lllm 

FOR THE ATTORNEY 
Records cllenl s llm charges. meeltnos 
phone calls research Timer with bull1 In 
pause capablllly provides aCCuraIe way 01 
trmlng speech presanlallons 

builness trbo 

FOR THE HOMEMAKER 
Rem~nder to lake meat out 01 Ireezer lor din. 
ner Ketchen tlmer Reminder 01 lennls dales 
and ha#! dresser appolnlmenls 

FOR THE MOTHER 
Ttme chlldren's phone calls, homemrrk. 
~ U S ~ C  pracl8ce Wake chlldren tor school 
FOR THE SENIOR CITIZEN 
MedlCallOn remlndei Reminder of grand- 
children's blnhdays, doctor appomtments. 
Easy lo-read large display A wonderlul glll 
tor Mom and Dau 

~ a s j  to read i a c u u m  l luorescenl 
dlsplay 
Exlremely accurate quartz cryslal  clock. 

THE TIMETRAC COMPUTER 
APPOINTMENT ALARM. 
E l i ~ o e n l  Remarkable. 
Ask your salesman lo r  a demonslralion. 

wllh preclslon and perlarmance 11s vacium 
ltuole~cent d~rplay provldes readabll~ly lrom 
a dlslance (the largest display on the markel 
today) YOU control the display brlghlness 
wtth a dlmme! swllch 

FOR THE SECRETARY 
The secretary's best lrlend Aemembers lo 
remand Ihe bass 01 key appolnlmenls. T l m s  
length 01 phone -11s 

TIMETRAC SOLD 

THE ONLY CLOCK OF ITS KIND - 
NONE CAN COMPARE! 

AND DISTRIBUTED 
BY HAL-TRONIX. 

DEALERS WELCOME. 

J. W. Miller Presents ... 

J 

I f  poss~ble l e t  us know l o u r  t o  SIX weeks 
b e l o r e  you move and we wltl make s u r e  
y o u r  HAM RADIO Magaz~ne a r r l v e s  on 
schedule J u s t  remove the m a l l t n g  label 
from t h t s  magazlne and a f f l x  below 
Then complete your new address (Or any 
other corrections) In the space prov~ded 
and w e ' l l  take care o f  the rest 

4>4m 
-+ Y ; HAL-TRON IX 

-HAL- P. 0 .  BOX 1101 
WARUD c NOWUND SOUTHOATE. MICH. 48195 

WUZXH 

ham 
Allow 4-6 weeks for 
correction. 

M a o a z l n e  

SEND 1 5 ~  STAMP OR S.A.S.E. FOR INFORMATION AND 
F L Y E R  ON OTHER H A L . T R O N l X  PRODUCTS. 
TO PHONE ORDER IN 1-313-285-1782. 

~ r e e n v t l k  NH 03048 
Thanks for helping us to serve you better. 

- -  r - -  
I I I I I  L-J 

SWR & Power Meters Models CN-720 and CN-620 
From DAlWA CORPORATION 

Simultaneous direct reading SWR. Forward Power and Reflected Power 

Frequency Range: 1.8-150 MHz 
SWR Detection Sensitivity: 10 W Min. 
Power: 3 Ranges FWD 20120011000 w) (REF 41401200 w.) 
InputlOutput Impedance: 50 Ohm 

Write for literature. 

Exclusive USA agent 
for these units. J.W. Miller Division 

BELL INDUSTRIES 
1 ' ) 0 1 0 R E Y C S A V t  1'0 BOX IS25 

-4 .,,, , Y d O ~ . ~ ~ ~ . ~ ~ w . ~ . P . ~ n ' l a ~ . m n  COMPTON. C A L I F O H N I A  90274 

More Details? CHECK-OFF Page 150 december 1978 127 



Don't be caught without the 
correct toroid right in the 
middle of your next project 
. . . get this convenient as- 
sortment from Whitehouse. 
42 of the most popular to- 
roids packaged in a sturdy, 
olastic storaae case: 

I 
ENTRAL NEW YORK'S FASTEST GROWING HAM DEALER 

, / . ,  . . _ . I .  I 
I Featuring Yaesu, Icom. Drake. Atlas, Ten-Tec. Swan. Dentron, Pace. Palomar. Alda. 

Midland, Wilson. KDK.  MFJ. Microwave Module, Standard. Tempo, Aslron. KLM. 
Hy-Gain. Mosley. Larsen., Cushcratt. Hustler, Min i  Products. Universal and Tristao 
Towers. We servrceeverylh!ng we sell! Write or call lor  quote. You Won't be Dlsapolnled. 

We are lust a few mlnules of t  the NYS Thruway (1-90) Exit 32 I 
r8:0LC 350 HZ FILTER FOR SlGNALiONt TRANSCEIVERS $720 00 w O ~ ~ ~ C O ~ S ?  

I Fina l l y !  Superior 8-Po le  CW Selectivity for 
D r a k e  TR4, TR4C. T R 4  Cw 
1YI Il,.i w "YI ,I,.% -, C",.DIIlil UO,.*,CI,I INn ODo*Cll,,,",."... 
TUIC. *IICCL I rn nr n - - .m mo ,* r m b  cr lwn  t-mm s , , . h  I .""","""""' "0" 

At Last !  S u p e r i o r  8-Pole CW Selectivitv for 

I Kenwood TS-820 
MINIM.L LC)Is iN S1 l boor, I~CUIL TO(10161 1~ M. ., *. w Y ,  ., - All filters cont;~~rl 
C.,,, OIQU MI.,. *,r..r It1- .%."rUd "6-C arm. C I  (III.r Ihrl l l  MO *I, .l e. .,., IBR~H,., w e  CK ,W,B slmm specially-treated hgh-Q crystals. 

1 600 Hz 6-Pole F i r s t - I F  Filter for D r a k e  R 4 C  ShrrwOOd EnqinwrlnqInc 

I t h  ... 0, *y ria,,*,r 61,11,W. 1- " C L I , , m d ~ ,  -%., limn ,IF*, I*., 
- 

*., ..ow* th ,I,m.w. ..rona ,' I,IcW U.llml- 111 - 011214 lw.dlDltlO.dln. 
1268 South 06den St. 

I* -m m,..,, L._m" O -,,,,.,,r ~ m , ~ . . " l , ~ 1 1 1 1 *  m 0", 

C F b m l B  rn -"",n ," m ru ..ur - , , r m  la r n r n  I*"". uoh,lr 
Denver. Colo. 80210 

cram16 ~ ~ l m  Y . s . . . - ~ ~ ~ . ~  s n m  13031 722-2257 

I 125 ~ ; ~ 8 - ~ o l e  ~e&nd-IF Filter for Drake R 4 C  Money back if not satisfied 
s,,ll.l,.O.l...,I"lI.IM*l., -IC".mY M.llaDX*IILall.,lOt. U..ntw 
uw, c,add Im* Da. h, .a .,am I,#,.. (-. d. Me.. .I(- m n  .,al* 

Add $3 p r  order *lopbn% 

I,, ,.,. ,". .*.,,*,. 2.. AOC lDID Vnl,.. ",I* 4," I,#,*.. .-,- -,. -1 .duo*l b. 
$6 oraocm asr - 

0". ..a np*.a r ..,,,, 4 *,&, llll",., -E.-lmlI1 P I 1  *."..I. -Inquiries- &,MY,, 
Ay dlrrl i l  .n -a" 11111 -Let 03 $ h R  4E CT l l S a  ,130 V) 

. ... . = -  .~ - -  

1 3 em: T ~ O - ~ . T ~ O - ~ , T S O - ~ .  
T68.2. T68-3. T68-6 

2 each: T25-2. T-256. T37-2, 
T37-6. T37-10. T-37- 
12, T50-10. T50-12. 
T68-10. T80-2. T80-6. 
T94-2 

plus application notes. 

Ferrite j 
Bead ' 

Asst. .* "gg 
One dozen 
each: FB43-101, 
FB43-801, FB64- 
101, FB64-801. FB73-101 and 
FB73-801. Two sizes and three 
materials to fil l all your needs 

$7.50 value Just $6.95 I VISA and MASTER CHARGE 
Orders Welcome 

v' 

. . . . . - -  '0: dd - - - -  - e  e e  . . . . . . . . . . . . .  
- 0  0 0 

< -9- ".- -,,--.. ... "*..," 
The CSC series discrete controller or  the MCC series m l c r o - 1  Other relomi HMR producvr. . . - ~ -  -~ 

programmed controller turns our RPX or  our Repcmm FM .REPEATERS 
repeoter into o truly intel l igent mochine. Over f i f ty  standard .cctmuNITY REPEATERS 

options ore ovoiloble including autopatch. The CSC or MCC :;;;z;;;~~;~fi;~~~~ 
ser ies controllers may be used wi th other repealers with on .RF PREAMPLIFIERS 
optional interface unit. A l l  MAR VHFNHF products ore HELICAL RESONATORS 

buil t  under o st r ic t  uol i ty assurance progmm ond come wi th o ::g:!:,","zRs 
LSII two v r n r  l i m i t e j  wanantv. Write US and we w i l l  be glad . ,R,N,rTr,Rs 

These excellent Japanese-made Fox-Tango brand tubes match Yaesu rlgs so per- I leclly that neutra l~zalon adjustment is rarely required. Our tubes are noted for their I 
high.output and long life. h a n t i t i e s  limited. Get a selected set while they last. Satis- 1 (603) 673.1724 1 I faction guaranteed. 

I Please include $2.00 shipping 
and handling with each order. I 

. . - - . . . . 
tor FT-1011277 series 
FL-101. FT-2001250 

(Tempo I) 

Postage pad U S and Canada Others 
add $2 per set, alrmll New York 
res~dents add sales l a x  Master 
Chargeand VlSAaccepted 

P-BKDBGF B $30 
1 -6GK6A 
lor FT-0x400, 560. 570; 
FT-400. 401 series: FT-501 

FT ACCESSORIES 
DIVISION OF FOX TANGO CORPORATION 

60x274. BRONX. N. Y. 10463 



(especially before our January price increase !) 
h 

One year112 issues 4 Pel 

First Gift 

SAVE 
20 O/o 

~dditional Gift 
*One-year subscriptions will be $1 5.00 after January 1, 1979. 

Giving Ham Radio is both fun and thoughtful. 
, 

And at the receiving end of a Ham Radio Learn How to Digitize Your Hamshack 
gift subscription, it's remembered all year Antenna Measurements From Celestial Sources 
long as a token of your friendship. New Approach for Measuring HF SWR 

We have a super busy year planned for 10 GHz Gunnplexer Transceiver by HR Editor W1 HR 

1979, just take a look at a sampling of what PLUS HR's giant annual Antenna & Receiver issues 

your special Amateur friend(s) will see There's never been a better time to give 
in their 12 big gift issues next year: than right now with the price increase set 

ham for January 1. Give now and SAVE! 

radio magazine 

Greenville, NH 03048 
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ham radio 

antennas and 
transmission lines 
general 
Antenna control. automatic azimuth/elevatlon 

for satellite communlcattons 
WA3HLT p. 26. Jan 75 
Correction D. 58. Dec 75 

Antenna dimension (HN) 
WA9JMY p. 66, Jun 70 

Antennas and capture area 
K6MIO p. 42, Nov 69 

Antenna and control-link calculations for 
repeater licensing 
W7PUG p. 58. Nov 73 
Short circuit p. 59. Dec 73 

Antenna and feedline facts and fallacies 
W5JJ p. 24. May 73 

Antenna design. programmable 
calculator simpliftes (HN) 
W3DVO p. 70. May 74 

Antenna gain (letter) 
W3AFM p. 62. May 76 

Antenna gain, measuring 
K6JYO D. 26. Jul 69 

Antenna wlre, low.cost copper (HN) 
W2EUQ p. 73. Feb 77 

Anti-QRM methods 
W3FQJ p. 50. May 71  

Bridge for antenna measurements, simple 
W2CTK p. 34. Sep 70 

Cubical quad measurements 
W4Y M p. 42. Jan 69 

Dipole center insulator (HN) 
WAlABP p. 69. May 69 

Diversity receiving system 
W2EEY p. 12. Dec 71  

Dummy load and r f  wattmeter, low-power 
W2OLU p. 56. Apr 70 

Dummy load, low-power vhf 
WB9DNI p. 40. Sep 73 

Effective radiated power (HN) 
VE7CB p. 72, May 73 

Feedpoint impedance characteristics 
of practical antennas 
W5JJ p. 50. Dec 73 

Filters. low.pass. for 10 and 15 
WZEEY p. 42. Jan 72 

Gain calculations, s~mpl i f ied  
W I DTV p. 78. May 78 

Gain vs antenna height, calculating 
WB8IFM p. 54. Nov 73 

Gin pole, simple lever for raising masts 
WA2ANU p. 72. May 77 

Ground screen, alternative t o  radials 
WBC3JGP p. 22, May 77 

Grounding, safer (letter) 
WASKTC p. 59. May 72 

Ground rods (letter) 
W7FS p. 66. May 71 

Ground systems, vertical antenna 
W7LR p. 30, May 74 

Headings, beam antenna 
W6FFC p. 64. Apr 71 

Horizontal o r  vertical (HN) 
W71V p. 62. Jun 72 

Impedance measurements, nonresonant antenna 
W7CSD 0. 46. Aur 74 

Insulators, homemade antenna (HN) 
W7ZC p. 70. May 73 

Isotropic source and practical antennas 
K6FD p. 32. May 70 

Lightning protection (C&T) 
WlDTY P. 50. Jun 76 

Line-of.sight distance, calculating 
WB5CBC p. 56. Nov 76 

Measurement techniques for antennas 
and transmission lines 
W40Q p. 36. May 74 

~ e a d u r i n g  antenna gain 
K6JYO p. 26. Jul  69 

Mobile mount. rigid (HN) 
VE7ABK p. 69, Jan 73 

Power in  reflected waves 
Woods p. 49. Oct 71  

Reflected power, some reflections on 
VE3AAZ p. 44. May 70 

Reflectometers 
KlYZW p. 65. Dec 69 

Rf power meter, low.level 
W5WGF p. 58. Oct 72 

Sampling network, rf - the milli.trap 
W6QJW p. 34. Jan 73 

Smith chart, how to use 
W 1 DTY p. 16. Nov 70 
Correction p. 76. Dec 71 

Smith chart, numertcal 
W8MQW p. 104. Mar 78 

Standing-wave ratios, importance of 
WZHB p. 26, Jul 73 
Correction (letter) P. 67. May 74 

Time.domain reflectometry, practical 
experimenter's approach 
WA0PIA p.  22. May 71 

T.R switch 
K3KMO p. 61. Apr 69 

Voltage-probe antenna 
WlDTY P. 20. Oct 70 

high-frequency antennas 
All band antenna portable (HN) 

W2lNS p 68. Jun 70 
Albband phased.vertical 

WA7GXO p. 32. May 72 
Antenna. 3.5 MHz, for a small lot 

W6AGX P. 28. May 73 
Antenna potpourri 

W3FQJ p. 54. May 72 
Antenna systems for 80 and 40 meters 

K6KA P. 55, Feb 70 
Army loop antenna - revisited 

W3FQJ p. 59. Sep 71  
Added notes P. 64. Jan 72 

Beam antenna, improved triangular shaped 
W6DL p. 20. May 70 

Beam for ten meters. economical 
WlFPF p. 54. Mar 70 

Beverage antenna 
W3FQJ p. 67. Dsc 71 

Bobtail curtain array 
WBYFB D. 81. May 77 

L3obGil curtain array, for tymeter 
VEITG p. 58. Jul 69 

Coaxial dipole antenna, analysis of 
W2DU P. 46. Aug 76 

Coaxial dipole, mu l t~band (HN) 
W4BDK P. 71. May 73 

Collinear, six.element, for 
W0YBF P. 22, May 76 

Compact antennas for 20 meters 
W4ROS P. 38, May 71  

Converted.vee, 80 and 40 meter 
WBJKR p. 18. Dsc 69 

Corner.fed loop, low frequency 
ZL lBN P. 30. Apr 76 
Installation modified P. 41, Feb 77 

Cubical quad antenna design parameters 
K60PZ P 55. Aug 70 

CubicaCquad antennas, mechanical design of 
VE311 P. 44. Oct 74 

CubicaCquad antennas, unusual 
WlDTY P. 6. May 70 

Cubical quad, improved low-profile, three band 
WlHXU P. 25. May 76 

Cubical quad, three-band 
WlHXU D. 22. Jul 75 

Curtain antenna (HN) 
W4ATE P. 66. May 72 

Delta loop, top-loaded 
W 1 DTY P. 57. Dec 78 

Dipole, all-band tuned 
ZS6BT 0. 22. Oct 72 ~ -~ 

Dipole antennas on non-harmonic 
frequencies (HN) 
W2CTK P 72. Mar 69 

Dipole beam 
W3FQJ P. 56. Jun 74 

Dipole pairs, low SWR 
W6FPO P. 42. Oct 72 

Dipole sloping inverted-vee 
W6NIF P. 48, Feb 69 

Double bi.square array 
W6FFF P. 32, May 71  

Duabband antennas, compact 
W6SAI p. 18. Mar 70 

DX antenna, single-element 
W6FHM p. 52. Dec 72 
Performance (letter) p. 65. Oct 73 

Four.band wire antenna 
W3FQJ P. 53, Aug 75 

Ground-plane antenna: history and development 
K2FF p. 26. Jan 77 

Ground.plane, multiband (HN) 
JA lQlY p. 62. May 71 

Groundplane, three-band 
LA lE l  p. 6. May 72 
Correction p. 91. Dec 72 
Footnote (letter) p. 65, Oct 72 

High-frequency amateur antennas 
W2WLR p. 28. Apr 69 

High.frequency diversity antennas 
WZWLR p. 28, Oct 69 

Horizontal-antenna gain at selected 
vertical radiat,on angles 
W7LR p. 54, Feb 76 

Horizontal antennas, opt imum height for 
W7LR p. 40, Jun 74 

Horizontal antennas, vertlcal radiatton patterns 
WA9RQY p. 58. May 74 

Inverted-vee antenna (letter) 
WB6AQF p. 66, May 71 

Inverted-vee antenna, modified 
W2KTW p. 40. Oct 71 

Inverted.vee installatton, improved low-band (HN) 
W9KNI p. 68, May 76 

Inverted V or  delta loop, how to add t o  tower 
K4DJC p. 32. Jul  76 

Large vertical. 160 and 80 meters 
W71V p. 8. May 75 

Logperiodic antenna. 14. 21 and 28 MHz 
W4AEO p. 18. Aug 73 

Lon.oeriodic antennas. 7.MHz 
W ~ A E O  p. 16. May 

Logperlodic. antennas, feed system for 
W4AEO 0. 30. Oct 

Log periodic antennas. graphical d;sign 
method for 
W4AEO p. 14. May 

Logperiodic antennas, vertical 
monopole. 3.5 and 7.0 MHz 
W4AEO p. 44, Sep 

Log-pertodic beams, improved (letter) 
W4AEO p. 74. May 

Log-periodic beam. 15 and 20 meters 
W4AEO P. 6. May 

Log periodic feeds (letter) 
W4AEO D. 66. May 

Logperiodic, three.band 
W4AEO p. 28, Sep 

Longwire antenna, new design 
K4EF p. 10. May 77 

Longwire multiband antenna 
W3FQJ p. 28, Nov 69 

Loop antennas 
W40Q p. 18, Dec 76 

Loop receiving antenna 
WPlMB p. 66. May 75 
Correction p. 58. Dec 75 

Loop.yagi antennas 
VK2ZTB p. 30. May 76 

Low-band antenna problem, solution t o  
WEYFB p. 46, Jan 78 

Low-mounted antennas 
W3FQJ p. 66. May 73 

Mobile antenna, helically wound 
ZE6JP p. 40. Dec 72 

Mobile color code (letter) 
WE6JFD p. 90. Jan 78 

Mono4oop antenna (HN) 
W8BW p. 70. Sep 69 

Multiband dipoles for  portable use 
W6SAI p. 12. May 70 

Multiband vertical antenna system 
WeNCU p. 28, May 78 

Phased antenna (letter) 
Thacker. Jerry p. 6. Oct 78 

Phased array, design your own 
KlAON p. 78. May 77 

Phased array, electrically-controlled 
W5TRS p. 52, May 75 

Phased vertical array, ftne tuning 
W4FXE p. 46. May 77 

Phased vertical array, four-element 
WBHXR p. 24. May 75 

Quad antenna, modified 
ZFlMA p. 68, Sep 78 

Quad antenna, multiband 
DJ4VM p. 41, Aug 69 

Quad antenna repairs (HN) 
K9MM p. 87. May 78 

Receiving antennas 
K6ZOQ p. 56. May 70 

Satellite antenna, simple (HN) 
WA6PXY p. 59, Feb 75 



Selective antenna system minimizes 
unwanted signals 
W5TRS p. 28. May 76 

Selective receiving antennas 
W5TRS p. 20. May 78 

Shunt-feed systems for grounded vertical 
radtators, how to design 
W40Q p. 34. May 75 

Simple antennas for 40 and 80 
W5RUB p. 16. Dec 72 

Sloping dipoles 
W5RUB p. 19, Dec 72 
Performance (letter) p. 76, May 73 

Small-loop antennas 
W4YOT p. 36. May 72 

Stressed quad (HN) 
W5TIU p. 40. Sep 78 

Stub bandswitched antennas 
W2EEY p. 50. Jul  69 

Suitcase antenna, high-frequency 
VK5BI p. 61. May 73 

Tailoring your antenna, how to 
KH6HDM p. 34. May 73 

Telephone-wire antenna (HN) 
K9TBD p. 70. May 76 

Triangle antennas 
W3FQJ p. 56. Aug 71 

Triangle antennas 
W6KIW p. 58, May 72 

Triangle antennas (letter) 
K4ZZV p. 72. Nov 71  

Triangle beams 
W3FQJ p. 70. Dec 71  

Tuning aid for  the sightless (HN) 
W6VX p. 83. Sep 76 

Unodirectional antenna for the low-frequency 
bands 
GW3NJY p. 61. Jan 70 

Vertical antenna radiation patterns 
W7LR P. 50. Apr 74 

Vertical antenna, low-band 
W41YB p. 70. Jul  72 

Vertocal antenna, portable 
WABNWL p. 48. Jun 78 

Vertical antenna, three-band 
W98QE p. 44, May 74 

Vertical antennas, improving performance of 
K6FD p. 54. Dec 74 

Vertical antennas, performance characterist~cs 
W7LR D. 34. Mar 74 

Vertical beam antenna. 80 meter 
VElTG p. 26. May 70 

Vertical dipole, gamma4oopfed 
W6SAI p. 19. May 72 

Vertical for 80 meters. top-loaded 
W2MB p. 20. Sep 71  

Vertical radiators 
W40Q p. 16, Apr 73 

Vertical, toploaded 80 meter 
VElTG p. 48, Jun 69 

Vertical-tower antenna system 
W40Q p. 56. May 73 

Windom antenna, four-band 
W4VUO p. 62. Jan 74 
Correction (letter) p. 74. Sep 74 

Windom antennas 
K4KJ p. 10. May 78 

Windom antenna (letter) 
K6KA p. 6. Nov 78 

Zepp antenna, extended 
W6QVI p. 48. Dec 73 

ZL special antenna, understanding the 
WA6TKT p. 38. May 76 

3.5.MHz phased horizontal array 
K4JC p. 56. May 77 

3.5 MHz tree-mounted ground-plane 
K2lNA p. 48. May 78 

7-MHz antenna array 
K7CW p. 30. Aug 78 

7 MHz rotary beam 
W7DI p. 34. NOV 78 

7-MHz short vertical antenna 
W8TYX p. 60, Jun 77 

14-MHz delta-loop array 
N2GW p. 16. Sep 78 

160.meter loop, receiving 
K6HTM p. 46. May 74 

160-meter vertical, shortened (HN) 
W6VX p. 72. May 76 

160 meters wi th 40-meter vertical 
W21MB p. 34. Oct 72 

vhf antennas 

Collinear. six meter 
K4ERO p. 59. Nov 69 

Converting low-band mobile antenna t o  
144-MHz (HN) 
K7ARR p. 90. May 77 

Corner reflector antenna, 432 MHz 
WA2FSQ p. 24. Nov 71 

Cubical quad, economy six.meter 
W6DOR p. 50. Apr 69 

Feed horn, cyl~ndrical, for parabolic reflectors 
WA9HUV p. 16. May 76 

Ground plane. 2-meter. 0.7 wavelength 
W3WZA p. 40. Mar 69 

Ground plane. portable vhf (HN) 
K9DHD p. 71, May 73 

Log-periodic, yagi beam 
K6RI L. W6SAI p. 8. Jul 69 
Correction p. 68. Feb 70 

Magnet.mount antenna, portable (HN) 
WB2YYU p. 67, May 76 

Magnetic mount for mobile antennas 
W0HK p. 52, Nov 78 

Matching techn~ques for vhf/uhf antennas 
WlJAA p. 50. Jul  76 

Microwave antenna, Low.cost 
K6HIJ p. 52. Nov 69 

Mobile antenna, magnet-mount 
WlHCl  p. 54. Sep 75 

Mobile antenna, six-meter (HN) 
W4PSJ p. 77. Oct 70 

Mobile antennas, vhf, cornpartson of 
W4MNW p. 52. May 77 

Moonbounce antenna, practical 144-MHz 
K6HCP p. 52. May 70 

Multiband J antenna 
WB6JPI p. 74. Jul  78 

Oscar antenna, mobile (HN) 
W6OAL p. 67. May 76 

Oscar az-el antenna system 
WAlNXP p. 70. May 78 

Parabolic reflector antennas 
VK3ATN p. 12. May 74 

Parabolic reflector element spacing 
WA9HUV p. 28. May 75 

Parabolic reflector gain 
WZTQK p. 50. Jul  75 

Parabolic reflectors, f inding the focal length (HN) 
WA4WDL p. 57. Mar 74 

Parabolic reflector. 16-foot homebrew 
WB6lOM p. 8. Aug 69 

Quad-yagi arrays, 432. and 1296-MHz 
W3AED p. 20, May 73 
Short circuit p. 58. Dec 73 

Simple antennas. 144.MHz 
WA3 N FW p. 30. May 73 

Switch, antenna for 2 meters, solid-state 
K2ZSQ p. 48. May 69 

Two.meter f m  antenna (HN) 
WB6KYE p. 64. May 71 

Vertical antennas, t ruth about %-wavelength 
K0DOK p. 48. May 74 
Added note (letter) p. 54. Jan 75 

Whip. 5/8-wave. 144 MHz (HN) 
VE3DDD D. 70.  AD^ 73 

7-MHz attic antenna (HN) 
WZISL p. 68. May 76 

10-GHz dielectric antenna (HN) 
WA4WDL p. 80. May 75 

144.MHz vertical. 5h-wavelength 
K6KLO p. 40. Jul 74 

144-MHz antenna. '/-wavelength 
built f rom CB mobile whip (HN) 
WB4WSU D. 67. Jun 74 

144-MHz colonear uses PVC pipe mast (HN) 
K8LLZ p. 66. May 76 

144.MHz mobile antenna (HN) 
W2EUQ p. 80. Mar 77 

144-MHz vertical mobile antennas, '/i and 
5/s wavelength, test data on 
WZLTJ. W2CQH p. 46. May 76 

144.MHz. %-wavelength vertical 
WlRHN p. 50, Mar 76 

144.MHz. %.wavelenath, vertical antenna 
for mobole 

- 
K4LPQ p. 42. May 76 

432-MHz high-gain Yagt 
K6HCP p. 46, Jan 76 
Comments. WmPW D. 63. Mav 76 ~. - 

432-MHz OSCAR antenna (HN) 
WlJAA p. 58. Jul 75 

Antenna coupler, six-meter 
KlRAK p. 44. Jut 71  

Antenna impedance transformer for 
receivers (HN) 
W6NlF p. 70, Jan 70 

Antenna instrumentation, simple. (repair bench) 
K41PV p. 71. Jul 77 

Antenna matcher, one-man 
W4SD p. 24. Jun 71  

Antenna tuner adjustment (HN) 
WA4MTH p. 53. Dec 75 

Antenna tuner. automatic 
WA0AQC p. 36. Nov 72 

Antenna tuner, medium-power toroidal 
WEi2ZSH p. 58, Jan 74 

Antenna tuner for opt imum power transfer 
WZWLR p. 28, May 70 

Antenna tuners 
W3FQJ p. 58. Dec 72 

Antenna tuning units 
W3FQJ p. 58. Jan 73 

Balun, adjustable for yagi  antennas 
W6SAI P. 14. May 71 

Balun. Simplifted (HN) 
WA0KKC p. 73. Oct 69 

Broadband balun, somple and efficient 
WlJR p. 12. Sep 78 

Couplers. random-length antenna 
W2EEY p. 32, Jan 70 

Dummy loads 
W4MB p. 40, Mar 76 

Feeding and matching techniques for 
vhf/uhf antennas 
WlJAA p. 54. May 76 

Gammamatch capacitor. remotely controlled 
KZBT p. 74. May 75 

Gammamatching networks, how t o  design 
W7lTB p. 46, May 73 

Impedance bridge, low-cost RX 
W8YFB p. 6, May 73 

Impedance-matching baluns, open.wire 
W6MUR p. 46. Nov 73 

Impedance-matching systems, designing 
W7CSD p. 58. Jul  73 

Loads, affect of mismatched transmitter 
W5JJ p. 60. Sep 69 

Matching, antenna, two-band with stubs 
W6MUR p. 18. Oct 73 

Matching system, two-capacitor 
W6MUR p. 58. Sep 73 

Matching transformers, multiple quarter.wave 
K3BY p. 44. Nov 78 

Measuring complex impedance with swr bridge 
WB4KSS p. 46, May 75 

Mobile transmitter, loading 
W4Y B p. 46. May 72 

RX noise bridge, omprovements t o  
W6BXI. W6NKU p. 10, Feb 77 
Comments p. 100. Sep 77 

N o s e  bridge construction (letter) 
OH2ZAZ p. 8. Sep 78 

Noise bridge, antenna 
WB2EGZ p. 18. Dec 70 

Noise bridge, antenna (HN) 
KBEEG p. 71, May 74 

Noise b r ~ d g e  calculations with 
TI 58/59 calculators 
WD4GRI p. 45, May 78 

Noise bridge for impedance measurements 
YAlGJM p. 62, Jan 73 
Added notes p. 66. May 74: p. 60. Mar 75 

0mega.matchlng networks. design of 
W71TB p. 54. May 78 

Phase meter, rf 
VEZAYU. Korth p. 28, Apr 73 

Quadrifilar toroid (HN) 
W9LL p. 52. Dec 75 

Stub.switched, stub-matched antennas 
WZEEY p. 34, Jan 69 

Swr alarm circuits 
W2EEY p. 73. Apr 70 

Swr bridge 
WB2ZSH p. 55. Oct 71  

Swr bridge and power meter, integrated 
W6DOB p. 40. May 70 

Swr bridge readings (HN) 
W6FPO p. 63. Aug 73 

Swr indicator, aural, for  the visually handicapped 
K6HTM p. 52, May 76 

Swr meter 
WB6Am p. 68. Nov 78 

Swr meter 
W6VSV 0. 6. Oct 70 

1296.MHz antenna, high-gain 
Antennas for satellite communications, simple Swr meter, improving (HN) 

p. 24. May 74 W3AED 
p. 74. May 78 

K4GSX W5NPD p. 68, May 76 

Circularly-polarized ground-plane 
1296-MHz Yagi array T-Network impedance matching t o  coaxial 

antenna for satellite communications 
W3AED p. 40, May 75 feedlines 

K A C C Y  o. 28. Dec 74 W6EBY p. 22. Sep 78 .. .--,. . 
Collinear antenna for two meters, nineelement matching and tuning Transmatch, five-to-one 

W6RJO p. 12. May 72 W71V p. 54. May 74 

Collinear antenna (letter) Antenna bridge calculations Transmission lines, gr id dipping (HN) 

W6SAI p. 70. Oct 71  Anderson. Leonard H. p. 34. May 78 WZOLU p. 72, Feb 7 1  

Collinear array for two meters. 4-element Antenna bridge calculations (letter) Transmission lines, uhf 
W86KGF p. 6. May 71  W5QJR p. 6. Aug 78 WAZVTR p. 36. May 71  

Collinear antenna, four element 440-MHz Antenna coupler for  three-band beams Uhf coax connectors (HN) 
WA6HTP p. 38. May 73 ZS6BT p. 42, May 72 W0LCP p. 70. Sep 72 
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towers and rotators Zip-cord feedlines (leiter) 
WBBBHI p. 6, Oct 

75-ohm CATV cable i n  amateur installations 
W7VK P 28. Sep 

75-ohm CATV hardline matching 
t o  50-ohm systems 
K lXX p. 31. Sep 

Speech clipping i n  single-sideband equipment 
KlYZW p. 22. Feb 71  

Speech clipping (letter) 
W3EJD p. 72. Jul  72 

Speech compressor (HN) 
Novotny p. 70. Feb 76 

Antenna and rotator preventive maintenance 
WAlABP p. 66. Jan 69 

Antenna and tower restrictions 
W71V D. 24. Jan 76 Speech process~ng, principles of 

ZL lBN p. 28. Feb 75 
Added notes p. 75, May 75; p. 64. Nov 75 

SDeeCh arocessina techniaue. s ~ l i t  audio band 

Antenna guys and structural solutions 
W6RTK p. 33. Jun 78 

Antenna mast, build your own tilt-over 
W6KRT p. 42. Feb 70 
Correction p. 76. Sep 70 

AZ-el antenna mount for  satellite 
communications 
W2LX p. 34. Mar 75 

Cornell-Dubilier rotators (HN) 
K6KA p. 82. May 75 

Ham-M modifications (HN) 
WPTQK p. 72. May 76 

Ham-M rotator automatic position control 
WB6GNM D. 42. May 77 

audio . . 
WlDTY p. 30. Jun 76 

Speech processor, audio-frequency 
K3PDW p. 48. Aug 77 
Short circuit p. 68. Dec 77 

Speech processor for  ssb. simple 
K6PHT p. 22. Apr 70 

Actwe filters 
K6JM P. 70, Feb 

Audio agc principles and practice 
WA5SNZ p. 28. Jun 

Audio CW fi lter 
W7DI p. 54. Nov 

Audio filter, tunable, for weak-signal 
communications 
K6HCP P. 28. NOV 

Audio filters, aligning (HN) 
W4ATE P. 72. Aug 

Audio filters, inexpensive 
W8Y FB P. 24. Aug 

Audio filter mod (HN) 
K6HIL P. 60. Jan 

Audio mixer (HN) 
W6KNE P. 66. Nov 

Audio module, a complete 
K4DHC p. 18. Jun 

Audio-oscillator module. Cordover 
WB2GQY p. 44, Mar 
Correction p. 80. Dec 

Audio-power integrated circuits 
W3FQJ p. 64, Jan 

Audio transducer (HN) 
WAlOPN p. 59. Jul 

Binaural CW reception, synthesizer for 
W6NRW p. 46, Nov 
Comment P. 77. Feb 

Distortion and splatter 
KSLLI D. 44. Dec 

Speech processor. IC 
VK9GN D. 31, Dec 71 

Speech processor, logarithmic 
WA3FIY 

Speech systems, improving 
K2PMA 

RC active folters uslng op  amps 
W41YB 

Squelch. audio-actuated 
K4MOG 

Synthesizer-filter, binaural 
W6NRW 

Tape head cleaners (letter) 
K4MSG 

Tape head cleaning (letter) 
Buchanan 

Voice.operated gate for carbon rr 
W6GXN 

p. 38. Jan 70 
Pipe antenna masts, design data l o r  

W3MR p. 52. Sep 74 
Added design notes (letter) D. 75. Mav 75 

p. 72. Apr 78 

p. 54. Oct 76 Rotator, AR-22, f ixing a sticky 
' 

WAlABP p. 34. Jun 71  
Rotator for  medium-s~zed beams 

K2BT p. 48, May 76 
Rotator. T-45, Improvement (HN) 

WA0VAM p. 64. Sep 71  
Stress analysis of antenna systems 

WZFZJ D. 23. Oct 71  

p. 52. Apr 72 

p. 52. Nov 76 

p. 62. May 72 

Telescoping tv  masts (HN) 
WA0KKC p. 57. Feb 73 

Tilt-over tower uses extension ladder 
W5TRS p. 71. May 75 

Tower guying (HN) 
K9MM p. 98. Nov 77 

Tower. homemade tilt-over 
WA3EWH D. 28. May 71 

p. 67, Oct 72 
~icrophones 

p. 35. Dec 77 

commercial equipment 
Alliance rotator improvement (HN) 

K6JVE p. 68. May 72 
Alliance T-45 rotator Improvement (HN) 

WADVAM p. 64, Sap 71  
Atlas 180. improved vfo s tab i l~ ty  (HN) 

K6KLO p. 73. Dec 77 
CDR AR-22 rotator, f ixing a sticky 

WAlABP p. 34. Jun 71  
Cleanup t ips for amateur equipment (HN) 

Fisher p. 49. Jun 78 
Clegg 278, Smeter  fo r  (HN) 

WA2YUD p. 61. Nov 74 
Collins KWM-2/KWM-PA modifications (HN) 

W6SAl p. 80. Aug 76 
Collins KWM2 transceivers. improved 

reliability (HN) 
W6SAl p. 81. Jun 77 

Tower, wind-protected crank-up 
(HN) p. 74, Oct 69 

Towers and rotators 
K6KA p. 34. May 76 

Wind loading on towers and antenna 
structures. how to calculate 
K4KJ p. 16. Aug 74 
Added note p. 56. Jul  75 

. . - - -  
Dynamic microphones (CLT) 

W 1 DTY p. 46. Jun 
Filter for CW. tunable audio . - -. 

WAlJSM P. 34. Aug 
Filter-frequency translator for cw reception. 

integrated audio 
W2EEY p. 24, Jun 

Filter, lowpass audio, simple 
OD5CG p. 54. Jan 

Filter. simple audio 
W4NVK p. 44. Oct 

Filter. tunable peak-notch audio 
WZEEY P. 22. Mar 

Filter. variable bandpass audio 
W3AEX P. 36. Apr 

Gain control IC for audio signal processing 
Junk? D. 47. Jul  

transmission lines 
Antenna-transmission l ine analog, part 1 

W6UYH p. 52. Apr 77 
Antenna-transmission line analog, part  2 

W6UYH p. 29. May 77 
Balun, coaxial 

WA0RDX p. 26. May 77 
Coax cable dehumidifier 

K4RJ p. 26. Sep 73 
Coax connectors. repairing broken (HN) 

W0HKF p. 66. Jun 70 
Coaxial cable (CAT) 

WlDTY p. 50, Jun 76 
Coaxial cable. checking (letter) 

W2OLU p. 68, May 71  
Coaxial cable connectors (HN) 

WAlABP p. 71. Mar 69 

Collins R390 rf transformers, repairing (HN) 
WA2SUT p. 81. Aug 76 

Collins receivers. 300-Hz crystal filter for 
W 1 DTY p. 58. Sep 75 

300-Hz crystal f ~ l t e r  for Collins receivers 
W 1 DTY p. 58. Sep 75 

300-Hz crystal f i l ter for Collins receivers 
WlDTY p. 58. Sep 75 

. . 
Hang i g c  circuit for ssb and CW 

WlERJ p. 50. Sep 
Headphone cords (HN) 

WZOLU P. 62. Nov 
Impedance match, microphone (HN) 

W5JJ P. 67. Sep 
Increased flexibility for  the MFJ 

Enterprises CW filters 
K3NEZ P. 58. Dec 

Intercom, simple (HN) 
W4AYV p. 66. Jul  

Microphone preamplif ier with agc 
Bryant P. 28. Nov 

Microphone, using Shuro 401A with 
the Drake TR.4 (HN) 
G3XOM P. 68. Sep 

Microphones, mut ing (HN) 
W61L P 63. Nov 

Notch filter, tunable RC 
WA5SNZ P. 16. Sep 
Comment o. 78. Aor 

300-Hz crystal filter for Co l l~ns  receivers (letter) 
G3UFZ p. 90, Jan 78 

Collins S-line, improved frequency readout for the 
WlGFC p. 53. Jun 76 

Collins S-line power supply mod (HN) 
W61 L p. 61, Jul  74 

Collins S.line receivers, improved selectivity 
W6FR p. 36. Jun 76 

Collins S-li~ie, reducing warm-up dr i f t  
W6VFR p. 46. Jun 75 

Collins S-line, r f  clipper for  
K6JYO p. 18. Aug 71  
Correction p. 80. Dec 71 

Collins $-line spinner knob (HN) 
W6VFR p. 69. Apr 72 

Collins S-line, syllabic vox system for 
W 0 l P  p. 29, Oct 77 

Collins S-line transceiver mod (HN) 
W6VFR p. 71. Nov 72 

Collins 32S.series ALC meter improvement (HN) 
W6FR p. 100. Nov 77 

Collins 32s-3 audio (HN) 
K6KA p. 64, Oct 71  

Collins 32s-1 CW modification (HN) 
WlDTY p. 82. Dec 69 
Correction p. 76. Sep 70 

Collins 32s-1, updating 
N l F B  p. 76. Dec 78 

Collins 51J, modifying for ssb reception 
W6SAI p. 66. Feb 78 

Coaxial-cable fittings, type-F 
KZMDO p. 44. May 71  

Coaxial connectors can generate r f i  
WlDTY p. 48. Jun 76 

Coaxial feedthrough panel (HN) 
W3URE p. 70. Apr 69 

Coaxial-line loss, measuring with reflectometer 
W2VCl p. 50. May 72 

Coax. Low-cost (HN) 
K6BlJ D. 74. Oct 69 

Coaxial transmission lines. underground 
WmFCH p. 38. May 70 . 

Oscillator. audio. IC 
W6GXN p. 50. Feb 

Oscillator-monitor. solid-state audio 

impedance transformer, non.synchronous (HN) 
WSTRS p. 66. Sep 75 
Comments. W3DVO D. 63. May 76 

- - -  ~ 

WAlJSM p. 48, Sep 
Phone patch 

WBGRG p. 20. Jul  
Pra-emphasis for ssb transmitters 

OH2CD P. 38. Feb 
RC active filters using op amps 

W41YB p. 54. Oct 
RC active filters (letter) 

W6NRM P. 102. Jun 

Matching tra"sformers, multiple q"arter-wav= 
K3BY p. 44. Nov 78 

Open-wire feedthrough insulator (HN) 
W4RNL p. 79. May 75 

Remote switching multiband antennas 
G3LTZ p. 68, May 77 

Single feedline for multiple antennas 
KZlSP p. 58. May 71  

Transmission line calculations. Receivers, better audio for 
K7GCO p. 74. Apr 

Rf cliooer for tha Collins S-line 
using your pocket calculator for  
W5TRS p. 40. Nov 76 

TransmWreceive switch, solid-state vhf-uhf 
W4NHH p. 54. Feb 78 

Tuner, receiver (HN) 
WA7KRE p. 72, Mar 69 

Tuner, wall-to-wall antenna (HN) 
WZOUX D. 56. Dec 70 

KGYO P. 18. Aug 
Rf speech processor, ssb 

W2MB P. 18. Sep 
Speaker-driver module, IC 

WAZGCF D. 24. S ~ D  

Collins 51J product detector (letter) 
KSCE p. 6. Oct 78 

Collins 51J PTO restoration 
W6SAl o. 36. Dec 69 

7 .  

~ o l l i n s  70E12 PTD repair (HN) 
W6BlH p. 72. Feb 77 

Collins 70K-2 PTO, correcting mechanical 
backlash (HN) 
K9WEH p. 58, Feb 75 

Collins 75A4 avc mod (letter) 
W9KNl p. 63. Sep 75 

Collins 75A4 hints (HN) 
W6VFR p. 68. Apr 72 

. . 
Speech amplifiers, cur ing distortion 

Allen P 42. Aug 
Speech clipper. IC 

K6HTM p. 18. Feb 
Added notes (letter) P. 64. Oct 

Speech clippers. rf 
G6XN p. 26. Nov: p. 12. Dec 
~ d d e d  notes p. 58. ~ u g  73: p. 72. sep  

. - 
Uhf microstrip swr bridge 

W4CGC P. 22. Dec 72 
VSWR indicator, computing 

WB9CYY p. 58. Jan 77 
short circuit p. 94, May 77 

Zip-cord feedlines (HN) 
W7RXV p. 32, Apr 78 
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Color coding parts (HN) 
WA7BPO p. 58. Feb 72 

Component marking (HN) 
WlJE p. 66. Nov 71 

Drill guide (HN) 
W5BVF p. 68, Oct 71 

Drilling aluminum (HN) 
W61L p. 67. Sep 75 

Enclosures, homebrew custom 
W4YUU p. 50. Jul 74 

Etch tank (HN) 
W3HUC p. 79, Jan 77 

Exploding diodes (HN) 
VE3FEZ p. 57. Dec 73 

Ferrite beads 
WSJJ p. 48. Oct 70 

Files, cleaning (HN) 
Walton p. 66. Jun 74 

Ferrite beads. how to use 
KlORV p. 34. Mar 73 

Grounding (HN) 
W9KXJ p. 67, Jun 69 

Heat sinks, homemade (HN) 
WA0WOZ p. 69, Sep 70 

Homebrew art 
W0PEM p. 56, Jun 69 

Hot etching (HN) 
K8EKG p. 66. Jan 73 

Hot wire stripper (HN) 
WBDWT p. 67. Nov 71 

IC holders (HN) 
W3HUC p. 80. Aug 76 

IC lead former (HN) 
W5ICV p. 67. Jan 74 

Indicator circuit. LED 
WB6AFT p. 60, Apr 77 

Inductance, toroidal coil (HN) 
W3WLX p. 26. Sep 75 

Inductors, graphical aid for winding 
W7POG p. 41. Apr 77 

Magnetic fields and the 7360 (HN) 
W7DI p. 66, Sep 73 

Metric conversions for screw and wire sizes 
WlDTY p. 67. Sep 75 

Microcircuits, visual aids for working on 
K9SRL p. 90. Jul 78 

Miniature sockets (HN) 
Lawyer p. 84. Dec 69 

Minibox, cutting down to size (HN) 
WZOUX p. 57. Mar 74 

Mobile installation, putting together 
W0FCH p. 36, Aug 69 

Mobile mount bracket (HN) 
W4NJF p. 70, Feb 70 

Modular converter, 144.MHz 
W6UOV p. 64. Oct 70 

Neutralizing t ip  (HN) 
ZE6JP p. 69. Dec 72 

Noisy fans (HN) 
W8lUF p. 70. Nov 72 
Correction (letter) p. 67. Oct 73 

Nuvistor heat sinks (HN) 
WA0KKC p. 57, Dec 73 

Parasitic suppressor (HN) 
WA9JMY p. 80. Apr 70 

Printed-circuit boards, cleaning (HN) 
W5BVF p. 66. Mar 71 

Printed-circuit boards, how to clean 
K2PMA p. 56, Sep 76 

Printed-circuit boards, how to make 
K4EEU p. 58. Apr 73 

Printed-circuit boards. low-cost 
W6CMQ p. 44, Aug 71 

Printed-circuit boards, low-cost 
W8Y FB p. 16. Jan 75 

Printed-circuit boards, practical 
photofabrication Of 
Hutchinson p. 6, Sep 71 

Printed-circuit labels (HN) 
WA4WDK p. 76. Oct 70 

PC layout using longhand 
WB9QZE p. 26. Nov 78 

Printed-circuit standards (HN) 
W6JVE p. 58. Apr 74 

Printed-circuit tool (HN) 
WZGZ p. 74. May 73 

Printed-circuits, simple method for (HN) 
W4MTD p. 51. Apr 78 

Printed circuits without printing 
W4ZG p. 62. Nov 70 

Rack construction, a new approach 
KlEUJ p. 36. Mar 70 

Rectifier terminal strip (HN) 
W5PKK p. 80. Apr 70 

Rejuvenating transmitting tubes with 
Thoriated.tungsten filaments (HN) 
W6NIF p. 80. Aug 78 

Restoring panel iettering (HN) 
W8CL p. 69. Jan 73 

Screwdriver, adjustment (HN) 
WA0KGS p. 66. Jan 71 

Silver plating (letters) 
WA0AGD p. 94. Nov 77 

Silver plating made easy 
WA9HUV p. 42. Feb 77 

Soldering aluminum (HN) 
ZE6JP p. 67. May 72 

Soldering t ip  (HN) 
Lawyer p. 68. Feb 70 

Soldering t ip  cleaner (HN) 
W3HUC D. 79, Oct 76 

Soldering tips 
WA4MTH 

Thumbwheel switch modification 
VE3DGX 

Toroids, plug-in (HN) 
KBEEG 

Transfer letters (HN) 
WAZTGL 

Transformers, repairing 
W6NlF 

Trimmers (HN) 
W5LHG 

May 

Mar 

Jan 

Oct 

Mar 

Nov 
Uhf coax connectors (HN) 

W0LCP p. 70. Sep 72 
Uhf hardware (HN) 

W6CMQ p. 76. Oct 70 
Underwriter's knot (HN) 

WlDTY p. 69. May 69 
Vectorbord tool (HN) 

WAlKWJ p. 70. Apr 72 
Volume controls, noisy, temporary fix (HN) 

W9JUV p. 62. Aug 74 
Watercooling the 2C39 

K6MYC p. 30. Jun 69 
Wire-wound potentiometer repair (HN) 

W4ATE p. 77. Feb 78 
Wiring and grounding 

W 1 EZT p. 44. Jun 69 
Workbench, electronic 

W 1 EZT p. 50. Oct 70 

features and fiction 
Alarm, burglar-proof (HN) 

Eisenbrandt p. 56. Dec 75 
Binding 1970 issues of ham radio (HN) 

WlDHZ p. 72, Feb 71 
Drass pounding on wheels 

K60D a. 58. Mar 75 
~atal:"a wireless. 1902 

W6BLZ p. 32. Apr 70 
Fire protection in the ham shack 

Darr p. 54. Jan 71 
First wireless in Alaska 

W6BLZ p. 48, Apr 73 
Ham Radio sweepstakes winners. 1972 

WlNLB p. 58. Jul 72 
Ham Radio sweepstakes winners, 1973 

WlNLB p. 68, Jul 73 
Ham Radio sweepstakes winners. 1975 

WlNLB p. 54, Jul 75 
Nostalgia with a vengeance 

W6HDM p. 28, Apr 72 
Photographic illustrations 

WA4GNW p. 72. Dec 69 
Reminisces of old.time radio 

K4NW p. 40. Apr 71 
Ten commandments for technicians 

p. 58. Oct 76 
Use your old magazines 

Foster p. 52, Jan 70 
Wlreless Point Loma 

W6BLZ D. 54.  AD^ 69 
1929.1941, the Golden years of amateur radio 

W6SAI p. 34. Apr 76 
1979 world administrative radio conference 

W6APW p. 48. Feb 76 

fm and repeaters 
Antenna and control-link calculations 

for repeater licensing 
W7PUG p. 58. Nov 73 
Short circuit p. 59, Dec 73 

Antennas. simole, for two-meter fm  
W A ~ N ~ W  ' . p. 30. May 73 

Antenna, two-meter f m  (HN) 
WB6KYE p. 64, May 71 

Antenna. %-wavelength, two-meter 
K6KLO p. 40. Jul 74 

Antenna. 5/R wavelength two-meter, 
build from CB mobile whips (HN) 
WB4WSU p. 67, Jun 74 

Automatically controlled access 
to open repeaters 
W8GRG p. 22, Mar 74 

Autopatch system for vhf fm  repeaters 
WBGRG p. 32. Jul 74 

Base station, two-meter fm  
W9JTQ p. 22. Aug 73 

Carrier-operated relay 
K0PHF. WA0UZO p. 58, Nov 72 

Carr~er-operated relay and call monltor 
VE4RE p. 22. Jun 71 

Cav~ty fllter, 144-MHz 
WlSNN p. 22. Dec 73 

Channel scanner 
WZFPP p. 29. Aug 71 

Channels, three from two (HN) 
VE7ABK p. 68. Jun 71 

Charger, fet-controlled for nicad batteries 
WAOJYK p. 46. Aug 75 

Collinear antenna for two meters, n i ne  
element 
WCRJO p. 12, May 72 

Collinear array for two meters, 4-element 
WB6KGF p. 6, May 71 

Command function debugging circuit 
WA7HFY P. 84. Jun 78 

Continuous tuning for fm  converters (HN) 
WlDHZ p. 54. Dec 70 

Control head, customizing 
VE7ABK p. 28. Apr 71 

Converting low-band mob~le  antenna 
to 144 MHz (HN) 
K7ARR p. 90. May 77 

Decoder, control function 
WA9FTH p. 66. Mar 77 

Detectors. fm, survey of 
W6GXN p. 22. Jun 76 

Deviation measurement (letter) 
K5ZBA 0. 68. May 71 

Deviation measurements 
W3FQJ p. 52, Feb 72 

Deviation meter (HN) 
VE7ABK p. 58. Dec 70 

Digital scanner for 2-meter synthesizers 
K4GOK p. 56, Feb 78 

Digital touch-tone encoder for vhf fm  
W7FBB 0. 28. Aor 75 . . .  

Discriminator, quartz crystal 
WA0JYK p. 67. Oct 75 

Distortion in fm  systems 
WSJJ p. 26. Aug 69 

Encoder, combined digital and burst 
K8AUH p. 48. Aug 69 

European vhf-fm repeaters 
SM4GL p. 80, Sep 76 

Filter. 455-kHz for fm  
WA0JYK D. 22. Mar 72 

Fm demodulator using the phase-locked loop 
KL71PS p. 74. Sep 78 

Fm demodulator, TTL 
W3FQJ p. 66, Nov 72 

Fm receiver frequency control (letter) 
W3AFN p. 65. Apr 71 

Fm techniques and practices for vhf amateurs 
W6SAl p. 8. Sep 69 
Short circuit D. 79. Jun 70 

Fm transmitter, solid-state two-meter 
W6AJF p. 14. Jul 71 

Fm transmitter. Sonobaby. 2 meter 
WA0UZO p. 8. Oct 71 
Short Circuit p. 96. Dec 71 
Crystal deck for Sonobaby p. 26. Oct 72 

Frequency meter, two-meter fm 
W4JAZ p. 40. Jan 71 
Short circuit p. 72. Apr 71 

Freauencv svnthesizer. inex~ensive 
aibchainei, for twometer ' fm 
W0OA p. 50. Aug 73 
Correctior~ (letter) p. 65. Jun 74 

Frequency-synthesizer, one-crystal 
for two-meter f m  
W0MV p. 30, Sep 73 

Frequency synthesizer, for twometer fm  
WB4FPK p. 34, Jul 73 

Frequency synthesizer sidebands. 
filter reduces (HN) 
KlPCT p. 80. Jun 77 

Frequency synthesizers. 600 kHz offset for (HN) 
K6KLO p. 96. Jul 78 

High performance chf fm  transmitter 
WAPGCF p. 10, Aug 76 

IC-230 modification (HN) 
W8PEY 0. 80. Mar 77 

ldeniifier, programmable repeater ' 
W6AYZ p. 18. Apr 69 
Short circuit D. 76. Jul 69 

1.1 system, multimode 
WA21KL p. 39, Sep 71 

Indicator, sensitive rf 
WB9DNI p. 38,  AD^ 73 

Interface problems, fm  equipment (HN) 
W9DPY p. 58. Jun 75 

Interference, scanning receiver (HN) 
KPYAH p. 70, Sep 72 

Logic oscillator for multi-channel 
crystal control 
WlSNN p. 46, Jun 73 

Magnet mount antenna, portable (HN) 
WBZYYU p. 67. May 76 

Mobile antenna, magnet-mount 
WlHCl p. 54. Sep 75 

Mobile antennas, vhf, comparison of 
W4MNW D. 52. May 77 

Mobile operation with the Touch- one pad 
- 

wmLpq  p. 58, Aug 72 
Correct~on o. 90. Dec 72 
Modification (letter) 'p. 72. Apr 73 

Mobile rig. orotecting from theft (C&T) 
W ~ D T V  . 

- p. 42. Apr 76 

Modulation standards for vhf fm  
W6TEE p. 16. Jun 70 

Monitor receivers, two.meter fm  
WB5EMI p. 34. Apr 74 

Motorola channel elements 
WB4NEX p. 32, Dec 72 

Motorola fm  receiver mods (HN) 
VE4RE p. 60, Aug 71 
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Motorola P.33 series, improving the 
WB2AEB p. 34, Feb 71 

Motorola voice commander, improving 
W0DKU p. 70, Oct 70 

Motrac Receivers (letter) 
K5ZBA p. 69. Jul 71 

Mult~mode transcetvers, fm-ing on uhf (HN) 
W6SAI p. 98. Nov 77 

Phase-locked loop, tunable. 28 and 
50 MHz 
WlKNl  p. 40, Jan 73 

Phase modulation principles and techniques 
VEZBEN p. 28. Jul  75 
Correct~on p. 59. Dec 75 

Power amplifier, rf 220-MHz f m  
K7JUE p. 6, Sep 73 

Power amplifier, rf. 144 MHz 
Hatchett p. 6. Dec 73 

Power a m p l ~ f ~ e r ,  rf, 144-MHz f m  
W4CGC p. 6, Apr 73 

Power arnplif~er, two.meter fm. 10-watt 
WlDTY p. 67. Jan 74 

Power suoolv. regulated ac for mobile . - 
f m  equipment 
WABTMP p 28. Jun 73 

Preampllfler for hand~talkles 
WBZIFV p 89. Oct 78 

Preampllfler, two-meter 
WAZGCF p 25. Mar 72 

Preampllfler, two meter 
W8BBB p 36. Jun 74 

Prlvate call system for vhf f m  
WA6TTY p. 62, Sep 77 

Private call system for vhf f m  (HN) 
W9ZTK p. 77. Feb 78 

Prwate-l~ne, adding to Heath HW-202 
WABAWJ p. 53. Jun 74 

Push-to-talk for Styleline telephones 
WlDRP p. 18. Dec 71  

Rece~ver alignment techniques, vhf f m  
K41PV p. 14, Aug 75 

Receiver for six and two meters. 
multichannel f m  
WlSNN p. 54. Feb 74 

Receiver for two meter, f m  
W9SEK p. 22. Sep 70 
Short circuit p. 72. Apr 71 

Receiver isolation, f m  repeater (HN) 
WlDTY p. 54. Dec 70 

Receiver, modular f m  communications 
K8AUH p. 32. Jun 69 
Correction p. 71. Jan 70 

Receiver, modular, for two-meter f m  
WAZGBF p. 42. Feb 72 
Added notes p. 73, Jul  72 

Receiver performance, comparison of 
VE7ABK p. 68. Aug 72 

Receiver performance of vacuum-tube vhf.fm 
equipment, how to improve 
W6GGV p. 52, Oct 76 

Receiver, tunable vhf f m  
K8AU H p. 34. Nov 71 

Receiver, vhf f m  
WAZGCF p. 6. Nov 72 

Receiver, vhf f m  
WAZGCF p. 8. Nov 75 

Receiver, vhf f m  (letter) 
K8lHQ p. 76. May 73 

Receivers, setup using h f  harmonics (HN) 
K9MM p. 89. Nov 78 

Relay, operational-amplifier, for 
Motorola receivers 
WCGDO p. 16. Jul 73 

Remote base. an alternative to repeaters 
WA6LBV. WA6FVC p. 32, Apr 77 

Repeater channel spacing (letter) 
WB6JPI p. 90. Jan 78 

Repeater control wi th simple timers 
WZFPP p. 46. Sep 72 
Correction p. 91. Dec 72 

Repeater decoder, multi.function 
WA6TBC p. 24. Jan 73 

Repeater installation 
WZFPP p. 24. Jun 73 

~ e ~ e a t e r  jammers, tracking down 
W4MB p. 56. Sep 78 

Repeater kerchunk eliminator 
WB6GTM p. 70. Oct 77 

Repeater linking, carrier.operated relay for 
K0PHF p. 57. Jul  76 

Repeater problems 
VE7ABK p. 38, Mar 71 

Repeater, receiving system degradation 
K5ZBA p. 36. May 69 

Repeater transmitter, improving 
W6GDO p. 24. Oct 69 

Repeater shack temperature, remote checking 
ZL2AMJ p. 84, Sep 77 

Repeaters, s~ngle-frequency f m  
WZFPP D. 40. Nov 73 

Reset tlmer, automatic 
WSZHV p. 54. Oct 74 

Satellite receivers for repeaters 
WA4YAK p. 64, Oct 75 

Scanner, two-channel, for  repeater monitoring 
WBGRG p. 48, Oct 76 

Scanner. vhf receiver 
K2LZG p. 22. Feb 73 

Scanning receiver, improved 
for vhf f m  
WAZGCF p. 26. Nov 74 

Scann~ng receiver mod~f~cat ions ,  vhf f m  
WA5WOU p. 60, Feb 74 

Scannlng recelvers for two-meter f m  
K41 PV p. 28, Aug 74 

Sequential encoder, mobile f m  
W3JJU p. 34. Sep 71 

Sequential switching for Touch-Tone 
repeater control 
WBGRG p. 22. Jun 71 

Repeater ~nterferencc: some corrective actlons 
W4MB p. 54. Apr 78 

S ~ m p l e  scopc monitor for v h l  f m  
WlRHN p. 66. Aug 78 

S~ngle.frequency conversion, vhf/uhf 
W3FQJ p. 62, Apr 75 

single.;ideband frn, introduction to 
W3EJD p. 10. Jan 77 

S~ngle-tone decoder 
WAZUMY p. 70. Aug 78 

S.meter. audible, for repeaters 
ZLZAMJ p. 49. Mar 77 

S-meter for Clegg 278 (HN) 
WAZYUD p. 61. Nov 74 

Solar powered repeater design 
WB5REA/WBSRSN p. 28. Dec 78 

Squelch-audio a m p l ~ f ~ e r  for 
f m  receivers 
WB4WSU p. 68. Sep 74 

Squelch circult, another (HN) 
WB4WSU p. 78. Oct 76 

Squelch circuits for transistor radios 
WB4WSU 0. 36. Dec 75 

Subaudible tone encoders and decoders 
WBGRG p. 26. Jul 78 

Synthesized channel scannlng 
WA0UZO 0. 68. Mar 77 

Synthesized twometer f m  transcei;er 
WICMR. K l l JZ  p. 10, Jan 76 
Letter, W5GQV p. 78. Sep 76 

Telephone controller, automatic 
for your repeater 
K0PhF. WA0UZO p. 44. tdov 74 

Telephone controller for  remote repeater 
operation 
K0PHF. WA0UZO 
Precautions (letters) 

Test set for Motorola radios 
K0BKD 
S'lort circult 
Added note (letter) 

Time-out warning Indicator for f m  I 
K3NEZ 

Timer, simple (HN) 
W3CIX 

Tonealert decoder 
W8ZXH 

Tone.burst generator (HN) 
K4COF 

Tone-burst generator for repeater 
WA5KPG 

p. 50. Jan 76 
p. 79. Apr 77 

p. 12. Nov 73 
p. 58, Dec 73 
p. 64. Jun 74 

repeater users 
p. 62, Jun 76 

p. 58. Mar 73 

p. 64. Nov 78 

p. 58. Mar 73 
accessing 
p. 68. Sep 77 

Tone-burst keyer for f m  repeaters 
WBGRG p. 36. Jan 72 

Tone encoder and secondary frequency 
oscillator (HN) 
K8AUH p. 66, Jun 69 

Tone encoder, universal for vhf f m  
W6FUB p. 17. Ju l  75 
Correction p. 58. Dec 75 

Tone generator. IC 
Ahrens D. 70. Feb 77 

Touch.tone circuit, mobile 
K7QWR p. 50, Mar 73 

Touch-Tone decoder. IC 
W30G p. 26. Jul 78 

Touch-tone decoder, multi-function 
KaPHF. WA0UZO D. 14. Oct 73 - .  

Touch-tone decoder, three-digit 
W6AYZ p. 37, Dec 74 
Circuit board for p. 62. Sep 75 

Touch-Tone encoder 
W3HB p. 41. Aug 77 

Touch-tone, hand-held 
K7YAM p. 44. Sep 75 

Touch.tone handset, converting slim-line 
KZYAH p. 23. Jun 75 

Transce~ver for two-meter fm, compact 
W6AOI p. 36. Jan 74 

Transmitter for two meters, phase-modulated 
W6AJF p. 18, Feb 70 

Transmitter, two-meter f m  
W9SEK p. 6. Apr 72 

Tunable receiver modification 
for vhf f m  
WB6VKY p. 40. Oct 74 

Two-meter synthesizer, direct output 
WBZCPA p. 10, Aug 77 
Short circuit D. 68, Dec 77 

144-MHz synthesizer, direct output. 
WBZCPA p. 10, Aug 77 

144-MHz synthesizer, direct output (letter) 
WB6JPI p. 90. Jan 78 

Up/down repeater.mode circuit for  
two.meter synthesizers, 600 kHz 
WB4PHO p. 40. Jan 77 
Short c ~ r c u i t  p. 94. May 77 

Vertical antennas, truth about 5/8-wavelength 
K0DOK p. 48. May 74 
Added note (letter) p. 54. Jan 75 

Weather rnonltor receiver, retune to 
two-meter f m  (HN) 
W3WTO p. 56, Jan 75 

Whip, 5/8.wave. 144 MHz (HN) 
VE3DDD p. 70. Apr 73 

144.MHz dlgltal synthesizers, readout display 
WB4TZE p. 47. Jul 76 

144-MHz f m  exciter, high performance 
WA2GCF p. 10. Aug 76 

144-MHz m o h ~ l e  antenna (HN) 
WZEUQ p. 80. Mar 77 

144-MHz vertical m o b ~ l e  antennas, I/, and 
518 wavelengtt~, test data on 
WZLTJ. WZCQH p. 46. May 76 

144-MHz. %-wavelength verttcal antenna 
WlRHN p. 50, Mar 76 

144.MHz. %.wavelength, vertical antenna 
for mobile 
K4LPQ p. 42. May 76 

144-MHz synthes~zer, d ~ r e c t  output 
WBZCPA D. 10. AUE 77 

1 4 4 . ~ ~ ~  synthes~zer, direct output'(letter) - 
WB6JPI p. 90. Jan 78 

220 MHz frequency synthesizer 
W6GXN p. 8. Dec 74 

450-MHz preamplifier and converter 
WAZGCF p. 40. Jul 75 

integrated circuits 
Active fllters 

K6JM p. 70, Feb 78 
Amplifiers, broadband IC 

W6GXN p. 36. Jun 73 
Applications, potpourri of IC 

WIDTY. Thorpe p. 8. May 69 
Audio-power ICs 

W3FQJ p. 64. Jan 76 
Balanced modulator, an integrated.circuit 

K7QWR p. 6, Sep 70 
Cmos logic circ u ~ t s  

W3FQJ p. 50. Jun 75 
CMOS programmable dlvide-by.N counter (HN) 

W7BZ p. 94. Jan 78 
Counter gating sources 

K6KA p. 48, Nov 70 
Counter reset generator (HN) 

W3KBM p. 68. Jan 73 
C L logic circuit 

W 1 DTY p. 4. Mar 75 
Digital counters (letter) 

WlGGN p. 76. May 73 
Digital ICs, part I 

W3FOJ 0. 41. Mar 72 
D ig~ta l  i c s ,  part  II 

W3FQJ 
Correction 

p. 58. Apr 72 
p. 66. Nov 72 

Digital mixers 
WBBIFM p. 42. Dec 73 

Digital multivibrators 
W3FQJ p. 42. Jun 72 

Digital oscillators and dividers 
W3FQJ p. 62. Aug 72 

Digital readout station accessory, part I 
K6KA p. 6. Feb 72 

Digital station accessory, part  I1 
K6KA p. 50. Mar 72 

Digital station accessory, part Ill 
K6KA p. 36, Apr 72 

Divide-by-n counters, high-speed 
WlOOP p. 36, Mar 76 

Electronic couriter dials. IC 
K6KA p. 44. Sep 70 

Electronic keyar, cosmos IC 
WB2DFA p. 6. Jun 74 
Short circuit p. 62. Dec 74 

Emitter.coupled logic 
W3FQJ p. 62, Sep 72 

Flip-flops 
W3FQJ p. 60. Jul  72 

Flopfl ip, using (HN) 
W3KBM p. 60, Fob 72 

Function generator, IC 
WlDTY p. 40. Aug 71  

Function generator. IC 
K4DHC p. 22. Jun 74 

Gain control IC for audio signal processing 
Jung p. 47. Jul  77 

IC arrays 
K6JM p. 42, Sep 78 

IC op  amp update 
Jung. Walter p. 62. Mar 78 

IC power (HN) 
W3KBM p. 68, Apr 72 

IC tester. TTL 
WA4LCO p. 66. Aug 76 

Integrated circuits, part  I 
W3FQJ p. 40. Jun 71  

Integrated circuits, part  II 
W3FQJ p. 58. Jul  71  
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Integrated circuits, part Ill 
W3FQJ p. 50, Aug 7 1  

I L logic circuits 
W l DTY p. 4, Nov 75 

L o g ~ c  f a m ~ l ~ e s .  IC 
W6GXN p. 26, Jan 74 

L o g ~ c  moni tor  (HN) 
WA5SAF p. 70, Apr 72 
Correction p. 91, Dec 72 

Logic test probe 
VE6RF p. 53, Dec 73 

L o g ~ c  test probe (HN) 
Rossman p. 56. Feb 73 
Short c i rcui t  p. 58. Dec 73 

Low.cost l inear ICs 
WA7KRE p. 20, Oct 69 

M ~ s s e n t  ID 
K6KA p. 25, Apr 76 

Modular modulos 
W9SEK p. 63. Aug  70 

Mul t~. funct ion ~n tegra ted  circuits 
W3FQJ p. 46. Oct 72 

National LM373, using i n  ssb transceiver 
W5BAA p. 32. Nov 73 

Op amp challenges the 741 
WA5SNZ p. 76, Jan 78 

Op a m p  (741) circuit desjgn 
WA5SNZ p. 26, Apr 76 

Operational amplif iers 
WB2EGZ p. 6. Nov 69 

Phase-locked loops, IC 
W3FOJ D. 54. S ~ D  7 1  

~hase . locked  loops, IC, experiment; wi th 
W3FQJ p. 58. Oct 71 

Plessey SL600.series ICs, how t o  use 
GBFNT p. 26, Feb 73 

Removina ICs (HN) 
W~NIF- p. 71, Aug 70 

Seven-segment readouts, multiplexed 
W5NPD D. 37. Ju l  75 

Socket label for ICs (HN) 
WA4WDL. WB4LJM p. 94, Jan 78 

Ssb detector, IC (HN) 
K4ODS p. 67. Dec 72 
Correction (letter) p. 72. Apr 73 

Ssb equ~pment ,  us ing TTL ICs i n  
G4ADJ p. 18. Nov 75 

Surplus ICs (HN) 
W4AYV p. 68. Jul  70 

Sync generator, IC, for  ATV 
W0KGI  p. 34, Jul  75 

Transceiver. 9.MHz ssb. IC 
G3ZVC p. 34. Aug 74 
C ~ r c u ~ t  change (letter) p. 62, Sep 75 

TTL oscil lator (HN) 
WB6VZM p. 77, Feb 78 

TTL sub.series ICs, how t o  select 
WAlSNG p. 26. Dec 77 

U/ART, how i t  works 
Titus p. 58. Feb 76 

Using 1Cs wi th single.polarity 
power supplies 
WZEEY p. 35. Sep 69 

U s ~ n g  integrated c i r c u ~ t s  (HN) 
W9KXJ p. 69, May 69 

Voltage regulators 
W6GXN p. 31. Mar  77 

Voltage regulators, IC 
W7FLC p. 22. Oct 70 

Voltage-regulator ICs, adjustable 
WB9KEY p. 36. Aug  75 

Voltage-regulator ICs, three.term1nal 
WB5EMI p. 26. Dec 73 
Added note (letter) p. 73. Sep 74 

Vtvm, convert t o  an IC voltmeter 
K6VCI p. 42. Dec 74 

keying and control 
Accu-Mill, keyboard interface for  the Accu-Keyer 

WN90VY p. 26, Sep 76 
ASCII.to-Morse dode translator 

Morley. Scharon p. 41. Dec 76 
Automatic beeper for  station control 

WA6URN p. 38, Sep 76 
Break-in clrcuit, CW 

WBSYK p. 40, Jan 72 
Break-~n  contro l  system. IC (HN) 

W9ZTK p. 68, Sep 70 
Bug. solid-state 

KPFV D. 50. Jun  73 
Carr~er-operated relay 

K0PHF. WA0UZO D. 58. Nov 72 
~ m ~ s  key.ing circuits (HN) 

WB2DFA p. 57. Jan 75 
Constant o ~ t c h  moni tor  fo r  cathode o r  arid-block 

keyed i ransmit ters (HN) 
- 

K4GMR p. 100. Sep 78 
Contest keyer (HN) 

KZUBC p. 79, Apr  70 
Contest keyer, programmable 

W7BBX p. 10, Apr 76 
CW reception, enhancing through a 

sirnulated.stereo techn~que 
WAlMKP p. 61. Oct 74 

CW regenerator for  interference.free 
c ~ m m u n ~ c a t i o n s  
Leward. WB2EAX p. 54, Apr 74 

CW s ~ g n a l  processor 
W7KGZ p. 34. Oct 78 

CW sidetone (C&T) 
WlDTY p .  51, Jun 76 

D~fferent ia l  k e y ~ n g  c i rcui t  
W4lYB p. 60, Aug 76 

Electronic hand keyer 
KSTCK p. 36. Jun 7 1  

Electronlc keyer 
OK31A p. 10, Apr 78 

Electronlc keyer, cosmos IC 
WBPDFA p. 6. Jun 74 
Short c l rcul t  p. 62. Dec 74 

Electronic keyer. IC 
VE7BFK p. 32. Nov 69 

Electronic keyer notes (HN) 
Z L l B N  p. 74. Dec 71  

Electronic keyer package, compact 
W4ATE p. 50. Nov 73 

Electronic keyer w ~ t h  random-access memory 
WB9FHC p. 6. Oct 73 
Corrections (letter) p. 58, Dec 74 

p. 57. Jun 75 
Improvements (letter) p. 76. Feb 77 
Increased f lex lb~l l ty  (HN) p. 62. Mar  75 

Electronic keyer, 8043 IC 
W6GXN p .  8. Apr 75 

Electronlc keyers, simple IC 
WA5TRS p. 38. Mar 73 

Grid.block keying, s lmple (HN) 
WA4DHU p. 78. Apr 70 

lmprovlng t ransmit ter  keying 
K6KA p. 44, Jun  76 

Key and vox clicks (HN) 
K6KA p. 74. Aug 72 

Keyboard e lectron~c keyer, the code mi l l  
W6CAB p. 38. Nov 74 

Keying, paddle. S~amese 
WA5KPG p 45. Jan 75 

Keyer mod i f~ca t ion  (HN) 
W9KNI p. 80. Aug 76 
Comments p. 94. Nov 77 

Keyer mods, micro-TO 
DJ9RP p .  68, Jul  76 

Keyer paddle, portable 
WASKPG p. 52. Feb 77 

Keying the Heath HG-106 vfo (HN) 
K4BRR p. 67. Sep 70 

Latch circuit, dc 
WOLPQ p. 42. Aug 75 
Correct~on p. 58, Dec 75 

Memo-key 
WA7SCB p. 58. Jun 72 

Memory accessory, programmable 
for  electronic keyers 
WA9LUD p .  24. Aug 75 

Minbpaddle 
K6RIL p. 46, Feb 69 

Morse generator, keyboard 
W7CUU p. 36. Apr 75 

Morse sounder, radio controlled (HN) 
K6QEQ p. 66. Oct 71  

Oscillators, e lectron~c keyer 
WA6JNJ p. 44. Jun  70 

Paddle, e lectron~c keyer (HN) 
KL7EVD p. 68. Sep 72 

Paddle for electronic keyers 
ZS6AL p. 28. Apr 78 

Paddle, homebrew keyer 
W3NK p. 43. May 69 

Programmable accessory for electronic keyers 
(HN) 
K9WGN/WQSL p. 81, Aug 78 

Push.to.talk fo r  Slylel lne telephones 
WlDRP p. 18. Dec 71 

RAM keyer update 
K3NEZ p. 60, Jan 76 

Relay activator (HN) 
K6KA p. 62. Sep 71  

Relays, surplus (HN) 
WZOLU p. 70. Jul  70 

Relay, transistor replaces (HN) 
W3NK p. 72. Jan 70 

Relays, undervoltage (HN) 
W2OLU p. 64. Mar  7 1  

Remote keying your t ransmit ter  (HN) 
WA3HOU p. 74, Oct 69 

Reset t imer, automatic 
W5ZHV p. 54. Oct 74 

Sequential swi tching (HN) 
W50SF p. 63. Dc t  72 

Step-start circuit, high-voltage (HN) 
W6VFR p. 64. Sep 7 1  

Suppression networks, arc (HN) 
WASEKA p. 70, Ju l  73 

Time base, calibrated electronic keyer 
W 1 PLJ p. 39. Aug 75 

Timer, tenminu te  (HN) 
DJ9RP p. 66, Nov 76 

Transistor swi tching fo r  
electronic keyers (HN) 
W3QBO p. 66. J u n  74 

Transmit/receive switch PIN diode 
W9KHC p. 10. May 7 6  

Typewriter.type electronic keys. 
further automation fo r  
W6PRO p. 26, Mar  70 

vox. IC 
W2EEY p. 50. Mar 69 

Vox keying (HN) 
VE71G p. 83. Dec 69 

Vox, versatile 
W9KIT 
Short c i rcui t  

p. 50, Jul  71  
p. 96, Dec 7 1  

measurements and 
test equipment 
Absorp t~on  measurements, us lng your 

slgnal generator for  
WZOUX p. 79, Oct 76 

Ac current monl tor  ( letter) 
WB5MAP p. 61. Mar 75 

Ac power-l ine monl tor  
W2DLU D. 46. AUR 71  - 

AFSK generator, crystal-controlled 
K7BVT p. 13, Jul  72 

AFSK generator, phase-locked loop 
K7ZOF p. 27. Mar  73 

A.m modulatton monitor, vhf  (HN) 
K7UNL p. 67. Jul  71  

Antenna brldge calculat~ons 
Anderson. Leonard H. p 34. May 78 

Antenna brldge calculat~ons (letter) 
W50JR p. 6, May 78 

Antenna galn, measur ing 
K6JYO p. 26. Ju l  69 

Antenna malcher 
W4SD p. 24, Jun 71 

Antenna and t ransmiss~on  line 
measurement techniques 
W40Q p. 36. May 74 

Automatic no~se.figure measurements 
Repair Bench 
W6NBI p. 40, Aug 78 

Base step generator 
WB4YDZ p. 44. Jul  76 

Bridge for  antenna measurements, simple 
WZCTK p. 34, Sep 70 

Bridge, noise, for impedance measurements 
YAlGJM p. 62, Jan 73 
Added notes p. 66. May 74; p. 60, Mar 75 

Bridge, r f  nolse 
WBZEGZ p. 18, Dec 70 

Calibrating ac scales on the vtvm, icvm 
and  fet voltmeter 
W7KQ p. 48, Sep 76 

Calibrator, plug.in IC 
K6KA p. 22. Mar  69 

Capacitance meter  
Math~eson,  P. H. p. 51, Feb 78 

Capacitance meter, digital 
K4DHC p. 20. Feb 74 

Capacitance meter, direct-reading 
ZLZAUE p. 46. Apr 70 

Capacitance meter, direct-reading 
W6MUR p. 48, Aug  72 
Short c i rcui t  p. 64. Mar 74 

Capacitance meter, d~rect . reading 
WA5SNZ p. 32, Apr 75 
Added note D. 31. Oct 75 

Capacitance meter, direct reading, 'for 
electrolytics 
W9DJZ p. 14. Oct 7 1  

Capacitance meter, s imp l~ f ied  
WA5SNZ D. 78. Nov 78 

Coaxial cable, checklng (letter) 
WZOLU p. 68. May 71 

Coaxial.line loss, measur ing w i th  a 
reflectometer 
WZVCI p. 50. May 72 

Continuity bleeper for c i rcui t  t rac ing 
G3SBA p. 67. Ju l  77 

Converter, mosfet, for  receiver 
instrumentation 
WA9ZMT p. 62. Jan 71  

Counter, compact  frequency 
K4EEU p. 16. Ju l  70 
Short c i rcui t  p. 72, Dec 70 

Counter gat ing sources 
K6KA p. 48. Nov 70 

Counter readouts, swi tching (HN) 
K6KA p. 66, Jun  71  

Counter reset generator (HN) 
WBKBM p. 68. Jan 73 

Counters: a solution t o  the readout problem 
WA0GOZ p. 66. Jan 70 

CRT intensif ier fo r  RTTY 
K4VFA p. 18. Jul  71  

Crystal checker 
W6GXN p. 46. Feb 72 

Crystal test oscil lator and signal 
generator 
K4EEU p. 46. M a r  73 

Crystal.controlled frequency markers (HN) 
WA4WDK p. 64. Sep 7 1  

Cubical quad measurements 
W4YM p. 42, Jan  69 

Decade standards. economical (HN) 
W4ATE p. 66, Jun  7 1  

Digi ta l  counters (letter) 
WlGGN p. 76, May 73 
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Digital readout station accessory, par t  I 
K6KA p. 6, Feb 72 

Digital station accessory, par t  I I  
K6KA p. 50, Mar  72 

Digital station accessory, par t  Ill 
K6KA p. 36. Apr 72 

Diode tester 
W6DOB p. 46, Jan 77 

Dummy load and rf wattrneter, low-power 
W20LU p. 56, Apr 70 

Dummy load low-power vhf  
WB9DNI p. 40, Sep 73 

Dummy loads 
W4MB p. 40. Mar 76 

Dynamic transistor tester (HN) 
VE7ABK p. 65. Oct 71  

Electrolytic capacitors, measurement of (HN) 
W2NA p. 70, Feb 71  

Fm deviation measurement (letter) 
K5ZBA p. 68. May 71 

Fm deviation measurements 
W3FQJ p. 52, Feb 72 

Fm frequency meter, two.meter 
W4JAZ o. 40. Jan 71  
Short c i rcui t  p. 72. Apr 7 1  

Frequencies, counted (HN) 
K6KA p. 62. Aug  74 

Frequency calibrator, general coverage 
W5UQS p. 28, Dec 71  

Frequency calibrator, how to design 
W3AEX p. 54, Jul  71  

Frequency counter, modl fy for dlrect 
count ing t o  100 MHz 
WAISNG p. 26. Feb 78 

Frequency counter. CMOS 
WZOKO p. 22, Feb 77 
Short circuit p. 94. May 77 

Frequency counter, front.ends for a 500-MHz 
K4JIU p. 30. Feb 78 

Frequency counter, how to improve the 
accuracy of 
W l R F  p. 26. Oct 77 

Frequency counter, high.~mpedance preamp 
and pulse shaper for 
l4YAF p. 47. Feb 78 

Frequency counter, slmple (HN) 
WZQBR p. 81. Aug 78 

Frequency counter, s ~ m p l l f y l n g  
W l W P  p. 22. Feb 78 

Frequency counters, unders tand~ng and uslng 
W6NBI p. 10. Feb 78 

Frequency counters, h~gh-sensi t tv i ty  
preamplifier for 
WlCF l  D. 80. Oct 78 

Frequency counter. 50 MHz. 6 digit '  
WB2DFA p .  18, Jan  76 
Comment o. 79. Aor 77 . . .  

Frequency-marker standard uslng cmos 
W4lYB p. 44. Aug  77 

Freauency measurement o f  received 
signal; 
W4AAD p. 38. Oct 73 

Frequency measurement, vhf, wi th 
hf  receiver and scaler (HN) 
W3LB p. 90. May 77 

Frequency meter, crystal controlled (HN) 
WSJSN 0. 71. Seo 69 

Frequency scaler, divide.by.ten 
K4EEU p. 26, Aug  70 
Short c i r c u ~ t  p. 72. Apr 7 1  

Frequency scaler, d~v~de-by . ten  
W6PBC p. 41. Sep 72 
Correction 0. 90. Dec 72 
Added comments (letter) p. 64, Nov 73 
Pre-scaler, tmprovements for  
W6PBC p. 30, Oct 73 

Freouencv scaler, uhf  (11C90) 
W B ~ K E Y  p. 50. Dec 75 

Frequency scaler. 500-MHz 
W6URH p. 32, Jun 75 

Frequency scalers. 1200.MHz 
WB9KEY o. 38. Feb 75 

Frequency-shift meter. RTTY 
VK3ZNV p. 33. Jun  70 

Frequency standard (HN) 
. . .  

Frequency standard, universal 
K4EEU p. 40. Feb 74 
Short c i rcui t  0. 72. Mav 74 

Frequency synthesizer. h igh- f requincy 
K2BLA p. 16, Oct 72 

Function generator. IC 
WlDTY p. 40, Aug  7 1  

Function generator, IC 
K4DHC p. 22. Jun 74 

Function/units indicator uslng LED displays 
K0FOP p. 58. Mar 77 

Gate.dip meter  
W3WLX p. 42. Jun 77 

Grid-dip meter, no.cost 
W8Y FB p. 87. Feb 78 

Grid.dip osc~l lator ,  solid-state conversion of 
W6AJZ p. 20, Jun 70 

Harmonic generator (HN) 
W5GDQ p. 76. Oct 70 

I-f a l ignment generator 455-kHz 
WA5SNZ p. 50, Feb 74 

1.f sweep generator 
K4DHC p. 10. Sep 73 

Impedance bridge (HN) 
W6KZK p. 67, Feb 70 

Impedance bridge, low.cost RX 
WBY FB p. 6, May 73 

Impedance, measuring wi th swr bridge 
WB4KSS p. 46. May 75 

Impulse generator, pulse-snap diode 
Siegal. Turner p. 29, Oct 72 

Intermodulation-distortion measurements 
on ssb transmitters 
W6VFR p .  34. Sep 74 

L. C. R bridge, universal 
W6AOI p. 54. Apr 76 

L inear~ ty  meter for  ssb amp l i f~e rs  
W4MB p. 40. Jun 76 

L~ne-vol tage moni tor  (HN) 
WABVFK p. 66. Jan 71  
Current moni tor  mod (letter) p. GI. Mar 75 

Logic moni tor  (HN) 
WA5SAF p. 70. Apr 72 
Correction p. 91. Dec 72 

Logic test probe 
VE6RF p. 53. Dec 73 

Logic test probe (HN) 
Rossman p. 56, Feb 73 
Short c i r c u ~ t  p. 58. Dec 73 

Meter amp l i f~e rs ,  callbratong 
W40HT p. 80. Sep 78 

Meter amplif ier, electronic 
WA9HUV p. 38, Dec 76 

Meter interface, high.lmpedance 
Laughltn p. 20. Jan 74 

Meters, testing unknown (HN) 
WlONC p. 66. Jan 71  

M~crowave  marker generator. 3cm band (HN) 
WA4WDL p. 69. Jun 76 

M~ l l~amrne te rs ,  how t o  use 
W4PSJ p. 48. Sep 75 

Monitorscope, mtniature 
WA3FIY p. 34. Mar 69 

Monitorscope. RTTY 
W3CIX p. 36, Aug 72 

Multi.box (HN) 
W3KBM p. 68, Jul  69 

Mu l t~p lexed  counter dlsplays (HN) 
K lXX P. 87. May 78 

Multltester (HN) 
WlDTY p. 63, May 71  

N o ~ s e  bridge, antenna (HN) 
KBEEG p. 71. May 74 

Nolse brldge calculations wl th 
TI 58/59 calculators 
WD4GRI p. 45. May 78 

Noise.f~gure measurements for vhf 
WB6NMT p. 36. Jun 72 

N o ~ s e  figure, vhf, est imat ing 
WA9HUV p. 42. Jun 75 

Noise generator, 1296.MHz 
W3BSV p. 46, Aug 73 

Oscillator, audio 
W6GXN p. 50. Feb 73 

Oscillator, frequency measurlng 
W61EL p. 16, Apr 72 
Added notes p. 90. Dec 72 

Oscillator, two-tone, for  ssb testing 
W6GXN p. 11, Apr 72 

Oscilloscope calibrator (HN) 
K4EEU p. 69. Jul 69 

Oscilloscope, put t ing i t  t o  work 
Allen p. 64, Sep 69 

Oscilloscope, troubleshooting amateur 
gear wl th 
Allen p. 52. Aug 69 

Oscilloscope voltage calibrator 
W6PBC p. 54, Aug 72 

Peak envelope power, how to measure 
W5JJ p. 32, Nov 74 

Phase meter, rf 
VE2AYU. Korth p. 28. Apr 73 

Power meter, rf 
KBEEG p. 26. Oct 73 

Power meter, rf, how t o  use (repair bench) 
W6NBI p. 44. Apr 77 

Pre.scaler, vhf  (HN) 
W6MGI p. 57. Feb 73 

Prescaler, vhf, for  d ig i ta l  frequency counters 
K4GOK p. 32. Feb 76 

Prescaler. 1-GHz, for frequency counters 
W6NBI p. 84, Sep 78 

Probe, sensit ive rf (HN) 
W5JJ p. 61. Dec 74 

Q measurement 
G3SBA p. 49, Jan 77 

Radio Shack meters, internal resistance 
Katzenberger p. 94. Nov 77 

Reflectometers 
K lYZW p. 65. Dec 69 

Regenerative detectors and a wideband amplif ier 
WBYFB p. 61. Mar 70 

Repairs, th ink ing your way through 
Allen p. 58, Feb 7 1  

Resistance standard, s imple (HN) 
W2OLU p. 65. Mar  71  

Resistance values below 1 ohm, measur ing 
W40HT p. 66, Sep 77 

Res~stance values below 1 ohm. 
measur lng (letter) 
W l P T  p. 91. Jan 78 

Resistance values, measur ing below 1 o h m  
W40HT p. 66. Sep 77 

Resistor decades, versati le 
W4ATE p. 66, Jul  71 

Rf current readout, remote (HN) 
W4ATE p. 87, May 78 

Rf detector, sensitive 
WB9DNI D. 38. Aor 73 . . .  

Rf power meter, low-level 
W5WGF p. 58. Oct 72 

Rf signal generator, solid-state 
VESFP p. 42, Jul  70 

Rf wattrneter, accurate low power 
WA4ZRP p. 38, Dec 77 

RTTY moni tor  scooe. solid-state . . 
WBZMPZ p. 33. Dct  71  

RTTY signal generator 
W72TC p. 23. Mar 71  
Short clrcuit P. 96. Dec 71  

RTTY test generator (HN) 
W3EAG p. 67. Jan 73 

RTTY test generator (HN) 
W3EAG p. 59. Mar  73 

RTTY test generator 
WB9ATW p. 64, Jan 78 

RX impedance bridge 
WPCTK P 34, Sep 70 

RX impedance bridge, low-cost 
W8Y FB p. 6, May 73 

RX n o s e  b r~dge ,  improvements t o  
W6BXI. W6NKU p. 10, Feb 77 
Comments P. 100 Sep 77 

N o ~ s e  brldge construction (letter) 
OH2ZAZ P. 8. Sep 78 

Safer suicide cord (HN) 
K6JYO P. 64. Mar  71 

Sampl lng network, r f  - the mi l l i - tap 
W6QJW P. 34. Jan 73 

Signal generator, tone modulated for  
two and stx meters 
WABOIK P 54, Nov 69 

Signal generator, wide range 
W6GXN P. 18, Dec 73 

Slotted Ilne, how to use (repair bench) 
W6NBI D. 58. Mav 77 

Slow-scan tv test generator 
K4EEU p. 6. Ju l  73 

S ~ e c t r u m  analvzer. dc-100 MHz , . 
W6URH p. 16. Jun 77 
Short c i rcui t  p. 69, Dec 77 

Spectrum analyzer for ssb 
W3JW p. 24, Jul  77 

Spectrum analyzer, four channel 
W91A p. 6, Oct 72 

Spectrum analyzer, microwave 
N6TX P 34. Jul  78 

Spectrum analyzer t r a c k ~ n g  generator 
W6URH P. 30, Apr 78 

Spectrum analyzers, understanding 
WASSNZ P. 50. Jun 74 

Ssb, signals, moni tor ing 
W6VFR P 35. Mar  72 

Sweep generator, how to use 
Allen P. 60, Apr 70 

Sweep response curves for  low-frequency i-f's 
Allen P. 56. Mar  71  

Switch-off flasher (HN) 
Thomas p 64, Jul  71  

Swr bridge 
WBPZSH p. 55, Oct 7 1  

Swr bridge and power meter, integrated 
W6DOB p. 40. May 70 

Swr bridge (HN) 
WASTFK P. 66, May 72 

Swr bridge readongs (HN) 
W6FPO P 63, A u g  73 

Swr ind~ca to r ,  aural, for  the vtsually handicapped 
K6HTM P. 52, May 76 

Swr ~ndtcator ,  how t o  use (repair bench) 
W6NBI P 66, Jan 77 

Swr metel  
W6VSV 

Swr meter 
WB6AFT 

Swr meter, improving (HN) 
W5NPD 

Swr meters, direct reading 
WA4WDK 
Correction 

and 

p. 6, Oct 70 

P 68. Nov 78 

P. 68. Mav 76 
expanded scale 

P. 28. May 72 
P. 90. Dec 72 

Tester for 6146 tubes (HN) 
W6KNE P. 81, Aug 78 

Test probe accessory (HN) 
WZlMB D. 89. Ju l  77 

Testing power tubes 
K41PV P. 60. Apr 78 

Trrne-base oscillators, improved calibration 
WA7LUJ. WA7KMR P. 70, Mar 77 

Time-domain reflectometry, experimenter's 
approach t o  
WA0PIA P. 22, May 7 1  

Toroid permeabil i ty meter  
W6RJO P. 46, Jun 77 

Transconductance tester fo r  fets 
W6NBI P. 44, Sep 7 1  

Transistor and diode tester 
ZL2AMJ P 65, Nov 70 

Transistor curve tracer 
WA9LCX P. 52. Ju l  73 
Short c i rcui t  P. 63. Apr 74 
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Microwave rf generators, solid-state 
W l H R  p. 10, Apr 

Microwaves, get t ing started in 
Roubal p. 53. Jun  

Microwaves, Introduction 
WlCBY p. 20. Jan 

Mini-mobile 
K9UQN p. 58. Aug 

Mismatched t ransmit ter  loads, affect of  
W5JJ p. 60. Sep 

Mnemonics 
W6NIF p. 69, Dec 

Multi-function integrated circuits 
W3FQJ p. 46, Oct 

Network, the ladder 
WZCHO p. 48. Dec 

Networks, t ransmit ter  matching 
W6FFC p. 6. Jan 

Neutralizing small-signal amplif iers 
WA4WDK p. 40. Sep 

Noise figure, meaning o f  
K6MIO p. 26. Mar  

Operational amplif iers 
WBZEGZ p. 6. Nov 

Phase detector, harmonic 
W5TRS p. 40. Aug 

Phase-locked loops 
W86FOC p. 54. Jul  

Phase-locked loops. IC 
W3FQJ p. 54. Sep 

Phase.locked loops. IC, experiments wi th 
W3FQJ p. 58. Oct 

Phase-shift networks, design criteria for  
G3NRW p. 34. Jun  

Pi network design 
W6FFC P. 6. Sep 

PI network design 
Anderson. Leonard H. p .  36. Mar  

Pi network design and analysis 
W2HB p. 30. Sep 
Short c i rcui t  p. 68. Dec 

Pi network inductors (letter) 
W71V p. 78. Dec 

Pi networks, series-tuned 
WZEGH p. 42. Oct 

Power ampl~f iers,  h igh -e f f~c~ency  rf 
WB8LQK p. 8. Oct 

Power dividers and  hybr ids 
WlDAX p. 30. Aug 

Power supplies, survey o f  solid-state 
W6GXN p. 25. Feb 

Power, voltage and impedance nomograph 
WZTQK p. 32, Apr 

Printed.clrcuit boards, photofabrication of 
Hutchinson P. 6. Sep 

Programmable calculator simplif ies 
antenna design (HN) 
W3DVO p. 70. May 

Programmable calculators, us lng 
W3DVO p. 40. Mar 

Proportional temperature control for  crystal 
ovens 
VE5FP p. 44. Jan  

Pulse.duration modulat ion 
W3FQJ p. 65, Nov 

Q factor, unders tand~ng 
W5JJ p. 16. Dec 

Radiation hazard, r f  
WlDTY P. 4. S ~ P  
Correct~on p. 59. Dec 

Radio communicat ions l inks 
WlEZT p. 44, Oct 

Radio observatory, vhf  
Ham p. 44. Jul  

Radio-frequency interference 
WA3NFW p. 30, Mar  

Radio sounding system 
KL7GLK D. 42. Ju l  

Radiotelegraph translator and t ransc t~ber  
W7CUU. K7KFA p. 8. Nov 
El iminat ing the matr ix  
KH6AP p. 60. May 

Rat ing tubes for l inear amplif ier service 
W6UOV. W6SAI p. 50. Mar  

Reactance problems, nomograph for  
W6N I F p. 51. Sep 

Resistor performance a t  h igh frequencies 
KlORV p. 36. Oct 

Resistors, frequency sensitive (HN) 
WBYFB p. 54, Dec 

Resistors, frequency sensitive (letter) 
WSUHV p. 68, Jul  

RF ampl i f~er ,  wideband 
WB4KSS p. 58. Apr 

Rf autotransformers, wideband 
K4KJ p. 10, Nov 

Rf chokes, performance above and 
below resonance 
WA5SNZ p. 40. Jun 

Rf power.detecting devices 
KCJYO p. 28. Jun  

Rf power transistors, how t o  use 
WA7KRE p. 8. Jan 

Rf tnterference, suppression in telephones 
K6LDZ p. 79. Mar 

Safety clrcuit, pushbutton switch (HN) 
K3RFF, WAlFHB p. 73. Feb 

Safety i n  the h a m  shack 
Darr, James p. 44, Mar  

Satellite communications, f irst step t o  
K lMTA p. 52, Nov 72 
Added notes (letter) p. 73. Apr 73 

Satellite signal polarization 
KH61J p. 6. Dec 72 

Slgnal detectton and communicat ion 
in the presence of white nolse 
WE610M p. 16. Feb 69 

S i l ve r /s~ l~cone  grease (HN) 
W6DDB p. 63. May 71  

Slmple formula for microstr ip Impedance (HN) 
W l H R  p. 72, Dec 77 

Smith chart, how to use 
W 1 DTY p. 16. Nov 70 
Correction p. 76. Dec 71  

Solar energy 
W3FQJ p. 54. Jul  74 

Speech clippers, rf, performance of 
G6XN p. 26. Nov 72 

Square roots, f indlng (HN) 
K9DHD p. 67. Sep 73 
Increased accuracy (letter) p. 55. Mar 74 

Staircase generator (C&T) 
WlDTY p 52. Jun 76 

Standing-wave ra t~os ,  Importance of 
W2HE p. 26, Jul  73 
Correction (letter) p. 67. May 74 

Stress analysis of  antenna systems 
W2FZJ p. 23. Oct 71 

Synthesrzer design (letters) 
WB2CPA D. 94. Nov 77 

Temperature sensor, remote (HN) 
WAINJG p. 72. Feb 77 

Tetrodes, external-anode 
W6SAI p. 23, Jun 69 

Thermometer, electronic 
VK3ZNV p. 30. Apr 70 

Thyristors, lntroduction t o  
WA7KRE p. 54. Oct 70 

Toroidal coil inductance (HN) 
W3WLX p. 26, Sep 75 

Torold coils, 88-mH (HN) 
WAlNJG o. 70. Jun 76 

Toroids. calculating tnductance o f '  
WB9FHC p. 50. Feb 

Toroids. olus.in (HNI 
KBEEG. - p. 60, Jan 

Transistor amplifiers, tabulated 
characterist#cs of  
WSJJ p. 30, Mar 

Tr ig functions on a pocket calculator (HN) 
W9ZTK p 60, Nov 

Tube shields (HN) 
W9KNI p. 69. Jul  

Tuning. Current.controlled 
K2ZSQ p. 38. Jan 

TVI locator 
W6BO p. 23. Aug 

Vacuum.tube ampl i f~ers,  tabulated 
characteristics of 
W5JJ p. 30, Mar 

W a r n ~ n g  l ights, Increasing re l iabt l~ty of 
W3NK p. 40. Feb 

White noise dlodes, selecting (HN) 
W6DOB o. 65. Aor 

W ~ n d  generators 
W3FOJ P. 24. Jul  76 

Wind loading on towers and antenna 
structures, how to calculate 
K4KJ p. 16. Aug 74 
Added note p. 56. Jul  75 

Y parameters, us ing in r f  amplif ier design 
WAGTCU p. 46. Jul  72 

24-hour clock, dtgital 
W86AFT p. 44. Mar  77 

novice reading 
AC power line moni tor  

W2OLU p. 46. Aug 7 1  
Ampl~f ters,  tube and transistor. 

tabulated characteristics of 
WSJJ p. 30, Mar 71  

Antenna, bobtai l  cur ta in for  40 meters 
VElTG p. 58, Jul 69 

Antenna, bow t ie for 80 meters 
W9VMQ p. 56, May 75 

Antenna, converted vee fo r  80 and 40 
W6JKR p. 18, Dec 69 

Antenna couplers, s imple 
W2EEY p. 32, Jan 70 

Antenna ground system installation 
WlEZT p. 64. May 70 

Antenna, long wire, mul t iband 
W3FQJ p. 28, Nov 69 

Antenna, m u l t ~ b a n d  phased vertical 
WA7GXO p. 33. May 72 

Antenna systems for  40 and 80 meters 
K6KA p. 55. Feb 70 

Antenna, top-loaded 80-meter vertical 
VElTG p. 48, Jun 69 

Antenna tun ing  units 
W3FQJ p. 58. Dec 72. p. 58, Jan 73 

Antenna, unid i rect~onal  for  40 meters 
GW3NJY p. 61, Jan 70 

Antenna. 80.meter vertical 
VElTG p. 26, May 70 

Antenna, 80 meters, for  smal l  lo t  
W6AGX p. 28. May 73 

Antennas, dipole 
KH6HDM p. 60. Nov 75 

Antennas, low elevation 
W3FQJ P. 66. May 73 

Antennas, QRM reducing receiving types 
W3FQJ p. 54. May 7 1  

Antennas, simple duabband 
W6SAI p. 18. Mar 70 

Antennas, s ~ m p l e  for  80 and 40 meters 
W5RUB P. 16. Dec 72 

Audio agc principles and practice 
WASSNZ p. 28, Jun 71  

Audio filter, tunable 
WAlJSM p. 34. Aug 70 

Audio filters, inexpensive 
WBYFB p. 24. Aug  72 

Audio module, solid-state recelver 
K4DHC p.18. Jun 73 

Batteries, selecttng for  portable equipment 
WB0AIK p. 40. Aug 73 

Battery power 
W3FQJ P. 56. Aug 74, p. 57, Oct 74 

COSMOS integrated c l r c u ~ t s  
W3FQJ P. 50. Jun 75 

CW audio filter, s imple 
W7DI p. 54. Nov 7 1  

CW audlo filter, s ~ m p l e s t  
W4VNK P. 44. Oct 70 

CW monitor, simple 
WA90HR P. 65. Jan 7 1  

CW reception, improved through simulated stereo 
WAlMKP p. 53. Oct 74 

CW transcetver, low-power for  40 meters 
W7BBX p. 16. Jul 74 

Detectors, regenerative 
WBYFB P. 61. Mar  70 

Diode detectors 
W6GXN P. 28. Jan 76 

D~poles, m u l t ~ b a n d  for  portable use 
W6SAI p. 12. May 70 

Dummy load and rf wattmeter 
WZOLU P. 56. Apr 70 

Feedpoint impedance character~st ics of 
practical antennas 
WSJJ 0 .  50. Dec 73 . . 

Filter, tunable for audio selectivity 
WZEEY p. 22. Mar  70 

F ~ r e  protection i n  the ham shack 
Darr  P. 54. Jan 71  

Frequency spotter, crystal controlled 
W5JJ p. 36, Nov 70 

ICs, basics of 
W3FQJ p. 40. Jun 71, p. 58, Ju l  71  

ICs, digital, b a s ~ c s  
W3FQJ p. 41. Mar  72, p. 58. Apr 72 

ICs, digital f l ip-f lops 
W3FQJ p .  60. Jul  72 

ICs, d ig i ta l  multlvibrators 
W3FQJ p. 42. Jun 72 

ICs, d i g ~ t a l ,  osc~l lators and dividers 
W3FQJ P. 62. Aug  72 

Interference, h i - t ~  
G3LLL P. 26. Jun 75 

Interference, radlo frequency 
WA3NFW P 30. Mar 73 

Man.made interference, how t o  f ind 
WlDTY p. 12. Dec 70 

Meters, how t o  Llse 
W4PSJ P. 48, Sep 75 

Morse code, speed standards for  
VEZZK p. 58, Apr 73 

Mosfet circuits 
W3FQJ p. 50, Feb 75 

Preamplifier. 2 1  MHz 
WASSNZ p. 20. Apr 72 

Pr~nted-c i rcui t  boards, how to make your own 
K4EEU p. 58. Apr 73 

Pr~n ted-c~rcu i t  boards, low cost 
W8YFB P. 16. Jan  75 

Q factor, understanding 
WSJJ p.16. Dec 74 

R a d ~ o  communications l inks, basics of 
W 1 EZT p. 44. Oct 69 

Receiver frequency calibrator 
WSUQS p. 28. Dec 7 1  

Receiver, regenerative for  WWV 
WA5SNZ p. 42, Apr 73 

Receivers, direct-conversion 
W3FQJ p. 59. Nov 7 1  

Rectifiers, improved half-wave 
Bailey p. 34, Oct 73 

Safety i n  the h a m  shack 
Darr  p. 44. Mar  69 

Sem~conductors, charge flow in 
WB6BIH p. 50. Apr 7 1  

Semiconductor diodes, evaluating 
W5JJ P. 52. Dec 7 1  

S-meters, c i rcui ls  for  
K6SDX p. 20. Mar 75 

Speaker intell igibi l i ty, improving 
WA5RAQ p. 53. Aug  70 

Swr bridge 
WB2ZSH p. 55, Oct 7 1  

Towers and rotators 
K6KA P 34, May 76 
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Transistor power dissipation, how t o  determine 
WN9CGW p. 56, Jun  71  

IC crystal controlled oscil lators 
VK2ZTB p. 10. Mar  

Crystal swi tching (HN) 
K6LZM p. 70. Mar  

Crystal test oscil lator and signal 
generator 
K4EEU D. 46. Mar 

Battery drain, auxiliary, guard for  (HN) 
WlDTY p. 74, Oct 

Battery power 
W3FQJ p. 56. Aug  

Charger, fet.controlled, for nicad batteries 
WA0JYK p. 46. Aug 

Constant.current battery charger for 
portable operatlon 
K5PA p. 34, Apr 

Converter. 12 l o  6 volt (C&T) 
WlDTY p. 42, Apr 

Current limiting (HN) 
W0LPQ p. 70, Dec 

Current l l m l t ~ n g  (letter) 
K5MKO p. 66, Oct 

Dc.dc converter, low.power 
W5MLY p. 54. Mar  

Dc power supply, regulated (C&T) 
WIDTY p. 51. Jun 

D ~ o d e  surge protection (HN) 
WA7LUJ p. 65, Mar 
Added note p. 77, Aug  

Dry-cell l i fe 
WlDTY p. 41. Apr 

Dual-voltage power supply (HN) 
WlOOP p. 71, Apr 
Short c i rcui t  p. 80, Aug 

Dual-voltage power supply (HN) 
W5JJ p. 68. Nov 

F~ lament  transformers, mtniature 
Ba~ ley  p .  66. Sep 

IC power (I-IN) 
W3KBM p. 68. Apr 

IC power supply, adjustable (HN) 
W3HB p. 95. Jan 

IC regulated power supply 
W2FBW p. 50. Nov 

IC regulated power supply 
W9SEK p. 51. Dec 

Instantaneous-shutdown hlgh.current 
regulated supply 
W6GB P. 81. Jun 

Transmitter keying, improving 
K6KA p. 44, Jun  76 

Transmitter. low.power, 8O.meter 
W3FQJ p. 50, Aug  75 

Transmitter, mul t iband low power wi th vfo 
KBEEG p .  39, Jul  72 

Transmitter power levels 
WA5SNZ p. 62. Apr 71  

Troubleshooting, b a s ~ c  
James p. 54, Jan 76 

Troubleshoot,ng by voltage measurements 
James p .  64, Feb 76 

Troubleshoot~ng, resistance measurements 
James p. 58, Apr 76 

Crystals, overtone (HN) 
GBABR p. 72. Aug  

Dr l f t -correct~on c l rcul t  for free 
runnlng oscil lators 
PAOKSB p. 45. Dec 77 

Goral oscll lator notes (HN) 
K5QIN p. 66. Apr 76 

Hex inverter vxo c ~ r c u i t  
WZLTJ 0. 50. Aor 75 

Local osc~l lator ,  phase locked 
VE5FP p. 6, Mar 71 

M o n ~ t o r i n g  oscil lator 
W2JIO D. 36. Dec 72 

Troubleshoot~ng, th ink ing  your way through 
Allen p. 58. Feb 7 1  

Tuneup, off-the.air 
W4MB p. 40. Mar  76 

Underground coaxial transmission Ilne. 
how t o  install 
W0FCH p. 38, May 70 

Vertical antennas. Improving efflclency 
K6FD p. 54, Dec 74 

Mul t lp le band master-frequency oscil lator 
K6SDX p. 50. Nov 75 

Mul t~vibrator ,  crystal-controlled 
WNZMQY p. 65. Jul  71  

N o ~ s e  sldeband oerformance tn oscfl lators. 
evaluating 
DJTLR p. 51. Oct 78 

Oscillator, audio. IC 
W6GXN p. 50. Feb 73 

Oscillator, electronic keyer 
WA6JNJ p .  44, Jun 70 

Oscillator. Franklin (HN) 
WSJJ p. 61, Jan 72 

Oscillator, frequency measur ing 
W61EL p. 16, Apr 72 
Added notes p. 90. Dec 72 

Oscillator, gated (HN) 
WB9KEY p. 59, Jul 75 

Oscil lator-monitor, audio 
WAlJSM p. 48. Sep 70 

Oscillator, phase.locked 
VE5FP p. 6. Mar 71  

Oscillator, two-tone, for  ssb testlng 
W6GXN p. 11. Apr 72 

Oscillators (HN) 
W 1 DTY p. 68. Nov 69 

Oscillators, cure for cranky (HN) 
W8YFB p. 55. Dec 70 

Oscillators, repairing 
Allen P. 69. Mar 70 

Vfo for  40 and 80 meters 
W3QBO p 36. Aug 70 

Vfo, stable sol~d.state 
K4BGF p 8. Dec 7 1  

W ~ r ~ n g  and g r o u n d ~ n g  
W 1 EZT p 44. Jun  69 

Workbench, electronlcs 
W 1 EZT p 50. Oct 70 

operating 
Beam antenna headings 

W6FFC 
Code practice stations (letter) 

WB4LXJ 

p. 64. Apr 71  

p. 75, Dec 72 

p. 74. May 73 

p. 60. Mar  69 

p. 46, Aug  69 

p. 65, Jan 71 

Code practice (HN) 
W20UX 

Computers and h a m  radio 
W5TOM 

CW moni tor  
W2EEY 

Klystrons. reflex power for (HN) 
W6BPK p. 71, Jul  

Line-voltage moni tor  (HN) 
WA8VFK p. 66. Jan 
Current monltor mod [letter, D. 61. Mar . . 

Load protection, scr (HN) 
W5OZF p. 62, Oct 

Low-value voltage source (HN) 
WA5EKA p. 66. Nov 

Low voltage, variable bench power supply 
(weekender) 
W6NBI p. 58. Mar 

Mobile power supplies, troubleshooting 
Allen p. 56. Jun 

Mobile power supply (HN) 
WNBDJV p. 79, Apr 

Mobile supply, low-cost (HN) 
W4GEG p. 69, Jul  

Motorola Dispatcher, converting t o  

CW monitor, s imple 
WA90HR 

CW transceiver operation wi th 
transmit.receive offset 
W 1 DAX 

DXCC check list, s imple 
WPCNO 

Oscillators, resistance-capac~tance 
W6GXN P. 18. Jul  72 

p. 56, Sep 70 

D. 55. Jun 73 

Overtone crystal oscil lators w ~ t h o u t  inductors 
WA5SNZ o. 50. Aor 78 

Quadrature-phased local oscll lator (letter) ' 

K6ZX p. 62. Sep 75 
Quartz crystals (letter) 

WBZEGZ p .  74, Dec 72 
Stable vfo (C&T) 

WlDTY p. 51, Jun 76 
TTL crystal oscil lators (HN) 

W0JVA p. 60, Aug  75 
TTL oscil lator (HN) 

WB6VZW p. 77, Feb 78 
Vco, crystal.controlled 

WB610M p. 58, Oct 69 
Versatile audio oscil lator (HN) 

W7BBX D. 72. Jan 76 

~lu~&sc&t l ight, portable (HN) 
KBBYO p. 62, Oct 73 

Great.circle charts (HN) 
K6KA p. 62. Oct 73 

Identif ication t imer (HN) 
K9UQN p. 60, Nov 74 

Magazines, use your o ld 
Foster p. 52. Jan 70 

Morse code, speed standards for  
VEPZK p. 68. Apr 73 
Added note (letter) p. 68, Jan 74 

12 Volts 
WB6HXU p. 26, Ju l  

Nicad battery care (HN) 
WlDHZ D. 71. Feb . . 

Operational power supply 
WA2lKL P. 8. Apr 

Overvoltage protection (HN) 
W l  AAZ p. 64. Apr 

Pilot.lamp l i fe  (HN) 
W2OLU p. 71, Jul  

Polarity inverter, med ium current  
Laughlin p. 26. Nov 

Power supplies for single sideband 
Belt P. 38. Feb 

Power-supply h u m  (HN) 
WBYFB p. 64, May 

Power supply, improved (HN) 
W4ATE p. 72, Feb 

Power supply, precision 
W7SK p. 26, Jul  

Power supply protection for  your solid-state 
circuits 
WSJJ p. 36, Jan 

Power supply t roubleshoot~ng (repair bench) 
K41PV P. 78. S ~ D  

Protective material, plastic (HN) 
W6BKX p. 58. Dec 70 

Replays, instant  (HN) 
W6DNS 

Sideband location (HN) 
p. 67. Feb 70 

p. 62. Aug 73 

P. 61, NOV 74 

. . 
Vfo buffer amplif ier (HN) 

W3QBO p. 66. Jul  
Vfo design, stable 

WlCER p. 10. Jun 
Vfo deslgn uslng character is t~c curves 

l2BVZ p. 36, Jun  
Regulated power supplies, desagning 

KSVKO p. 58. Sep 
Vfo, d ig i ta l  readout 

WB8lFM p. 14. Jan 
Vfo for  solid.state t ransmit ters 

W3QBO p. 36. Aug 
Vfo, h igh stabil i ty 

W8YFB p. 14. Mar  
Vfo, high-stabil i ty, vhf  

OHPCD p. 27, Jan 
Vfo, mul t iband fet  

K6KA 
Spurlous signals (HN) 

K6KA 

p. 40. Oct 70 

p. 58. Mar  73 

oscillators 
Audio oscillator. NE566 IC 

WlEZT p. 36. Jan 75 
Blocking oscil lators 

W6GXN p. 45, Apr 69 
Clock oscil lator, TTL (HN) 

W9ZTK a. 56. Dec 73 

KBEEG 
Vfo, stable 

K4BGF 

p. 39. Ju l  

D. 8.  Dec 
Precision voltage supply for  

phase-locked termtnal un l t  (HN) 
C o l p ~ t t s  osc~l lator  design technique 

WB6BPI p. 78, Jul  78 
Crystal oscillator, frequency adiustment of  

W9ZTK p. 42, Aug  72 
Crystal oscillator, h igh stabil i ty 

W6TNS p. 36. Oct 74 
Crystal oscil lators 

W6GXN p. 33. Ju l  69 
Crystal oscillator, s imple (HN) 

W2QUX p. 98, Nov 77 
Crystal osc~l lators,  stable 

DJZLR p. 34, Jun  75 
Correction p. 67, Sep 75 

Crystal oscillators, survey of 
VKZZTB p. 10. Mar  76 

IC crystal controlled oscil lators (letter) 
W7EKC p. 91, Jan 78 

Crystal oven, s imple (HN) 
Mathieson p. 66, Apr 76 

Crystal ovens, precision temperature control 
K4VA D. 34, Feb 78 

Vfo transistors (HN) 
WlOOP p. 74, Nov 69 

Vxo design, practical 
K6BIJ p. 22. Aug 70 

5-ampere power supply, adjustable 
N l J R  p. 50, Dec 78 

W A ~ T L A  p. 60. Jul  
Protection for  solid-state power supplies (HN) 

W3NK p. 66. Sep 
Rectifier, half.wave, improved 

Bailey p. 34. Oct 
Regulated power supplies, how t o  design 

KSVKQ p. 58, Sep 
Regulated power supplies, designing (letter) 

W9HFR p. 110, Mar  
Regulated power supply, 500.watt 

WA6PEC p. 30, Dec 
Regulated solid.state high.voltage 

power supply 
W6GXN p. 40. Jan 
Short c i rcui t  p. 69. Apr 

Regulated 5.volt supply (HN) 
W6UNF p. 67. Jan 

SCR-regulated power supplies 
W4GOC p. 52. Ju l  

Selenium rectifiers, replacing 
W 1 DTY p. 41. Apr 

power supplies 
Ac current moni tor  (letter) 

WB5MAP p. 61. Mar  75 
Ac power supply, regulated, for  mobile 

f m  equipment 
WA8TM P p. 28. Jun  73 

All-mode.protected power supply 
KZPMA p. 74, Oct 77 

Arc suppression networks (HN) 
WASEKA D. 70. Jul  73 

Batteries, selecting for  portable equ-ipment 
WA0AlK  p. 40. Aug 73 
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Superhet tracking calculations 
WA5SNZ p. 30, Oct 78 

Superregenerative detector, optimizing 
Ring p. 32, Jul 72 

Superregenerative receiver, improved 
JAlBHG p. 48. Dec 70 

Threshold-gate/limiter for CW reception 
WZELV p. 46, Jan 72 
Added notes (letter) 
W2ELV p. 59. May 72 

Troubleshooting the dead receiver 
K41PV p. 56. Jun 76 

Vacuum-tube receivers, updating 
W6HPH p. 62. Dec 78 

Vlf converter (HN) 
W3CPU p. 69, Jul 76 

Weak signal reception in CW receivers 
ZS6BT p. 44. Nov 71 

WWV recelver, five.frequency 
W6GXN p. 36, Jul 76 

high-f requency receivers 
Bandoass l ~ l t e r s  for recelver oreselectors 

w7i01 p. 18. Feb 75 
Bandpass tuning, electronic, in the Drake R-4C 

Horner p. 58. Oct 73 
BC-1206 for 7 MHz, converted 

W4FIN 0. 30. Oct 70 
Short circuit p. 72, Apr 71 

Collins receivers, 300.H~ crystal filter for 
WlDTY p. 58, Sep 75 

Collins receivers (letter) 
G3UFZ p. 90, Jan 78 

Collins 75A4 hints (HN) 
W6VFR p. 68. Apr 72 

Collins 75A.4 modifications (HN) 
W4SD p. 67. Jan 71 

Communications recelver, five band 
K6SDX p. 6, Jun 72 

Communications receiver for 80 
meters. IC 
VE3ELP p. 6. Jul 71 

Communications receiver, micropower 
WB9FHC p. 30. Jun 73 
Short circuit p. 58. Dec 73 

Communications receivers, miniature 
design ideas for 
K4DHC p. 18, Apr 76 

Communications receiver, miniaturized 
K4DHC p. 24. Sep 74 

Communications receiver, optimum design for 
DJ2LR p. 10, Oct 76 

Communications receiver, solid-state 
l5TDJ p. 32, Oct 75 
Correction p. 59. Dec 75 

Companion receiver, all-mode 
WlSNN p. 18. Mar 73 

Converter, hf, solid-state 
VE3GFN p. 32. feb 72 

Converter. tuned very low.frequency 
OH2KT p. 49. Nov 74 

Converter, very low frequency receiving 
W21MB p. 24. Nov 76 

Crystal-controlled phase.locked converter 
W3VF p. 58. Dec 77 

D ~ g ~ t a l l y  programmable high.frequency 
commun~cations receiver 
WA9HUV p. 10. Oct 78 

Direct.conversion receivers 
W3 FQJ p. 59. Nov 71 

Direct.conversion receivers 
PA0SE p. 44, Nov 77 

Direct-cqnversion receivers, improved 
select~vity 
K6BIJ p. 32. Apr 72 

Direct.conversion receivers. 
simple active filters for 
W7ZOI p. 12, Apr 74 

Double.conversion hf receiver with 
mechanical frequency readout 
Perolo p. 26. Oct 76 

Fet converter for 10 to 40 meters, second- 
generation 
VE3GFN p. 28. Jan 70 
Short circuit p. 79, Jun 70 

Frequency synthesized local-oscillator system 
W7GHM p. 60. Oct 78 

Frequency synthesizer for the Drake R-4 
W6NBI p. 6. Aug 72 
Modif~cation (letter) p. 74. Sep 74 

General coverage communications receiver 
W6URH p. 10. NOV 77 

Gonset converter, solid-state modification of 
Schuler p. 58. Sep 69 

Hammarlund HQ215, adding 160.meter 
coverage 
W2GHK p. 32. Jan 72 

Heath S8-650 frequency d~splay, using 
with other receivers 
KZBYM p. 40. Jun 73 

High dynamic range receiver input stages 
DJ2LR p. 26. Oct 75 

High-frequency DX receiver 
WBPZVU p. 10. Dec 76 

Incremental tuning to your 
transceiver, adding 
VE3GFN p. 66. Feb 71 

Monitoring oscillator 
W2JIO p. 36, Dec 72 

Multiband high-frequency converter 
K6SDX p. 32. Oct 76 

Outboard receiver with the SB.100, 
using an (HN) 
K4GMR p. 68, Feb 70 

Overload resDonse i n  the Collins 75A-4 
receiver, improving 
W6ZO p. 42. Apr 70 
Short circuit p. 76, Sep 70 

Phasing-type ssb receiver 
WAmJYK o. 6. Aue 73 
short circuit d. 58; DZ 73 
Added note (letter) o. 63. Jun 74 

Preamplifier, emitter.tuned. 21 MH; 
WA5SNZ p. 20, Apr 72 

Preamplifier, low.noise hlgh-gain transistor 
WPEEY p. 66, Feb 69 

Preselector, generabcoverage (HN) 
W5OZF p. 75. Oct 70 

QSer, solid-state 
WSTKP p. 20. Aug 69 

Receiver incremental tuning for the 
Swan 350 (HN) 
KIKXA p. 64. Jul 71 

Receiver, reciprocating detector 
WlSNN p 44. Nov 72 
Correction (letter) p. 77. Dec 72 

Receiver, versatile solid.state 
W l P U  p. 10. Jul 70 

Receiving RTTY with Heath SB receivers (HN) 
K9HVW p. 64. Oct 71 

Reciprocat~ng detector 
WlSNN 0. 68. Oct 78 

Rf amplifiers, selective 
K6BIJ 

. . 

D. 58. Feb 72 
Regenerative detectors and a wideband 

amplifier for experimenters 
W8YFB p. 61, Mar 

RTTY monitor receiver 
K4EEU p. 27. Dec 

RTTY receiver.demodulator for net 
operation 
VE7BRK p. 42. Feb 

Swan 350 CW monitor (HN) 
KlKXA p. 63. Jun 

Transceiver selectivity improved (HN) 
VE3BWD p. 74. Oct 

Tuner overload, eliminating (HN) 
VE3GFN p. 66. Jan 
Attenuators for (letter) p. 69, Jan 

WWV receiver 
Hudor. Jr. p. 28. Feb 

WWV receiver, fixed.tuned 
W6GXN p. 24. Nov 

WWV receiver, regenerative 
WA5SNZ p. 42. Apr 

WWV recelver, slmple (HN) 
WA3JBN p. 68, Jul 
Short circuit p. 72. Dec 

WWV receiver, s~mp le  (HN) 
WA3JBN p. 55. Dec 

WWV.WWVH, amateur appl~cations for 
W3FQJ p. 53, Jan 72 

20.meter receiver with d~g i ta l  readout, part 1 
K6SDX p. 48, Oct 77 

20.meter recelver wtth digital readout, part 2 
K6SDX p. 56, Nov 77 

160.meter receiver, simple 
W6FPO p. 44, Nov 70 

1.9 MHz receiver 
W3TNO p. 6. Dec 69 

7.MHz direct-conversion recelver 
WQ)YBF D. 16. Jan 77 

7-MHz ssb receiver and transmitter; simple 
VE3GSD p. 6. Mar 74 
Short c ~ r c u ~ t  D. 62. Dec 74 

vhf receivers 
and converters 
Converters for six and two meters, mosfet 

WBZEGZ p. 41. Feb 71 
Short circuit p. 96, Dec 71 

Cooled preamplifier for vhf.uhf 
WA0RDX p. 36. Jul 72 

Filter-preamplifiers for 50 and 144 MHz 
etched 
W5KNT p. 6. Feb 71 

Fm channel scanner 
WZFPP p. 29. Aug 71 

Fm communications recelver, modular 
KBAUH p. 32. Jun 69 
Correction p. 71. Jan 70 

Fm receiver frequency control (letter) 
W3AFN p. 65, Apr 71 

Fm recelver performance, comparison of 
VE7ABK p. 68, Aug 72 

Fm receiver, multichannel for six and two 
WlSNN p. 54. Feb 74 

Fm receiver, tunable vhf 
KBAUH p. 34, Nov 71 

Fm receiver, uhf 
WA2GCF p. 6, Nov 72 

Fm repeaters, receiving system 
degradation in 
K5ZBA p. 36. May 69 

HW.l7A, perking up (HN) 
WB2EGZ p. 70. Aug 

Improving vhf/uhf receivers 
WlJAA p. 44, Mar 

Interdigital preamplifier and comb4ine 
bandpass frlter for vhf and uhf 
WSKHT P. 6. A u ~  

Interference, scanning receiver (HN) 
K2YAH p. 70. Sep 

Monitor receivers, two-meter f m  
WB5EMI p. 34. Apr 

Overload problems with vhf converters. 
solving 
WlOOP p. 53, Jan 

Receiver alignment techniques, vhf f m  
K4 1 PV p. 14. Aug 

Receiver, modular twometer f m  
WALGFB p. 42. Feb 

Receiver, vhf f m  
WAZGCF p. 8. Nov 

Receiving converter, vhf four-band 
W3TQM P 64, Oct 

Scannlng recelver for vhf fm, improved 
WAZGCF p. 26. Nov 

Scannlng recelver modif~cat~ons, 
vhf fm (HN) 
WA5WOU P 60, Feb 

Scanning receivers for two.meter f m  
K4 1 PV p. 28. Aug 

Six-meter converter, improved 
K 1 BQT p. 50. Aug 

Squelch-audio amplifier for f m  receivers 
WB4WSU p. 68, Sep 

Ssb mini4uner 
K 1 BQT P. 16. Oct 

Terminator. 50-ohm for vhf converters 
WA6UAM p. 26, Feb 

Vhf f m  receiver (letter) 
K8lHQ p. 76, May 

Vhf receiver scanner 
KZLZG p. 22, Feb 

Vhf superregenerative receiver, low-voltage 
WA5SNZ p. 22. Jut 
Short circuit p. 64. Mar 

28-30 MHz preamplifier for satellite 
reception 
WlJAA P. 48. Oct 

50-MHz pteamplifier, improved 
WA2GCF P. 46, Jan 

144-MHz converter (HN) 
K0VQY P. 71. Aug 

144-MHz converter (letter) 
W0LER p. 71, Oct 

144 MHz converter, hot-carrier diode 
K8CJ U P. 6. Oct 

144.MHz converter, modular 
W6UOV p. 64, Oct 

144 MHz converters, choosing fets for (HN) 
K6JYO p. 70, Aug 

144-MHz preamp, low.noise 
WlDTY p. 40. Apr 

144-MHz preamp, super (HN) 
K6HCP p. 72. Oct 

144.MHz preamplifier, Improved 
WAZGCF p. 25, Mar 
Added notes p. 73, Jul 

220.MHz mosfet converter 
WB2EGZ p. 28. Jan 
Short circuit p. 76. Jul 

432-MHz converter, low-noise 
K6JC p. 34. Oct 

432 MHz preamp (HN) 
WlDTY p. 66, Aug 

432 MHz preamplifier and converter 
WA2GCF p. 40, Jul 

1296.MHz converter, solid.state 
VK4ZT p. 6, Nov 

1296 MHz, double-balanced mixers for 
WA6UAM P 8. Jul 

1296-MHz preamplifier 
WA6UAM P. 42. Oct 

1296-MHz preamplifier, low.noise 
WA2VTR p. 50. Jun 
Added note (letter) p. 65. Jan 

2340-MHz converter, solid-state 
K2JNG. WAZLTM. WA2VTR p. 16. Mar 

2304-MHz preamplifier, solid-state 
WAZVTR p. 20. Aug 

receivers and converters, 
test and troubleshooting 
Rf and i-f amplifiers, troubleshooting 

Allen p. 60. Sep 
Weak.s~gnal source, variable.output 

K6JYO p. 36. Sep 
Weak.s~gnal source. 144 and 432 MHz 

K6JC p. 58. Mar 

RTTY 
AFSK, digital 

WA4VOS 
Short circuit 

p. 22, Mar 77 
p. 94, May 77 

142 december 1978 



AFSK generator (HN) 
F8Kl p. 69, Jul 76 

AFSK generator and demodulator 
WB9ATW p. 26. Sep 77 

AFSK generator, crystal-controlled 
K7BVT p. 13, Jul 72 

Receiver.demodulator for RTTY net 
operation 
VE7BRK p. 42, Feb 73 

Ribbon re-inkers 
W6FFC p. 30, Jun 72 

RTTY converter, miniature IC 
K9MRL p. 40, May 69 
Short circuit p. 80, Aug 69 

RTTY distortion: causes and cures 
WB61MP p. 36. Sep 72 

RTTY for the blind (letter) 
VE7BRK p. 76. Aug 72 

RTTY. introduction to 

Satellite tracking .- pointing and 
range with with a pocket calculator 
Ball, John A. p. 40, Feb 78 

Signal polarization, satellite 
KH6lJ p. 6, Dec 72 

Tracking the OSCAR satellites 
Harmon. WA6UAP p. 18. Sep 77 

28.30 MHz preamplifier for satellite 
reception 
W l J M  p. 48, Dct 75 

432.MHz OSCAR antenna (HN) 
WlJAA p. 58. Jul 75 

AFSK generator, crystal-controlled 
W6LLO p. 14. Dec 73 
Sluggish oscillator (letter) p. 59. Dec 74 

Audio-frequency keyer, simple 
W2LTJ p. 56, Aug 75 

Audio-frequency shift keyer 
KWfiFMT 0. 45. Seo 76 

K ~ J F P  p. 38. Jun 
RTTY line-length indicator (HN) 

WZUVF p. 62. Nov 
RTTY reception with Heath SB receivers (HN) 

K9HVW p. 64. Oct 
Selcom 

K9HVW. WB4KUR. K4EID p. 10. Jun 
Serial converter for %level teleprinters 

VE3CTP p. 67. Aug 
Short circuit p. 68. Dec 

Signal Generator. RTTY 
W7ZTC p. 23. Mar 
Short circuit p. 96, Dec 

Simple circuit replaces jack patch panel 
K4STE p. 25. Apr 

Speed control, electronic, for RTTY 
W3VF p. 50. Aug 

ST-5 keys polar relay (HN) 
W0LPD p. 72. May 

Swan 350 and 400 equipment on RTTY (HN) 
WBZMlC p. 67, Aug 

Synchrophase afsk oscillator 
W6FOO p. 30. Dec 

Synchrophase RTTY reception 
W6FOO p. 38. Nov 

Tape editor 
W3EAG p. 32. Jun 

Teleprinters, new look in 
W6JTT p. 38, Jul 

Terminal unit, phase-locked loop 
W4FQM p. 8. Jan 
Correction p. 60. May 

Terminal unit, phase-locked loop 
W4AYV p. 36, Feb 

Terminal unit, variable.shift RTTY 
W3VF p. 16, Nov 

Test generator. RTTY 
WB9ATW p. 64, Jan 

Test generator, RTTY (HN) 
W3EAG p. 67. Jan 

Test generator. RTTY (HN) 
W3EAG p. 59. Mar 

Testmessage generator. RTTY 
K9GSC. K9PKQ p. 30. Nav 

Time/date printout 
W0LZT p. 18. Jun 
Short circuit p. 68, Dec 

Voltage supply, precision for 
phase-locked terminal unit (HN) 
WA6TLA P. 60. Jul 

semiconductors Audio-frequency shift keyer, simple (CAT) 
WlDTY p. 43, Apr 76 

Audio.shift keyer, continuous-phase 
VE3CTP p. 10. Oct 73 
Short circuit p. 64. Mar 74 

Automatic frequency control for receiving RTTY 
W5NPO p. 50. Sep 71  
Added note (letter) p. 66. Jan 72 

Autostart, digital RTTY 
K4EEU p. 6, Jun 73 

Autostart monitor receiver 
K4EED p. 37. Dec 72 

CRT intensifier for RTTY 
K4VFA p. 18. Jul 71 

Carriaee return, addine to the automatic 

Antenna bearings for geostationary 
satellites, calculating 
N6TX P. 67. May 

Antenna switch for meters, solid-state 
K2ZSQ p. 48, May 

Avalanche transistor circuits 
W4NVK p. 22. Dec 

Charge flow in setniconductors 
WB6BlH p. 50. Apr 

Converting a vacuum-tube receiver to 
solid-state 
WlOOP p. 26. Feb 
Short circuit D. 76. Jul 

linezeed generator (HN) 
K4EEU p. 71. Sep 74 

Cleaning teleprinters (HN) 
W8CD p. 86. May 78 

Coherent frequency.shift keying, need for 
K3WJQ p. 30. Jun 74 
Added notes (letter) p. 58. Nov 74 

Crystal test oscillator and s~gna l  generator 
K4EEU p. 46. Mar 73 

CW memory for RTTY identification 
W6LLO D. 6. Jan 74 

Diodes, evaluating 
WSJJ p. 52. Dec 

Dvnamic transistor tester (HN) 
VE7ABK p. 65. Oct 

European semiconductor numbering system (Cd 
WlDTY p. 42, Apr 

Fet bias problems simplified 
WA5SNZ p. 50, Mar 

Fet biasing 
W3FQJ p. 61. Nov 

~e t rons l  solid-state replacements for tubes 
WlDTY p. 4. Aug 
Added notes p. 66, Oct 73: p. 62. Jun 

Frequency multipliers 
W6GXN D. 6. Aun 

Digital reperf/TD 
WB9ATW p. 58. Nov 78 

DT-500 demodulator 
KPHVW, K40AH. WB4KUR p. 24, Mar 76 
Short circuit D. 85. Oct 76 

- 
Frequency multipliers, transistor 

W6AJF p. 49, Jun 
GaAs fleld-effect transistors, ~ntroduction 

WAZZZF p. 74. Jan 
Glass semiconductors 

W 1 EZT p. 54, Jul 
Grid-dip oscillator, solid-state conversion of 

W6AJZ o. 20. Jun 

. . 
~<6&demodula tor  

K9HVW. K40AH. WB4KUR p. 8. Feb 76 
Letter, K5GZR p. 78. Sep 76 
Short circuit p. 85, Oct 76 

Dual demodulator terminal unit 
WB8ATW p. 74. Oct 78 

Electronic speed conversion for RTTY teleprinters 
WA6JYJ p. 36. Dec 71 
Printed circuit for p. 54. Oct 72 

Heatsink problem!;, how to solve transistor 
WA5SNZ P. 46, Jan 

Electronic teleprinter keyboard 
W0PHY p. 56. Aug 

Frequencyshift meter, RTTY 
VK3ZNV p. 53, Jun 

Line.end indicator. IC 
W20KO p. 22, Nov 

Line feed, automatic for RTTY 
K4EEU p. 20. Jan 

Mainline ST-5 autostart and antispace 
K2YAH p. 46. Dec 

Mainline ST.5 RTTY demodulator 
W6FFC p. 14, Sep 
Short circuit p. 72. Dec 

Mainline ST-6 RTTY demodulator 
W6FFC p. 6. Jan 
Short circuit p. 72. Apr 

Mainline ST-6 RTTY demodulator, more 
uses for (letter) 
W6FFC p. 69. Jul 

Impulse generator, snap diode 
Siegal. Turner p. 29, Oct 

Injection lasers, high power 
Mims p. 28, Sep 

Injection lasers (letter) 
Mims p. 64. Apr 

Linear power amplifier, high power solid-state 
Chambers P. 6. Aug 

Linear transistor amplifier 
W3FQJ p. 59. Sep 

Matching techniques, broadband, for 
transistor rf aniplifiers 
WA7WHZ p. 30. Jan 

Microwave amplifier design, solid state 
WA6UAM p. 40, Oct 

Mobile converter, solid-state modification of 
Schuler D. 58. Ser, 

satellites 
Amsat-Oscar D 

W3PK. G3ZCZ p. 16. Apr 
Antenna control, automatic azimuth/elevatior 

for satellite communications 
WA3 H LT p. 26. Jan 
Correction p. 58. Dec 

Antenna, simple satellite (HN) 
WA6PXY p. 59. Feb 

Antennas. s i m ~ l e ,  for satellite 

- -  - ~ 

Mosfet circuits 
W3FOJ P. 50, Feb 

~ o s f e t  bower amplifier. 160 . 6 meters 
WAlWLW p. 12. Nov 

Mosfet transistors (HN) 
WBPEGZ p. 72, Aug 

Mospower fet (letter) 
W3QQM p. 110. Mar 

Motorola fets (letter) 
WlCER p. 64. Apr 

Neutralizing small-signal amplifiers 
WA4WDK p. 40. Sep 

Noise, zener.diodf! (HN) 
VE7ABK p. 59, Jun 

Parasitic oscillations in high.power 
transistor rf anlpliflers 
W5KGl D. 54. S ~ D  

Mainline ST-6 RTTY demodulator, troubleshooting 
WCFFC p. 50, Feb 71 

Message generator, random access memory 
RTTY 
K4EEU o. 8. Jan 75 

communicaiions 
K4GSX p. 24. May 

Az-el antenna mount for satellite 
communications 
W2LX p. 34. Mar 

Calcu-puter, OSCAR 
W9CGI p. 34, Dec 

Circularly-polarized ground-plane 
antenna for satellite communications 
K4GSX p. 28. Dec 

Communications, first step to satellite 
KlMTA p. 52. Nov 
Added notes (letter) p. 73, Apr 

Future of the amateur satellite service 
K2UBC p. 32. Aug 

Medical data relay via Oscar 
K7RGE p. 67. Apr 

Oscar antenna (CAT) 
WlDTY p. 50. Jun 

Oscar antenna, mobile (HN) 
W60AL p. 67, May 

Oscar az-el antenna system 
WAlNXP p. 70. May 

Oscar trackine oroeram. HP-65 

~ e s s a g e  generator. RTTY 
W60XP. WBKCO P. 30. Feb 74 

Modulator-demodulator for vhf operation 
W6LLO D. 34. Sea 78 

~ o n i t i r  scope, phase-shift 
W3CIX p. 36, Aug 72 

Monitor scope. RTTY. Heath 
HO-10 and 88-610 as (HN) 
K9HVW p. 70, Sep 74 

Monitor scope. RTTY, solid-state 
WB2MPZ p. 33. Oct 71 

Performance and signal-to-noise ratio 
of low-frequency shift RTTY 
K6SR p. 62, Dec 76 

Phase-locked loop AFSK generator 
K7ZOF p. 27. Mar 73 

Phase-locked loop RTTY terminal unit 
W4FQM p. 8. Jan 72 
Correction p. 60. May 72 
Power supply for p. 60, Jul 74 
Optimization of the phase. 
locked terminal unit p. 22, Sep 75 
Update, W4AYV p. 16, Aug 76 

Precise tuning with ssb gear 
W0KD p. 40, Oct 70 

Printed circuit for RTTY speed converter 
W7POG p. 54, Oct 72 

pentode replacement (HN) 
WlDTY p. 70, Feb 

Power dissipation ratings of transistors 
WN9CGW p. 56, Jun 

Power fets 
W3FQJ p. 34. Apr 

Power transistors, parallelling (HN) 
WA5EKA p. 62, Jan 

Protecting solid.state devlces from 
voltage transients 
WB5DEP p. 74, Jun 

Relay, transistor replaces (HN) 
W3NK p. 72. Jan 

Rf power detecting devices 
K6JYD p. 28. Jun 

Rf power transistors, how to  use 
WA7KRE p. 8, Jan 

Snap diode impulse generator 
Siegal, Turner p. 29, Oct 

Surplus transistors, identifying 
WPFPP p. 38, Dec 

calculator Getters) 
WA3THD p. 71. Jan 

Oscar 7. communications techniques for 
G3ZCZ P. 6, A P ~  

Proeramminn for automated satellite 
c&nmunicition 
KP4MD p. 68, Jun 

Receiving preamplifier for OSCAR 8 Mode J 
KlRX and Puglia p. 20, Jun 

RAM RTTY message generator, increasing 
capacity of (HN) 
FZES p. 86, Oct 77 
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Switching inductive loads with 
solid-state devices (HN) 
WA6ROC p. 99. Jun 

Speech clipper, IC 
K6HTM D. 18. Feb 73 

Computer, processing, sstv pictures 
W4UMF p. 30. Jul 70 

Fast.scan camera converter for sstv 
WA9UHV p. 22, Jul 74 

Fast to  slow-scan conversion, tv 
W3EFG. W3YZC p. 32. Jul 71 

Frequency-selective and sensitivity- 
controlled sstv preamp 
DKlBF p. 36, Nov 75 

Interlaced sync generator for ATV camera control 
WABRMC p. 10, Sep 77 

Slow-scan television 
WA2EMC p. 52, Dec 69 

Slow-to-fast-scan television converters, 
an introduction 
K4TWJ p. 44. Aug 76 

Sync generator for black-and-white 525-line TV 
K4EEU p. 79. Jul 77 

Sync generator, IC. for ATV 
W0KGl p. 34. Jul 75 

Synch generator, sstv (letter) 
W l lA  p. 73. Apr 73 

Television DX 
WA9RAQ p. 30. Aug 73 

Test generator, sstv 
K4EEU p. 6, Jul 73 

Vestigial s~deband microtransmitter 
for amateur television 
WA6UAM p. 20. Feb 76 
Short c~ r cu i t  p. 94, May 77 

50 years of television 
WIDTY. K4TWJ p. 36, Feb 76 
Letter, WA6JFP p. 77. Sep 76 

Added notes (letter) p. 64. Oct 73 
Thyristors, introduction to  

WA7KRE p. 54. Oct 
Transconductance tester for field-effect 

Speech clipper, rf, construction 
G6XN p. 12, Dec 72 

Speech clippers, rf, performance of 
G6XN p. 26. Nov 72 
Added notes p. 58. Aug 73; p. 72, Sep 74 

transistors 
W6NBI p. 44. Sep 

Transistor ampl~fiers, tabulated 
characteristics of 
W5JJ p. 30. Mar 

Transistor and diode tester 
ZLZAMJ p. 65. Nov 

Transistor breakdown voltages 
WASEKA p. 44. Feb 

Transistors for vhf transmitters (HN) 
WlOOP p. 74, Sep 

Transistor testing 
Allen p. 62. Jul 

Trapatt diodes (letter) 
WA7NLA P. 72, Apr 

Speech clipping 
K6KA p. 24. Apr 69 

Speech clipping in single-sideband equipment 
KlYZW p. 22, Feb 71 

Speech processing, principles of 
ZL lBN D. 28. Feb 75 
Added notes p. 75. May 75; 6. 64; Nov 75 

Speech processor for ssb 
K6PHT P. 22. Apr 70 

Speech processor, ssb 
VK9GN p. 31. Dec 71 

Speech splatter on single sideband 
W4MB P. 28. Sep 75 

Vfo transistors (HN) 
WlOOP p. 74. Nov 

Y parameters in rf design, using 
WA0TCU p. 46. Jul 

Zener tester. Low voltage (HN) 
K3DPJ p. 72, Nov 

Ssb generator, phasing-type 
W7CMJ p. 22. Apr 73 
Added comments (letter) D. 65. Nov 73 

Ssb generator, 9-MHz 
W9KIT p. 6. Dec 70 

Ssb phasing techn~ques, review 
VK2ZTB p. 52. Jan 78 

Ssb phasing techn~ques, revlew (letter) 
WB9YEM p. 82. Aug 78 

Phasing networks (letter) 
W2ESH p. 6. Nov 78 

Ssb transceiver, IC, for 80 meters 
VE3GSD p. 48. Apr 76 

Switching and linear amplification 
W3FQJ p. 61. Oct 71 

Syllabic vox system for Drake equipment 
W6RM o. 24. Aua 76 

single sideband 
Balanced modulator, integrated-circuit 

K7QWR P. 6. S ~ P  
Balanced modulators, dual fet 

W3FQJ p. 63, Oct 
Communications receiver, phasing-type 

WA0JYK P. 6. Aug transmitters and ~e tec to r ,  ssb, IC (HN) 
K40DS 
Correction 

p. 67. Dec 
D. 72. Apr power amplifiers Transceiver, high-frequency with digital ;eadout 

DJZLR p. 12. Mar 78 
Transceiver. miniature 7-MHz ~ouble-balanced modulator, broadband 

WA6NCT p. 8, Mar 
Electronic bias switching for linear 

amplifiers 
W6VFR p. 50. Mar 

Filters, ssb (HN) 
K6KA p. 63, Nov 

Frequency dividers for ssb 
W7BZ p. 24. Dec 

Hang age circuit for ssb and CW 
WlERJ p. 50. Sep 

Intermittent voice operation of power tubes 
W6SAI p. 24. Jan 

Intermodu1ation.distortion measurements 
on ssb transmitters 
W6VFR p. 34. Sep 

Linear amplifier, five-band conduction. 
cooled 
W9KIT p. 6, Jul 

Linear amplifier, five.band kilowatt 
W40Q p. 14. Jan 
Improved operation (letter) p. 59. Dec 

Linear amplifier, homebrew five-band 
W71V p. 30. Mar 

Linear ampllfier performance, improving 
W4PSJ p. 68, Oct 

Linear amplifier, 100-watt 
W6WR P. 28. Dec 

general W7BBX p. 16. Jul 74 
Transceiver, single-band ssb 

WlDTY p. 8. Jun 69 
Transceiver, ssb. IC 

G3ZVC p. 34. Aug 74 
Circuit change (letter) p. 62. Sep 75 

Transceiver, ssb, using LM373 IC 
WSBAA p. 32. Nov 73 

Transceiver, 3.5-MHz ssb 
VE6ABX p. 6. Mar 73 

Transmitter alignment 
Allen p. 62. Oct 69 

Transmitter and receiver for 40 meters, ssb 
VE3GSD p. 6. Mar 74 
Short circuit p. 62. Dec 74 

Transmitter, phasing-type ssb 
WAGIJYK p. 8, Jun 75 

Transmitting mixers. 6 and 2 meters 
KZlSP p. 8. Apr 69 

Transverter, low-power, high-frequency 
W0RBR D. 12. Dec 78 

Amplitude modulation, a different approach 
WA5SNZ p. 50, Feb 70 

Batteries. how to select for  ort table 
equipment 
WAQlAlK p. 40. Aug 73 

Blower maintenance (HN) 
W6NIF p. 71, Feb 71 

Blower.to-chassis adapter (HN) 
K6JYO p. 73, Feb 71 

Digital readout, universal 
WB81FM p. 34, Dec 78 

Digital vfo basics 
Earnshaw p. 18, Nov 78 

Efficiency of linear power amplifiers. 
how to compare 
WSJJ p. 64. Jul 73 

Electronic bias switchinn for linear - 
amplifiers 
W6VFR p. 50, Mar 75 

Fail-safe timer, transmitter (HN) 
K9HVW p. 72. Oct 74 

F~ l te r  converter, an up/down 
W5DA p. 20, Dec 77 

Filters, ssb (HN) 
K6KA p. 63, Nov 73 

Frequency multipliers 
W6GXN p. 6, Aug 71 

High-voltage fuses in linear amplifiers (HN) 
K9MM p. 76. Feb 78 

Intermittent voice operation of power 
tubes 
W6SAI p. 24, Jan 71 

Key and vox clicks (HN) 
K6KA p. 74. Aug 72 

Lowpass filters for solid-state linear amplifiers 
WAplJYK p. 38. Mar 74 
Short circuit p. 62, Dec 74 

Matching techniques, broadband, for 
transistor r f  amplifiers 
WA7WHZ p. ?O. Jan 77 

Multiple tubes i n  parallel grounding g r ~ d  (HN) 
W7CSD p. 60, Aug 71 

National NCX-500 modification for 15 meters (HN) 
WAIKYO p. 87. Oct 77 

Trapezoidal monitor scope 
VE3CUS p. 22, Dec 69 

TTL ICs, using rn ssb equipment 
G4ADJ p. 18. Nov 75 

Tuning up ssb transmitters 
Allen p. 62, Nov 69 

TWO-tone oscillator for ssb testing 
W6GXN p. 11. Apr 72 

Vacuum tubes, using odd.ball types in 
linear amplifier service 
W5JJ P. 58. S ~ D  72 

Linear, five.band hf 
W7DI p. 6, Mar 

Linear for 80-10 meters, high-power 
W6HHN p. 56, Apr 
Short circuit p. 96. Dec 

Lineartty meter for ssb amplifiers 
W4MB p. 40. Jun 

Linears, three bands with two (HN) 
W4NJF p. 70. Nov 

Minituner, ssb 
K lBQT p. 16. Oct 

Modifying the Heath SB.200 amplifier 
for the new 8873 zero-bias triode 
W6UOV p. 32. Jan 

Peak envelope power, how to measure 
W5JJ p. 32. Nov 

Phase-shift networks, design criteria for 
G3NRW p. 34. Jun 

Power supplies for ssb 
Belt p. 38. Feb 

Precise tuning with ssb gear 
WaKD P. 40. Oct 

Vhf, uhf transverter, input source for (HN) 
FBMK p. 69. Sep 70 

Vox, versatile 
W9KIT p. 50. Jul  71 
Short circuit p. 96. Dec 71 

144-MHz Ilnear. 2kW 
W6UOV. W6ZO. K6DC p. 26, Apr 70 

144-MHz low-drive kilowatt linear 
W6HHN p. 26, Jul 70 

144-MHz transverter, the TR-144 
KlRAK p. 24. Feb 72 

432 MHz rf power amplifier 
K6JC p. 40. Apr 70 

432-MHz ssb converter 
K6JC p. 48, Jan 70 
Short circuit p. 79. Jun 70 

432-MHz ssb, practical approach to  
WA2FSQ p. 6. Jun 71  

1296-MHz ssb transceiver 
WA6UAM p. 8. Sep 74 

Networks, transmitter matching 
W6FFC p. 6. Jan 73 

Neutralizing t ip  (HN) 
ZE6JP p. 69. Dec 72 

Parasitic oscillations in high-power 
transistor r f  amplifiers 
WQlKGl p. 54, Sep 70 

Parasitic suppressor (HN) 
WA9JMY p. 80, Apr 70 

Pi network design 
Anderson. Leonard H. p. 36, Mar 78 

Pi network design aid 
W6NlF p. 62. May 74 
Correctnon (letter) p. 58, Dec 74 

Pi.network design, high-frequency 
power amplifier 
W6FFC p. 6. Sep 72 

~ r e . ~ m p h a s i s  for ssb transmitters 
OHPCD p. 38, Feb 

Rating tubes for linear amplifier setvice 
W6UOV. W6SAI p. 50. Mar 

Rf clipper for the Collins S-line 
K6JYO p. 18, Aug 
Letter p. 68. Dec 

Rf speech processor, ssb 
WZMB p. 18, Sep 

Sideband location (HN) 
K6KA p. 62, Aug 

Solid-state circuits for ssb 
Belt p. 18. Jan 

Solid.state transmitting converter for 
144-MHz ssb 
W6NBI p. 6. Feb 
Short circuit p. 62. Dec 

television 
Broadcast quality television camera 

WABRMC D. 10. Jan 78 
CaMslgn generator 

WB2CPA p. 34, Feb 77 
Camera and monitor, sstv 

VEBEGO. Watson p. 38, Apr 69 
Caption device for SSTV 

G3LTZ p. 61, Jul 77 
Color tv, slow-scan 

W4UMF. WBBDQT p. 59. Dec 69 

Pi networks (letter) 
W6NIF p. 6, Oct 78 

Pi-network inductors (letter) 
W71V p. 78, Dec 72 

Speech process, logarithmic 
WA3FlY p. 38. Jan 
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Pi-network r f  choke (HN) 
W6KNE p. 98. Jun 

Pi networks, series tuned 
WZEGH p. 42. Oct 

Power attenuator, albband 10-dB 
KlCCL P 68. Apr 

Power fets 
W3FQJ p. 34, Apr 

Power tube open filament pins (HN) 
W9KNI p. 69. Apr 

Pre.emphasis for ssb transmitters 
OH2CD p. 38. Feb 

Relay activator (HN) 
K6KA p. 62, Sep 

Rf leakage from your transmitter, preventing 
K9MM p. 44. Jun 

Rf power amplifiers, high.efficiency 
WB8LQK p. 8. Oct 

Rf power transistors, how to use 
WA7KRE p. 8. Jan 

Sstv reporting system 
WB6ZYE p. 78, Sep 

Step-start circuit, high-voltage (HN) 
W6VFR p. 64. Sep 

Swr alarm circuits 
W2EEY p. 73. Apr 

Temperature alarms for high-power amplifiers 
WZEEY p. 48, Jul 

Transmitter power levels, some 
observations regarding 
WA5SNZ p. 62. Apr 

Transmitter, remote keying (HN) 
WA3HDU p. 74. Oct 

Transmitter-tuning unit for the blind 
W9NTP p. 60. Jun 

Vacuum tubes, using odd-ball types in 
linear amplifiers 
W5JJ p. 58. Sep 

Vfo, digital readout 
WB81FM p. 14. Jan 

high-f requency 
transmitters 
ART-13, Modifying for noiseless CW (HN) 

K5GKN p. 68. Aug 
CW transceiver for 40 and 80 meters 

W3NNL, K3010 p. 14, Jul 
CW transceiver for 40 and 80 meters, improve 

W3NNL p. 18, Jul 
CW transceiver, low-power 20-meter 

W7ZOI p. 8, Nov 
CW transmitter, half.watt 

K0vQY p. 69. Nov 
Driver and final for 40 and 80 meters, 

solid-state 
W3QBO p. 20, Feb 

Electronic bias switch for negativelybiased 
power ampl~f iers 
WA5KPG p. 27. Nov 

Field.effect transistor transmitters 
K2BLA p. 30, Feb 

Filters, low.pass for 10 and 15 meters 
WZEEY p. 42, Jan 

Five-band transmitter, hf, solid-state 
I5TDJ P. 24. Apr 

Frequency synthesizer, high frequency 
K2BLA p. 16, Oct 

Grounded-grid 2 kW PEP amplifier, 
high frequency 
W6SAI p. 6, Feb 

Heath HW-101 transceiver, using with 
a separate receiver (HN) 
WAlMKP P. 63. Oct 

Linear amplifier, five.band 
W71V p. 30, Mar 

Linear amolifier. five-band conduction-cooled - 7 .  

W9KIT p. 6, Jul 
Linear am~ l i f i e r  ~erformance, Improving 

W4PSJ o. 68. Oct . . .  -. . . 
Linear amplifier, 100.watt 

W6WR P. 28, Dec 
Linear ampl~fiers, modifying for full 

break-in operation 
K4XU p. 38, Apr 

Linear, five-band hf 
W7DI p. 6. Mar 

Linear, five-band kilowatt 
W40Q p. 14. Jan 
Improved operation (letter) p. 59, Dec 

Linear for 80.10 meters, high.power 
W6HHN P 56, Apr 
Short circuit D. 96. Dec . . 

Linear power amplifier, high-power 
solidstate 
Chambers P. 6. Aug 

Linears, three bands with two (HN) 
W4NJF p. 70. Nov 

Lowpass filter, high-frequency 
W20LU p. 24. Mar 
Short circuit p. 59. Jun 

Modifying the Heath SB-200 amplifier for 
the new 8873 zero.bias triode 
W6UOV p. 32, Jan 

Mosfet power amplifier, for 160 - 6 meters 
WAlWLW p. 12. Nov 

Phase4ocked loop, 28 MHz 
WlKNl  o. 40. Jan 73 

QRP fet transmitter. 80-meter 
W3FQJ p. 50, Aug 75 

Ssb transceiver, miniature 7.MHz 
W7BBX p. 16. Jul 74 

Ssb transceiver using LM373 IC 
W5BAA p. 32, Nov 73 

Ssb transceiver. 9.MHz, IC 
G3ZVC p. 34. Aug 74 
Circuit change (letter) p. 62, Sep 75 

Ssb transmitter and receiver, 40 meters 
VE3GSD p. 6. Mar 74 
Short circuit p. 62. Dec 74 

Ssb transmitter, phasing type 
WADJYK p. 8. Jun 75 

Tank circuit, inductively-tuned high.frequency 
W6SAl p. 6. Jul 70 

Transce~ver, high-frequency with digital readout 
OJ2LR P. 12. Mar 78 

Transceiver, single-band ssb 
WlDTY p. 8. Jun 69 

Transceiver. 3.5-MHz ssb 
VE6ABX 

Transmltter. 
WN3WTG 

Transmitter. 
W6NIF 

Transmitter. 
K2ZSQ 

T~ansverter, 
WA0RBR 

p. 6, Mar 73 
five-band. CW and ssb 

p. 34. Jan 77 
low.power 

p. 26. Dec 70 
universal flea-power 

p. 58. Apr 69 
low.power, hlgh.frequency 

D. 12. Dec 78 . . 
wideband linear amplifier, 4 watt 

VE5FP p. 42, Jan 76 
3.4002. 3.5002 fllament circuits. notes on 

K9WEH p. 66, Apr 76 
7-MHz QRP CW transmitter 

WA4MTH p. 26, Dec 76 
14-MHz vfo transmitter, solid-state 

W3QBO p. 6, Nov 73 
160-meters. 500.watt power amplifier 

W2BP p. 8, Aug 75 

vhf and uhf transmitters 
Fm repeater transmitter, improving 

W6GDO p. 24, Oct 69 
Linear for 2 meters 

W4KAE p. 47, Jan 69 
Phase4ocked loop. 50 MHz 

WlKNl  p. 40, Jan 73 
Transistors for vhf transmitters (HN) 

WlOOP p. 74. Sep 69 
Transmitter, flea power 

K2ZSQ p. 58, Apr 69 
Transmitting mixers for 6 and 2 meters 

K2ISP p. 8. Apr 69 
Transverter for 6 meters 

WA91GU p. 44. Jul 69 
Vhf linear, 2kW, design data for 

W6UOV p. 6. Mar 69 
10-GHz transceiver for amateur 

microwave communications 
DJ700 p. 10. Aug 78 

30.MHz preamplifier, low-noise 
WlHR p. 38, Oct 78 

50-MHz kilowatt, inductively tuned 
KlDPP p. 8, Sep 75 

50-MHz linear amplifier 
KlRAK p. 38, Nov 71 

5O.MHz linear amplifier, 2-kW 
W6UOV p. 16. Feb 71 

50-MHz linear, Inductively tuned 
W6SAI 0. 6. Jul 70 

50.MHr transverter 
KlRAK p. 12, Mar 71 

50/144.MHz multimode transmitter 
K2lSP p. 28. Sep 70 

144.MHz f m  transmitter 
W9SEK p. 6. Apr 72 

144-MHz f m  transmitter, solid.state 
W6AJF p. 14, Jul 71 

144-MHz f m  transmitter, Sonobaby 
WADUZO p. 8, Oct 71  
Short circuit p. 96, Dec 71 
Crystal deck for p. 26, Oct 72 

144-MHz low-drive kilowatt linear 
W6HHN p. 26. Jul 70 

144-MHz low.power solid-state transmitter 
K0VQY p. 52, Mar 70 

1 4 4 . ~ ~ 2  phasemodulated transmitter 
W6AJF p. 18, Feb 70 

144-MHz power amplifier, high performance 
W6UOV p. 22. Aug 71 

144-MHz power amplifier. 10.watt solid-state 
W 1 DTY p. 67. Jan 74 

144-MHz rf  power amplifiers, solid state 
W4CGC p. 6, Apr 73 

144.MHz transmitting converter, solid-state ssb 
W6NBI p. 6, Feb 74 
Short circuit 0. 62. Dec 74 

144-MHz transceiver, a-m 
KlAOB p. 55. Dec 71 

144.MHz two.kilowatt linear 
W6UOV. W6ZO. K6DC p. 26, Apr 70 

144. and 432- stripline amplifier/tripler 
K2RIW D. 6. Feb 70 

220.MHz exciter 
WB6DJV p. 50. Nov 71 

220-MHz power amplifier 
W6UOV p. 44. Dec 71 

220-MHz, rf power amplifier for 
WB6DJV p. 44. Jan 71 

220-MHz rf  power amplifier, vhf f m  
K7JUE p. 6. Sep 73 

432.MHz exciter, solid-state 
WlOOP p. 38, Oct 69 

432-MHz rf power amplifier 
K6JC p. 40, Apr 70 

432-MHz solid-state linear amplifier 
WB6QXF p. 30. Aug 75 

432.MHz ssb converter 
K6JC p. 48. Jan 70 
Short circuit p. 79, Jun 70 

432-MHz 100-watt solid-state power amplifier 
WA7CNP p. 36, Sep 75 

1296-MHz frequerlcy tripler 
K4SUM. W4API p. 40. Sep 69 

1296.MHz power amplifier 
W2COH. W2CCY. W20J. 
WlMU p. 43, Mar 70 

2304.MHz power amplifier 
WA9HUV P. 8. Feb 75 

transmitters and 
power amplifiers, 
test and troubleshooting 
Ssb transmitter alignment 

Allen p. 62, Oct 69 
Tuning up ssb transmitters 

Allen p. 62, Nov 69 

troubleshooting 
Analyzing wrong dc voltages 

Allen p. 54, Feb 69 
Aud~o distortion, cureng in speech 

amplifiers 
Allen p. 42. Aug 70 

Basic troubleshooting 
James p. 54, Jan 76 

Dc.dc converters, curing trouble in 
Allen p. 56, Jun 70 

Logic circuits, troubleshooting 
W8GRG p. 56. Feb 77 

Mobile power supplies, troubleshooting 
Allen p. 56, Jun 70 

Ohmmeter troubleshooting 
Allen p. 52, Jan 69 

Oscillators, repairing 
Allen p. 69. Mar 70 

Oscillator troubleshooting (repair bench) 
K41PV p. 54. Mar 77 

Oscilloscope, putting to work 
Allen p. 64, Sep 69 

Oscilloscope, troubleshooting amateur 
gear with 
Allen p. 52, Aug 69 

Power supply, troubleshooting 
K41PV p. 78, Sep 77 

Receiver alignment techniques, vhf f m  
K4 1 PV p. 14, Aug 75 

Receivers, troubleshooting the dead 
K4 I PV p. 56, Jun 76 

Resistance measurement, troubleshooting by 
James p. 58. Apr 76 

Rf and i.f amplifiers, troubleshooting 
Allen p. 60, Sep 70 

Speech amplifiers, curing distortlon 
Allen p. 42, Aug 70 

Ssb transmitter alignment 
Allen p. 62, Oct 69 

Sweep generator, how to  use 
Allen p. 60. Apr 70 

Transistor circuits, troubleshooting 
K41PV p. 60, Sep 76 

Transistor testing 
Allen p. 62, Jul 70 

Tuning up ssb transmitters 
Allen p. 62, Nov 69 

Voltage troubleshooting 
James p. 64, Feb 76 

vhf and microwave 
general 
Artificial radio aurora, vhf 

scattering characteristics 
WB6KAP D. 18. Nov 74 . . 

A-m modulation monitor (HN) 
K7UNL p. 67, Jul 71  

Band change frorn six to  two meters, quick 
K0YQY p. 64, Feb 70 

Bandpass filters, single-pole 
W6HPH p. 51. Sep 69 
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Bandpass filters, 25 t o  2500 MHz 
K6RIL p. 46, Sep 69 

Bypassing, rf, at vhf 
WB6BHI p. 50. Jan 72 

Cavity filter. 144.MHz 
WlSNN p. 22. Dec 73 
Short circuit p. 64. Mar 74 

Coaxial filter, vhf 
W6SAI p. 36. Aug 71 

Coaxial-line resonators (HN) 
WA7KRE p. 82. Apr 70 

Coibwinding data, practical vhf and uhf 
K3SVC p. 6. Apr 71 

Effective radiated power (HN) 
VE7CB p. 72, May 73 

Frequency multipliers 
W6GXN p. 6, Aug 71 

Frequency multipliers, transistor 
W6AJF p. 49. Jun 70 

Frequency scaler. 500.MHz 
W6URH p. 32. Jun 75 

Frequency scalers. 1200.MHz 
WB9KEY p. 38. Feb 75 

Frequency synchronization for 
scatter-mode propagation 
K2OVS p. 26. Sep 71  

Frequency synthesizer. 220 MHz 
W6GXN p. 8. Dec 74 

GaAs fleld-effect transistors, introduction 
WA2ZZF p. 74, Jan 78 

Gridded tubes, vhf/uhf effects in 
W6UOV p. 8. Jan 69 

Harmonic generator (HN) 
W5GDQ p. 76. Oct 70 

Impedance bridge (HN) 
W6KZK p. 67. Feb 70 

Improving vhf/uhf receivers 
WlJAA p. 44. Mar 76 

Indicator, sensitive r f  
WB9DNI p. 38. Apr 73 

Klystron cooler, waveguide (HN) 
WA4WDL p. 74. Oct 74 

Lunar.path nomograph 
WA6NCT p. 28. Oct 70 

M ~ c r o s t r ~ p  ~mpedance, slmple formula for 
WlHR p. 72. Dec 77 

Microstr~p transm~ssion line 
WlHR p. 28, Jan 78 

Mlcrowave b~bliography 
W6HDO p. 68. Jan 78 

Microwave communications, amateur 
standards for 
K6HIJ p. 54. Sep 69 

Microwave frequency doubler 
WA4WDL p. 69. Mar 76 

Microwave hybrids and couplers for amateur use 
W2CTK p. 57. Jul 70 
Short circuit p. 72, Dec 70 

Microwave marker generator. 3cm band (HN) 
WA4WDL p. 69, Jun 76 

Mrcrowave path evaluation 
N7DH p. 40. Jan 78 

Mlcrowave rf generators, solid.state 
WlHR p. 10. Apr 77 

Microwaves, getting started in  
Roubal p. 53, Jun 72 

Microwaves, introduction to 
WlCBY p. 20, Jan 72 

Microwave solid.state amplifier design 
WA6UAM p. 40. Oct 76 
Comment. VK3TK. WA6UAM p. 98. Sep 77 

Noise figure, meaning of 
K6MIO p. 26, Mar 69 

Noise figure measurements, vhf 
WB6NMT p. 36. Jun 72 

Phase.locked loop, tunable 50 MHz 
W l K N l  p. 40, Jan 73 

Polaplexer design 
K6MBL p. 40. Mar 77 

Power dividers and hybrids 
WlDAX p. 30. Aug 72 

Proportional temperature control for crystal 
ovens 
VE5FP p. 44. Jan 70 

Radio observatory, vhf 
Ham p. 44, Jul  74 

Reflex klystrons, pogo stick for (HN) 
W6BPK p. 71, Jul 73 

Rf power-detecting devices 
K6JYO p. 28, Jun 70 

Satellite communications 
KlTMA p. 52. Nov 72 
Added notes (letter) p. 73, Apr 73 

Satellite signal polarization 
KH61J p. 6. Dec 72 

Solar cycle 20, vhfer's vlew of 
WA5IYX p. 46, Dec 74 

Spectrum analyzer, microwave 
WA6UAM p. 54. Aug 77 

Spectrum analyzer microwave 
N6TX p. 34. Jul  78 

Tank circuits, design of vhf 
K7UNL p. 56. Nov 70 

Uhf dummy load. 150.watt 
WB6QXF p. 30. Sep 76 

Uhf hardware (HN) 
W6CMQ p. 76, Dct 70 

Vfo, high.stability vhf 
OH2CD 

Vhf beacons 
K6EDX 

p. 27. Jan 72 

0. 52. Oct 69 
Vhf beacons 

W3FQJ p. 66, Dec 71  
Vhf circuits, eliminating parallel currents (HN) 

G31PV p. 91, May 77 
Weak.s~gnal communications 

W4LTU o. 26. Mar 78 
50.MHz bandpass fllter 

W4EKO p. 70, Aug 76 
50-MHz frequency synthesizer 

WlKNl  p. 26. Mar 74 
144.MHz f m  freauencv meter . . 

W4JAZ p. 40. Jan 71  
Short circuit p. 72, Apr 71 

144-MHz frequency synthesizer 
WB4FPK a. 34. Jul 73 

144.MHz frequency-synthesizer. one. 
crystal 
W0KMV p. 30. Sep 73 

220-MHz frequency synthesizer 
W6GXN p. 8. Dec 74 

432-MHz ssb, practical approach to 
WA2FSQ p. 6. Jun 71 

1296-MHz double-stub tuner 
K6LK p. 70. Dec 78 

1296-MHz microstripline bandpass filters 
WA6UAM p. 46. Dec 75 

1296.MHz mlcrostrip ftlter. 
lmproved grounding for 
N6TX p. 60. Aug 78 

2304-MHz stripline bandpass fllter 
WA4WDL. WB4LJM p. 50, Apr 77 

vhf and microwave 
antennas 
Circularly-polarized ground.plane 

antenna for satellite commun~cations 
K4GSX p. 28. Dec 74 

Feed horn, cylindrical, for parabolic reflectors 
WA9HUV p. 16. May 76 

Feeding and matching techniques for 
vhf/uhf antennas 
WlJAA p. 54, May 76 

Ground plane, portable vhf (HN) 
K9DHD p. 71, May 73 

Logperiodic yagi beam antenna 
K6RIL. W6SAI p. 8. Jul 69 
Correction D. 68. Feb 70 

Match~ng techn~ques for vhf/uhf antennas 
WlJAA p. 50, Jul 76 

Microstrip swr bridge. vhf and uhf 
W4CGC p. 22. Dec 72 

Microwave antenna, low.cost 
K6HIJ p. 52, Nov 69 

Oscar az.el antenna system 
WAlNXP p. 70. May 78 

Parabolic reflector antennas 
VK3ATN p. 12, May 74 

Parabol~c reflector element spacing 
WA9HUV D. 28. May 75 

Parabolic reflector gain 
W2TQK p. 50, Jul 75 

Parabolic reflector, 16.foot homebrew 
WB610M p. 8. Aug 69 

Parabolic reflectors, f inding 
focal length of (HN) 
WA4WDL p. 57. Mar 74 

Swr meter 
W6VSV p. 6. Oct 70 

Transmission lines, uhf 
WA2VTR p. 36. May 71  

10 GHz, broadband antenna 
WA4WDL, WB4LJM p. 40. May 77 

10 GHz dielectric antenna (HN) 
WA4WDL p. 80. May 75 

50.MHz antenna coupler 
KlRAK p. 44. Ju l  71 

50-MHz collinear beam 
K4ERO p. 59. Nov 69 

50.MHz cubical quad, economy 
W6DOR p. 50. Apr 69 

50-MHz mobile antenna (HN) 
W4PSJ p. 77. Dct 70 

144-MHz antenna. 5/a wave vertical 
K6KLO p. 40. Jul 74 

144-MHz antenna, %.wave vertical, 
build f rom CB mobile whips 
WB4WSU p. 67. Jun 74 

144-MHz antennas, simple 
WA3NFW p. 30. May 73 

144-MHz antenna switch, solid.state 
K2ZSQ p. 48, May 69 

144.MHz collinear antenna 
W6RJO p. 12, May 72 

144.MHz collinear uses PVC pipe mast (HN) 
K8LLZ p. 66, May 76 

144-MHz four.element collinear array 
WB6KGF p. 6. May 71 

144-MHz ground plane antenna. 0.7 
wavelength 
W3WZA p. 40. Mar 69 

144.MHz nioonbounce antenna 
K6HCP D. 52. Mav 70 

144.MHz whip. 5/8.wave (HN) 
VE3DDD p. 70.  AD^ 73 

432-MHz corner reflector antenna 
WA2FSQ p. 24. Nov 71  

432-MHz hieh-eain Yael - - - 
K6HCP p. 46. Jan 76 
Comments. W0PW p. 63. May 76 

432-MHz OSCAR antenna (HN) 
WlJAA p. 58. Jul 75 

432. and 1296.MHz quad-yagi arrays 
W3AED p. 20. May 73 
Short circuit D. 58. Dec 73 

440.MHz collinear antenna, four-eliment 
WA6HTP P. 38, 

1296-MHz antenna, high.gain 
W3AED P. 74. 

1296-MHz Yagi 
W2COH P. 24. 

May 

May 

Mav 
1 2 9 6 . ~ ~ ~  Yagi array 

W3AED p. 40. May 

vhf and microwave 
receivers and converters 
Audio f~l ter ,  tunable, for weak.signal 

Commuilicat~ons 
K6HCP p. 28. Nov 75 

Calculatine: ~ reamol i f le r  aasn from - .  - 
noise.flgure measurements 
N 6TX p. 30. Nov 77 

Cooled preamplifier for vhf-uhf reception 
WA0RDX p. 36. Jul  72 

Double-balanced mixers, clrcult packaging for 
W A ~ U A M  ' p. TI.-sep 77 

Interdigital preamplifier and comb-line 
bandpass fi l ter for vhf and uhf 
W6KHT p. 6. Aug 70 

Microwave amplif ier design, solid state 
WA6UAM p. 40. Oct 76 

M~crowavt! mixer, new 
WA0RDX p. 84. Oct 78 

Noise figure, sensitivity and dynamic range 
WlDTY p. 8, Oct 75 

No~se f~gure,  vhf, es t~mat ing  
WA9HUV p. 42. Jun 75 

Overload problems with vhf converters, 
solving 
WlOOP p. 53, Jan 73 

Receiver scanner. vhf 
K2LZG p. 22, Feb 73 

Receiver, superregenerative, for vhf 
WA5SNL p. 22, Jul  73 

S~gna l  delection and communication 
in  the presence of white noise 
WB610M p. 16, Feb 69 

Signal generator for two and six meters 
WABOIK p. 54, Nov 69 

Single-frequency conversion, vhf/uhf 
W3FQJ p. 62, Apr 75 

Vhl  receiver, general.purpose 
KlZJH p. 16. Jul 78 

Vhf/uhf preamplifier burnout (HN) 
WlJR p. 43. Nov 78 

Vhf receiver, general-purpose 
KlZJH p. 16. Jul  78 

Weak-signal source, stable, variable output 
K6JYO p. 36, Sep 71  

Weak-signal source, 144 and 432 MHz 
K6JC p. 58. Mar 70 

10 GHz hybrid-tee mixer 
G3NRT p. 34. Oct 77 

28.30 MHz low-noise preamp 
WlJAA p. 48, Oct 75 

3o.MHz preamplifier, low-noise 
W ~ H R  p. 38, o c t  78 

5o.MHz deluxe mosfet converter 
WB2EGZ p. 41, Feb 71 

50-MHz etched-inductance bandpass filters 
and filter-preamplifiers 
W5KHT p. 6. Feb 71 

50.MHz preamplifier, improved 
WA2GCF p. 46, Jan 73 

144-MHz converter (HN) 
K0VQY p. 71, Aug 70 

144-MHz converter, high dynamic range 
DJ2LR p. 55. Jul  77 

144-MHz converters, choosing fets (HN) 
K6JYO P. 70. Aug 69 

1 4 4 . ~ ~ 2  deluxe mosfet converter 
WBPEGZ p. 41, Feb 71  
Short circuit p. 96, Dec 71  
Letter. W0LER p. 71, Oct 71  

144.MHz etched-inductance bandpass 
filters and filter-preamplifiers 
W5KHT p. 6. Feb 71 

144-MHz f m  receiver 
W9SEK p. 22, Sep 70 

144.MHz f m  receiver 
WAZGBF p. 42. Feb 72 
Added notes p. 73, Jul  72 

144-MHz f m  receiver 
WAZGCF p. 6. Nov 72 

144-MHz preamplifier, improved 
WAPGCF p. 25, Mar 72 



144-MHz preamplifier, low noise 
WBBBB p. 36. Jun 74 

144-MHz preamp, low-noise 
WlDTY p. 40, Apr 76 

144-MHz preamp, super (HN) 
K6HCP p. 72, Oct 69 

144-MHz transverter using power fets 
WB6BPI p. 10. Sep 76 

220-MHz mosfet converter 
WBZEGZ p. 28. Jan 69 
Short circuit p. 76. Jul 69 

432.MHz converter, low-noise 
K6JC p. 34. Oct 70 

432-MHz fet preamp (HN) 
WlDTY p. 66. Aug 69 

432-MHz GaAs preamp 
JHlBRY p. 22. Apr 78 

432-MHz preampltfier, low-nose 
WB5LUA p. 26. Oct 78 

432 MHz preampl~ f~er  and converter 
WAPGCF p. 40. Jul 75 

432.MHz preampllf~er, ultra low-noise 
WlJAA p. 8. Mar 75 

1296-MHz converter, solid state 
VK4ZT p. 6. Nov 70 

1296 MHz, double.balanced mixers for 
WA6UAM p. 8. Jul 75 

1296-MHz local.oscillator chain 
WA2ZZF p. 42. Oct 78 

1296-MHz noise generator 
W3BSV p. 46. Aug 73 

1296-MHz preamplifier 
WA6UAM p. 42. Oct 75 

1296.MHz preamplifier, low-noise 
transistor 
WA2VTR p. 50. Jun 71  
Added note (letter) p. 65. Jan 72 

1296-MHz preamplifiers, microstripline 
WA6UAM p. 12. Apr 75 
Comments, W2DU p. 68. Jan 76 

1296-MHz ssb transceiver 
WA6UAM p. 8. Sep 74 

1296-MHz rat.race balanced mixer 
WA6UAM p. 33. Jul 77 

2304-MHz balanced mixer 
WA2ZZF p. 58. Oct 75 

2304.MHz converter, solid.state 
KPJNG, WAZLTM, WA2VTR p. 16. Mar 72 

2304-MHz preamplifier, solid-state 
WA2VTR p. 20. Aug 72 

2304-MHz preamplifiers, narrow.band 
solid.state 
WA9HUV p. 6, Jul 74 

vhf and microwave 
transmitters 
External anode tetrodes 

W6SAI p. 23. Jun 69 
Inductively-tuned tank circuit 

W6SAI p. 6, Jul 70 
Lighthouse tubes for uhf 

W6UOV p. 27. Jun 69 
Pi networks, seriestuned 

WLEGH p. 42. Oct 71 
Ssb input source for vhf, uhf transverters (HN) 

F8MK p. 69, Sep 70 
Transistors for vhf transmitters (HN) 

WlOOP p. 74, Sep 69 
Vhf linear, 2 kW, design data for 

W6UOV p. 7. Mar 69 
Water-cooled 2C39 (HN) 

WA9RPB p. 94, Sep 77 
2C39, water cooling 

KIMYC p. 30. Jun 69 
50.MHz customized transverter 

KlRAK p. 12. Mar 71 
50-MHz heterodyne transmitting mlxer 

K21SP p. 8. Apr 69 
Correction p. 76. Sep 70 

50.MHz kilowatt. tnductively-tuned 
KlDPP p. 8, Sep 75 

50.MHz 2 kW linear amplifier 
W6UOV p. 16, Feb 71 

50-MHz linear amplifier 
KlRAK p. 38. Nov 71 

50-MHz multimode transmitter 
K2lSP p. 28, Sep 70 

50-MHz transverter 
WA91GU p. 44, Jul 69 

144-MHz fm transceiver, compact 
W6AOI p. 36. Jan 74 

144.MHz f m  transmitter 
W6AJ F p. 14, Jul 71 

144-MHz f m  transmitter 
W9SEK p. 6. Apr 72 

144-MHz f m  transmitter, Sonobaby 
WA0UZO p. 8, Oct 71 
Crystal deck for Sonobaby p. 26. Oct 72 

144-MHz heterodyne transmitting mixers 
K2lSP p. 8, Apr 69 
Correction p. 76, Sep 70 

144.MHz linear 
W4KAE D. 47, Jan 69 

144-MHz linear. 2kW, design data for 
W6UOV p. 7. Mar 69 

144.MHz low.drive kilowatt linear 
W6HHN p. 26, Jul 70 

144-MHz multimode transmitter 
K2lSP p. 28. Sep 70 

144-MHz phase-modulated transmitter 
W6AJ F p. 18. Feb 70 

144.MHz power amplifier, high 
performance 
W6UOV p. 22. Aug 71 

144.MHz power amplifiers, f m  
W4CGC p. 6, Apr 73 

144-MHz power amplifier, 10-watt 
solid-state (HN:, 
W 1 DTY p. 67, Jan 74 

144.MHz power amplifier. 80-watt, solidstate 
Hatchett p. 6. Dec 73 

144.MHz stripline kilowatt 
WZGN p. 10, Oct 77 

144-MHz transceiver, a.m 
KlAOB p. 55, Dec 71 

144-MHz transmitting converter, solid.state ssb 
W6NBI p. 6. Feb 74 
Short circuit p. 62, Dec 74 

144.MHz transverter 
KlRAK p. 24, Feb 72 

144.MHz two-kilowatt linear 
W6UOV. W6Z0, K6DC p. 26. Apr 70 

144- and 432-MHz stripline amplif ier/tr~pler 
K2RIW p. 6, Feb 70 

220-MHz exciter 
WB6DJV p. 50, Nov 71 

220.MHz power amplifier 
W6UOV p. 44. Dec 71 

220-MHz r f  power amplifier 
WB6DJV p. 44. Jan 71 

220-MHz r f  power amplifier, fm 
K7JUE p. 6. Sep 73 

432.MHz exciter, solid-state 
WlOOP D. 38. Oct 69 . . 

432-MHz power amplifier using stripline 
techniques 
W3HMU P 10, Jun 

432-MHz rf  power amplifier 
K6JC p. 40, Apr 

432-MHz solld-state linear amplifier 
WB6QXF p. 30, Aug 

432-MHz ssb converter 
K6JC p. 48. Jan 70 
Short circuit p. 79. Jun 70 

432-MHz ssb, practical approach 
WA2FSQ p. 6, Jun 71 

432-MHz stripline tripler 
K2RIW p. 6, Feb 70 

432-MHz 100-watt solid-state power 
amplifier 
WA7CNP p. 36, Sep 75 

1152 to 2304.MHr power doubler 
WA9HUV p. 40. Dec 75 

1270.MHz video-modulated power amplifier 
W9ZIH p. 67. Jun 77 

1296.MHz frequency tripler 
K4SUM. W4API p. 40, Sep 69 

1296-MHz power amplifier 
W2COH. WZCCY. W20J. 
Wl lMU p. 43, Mar 70 

1296.MHz ssb transceiver 
WA6UAM o. 8. Seo 74 

1296.MHz transverter 
K6ZMW p 10, Jul 77 

2304.MHz power amp l~ f~e r  
WA9HUV p. 8, Feb 75 

STRAIGHT CODE SERIES 
Here are three different straight code tapes consisting of randomly gener- 
ated six character groups sent at different speeds. 
These tapes are excellent for building both the speed and copying accura- 
cy needed for contesting, DXing and traffic handling. 

OHR-STCl - $4.95 OHR-STC3 - $4.95 
7.5 wpm code for 25 mlnutes 25 wpm for 20 minutes 
10 wpm code for 25 minutes 30 wpm for 20 minutes 
15 wpm codefor 25 minutes 35 wpm for 20 minutes 

OHR-STC2 - $4.95 40 wpm for 20 minutes 
15 wpm code for 50 mlnutes 
22.5 wpm code for 35 mlnutes 

PLAIN LANGUAGE TEXT SERIES 
Now, there's an opportunity to practice copying code in plain language 
text, any time of the day. The PLT series is excellent for those who are 
learning code by the word method. These tapes can also be used to im- 
prove sending speed and accuracy by using the provided text and a code 
practice oscillator to send in time with the tape. 

OHR-PLT1 - 54.95 OHR-PLTZ - $4.95 
15 wpm code for 20 mlnutes 30 wpm code for 20 minutes 
18 wpm code lor 20 minutes 35 wpm code for 15 minutes 
22 wpm code for 20 rnlnutes 40 wpm code lor 15 minutes 
25 wpm code for 20 minutes 45 wpm code for 15 minutes 

50 wpm code for 15 mlnutes 

More Details? CHECK-OFF Page 150 

HI/LO SERIES 
In this unique series, characters are sent at h~gh speeds with long pauses 
between each character. For example, HLC4 (1 5/2.5 wpm) consists of 
characters sent at a 15 wpm rate, but with 2 5 wpm spacing between 
each character. These tapes are excellent for the beginner who wants to 
practice copying higher speed code without the frustration of constantly 
getting behind. 
OHR-HLC1 - $4.95 OHR-HLC3 - $4.95 

22.512.5 wpm code for 80 minutes 1515 wpm code for 28 minutes 
OHR-HLCZ - $4.95 1517.5 wpm code tor 28 minutes 

22.515 wpm code for 20 mlnutes 15/10 wpm code for 28 minutes 
22.517 5 wpm code for 20 minutes OHR-HLC4 - $4.95 
22.5110 wpm code for 20 minutes 1512.5 wpm code tor 80 minutes 
22.5113 wpm code for 20 millutes 

QSO SERIES 
Here's the way to go for those planning to upgrade their present license 
to General or Extra Class. Both OSO tapes are reproductions of actual on- 
the-air CW contacts, similar in content to the FCC code exams. Both tapes 
are recorded at speeds faster than those encountered In the exams. Get 
the best practice for that all-important code test by mastering these tapes. 
OHR-QSO-1 - $4.95 - A 90 minute tape of 25 USOs sent at 15 wpm. 
OHR-QSO-2 - 54.95 - A 90 m u t e  tape of 30 USOs sent at 22.5 wpm. 

Please include order codes and send check, money order or 
credit card information, plus $1.00 handling to: 
Ham Radio's Communications Bookstore 
Greenville, NH 03048 
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When you buy an ALPHA linear amplifier you VERSATILITY? The new ALPHA 374A delivers full 
make a long term investment in dependable legal power (in any mode) on all amateur HF 
power and operating pleasure. bands WITHOUT TUNE-UP and with excellent 

You can take your ALPHA for granted - it will efficiency. (On t60M You peak the output manu- 
go on delivering that big, clean, maximum-legal- ally; new FCC rules permit easy Owner modifica- 
power signal no matter how tough the contest or tion to restore full 10M capability, too.) 
how long the SSTV or RTTY QSO's. The ALPHA 78 combines the best of everything: 

We strive constantly to make every ALPHA even full instant CW break-in (QSK) and NO-TUNE-UP 
better. If we can't improve it, we don't change it. bandchange! And of course all ALPHAS substan- 
DURABILITY? You get TWO YEARS of factory tially exceed every applicable FCC requirement. 
warranty protection with your new ALPHA . . . For detailed literature and fast delivery of your 
other manufacturers give you 90 days. new ALPHA, contact your dealer or ETO direct. 
CONVENIENCE? Every ALPHA is self-contained, While you're at it, ask for a free copy of our brief 
compact, and smooth-tuning. All 76A - 374A - 78 guide, "Everything You Always Wanted to Know 
models can be shipped via economical, door-to- About (Comparing) Linears . . . But Didn't Know 
door UPS. Whom to Ask." 

ALPHA - Sure you can buy a cheaper l inear. .  . But is  that m y  what you want? 

E Ehrhorn Technological Operations, Inc. 
P.O. Box 708 CaRon City, Colorado 81212 - (303) 275-1613 



FT-901 DM HF transceiver Freq. coverage. 10 thru 80 meters. sensitivity: 0.5 
microvolts/ s/n 2068, emiss~ons: LSB. USE. CW. input 

Audio peak freq. tun~ng. LED w/memory, no external VFO power; 20 watts DC, single knob tune-up, lOOKHz 
required for split freq, operation, built in Curtis keyer. callbrator bullt ~ n ,  semi break-in w ~ t h  sidetone recelver 
GE61468 final lubes. 160 thru 10 meter coverage. offset tuning. 

1459.00 ~1st .  Call tor quote. 549.00 List. cal l  tor quote. 

te. LED display 
29.9 MHz. Built 

CPU-2500RK 2 meter 
FM transceiver 
Keyboard mlc for remote input. 
scanning control. 800 channels. 
freq. 144-148 MHz. 

MAIL ORDERS P O  BOX 11347 BIRMINL+<Al4 AL 35102 . STREET ADDRESS I R O R  ;1H A V L N I J t  SOUTH BIUMlNC.HAM A L A B A M A  35233 
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THE CHRISTMAS GIFT OF A LIFETIME! 
AESU ANNOUNCES THEIR SENSATIONAL COMPUTER AGE 

CPU-2500RlK 2-METER 25 WATT TRANSCEIVER 



EIMAC's new Pyrogrid 
a n  run hotter 

so your transmitter 
can run better. 

No easier way to generate 50 kW 
for AM, FM, and VHF-TV service. 
The pyrolytic graphite grid in EIMAC's assures better tube 
newest tough tetrode, the 4CX40,000G, 
has triple the screen dissipation of earlier Available today for 
tetrodes. Which means: tomorrow's single 
1. A previous limiting factor in tetrode tube transmitters. 

design, screen dissipation, is virtually 
eliminated. For complete infor- 

2. Primary grid emission is eliminated. mation about the 

3. Secondary grid emission is eliminated, 
tough new EIMAC 
tetrode for tomor- improving linearity. 

4. Hot and cold spacing row's AM, FM 

between grids remains 
constant, allowing closer 
spacing between ele- 
ments and improved 
performance. 

High gain, better reliabili 
With over 20 dB power galn, 

I- 

I grid 4CX40.000G 1' lnear am- --& *- 
CC 

tetrode can fol- plifiers, contact Varian, EIMAC Division, 
low a solid state 301 Industrial Way, San Carlos, CA 94070. 
driver, allowing a Telephone (415) 592-1221. Or any of the 
smaller, more effi- more than 30 Varian Electron Device 
cient transmitter. Group Sales Offices throughout the world. 

@ 
varian 



Share the Heathkit experience with your kids! 
c i ~ ~ ? c !  !c,r ihp i:,n r),? ,v 
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You'll f i nd  nearly 400 fun-f i l led kit  It's FUN to bulld-In more 
bul ld ing experfences both you and quslltvlor your elsclronlcs 
your fam~ly can enjoy. There's ham dollar8l Send for Your 
gear, color TV's, stereo components. 
d f g ~ l a l  clocks. test tnslruments. tress- -Im'% 

ure finders, computers, per~pherals. 
and MORE-all w ~ t h  easy. step-by-step 
~nslruclton manuals. Share the Heath " 1 

experience-it'll make your whole rela- n -  
tlonshlp ... a lot more special! 

'1 ?Fe*, Send m e  m y  personal  copy  of the  newest  
- -. Heathki t  Calalog. I a m  no t  current ly  on 

your ma i l ing  list. 
Heath Company. Dept. 122480, Benlon Harbor. MI 49022 

NAME 

ADDRESS 

CITY 

STATE ZIP 
Ham Radlo PC-129 

Start a worthwhile family h 

I 



'$ 

enjoy the world's 
leading electronic I 

THE ALL-NEW 

,,,, ,, ,,3 build-It-yourself 
kits that the entire family 
can enjoy 

Send for bu,, ,,,, copy today! 
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