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Tempo was the flrst wlth a syntheslzed thoroughly field tested. 1s so slmple to 
hand held for amateur use, flrst w ~ t h  a operate or offers so much value The 
220 MHz syntheslzed hand held, first Tempo S-4 of fers the opportunity to 
with a 5 watt output syntheslzed hand get on 440 MHz from where ever you 
held ... and once again first in  the 440 may be With the add i t~on of a touch 
MHz range with the S-4. a fully tone pad a r ~ d  ma tch lng  power  
synthesized hand held radlo Not only arnpl l f ler  ~ t s  versat l l l ty  1s also 
does Tempo offer the broadest llne of unsurpassed 
synthesized hand helds, but ~ t s  The S-4 S349 00 
s t a n d a r d s  o f  r e l l a b i l l t y  a r c  W1th12buttontoi~chtonepad.S399.00 
u n s u r p a s s e d  ... r e l ~ a b l l l t y  p r o v e n  With 16 button touch tonepad S41900 F- 
through millions of hours of operation 5-40 rnatchlng 40 watt oirtput 
N o  other hand held has been so 13.8 VDC power ampllfler . S149 00 

-.- D - m P ,  ?.-' Specifications: 
- - Fr~qtrency Coverage 440 to 449.995 MHz 

The first and most thoroughly field tested hand held Channcl Spaclng: 30 KHz minimum 
synthesized radio available today. Many thousands Power Requirements: 9.6 VDC 
are now In use and the letters of praise Still pour In. Ctjrrent Drain: 17 ma-standby 400 ma-transmit (1 amp 
The S-1 is the most simple radio to operate and IS Antenna Impedance: 50 ohms 
butlt to provide years of dependable Service. Sensitivity. Better than .5 microvolts nominal for 20 dl 
Despite its light weight and small size it is built to Supplled Accessories: Rubber flexantenna 450 ma ni-caa oarrer) 
withstand rough handling and hard use. Its heavy pack, charger and earphone 
duty battery pack allows more operating time RF output Power: Nominal 3 watts high or 1 watt low 
between charges and its new lower price makes it Repeater Offset: + 5 MHz 
even more affordable. Optional Accessories for all models ' 

high pow€ 

power 

. features a 
that the : .. .. - 

%moo S-5 12 button touch tone pad (not installed): $39 16 but 

Offers the same field proven reliability tone pad (not installed): $48 Tone burst generator: 

specifications as the S-1 except I 

lnd CTCSS sub-audible tone control: $29.95 Leather I 3-5 
-provides a big 5 watt output (or 1 warr low power $20 Cigarette lighter plug mobile charalna unlt: $6 

ton touch 
$29.95 
holster: 

operation). They both have external microphone r capability and can be operated with matching solid TEMPO VHF U H F  SOLID STATE POWER A l  

Drtv 

lnge and c 
- .-. .- larlty of a state power amplifiers (30 watt or 80 watt output). B~~~~ your signal.. . give it the ra high 

Allows your hand held to double as a powerful powered base station. VHF (135 to I ,:, 
moblle or base radio. 

30' 
e Power Output Model No Price 

S-30 ... $89.00' S. 2W 130W 130A02 $209 
'For use wlth S-1 and S-5 1 nw 1 30W 130A10 $189 

Tempo S-2 
With ari S-2 in  your car o r  pocket you can use 
220 MHz repeaters throughout the U.S. I t  
offers all the advanced engineering, premium 
quality components and features of the S-1 
and S-5. The S-2 offers 1000 channels i n  an 

3 6 ~  1 ;OW 130A30 
2W BOW 80A02 

1 OW 8OW 80A 10 
30W 80W 8OA30 

2W SOW 50A02 
2W 30W 30A02 

UHF (400 to 512 MHz) models, lower power and FCC 
also available. 

$199 
$169 
51 49 
S159 
$129 
S 89 

type accepted mod 

extremely lightweight but  rugged case. 
If you're not o n  220 thls IS the perfect way to 
get started. With the additlon of the S-20 
Tempo solid state ampl i f~er  ~t becomes - 
powerful mobile or base station. If you hav 

20 hlHz station, the S-2 will add tremendous versatility. , 
'rtce $349.00 (With touch tone pad rnstalled ... $399.00) 
i-20 ..$89.00 

we wl,l oc\u:lw 
1 lg::ildlflg with 

not% as 
DeC- ,umber. 

headquartt:d phone Butler, Missour~ 64730 
neWA,ge~e~ address For all states except Cal~lornia 

T O U  FREE ORDER WUMDER: 1m 4216(131 
LOS Call! resldenls please ca l l  collect on our reaular numbers 



There are those who will only be satisfied with 
the finest. 

For these perfectionists HAL Communications is 
pleased to offer the DS 31 00 Automatic Send- 
Receive ASCII. Baudot and Morse Terminal. 

We cordially invite you to request our catalog. 

HAL COMMUNICATIONS CORP. 
Box 365. Urbana. IL 61801. (21 71 367-7373 

For our European customers, contact: Richter & Co. D 3000 Hannover 1 Transradio SA, 6816 BissonelLugano Radio Shack, Ltd.. 
London NW6 3A Y Erik Torpdahl Telecom. DK 3660, Stenlose. Denmark 



NEW MFJ-102 24/12 Hour Digital ClockllD Timer 

FJ-102 

$32t5 QE 
The latest in time keeping convenience. Synchronize with WWV. Now you can 
Now you can switch to either 24 hour GMT adjust the MFJ cltrk to W V  accuracy. 
t i m e  o r  12 h o u r  fo rmat !  Douhle Fast/Slow set buttons for easy setting of 
usefulness-great Ibr your operating psition time and alarm. 
and great for other familv rnemhers to use. Big, bright, blue digits are 0.6" for easy- 
switch to "secnnds" redolit .  Forthe times on-the-eies. across-the-room viewing. - exciting new ideas from the 
when you need the utmost accuracy. Lock function prevents missetting. world's leading manufacturer of 
Switch to ID timer. Alerts every 9 minutes Solid-state circuitry for long life. 
after you tap the hutton (also functions as a Operates on IIOVAC, 60 Hz (50 Hz with amateur radio accessories 
snooze alarm). sirnple modificatron). UL appmved. 
Switch to "observed" timing. Just start Handsome styling with rugged black plastic NEW MkJ VHF SWRl  
dock fmm zero and note end time of event; case with hrushetl aluminurn top and front. W a t t m e t e r l F i e l d  S t r e n g t h  M e t e r s  
counts up to 34 hours and repeats. (requires Front has slopinp surface for easy viewing. 
resetting clock tirne after use). Cabinet measures 6~2x3". 
Switch to regular alarm. For skeds remind- Put this new improved MFJ digital clnck 
er or wake-up use (has alarm-on indicator). to work in your shack. .. ., ., 

Five NEW MKI Delr Iti-Outlet AC Power Strips 

Here's the most convenient, most protected 
way to power-up radio and computer gear. 
MFJ-1104: Varistor prntects against volt- 
age spikes (worth the investment alone to 
guard your transceiver, computer. or SWL 
ratiios. 
Individual douhle-pi RFI filters for each of 
3 pairs of outlets to completely isolate radios. 
computers, and computer peripherals 
from interference. 
8 sockets, 4 pairs. all 3-prong: the fourth 
pair is unisolatcd and unswitched. 
PopOut fuse for easy changing (ISA, 
135VAC). heavy duty 3-wire 6' power cord. 
Lighted switch shows circuits are "on." 

Deluxe heavy-gauge .063 aluminum case, 
linished In black. has easy mounting slots. 
Measures IX"l,xZ-h"Wx 1 7/n"H. 
MFJ-1103, similar but I? sockets (2 un- 
switched), one RFI filter for all. 
MFJ-1 102, similar to 1103 hut no RFI filter. 
MFJ-1101: 6 sockets, all 3-prong type. Fuse 
protected. ISA, 125 VAC. On-off switch. 
Lighted "On" indicator. 3-wire 6' power 
cord. Steel case. finished in gray hammer- 
tone, has mounting slots, measures 131/RWL 
x2X'Wu I '/?"H. 
MFJ-1100, similar to 1101 hut 5 sockets. less 
switch, light, and is 8Yn"L. 

NEW MFJ Compact 3 KW Antenna n n e r  Has Roller Inductor 

3 KW PEP - the power rating you won't 
outgrow. (250 pf-6KV caps). 
Roller inductor with a 3-ciigit turns counter 
plus o spinner knot> for precise inductance 
contml to get that SWR down to minimum 
every time. 
Built-in .WW) watt, 50 ohm dummy load. 
Built-in 4: 1 ferrite halun. 
Built-in lighted 2% meter reads SWR plus 

fi)m,trrii arrcl reflected power in 2 ranges (200 
FJ-98g & 2 o w  w). 

$27931n 6-psition antenna switch (2 corn lines. 
through tuner or drrect, randomihalanced line 

Meet "Versa Tuner V". I t  has all the or dummy load). SO-339 coax conn.. 
features you asked for, including the new ceramic feed-thmughs, binding post gmund. 
smaller size to match new smaller rigs - Deluxealuminum low-profile cabinet with 
only IO-%Wx4'hHx147/R"D suh chassis li)r R1'1 pmtcction, hlack finish. 
Matches coax, balanced lines, random black panel with raised letters; t i l t  hail; 
wires 1.8-30 MHz. requires 13 VDC for meter light. 

New low cost \ Hb' operating aids. 
MFJ-812: Hcxids SWH frnm 14-170 MHz 
to keep >oil rnfornird ahout ;~ntenna/ 
feedlines. SO-339 coax conn. 
Reads fnrward & reflected p w e r  at 2 
Meters ( 144- 148 MHz) 2 sciiles (30  &3OOW). 
Heads field strength levels from 1-170 
hlHz. Brndrng posts provided for antenna. 
Easy push-button switch operation. 
R.lFJ-810. simil;lr less fieltl strength function. 

NEW MFJ DXerls  C o m m u n i c a t i o n s  
F i l t e r  

MFJ-732 Puts more presence in SSBl 
A M / M  voice communications, brings 
more signal., out of the "mud.'' 
Easy to use. just push up to 4 buttons. 
10-pnle (5-stage) circuit with Clrehyshev 
srcpl~qirsr roll-c!fl (up to 58 dBloctave). First 
button: On/Ofl--Bypass. response 300-3000 
Hz; second: 500 Hz lower cutoff; third: 3200 
H7. upper cutoff; fourth: 1500 Hz upper 
cutoff. Ruilr-in speaker. 2 watt amplifier, 
LED, 9-18 VDC or I IOVAC with optional 
AC adapter ($7.95 +$2), 5 x 6 ~  I %". 

For tech. ~nfo . .  order or repalr status or calls 
outs~de continental U S and ~ n s ~ d e  MISS.. 
call 601-323-5869. 

All X1F.l p r d u a s  unmditinnally guaranteed 
for one year ( ta\cvpt as notetl 
Pmdurtc ordered from X1F.I are returnable 
within .W days for full refund (k shipping) 
Add shipping & handling charges in ;~nltnnts 
shown in parenthew- 

\\rift> for l~Kl~; l~ ,  c;tt:~log. o\tbr (dl pr(u111cts 

MFJ ENTERPRISES 
INCORPORATED 

Bo\ 194: \lissiccippi State. \IS 39762 
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a 9 Observation 
& Opinion 

It seems that a West Coast Amateur has decided to make some easy money by publishing material to aid 
prospective licensees in passing FCC Amateur examinations. His material is crafted so that mere memoriza- 
tion of answers to FCC exam questions practically guarantees a passing grade. His product apparently is 
derived from FCC exam materials. Such material is gleaned by a well-organized effort to collect questions 
verbatim from the various exams when they are administered by FCC representatives. Very often this has 
happened at Radio Amateur conclaves and conventions. We at ham radio magazine deplore such tactics. 
Amateur Radio has flourished because of its many established traditions. "In today, out tomorrow" publi- 
cations, such as that referred to above, defeat the entire purpose of the Amateur Radio tradition, which 
has made our hobby one of the greatest in the nation for over 60 years. 

Where do these questions and answers come from? From Radio Amateurs. The publisher in question 
solicits FCC test questions from those who have recently taken the exam, then publishes these questions 
along with the proper answers. Pretty neat. All one has to do is memorize the questions and answers, and 
the exam is a comparative cinch. 

The publisher probably is making lots of money publishing the exam questions and answers without 
apparent legal sanctions (at least to date). But what about the long-range impact on the Amateur Radio 
Service and U.S. taxpayers at large? We lose. 

An interesting sidelight is that the publisher justifies his action in the interest of "socially motivated" 
hams. His rationale for this rather obtuse reasoning is Part 97.1 (a) of the FCC rules and regulations, Basis 
and Purpose: "Recognition and enhancement of the value of the amateur service to the public as a volun- 
tary noncommercial communication service, particularly with respect to providing emergency communica- 
tions." (Italics mine.) 

The publisher, however, conveniently overlooks Part 97.1 (b), which states: "Continuation and exten- 
sion of the amateur's proven ability to contribute to the advancement of the radio art." (Italics mine. 

How can anyone in the Amateur Service comply with regulation 97.1 (b) if a license is obtained by mem- 
orizing answers to FCC questions? It is the purpose of this magazine to encourage Amateurs, by publishing 
articles on current technology, to "contribute to the advancement of the radio art." We believe that, for 
the most part, Amateurs who obtain their license using only the memorization technique are rarely in a 
position to contribute to pan 97.1 (b) on a technical basis. There are exceptions, of course, but the method 
of preparing for exams to which we object seems to augur an increasingly less proficient operator in the 
midst of a rapidly increasing technical operating environment. 

What can we Amateurs do to promote the technical integrity of Amateur Radio? Let's learn as much 
electronic theory as possible before taking the examination. It requires some effort, true, but when we 
pass the FCC exams based on knowledge rather than memorization we achieve a more significant accom- 
plishment. After all, that's what ham radio is all about. Consider part three of "The Amateur's Code" by 
Paul Segal: "The Amateur is Progressive . . . He keeps his station abreast of science. It is well-built and 
efficient. His operating practice is above reproach." 

ham radio continues to endorse this philosophy. The Amateur Radio Service cannot survive if licenses 
are obtained without due regard to technical knowledge: that is, passing FCC exams by learning the ques- 
tions and answers by rote. 

All prospective Amateurs should take a closer look at this problem. We licensed Amateurs who organize 
training classes and other tutorial endeavors have a special responsibility in this regard. Obtaining an Ama- 
teur license requires some effort. It is usually a difficult, time-consuming process. The successful license 
applicant will find the process rewarding for years to come. 

What can the FCC do at this point to promote the technical integrity of Amateur Radio? We have some 
ideas, but we would like to hear from our readers on this point. Should the FCC look the other way while 
the abuse of Amateur exams continues? Should the FCC adapt an Amateur exam question series broadly 
similar to the FAA's several-hundred-question series for the Private Pilot license? More basically, why 
should newly updated exams be negated by one of us at the expense of us all? Consider this issue careful- 
ly, then discuss it among your Amateur Radio associates. Your views on the subject will be welcome at 
ham radio. 

Alf Wilson, W6NIF 
Editor 
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ments 
I notes added) is as follows: 

QSA 1 Scarcely perceptible - no 
COPY 

2 Weak - very little copy 
3 Fairly good - partial copy 
4 Good - almost full copy 

RST feedback 
Dear HR: 

I read your comments on DL7D01s 
letter in "Observations and Com- 
ments," September, 1980, with some 
interest and a bit of confusion. 

When I was running a '45 with 135 
(not 90) volts on the plate, a signal re- 
port of S7 would have been some- 
what meaningless: it did not gain sig- 
nificance until adoption of the RST 
system in the late thirties. The proper 
report prior to that would have been 
QSA (1-51, R (1-9). At the time of the 
adoption of the RST system most had 
converted to non-chirpy crystal con- 
trol, and a-c on the plate supply 
brought an immediate citation from 
the newly formed FCC. 

There is a definite need for accu- 
rate signal reporting, but if a report 
on tone is no longer needed (I for one 
disagree strongly with this reason- 
ing), then let us not go the route of 
"inventing" a new system when the 
need is clearly covered in the interna- 
tional Q signals. 

My personal feeling is that the RST 
system is performing admirably, with 
the exception of some contesters, 
and a change of the system would 
not change that. In other words, if it 
ain't broke, don't fix it! 

Rue O'Neill, W0NN 
St. Louis, Missouri 

Dear HR: 
I applaud the idea of junking the 

RST signal reporting system. But do 
we really need a new system? Why 
not simply make use of the existing 
QSA system which (with "copy" 

6 december 1980 

5 Very good - full copy 
Reports would simply be Q1, 2, 3, 

4, or 5. Where the situation permits, 
an operator should do the other sta- 
tion the favor of reporting technical 
signal defects such as distortion, 
overdriving, VOX clipping, key clicks, 
poor tone, etc. 

The difference between a signal re- 

ceived off the end of a dipole and the 
same signal received by a properly 
oriented high-gain beam is tremen- 
dous. The signal strength measured 
in the receiver depends almost entire- 
ly upon the character and orientation 
of the receiving antenna. A signal re- 
ported as S5 by a station with a medi- 
ocre antenna might easily be reported 
S9 or more by the station right next 
door having a superior antenna. So 
the popular "S" reports are all but 
meaningless anyhow! 

J.W. Kennicott, W40VO 
Lexington, Tennessee 

"circuit figure of merit" 
Dear HR: 

In reference to "Observations and 
Comments" in the September, 1980, 
issue of ham radio, I thought you 
might be interested in the "Circuit 
Figure of Merit" used by the State of 
New York in police two-way fm radio 
communications in the vhf and uhf 
ranges. 

In writing specifications we usually 
ask the bidder to guarantee a Circuit 
Figure of Merit of 3 or better in a de- 
fined area of coverage from defined 
sites and with defined equipment 
parameters. 

Byron H. Kretzman, W2JTP 
Huntington, New York 

The performance of a two-way radio circuit can be defined 
by grading the circuit in terms of a "Circuit Figure of Merit" 
using a scale of 1 to 5 under the following conditions: 

circuit grade of voice frequency typical 
figure circuit signal-to-noise receiver 

of merit performance ratio quieting 

1 Unusable. Presence Below8dB Oto6dB 
of speech barely 
discernible. 

2 Readable with dif- 8 to  16dB 14 dB 
ficulty. Requires 
frequent repeats. 
(Noncommercial) 1 

3 Readable with only 14 to 22 dB 20 dB 
a few syllables 
missing. Requires 
occasional repeats. 
(Commercial) 

4 Perfectly readable 20to30dB 25dB 
but with noticeable 
noise. 

5 Perfectly readable; Above 30 dB Above 
negligible noise. 25 dB 



r~ Whole New Breed Of Radio 
lnnovatlve des~gn. Advanced technology. D~g~ta l  key-touch 
tun1ng:The ICF-2001. It's a whole new breed of rad~o. A 
recelver that supplants the convent~onal multi-band concept. 
recelvlng a w~de ampl~tude-modulated frequency range- 
shortwave, mediumwave and most longwave broadcasts. Plus 
FM. SSB and CW. Even more important. the 2001 replaces the 
ordinary tunlng knob and dial w~th a direct-access tunlng 
keyboard and a L~quid Crystal Display (LCD) for dig~tal 
frequency readout Which make the un~t as easy to use as a 
pocket calculator. Instant, d~rect-access tunrng modes and six 
memory-station presets assure maxlmum ease of use. And the 
quartz-crystal, frequency-synthes~zed circu~try behlnd them 
assures outstandlng reception. Reception of local broadcasts 
and excitlng news, music, sports, entertainment and 
lnformatron from around the world. You'll get the Inside, local 
news stories from foreign countries. .. exclusrve coverage of 
world sports events . .  plus everything from lntormal "ham" to 
marlne commun~cations. All at your flngertlps. 

Key-Touch Tuning 
To tune a stat~on manually, you s~mply punch In the station 
frequency numerals on the d~rect-access, d~gital tunlng 
keyboard. Press the "Execute" key and the command IS 
entered, the station is received and LCD readout conflrms 

I tunlng. If you punch in an Incorrect frequency by mlstake, the 
ICF-2001 tells you to "Try Again" by flashlng those words 
on the display. The Instant, fingertip tuning prov~des total 
accuracy and convenience. And the LCD dlgital frequency 
display conf~rrns the exact, dr~ft-free slgnal receptlon. 

Automatic Scanning 
In auto-scan mode, the tuner can be set for continuous 
scanning of a given frequency range, which you set by means 
of upper and lower l~mit keys designated "L," and "L:." You 
may want to scan an entlre frequency range For Instance. the 
76 to 108 MHz FM spectrum. If you want scannlng to stop at 
any strong signal-one that reads "4" or "5" on the LED s~gnal- 
strength rndicator- switch on "Scan Auto Stop." For continuous 
scannlng, leave the switch off, and just press the "StartlStop" 
key to listen to a station or resume scannlng. 

Manual lbning 
Llke the auto-scanning mode, manual tuning is useful for 
quick signal searchlng when you don't know particular station 
frequenc~es wlthin a glven range. You simply press the "Up" or 
"Down" key, and the tuner does the searching for you. And if 
you press the "Fast" key at the same time, the scannlng rate 
Increases for es~ecially rapid station location. When you hear 

- 
Frequency Synthesis - d 
The 2001's dlrect-access tuning and outstandlng reception 
qual~ty are made possible by the unit's all-band quartz-crystal. 
PLL frequency synthesis. Instead of the convent~onal analog 
tuning system, with its variable tuning capac~tor, the 2001 
incorporates an LSI and a quartz-crystal reference oscillator 
Which means that the local-oscillator frequenc~es used In 
superheterodynlng are locked to the "synthes~zed" quartz 
reference frequencies. The result IS the utmost In tunlng 
stability, without a trace of tunlng drift. In add~tion, dual- 
conversion superheterodyntng for AM assures exceptionally 
clean, clear recept~on across the entire 150-to-29.999kHz 
spectrum. 

Features 
FM/AM:SSBICWIWI~~ spectrum coverage 

Dual-convers~on superheterodyne clrcultry of AM assures 
h~gh  sensltlvlty and Interference relect~on 

Quartz-crystal phase-locked-loop frequency synthesis for all 
bands assures the utmcst tunlng stabll~ty w~fhout a trace of 
tunlng dr~ft 

D~rect-access, d~g~ ta l  tunlng keyboard and LCD d~g~ ta l  
frequency readout for qulck, key-touch statlon. 
select~on-maximum accuracy and ease of use 

Manual tunlng and automatic scannlng for effortless srgnal 
searchlng, easy DXlng 

6-stat~on presets, plus 2 aux~l~ary presets, for Instant 
receptron of memor~zed statlons on any band-plus LCD 
memory lndrcatron 

5-step LED s~gnal-strength lndlcator 
a broadcast you want to recelve just release the keys for LocalINormallDX sens~trv~ty selector for AM 
Instant reception, presssrng the "Up" or "Down key agaln 11 SSBICW compensator for low-dlstort~on recept~on 
necessary for exact tunlng 

Telescopic antenna plus external antenna Included 
Memory Presets 
After you ve tuned a stat~on uslng punch-~n key-touch tuning 4" speaker for full rlch sound 
or e~ther scannlng mode you can enter ~t In the 2001 s Sl~de-bar bass and treble controls 
memory for Instant one-touch preset reception Which means sleep t ~ m e r - ~ ~ t h  LCD padout-can be set In lo-mlnute 
no retunlng hard-to-f~nd fore~gn broadcasts Plus Instant ~ncrements for up to 90 rn~nutes of play before autornat~c 
access to your favor~te local stat~ons for muslc and news SIX rad~o shut-off 
preset buttons allow up to SIX stat~ons-ln any wave range-to 
be memortzed And theres LCD dlgltal readout of the memory 
buttons belng used on each band Whats more the upper 
and lower llm~t keys can be used as memory presets when 

0.1, $299 95 

they re not belng used for scannlng allow~ng a total of elght Plus $5.00 S6H (Cont'l U.S.A. Only) 
frequenc~es to be rnemorlzed for rnstanf one-touch recept~on 

PHONE: (3121 848-6777 
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AN IMPORTANT ANTENNA VICTORY has not only restored the right of a Placentia, Cali- 
fornia, Amateur to use the antenna system of his choice, but has also reimbursed him 
his attorney's fees for defending that right. W6QOL, represented by attorney K6JAN, 
won his decision by taking the offensive and suing the city of Placentia in federal 
court for violating his civil rights by passing legislation aimed at his installation. 

W6QOL's Tower, A 71-foot Cranku with several beams on it, had been constructed in 
1977 with the approval of the cityPs planning commission, but prodding by an unhappy 
councilman who lived nearby led the city council to pass an emergency ordinance making 
such installations illegal and ordering W6QOL to take it down. His response was to 
file a suit charging civil rights violation in the Federal District Court for the 
Central District of California. 

On May 2, 1978, Judge Robert M. Takasugi granted a preliminary injunction that pro- . hibited Placentia from enforcing its ordinance but limiting the antenna to 50 feet. 
On December 11, 1978, the preliminary injunction was made permanent, noting that the 
ordinance had infringed W6QOL1s right to free speech and ordering the city to review 
and revise its ordinance to conform with the Constitution. On June 3, 1980, the court 
awarded W600L his attornev's fees as  revai ailing plaintiff in the Paragraph 1983 action - -- - - - 
pursuant to the Civil ~ i ~ h t s  ~ttorne~'; Fees ACE." 

W6Q0L1s Antenna Was Still Limited to 50 feet, however, until a September 26 ruling 
by Judge Takasugi that modified his permanent injunction by removing the height restric- 
tions. Placentia has 30 days in which to appeal, but it's considered unlikely that it 
will. The city has already-spent a great deal of money on this case, and an appeal 
would cost it a good deal more, with at best a marginal chance of success. 

Details On This Unusual antenna case will be available from both the Personal Com- 
munications Foundation, which assisted K6JAN during the proceedings, and the ARRL. 

THE COMMUNICATIONS ACT REWRITE IS DEAD for this session of Congress. The House Judi- 
ciarv Subcommittee has voted unanimously to recommend delaying further Congressional 
consideration of the often stalled and controversial legisiatron until congress's next 
term, essentially ensuring it's a dead issue for now. Biggest current problem with the 
rewrite was the possible effect its proposed restructuring of AT&T would have on the 
government's antitrust case against Bell Telephone. 

Although Another Rewrite effort can surely be expected in the next Congress, there's 
a serious question as to just what it is likely to contain. Each rewrite attempt has 
some significant shifts in emphasis, and the next one should be no exception. One addi- 
tion that can be expected, however, is a provision, similar to Rep. Preyer's bill and 
the current California legislation, to control or restrict unscramblers and other equip- 
ment designed to intercept pay TV signals. 

Rep. Preyer's Bill has been modified by Congressmen Smith (Washington) and Waxman 
(~a-mpts to further strengthen protection for the subscription TV indus- 
try. Their new version is directed specifically at the "commercial piracy" firms., a 
move that apparently will resolve the potential threat to Amateurs who wish to work on 
homebrew gear, and their suppliers. 

That California Bill Has Finally been signed by Governor Jerry Brown, making it il- 
legal in California to manufacture, distribute or sell "any device or plan or part for 
the krwwing purpose of facilitating an unauthorized interception or decoding of sub- 
scription TV signals." This bill is so broad in its scope that it's sure to be chal- 
lenged in court-even one of the subscription TV firms is thinking of going after it. 

ATTEMPTS BY RC MODELERS TO GET 6 meters for non-Amateur RC use was to come up for 
hearing before the FCC on Thursday, November 6. Unhappy with an earlier staff opinion 
that only licensed Amateurs could operate RC equipment in the 6-meter band, the Academy 
of Model Aeronautics petitioned for a formal review before the Commissioners and staff. 
They'd like to bring about a rules change to permit a;yone to operate 6-meter RC trans- 
mitters under the supervision of "a licensed Amateur. However, Part 97 still requires 
an Amateur license to operate an Amateur transmitter, though a "third party" may com- 
municate through an Amateur station with a "control operator" standing by. Since Radio 
Control is a one-way transmission the rules pertaining to third party communications 
should not apply, so any decision to permit someone not holding an Amateur license to 
operate a transmitter on Amateur frequencies-even under "supervision"-would be a 
departure. 

COST OF AMATEUR GEAR IN CANADA should be dropping sharply, following the long hoped- 
for elimination of import duty on Amateur Radio equipment. New Tariff Item 44535-2, 
passed on October 28 and effective October 29, removed the 15 per cent tariff formerly 
charged Canadians on "Amateur transmitters, receivers, transceivers, transverters, 
assembled or in kit form, designed for use only on Amateur bands of the radio frequency 
as defined by regulations made pursuant to the Radio Act; linear amplifiers, VFOs and 
power supplies designed for use with the foregoing, parts of all the foregoing." The 
federal sales tax of 9 per cent still pertains, however, and equipment not specifically 
made for Amateur use-for example, general coverage receivers-is still subject to the 
15 per cent bite. 
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DELTA-symbol of change-and the first HF transceiver 
with all nine bands-offers more of the features you need 
for these changing times. 

Tennessee Technology Leads The Way. 
Today's operating demands the changes a DELTA station offers. All 
nine HF bands in all solid-state design with optimized receiver 
sensitivity and selectivity, 200 watt. 100'71 duty cycle no-tune 
transmitter. QSK. VOX. PTT. ALC. Notch. Offset, and more. All in 
a compact, ready-to-go-anywhere functional design that offers light 
weight. thorough shielding, and operating ease. And a price that 
permits affording the full complement of accessories. TEN-TEC put 
i t  all together-in DELTA- for you. 

For The Change in Bands. 
DELTA with all nine bands-another TEN-TEC "first." 160 
through 10 meters. includin the new 10. 18 and 24 .5  MHz bands. 
(Cryitals optional for 18 P1 & 5  MHz). DELTA is ready. 

For The Change in Band Conditions. 
Optinlized design for the ideal balance between sensitivity (0.3 gV 
for 10 dB S+N/N)  and dynamic range (85 dB or better) plus 
switchable 2 0  dB attenuator that puts you in control of even 
extreme situations. No matter where you live or what power your 
neighbor is running. DELTA can handle it. 
Super selectivity permits narrowing DELTA bandpass to suit the 
crowds. The four-position switch selects the standard 2 .4  kHz SSB 
filter, adds a section of the 4-stage active audio filter, cascades an 
optional CW filter (for 14 poles of filtering). and cascades both 
filters with 4 stages of audio filters to give you the passhand window 
vou need with the virtuallv ultimate skirt selectivity required to knife 

Power up or down. Adjustable threshold ALC and drive let you 
choose power levels with full ALC control. 
DELTA accepts what you have, what you want. . from separate 
antennas to linears, transverters, remote VFO. 12 VDC, keyers and 
more-just plug in. 

For The Change In Lifestyles. 
DELTA moves with you. "At home" anywhere-on your operating 
desk, in the field, on a boat. plane, camper, wherever. Its neat small 
size (4'4"h x ll"4"w x 15"d) and light weight (12''~ Ibs.) make it a 
good traveling companion. Yet compact as it is. DELTA panel size 
and knob spacing make it comfortable to use hour after hour in 
your home station. 

For The Change In Economics. 
These days, everyone wants more value for his money. And 
DELTA offers it. More features and performance per dollar. Quality 
that's American-made. Service you can count on. A solid 
warranty-one year on the transceiver plus an extra five year 
pro-rata warranty on the amplifier transistors. And low prices! 

The DELTA Rig 
Model 580 DELTA Transceiver . . . . . . . . . . . . $849.00 
Model 283 DELTA Remote VFO . . . . . . . . . . . 179.00 
Model 280 DELTA Power Supply . . . . . . . . . . 149.00 
Model 282.250 Hz CW Filter . . . . . . . . . . . . . 50.00 
Model 285.500 Hz CW Filter . . . . . . . . . . . . . 45.00 
Model 234 RF Speech Processor . . . . . . . . . . 124.00 
Model 214 Electret Microphone . . . . . . . . . . . 39.00 
Model 645 Dual Paddle Keyer . . . . . . . . . . . . . 85.00 

ihrough strong adjacent signals. 
Built-ins to quiet the world. A variable notch filter is standard on Other Optional Accessories 

DELTA. Vary from 200 to 3500 Hz to notch out interfering carriers Model 670 Single Paddle Keyer . . . . . . . . . . . 34.50 
or CW signals to a depth of 50 dB or more. Offset tuning for Model 227 Antenna Tuner . . . . . . . . . . . . . . . . 79.00 
moving the receiver frequency 2 1 kHz to reach that DX or to fine 
tune. "Hang" AGC to give you smoother receiver operation. Isn't i t  time for you to change? Check the DELTA rig at your dealer 

For The Change in Operating Styles. or write for full details. 

Varietv is the word for todav, and DELTA offers i t .  
For a ;ag-chew with an oldfriend, 200  watts of SSB to the proven 
solid-state amplifier (designed by the leader. TEN-TEC) with 
built-in VOX and PTT: 
For the fun of operating 200 watts CW with QSK-full, fast 
break-in that makes CW a conversation, saves time, and opens a 
window on DX. 

TEN -TEC , INC. 
S E V I E R V I L L E .  T E N N E S S E E  37162 1nr . w "a* A * 1  . ,,, h.4 





Food for thought. 
Our new Universal Tone Encoder lends it's versatility to 
all tastes. The menu includes all CTCSS, as well as Burst 
Tones, Touch Tones, and Test Tones. No counter or test 
equipment required to set frequency-just dial it in. While 
traveling, use it on your Amateur transceiver to access tone 
operated systems, or in your service van to check out your 
customers repeaters; also, as a piece of test equipment to 
modulate Service   on it or 
or signal generator. It can 
even operate off an 
internal nine volt 
battery, and is available 
for one day delivery, 
backed by our one 
year warranty. 

All tones in Group A and Group H arc ~ncluded. 
Output level flat to within 1.5db over entire range selected. 
Separate level adjust pots and output connections for each tone 
Group. 
Immune to RF 
Powered by 6-30vdc. unregulated at 8 ma. 
Low impedance, low distortion, adjustable sinewave output, 5v 
peak-to-peak. 
Instant start-up. 
Off position for no tone output. 
Reverse polarity protection built-in. 

Group R 
TEST-TONES: TOUCH-TONES: BURST TONES: 

697 1209 1600 1850 2150 2400 
770 1336 I650 1900 2200 2450 
852 1477 1700 1950 2250 2500 

2 175 941 1633 1750 2000 2300 2550 
2805 1800 2100 2350 

Frequency accuracy, & 1 Hz maximum - 40°C to + 85°C 
Tone length approximately 300 ms. May be lengthened. 
shortened or eliminated by changing value of resistor 

Group A 

Wired and tested: $79.95 

a 6 - COMMUNICATIONS SPECIAUUSI 

156.7 5A 
162.2 5R 
167.9 6Z 
173.8 6A 
179.9 6B 
186.2 72 
192.8 7A 
203.5 MI 

- - 

476 \Vest Taft Avrnuc, Orange. Calif rnia 92667 L ' I L ~  

(800) 854-0547/ California: (7 14) 998-302 1 

Frequency accuracy. & . I  Hz maximum - 40°C to + 85°C 
Frequencies to 250 Hz available on special order 
Continuous tone 

118.8 2B 
123.0 3% 
127.3 3A 
131.8 38  
136.5 4Z ' 

141.3 4A 
146.2 4B 
151.4 5Z 

67.0 XZ 
71.9 XA 
74.4 WA 
77.0 XB 
79.7 SP 
82.5 YZ 
85.4 YA 
88.5 YB 

91.5 7Z 
94.8 ZA 
97.4 ZB 

100.0 IZ 
103.5 IA 
107.2 lR 
110.9 ZZ 
114.8 2A 



multipurpose 
voltageduned 

This easy-to-build oscillator 
features multiple-band 

application, remote tuning, 
and phase-lock capability 

This uhf oscillator is the result of much experimen- 
tation. It has an outstanding record of utility and per- 
formance. Despite the opinion of many Amateurs, a 
good uhf oscillator can be built without a shop full of 
machine tools, expensive test equipment, and a high 
degree of manual dexterity. The PC boards that have 
been developed for the circuit described here will al- 
low anyone to build a voltage-tuned uhf oscillator. 

general description 
This oscillator has many applications. It was origi- 

nally intended for use as the local oscillator in a 
12151300 MHz TV converter. Later, the board was 
modified so that the operating-frequency band could 
be moved up or down to satisfy various other appli- 
cations. Finally, provisions were made to add either a 
doubler or tripler circuit to extend the useful output 
frequency range into the microwave region. 

features 
The fundamental tuning range of the circuit 

covers = 1120-1300 MHz. However, by changing 
the lengths and locations of the frequency-determin- 
ing circuit elements on the PC board, the operating- 
frequency range can be adjusted to about 900 MHz 
and 1400 MHz, giving coverage between 900-4200 
MHz with the help of the multiplier circuits. 

A varactor provides continuous tuning from a re- 
motely located potentiometer. This feature may be 
important if you're interested in weak-signal detec- 
tion, because it allows the entire converter, including 
the uhf local oscillator, to be located where it belongs 
- at the antenna. 

For television applications, the oscillator may be 

UHF oscillator 
operated either in the free-running mode or phase 
locked to a stable reference signal. 

The addition of phase-lock capability is easy, be- 
cause the basic oscillator already includes a tuning 
varactor. Remote tuning can be used with or without 
the phase-lock feature. The uhf oscillator is simple. 
No need for a crystal multiplier chain; therefore no 
need to struggle with unwanted crystal-oscillator 
harmonics. Also, if your interest lies in ATV, where 
crystal control may not be necessary, the design is a 
natural because of its simplicity. 

A divide-by-40 prescaler is mounted on the PC 
board with the oscillator. The prescaler drives an ex- 
ternal frequency counter to monitor the oscillator fre- 
quency. Not only is the counter useful as a frequency 
indicator, it's needed for setting and adjusting the 0s- 
cillator. The prescaler also provides a signal for the 
phase detector. 

Numerous techniques can be used to phase lock 
the uhf oscillator to a crystal reference to achieve a 
high degree of frequency stability; many articles have 
been written to describe them. In this article, atten- 
tion is placed on a simple technique that uses a crys- 
tal clock as the phase-locked loop (PLL) reference 
and manual tuning to select the desired lock point. 
By the proper choice of crystal frequency and divider 
chains, the uhf oscillator may be locked to any one of 
a number of desired frequencies. Tuning is done with 
a ten-turn pot. 

1 applications 
Fig. 1 illustrates a typical ATV application that em- 

ploys the uhf oscillator in the free-running mode as 
the local oscillator for the mixer. No phase-locked 
loop is associated with this circuit. A single shielded 
wire connecting the operating position with the con- 
verter serves for tuning, and the converter output is 
fed over a length of inexpensive transmission line to 
the receiver. This arrangement avoids the usual deg- 
radation in signal-to-noise ratio that generally results 

I from transmitting the rf signal over a long transmis- 
sion line. 

By Norman J. Foot, WASHUV, 293 East 
Madison Avenue, Elrnhurst, Illinois 60126 
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LOW-NOISE 
AMPLIFIER 

BASIC 
IVMIND - PORT - REMOTE 

OSCILLATOR 

1 
-x TUN'NG 

PRESC4' E R  0 COUNTER 

BANDPASS 
F i L i E R  

i - f  
4MPL iF iER 

iOdi CABLE ----- 
0 TV RECEiVER 

--A-- 
fig. 1. Functional block diagram showing the uhf oscilla- 
tor in a typical ATV application (free-running mode). 

In applications where frequency stability is impor- 
tant, or where a click-stop form of tuning is desired, 
the basic oscillator can be locked to a stable refer- 
ence. A block diagram of such a scheme is illustrated 
in fig. 2. The i-f output from the mixer feeds a band- 
pass filter wide enough to pass the entire band of fre- 
quencies of interest, while a wideband fm or televi- 
sion receiver provides the necessary tuning and se- 
lectivity. A preselector may be needed between the 
low-noise preamplifier and the mixer, depending on 

LOW NOiSE 
AUPLlF lER * 

BANDPASS 
FILTER 

AMPLIFIER 

BASIC 

PHASE-LOCKED 

LOOP FLLTER 

----- 

CRYSTAL 
REFERENCE 

fig. 2. Basic uhf oscillator used in a phase-locked epplica- 
tion. Crystal oscillator provides a stable reference for fre- 
quency stability. 

the application and choice of intermediate frequency. 
In both of these arrangements, a frequency scaler 

drives a frequency counter to permit measurement 
and continuous monitoring of the uhf oscillator fre- 
quency. It's convenient to have this capability, 
whether the phase-lock feature is used or not. If a 
programmable counter is available, the readout can 
display the signal frequency rather than the oscillator 
frequency. 

The advantages to be gained by use of the uhf 0s- 
cillator described here are now apparent. In some ap- 
plications the basic oscillator and prescaler alone 
may do the job, and continuous tuning from a re- 

CZ 

1 Pj"- 
, b  x 

IODpF 
Z I V  

fig. 3. Schematic of the uhf oscillator. Capacitor C1 is the 
varactor tuning diode (GHZ devices GC-I607 or equiva- 
lent - 3.3 pF at - 4.0voltsl. 

mote location can be used; or a simple PLL may be 
added for bandswitching, with tuning and selectivity 
provided by an fm or TV receiver. In either case, a 
counter can monitor the oscillator (or the equivalent 
signal) frequency. Other applications can be accom- 
modated using the same PC board with minor modi- 
fications, and frequency multiplication can be added 
for application up into the microwave region. 

the uhf oscillator 
The transistor selected for the uhf oscillator (fig. 3) 

is the HP-35821 B. It has an ft of 4.5 GHz. In the corn- 
monbase configuration it's ideally suited for oscillator 
service. The 35821 has been around for over ten 
years and is inexpensive. As an oscillator, it can pro- 
vide 50 mW or more of useful output power with 
good efficiency. 

The base terminals of the 35821 are soldered di- 
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rectly to the pad provided on the PC board. The 
board is G10, which is entirely satisfactory for use 
over the uhf oscillator fundamental tuning range. 
The board includes all the rf bypass capacitors asso- 
ciated with the oscillator circuit; no chip capacitors 
are needed. 

Fig. 3 is the schematic of the uhf oscillator. There 
are four special rf circuit elements, L1, L2; C1 and 
C2. L1 and Ct  are the most critical, because they are 
the principal frequency-determining components. L1 
is made of flat brass strip elevated about 0.1 inch (2.5 
mm) above the ground plane. The mechanical details 
of this inductance are illustrated in fig. 4. 

Capacitor C1 is a varactor tuning diode connected 
in series with L1 (fig. 3). It returns to ground through 
the large pad under L1 but is electrically above 
ground to accommodate tuning and automatic phase 
control. The location of C1 sets the effective length 
of L1. Moving it back and forth adjusts the tuning 
range up and down in frequency. The distance be- 
tween the transistor collector and the tuning varactor 
should be about 1-112 inches (38 mm) to tune the 
range 1120-1320 MHz. The rf ground pad on the PC 
board was made long intentionally to provide a wide 
choice of operating range. 

Inductor L2 is a four-turn coil wound with No. 18 
(1.0 mm) tinned copper busbar with a 118 inch (3 
mm) inside diameter. The exact inductance of this 
coil isn't critical. 

Capacitor C2 is a feedback capacitor made from 
0.010-inch (0.25 mm) shim brass stock 112 inch (13 
mm) long and 1 I 8  inch (3 mm) wide. It is soldered to 
the emitter and extends over the top of the transis- 
tor, parallel with the collector inductance, L1. The 
feedback capacitor is insulated from L1 with 0.001 
inch (0.03 mm) Mylar tape. Feedback is controlled by 
bending the shim to position it closer or further away 
from L1. Note that the fixed bias divider consisting of 
R1 and R2 provides very little forward base bias; con- 
sequently, the collector current is primarily determined 
by the amount of feedback from emitter to collector. 
This is convenient, because it allows a simple means 

3/16 IN 

a " T k  I I 

0 
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for properly adjusting the feedback. The correct 
feedback corresponds to the spacing that produces 
30-40 mA collector current. Capacitor C3 is a printed- 
base bypass capacitor. Capacitor C4, which is the rf 
bypass for the series L1-C1 circuit, is also printed on 
the oscillator board. 

The rf choke is an eight-turn solenoid wound with 
No. 24 (0.5 mm) enamel copper with a 118 inch (3 
mm) ID. The junction of the rf choke and the 10-ohm 
resistor is supported by the terminal of a push-in Tef- 
lon standoff insulator. 

4 El:) 

power output 

2,;pm$l - 

is 0.032-inch-thick (0.8 rnrn) brass stock. 

4 
fig. 4. Mechanical details of inductor L1 in fig. 3. Material 

Overall converter performance can be degraded 
because of lack of sufficient local oscillator power. 
Many Amateurs don't have facilities to measure rf 
power accurately, in which case the adequacy of 
their local oscillator is unknown. Mixer noise figures 
less than 5 dB can be realized with 10 milliwatts of LO 
power. However, as the LO power is reduced below a 
few milliwatts, noise figure generally increases dra- 
matically. If the mixer in your system needs the help 
of more than one low-noise preamplifier, chances are 
that the mixer noise figure is abnormally high. This is 
most likely the result of inadequate local-oscillator 
power. It's possible to reduce the mixer's appetite for 
LO power by various schemes, including applying dc 
forward bias to the diodes; but for most practical ap- 
plications, a good design goal for mixer LO power is 
10 milliwatts. This point was kept in mind during the 
design of the uhf oscillator. 

The available power from the uhf oscillator des- 
cribed here is, fortunately, quite high, which allows 
the output to be loosely coupled; in turn this pro- 
motes good free-running stability. When the uhf os- 
cillator is used to drive a doubler, power levels well 
above 10 milliwatts are easily obtained, with the 
doubler circuit providing the isolation. Power output 
from a fixed-tuned tripler was measured at +7 dBm 
minimum when used with an appropriate idler circuit. 
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fig. 5, Interface wiring between uhf oscillator board and 
phase-detector board showing external signal and power 
requirements. 
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the phase-locked loop 
To provide design flexibility, the oscillator is on 

one PC board and the phase detector on another. In- 
put signals required by the phase detector are the 
prescaled signal from the uhf oscillator and the tun- 
ing voltage. A single output feeds the VTO (varactor- 
tuned oscillator) varactor diode for frequency con- 
trol. Fig. 5 is a wiring diagram showing a) how these 
two boards interface, and b) the external signal and 
power requirements. 

The circuit on the phase detector PC board is iden- 
tical in most respects to the parametric phase detec- 
tor described in reference 1. This circuit provides 
considerable design flexibility. In the application 
here, it operates at about 30 MHz. The circuit (fig. 6) 
also includes provisions for the reference generator, 
consisting of a quartz crystal and a CD4060B oscilla- 
tor and divider chain. 

Fig. 6 shows the parametric phase detector. This 
board includes most of the PLL key components, 
which are the reference generator, spectrum genera- 
tor, phase detector, and loop filter and dc amplifier. 
Fig. 7 shows the phase detector foil and parts layout. 

reference signal 
The lock points for the uhf VTO are specified in 

terms of the reference-signal frequency and the pre- 
scaling factor. For example, assume the VTO is to be 
used as the local oscillator in a 23-cm ATV converter 
and 6-MHz lock-point separation is desired. If a 45- 
MHz i-f is to be used, the local oscillator frequencies 

will be 1206, 1212, 1218, and 1224 MHz, correspond- 
ing to signal frequencies of 1251, 1257, 1263, and 
1269 MHz. 

The lock points are 6 MHz apart at the oscillator 
frequency, but only 150 kHz apart at the phase de- 
tector because of the prescaler. The reference need- 
ed by the phase detector is therefore 150 kHz. Note 
that the 202nd harmonic of 150 kHz is 30.3 MHz, 
which is the spectral line recognized by the phase de- 
tector for the 1218-MHz phase lock. Thus, in this 
type of phase detector, the reference signal must be 
rich in harmonics. To accomplish this, the phase de- 
tector board includes a spectrum generator. On the 
other hand, if you're interested in a single operating 
frequency (1257 MHz for example), a crystal-con- 
trolled signal at 30.3 MHz is all that's needed. There 
are, of course, many other schemes that may be used 
depending on the application. 

Tuning and locking to a particular point is easily 
accomplished by watching the counter. When un- 
locked, the units and tenths of kilohertz digits will 
fluctuate due to jitter. When locked, all counter digits 
will remain steady, and it will be possible to rock the 
tuning knob back and forth within the hold-in range 
with no apparent change in the counter status. The 
final setting should be near the center of the hold-in 
range. 

The pull-in range of the PLL should be less than 
half the lock point separation; otherwise, if power is 
momentarily lost, the oscillator may end up locked to 
the wrong channel. Pull-in range can be controlled 
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by adjusting the power level of the prescaled uhf os- 
cillator signal at the input of the phase detector. 

prescaler 
Th,e Plessey SP-8610 is a 1-GHz divide-by-four pre- 

scaler that works well considerably above 1 GHz, 
even when mounted in a DIP socket. This chip, to- 
gether with the Plessey 8636 decade divider, pro- 
vides outputs in the 27-33 MHz frequency range. The 
circuit is simple and straightforward. One important 
consideration is that prescalers used at these fre- 
quencies require leadless bypass capacitors. Chip ca- 
pacitors used initially performed satisfactorily from 
an electrical standpoint, but PC-board flexing caused 
them to work loose. To solve this problem, leadless 
capacitors were made by modifying dipped mica 
capacitors. The insulation was removed with a file, 
uncovering two metal clamps that hold the stack to- 
gether. Connections were made directly to the 
clamps by soldering. This arrangement is entirely sat- 
isfactory and considerably less expensive. 

The output from the SP-8636 drives a 2N5179 NPN 

transistor amplifier, which, in turn drives a 2N918 
splitter to provide dual low-impedance outputs. One 
of these is intended to drive the phase detector, 
while the other can be used to operate the frequency 
counter. I suggest that an external divide-by-25 cir- 
cuit be added to increase the overall division factor to 
1,000 for the counter. This circuit adds a conven- 
ience that relates counter kilohertz to  oscillator 
megahertz. For example, the counter will display 
1200 kHz when the uhf oscillator frequency is 1200 
MHz. 

A schematic of the prescaler is shown in fig. 8. An 
input signal is coupled to the SP8610 by a small probe 
bent in an L shape and soldered to pin 4. The bent 
part of the probe is approximately 1/4 inch (6 mm) 
long and spaced 3/32 inch (2.4 mm) from L1. The 
probe should be carefully insulated with Mylar tape 
to prevent it from coming into contact with + 12 
volts on L1. Also, to prevent damage, do not over- 
couple the 8610. The proper procedure is to tune the 
oscillator to the high end of its range and couple the 
probe sufficiently for the counter to operate properly. 

>-- 

lo* p 
7-. 

fig. 7. Phase detector board foil side. 
top, and component layout, bottom. 
Assembled board, lowerright. 
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fig. 8. Prescaler schematic. An input signal is coupled to 
the SP8610 by a small L-shaped probe, which is soldered 
to pin 4. See text for correct coupling adjustment. 

At 1200 MHz, a very small coupling capacitance is 
sufficient. 

construction details 
The task of duplicating the performance of the 

original uhf oscillator is relatively simple when PC 
boards designed specifically for this project are used. 
If you don't have the facilities to etch your own 
boards, they can be obtained from Rock Engineering 
Supply Company, Inc., 1769 Armitage Ct., Addison, 
Illinois 60101. 
Construction sequence. For the most part, the uhf 
oscillator assembly is simple except that there is a 
certain sequence that makes the task easier if fol- 
lowed. I suggest that the feedthrough capacitors be 
mounted on the board first, followed by the DIP 
sockets, then all discrete parts not directly associated 
with the oscillator. Fig. 9 is a drilling template to be 
used to locate the feedthrough holes, shoulder 
washers, and Teflon standoff. If the oscillator is to be 
used at its fundamental frequency, holes should be 
drilled for the SMA connector. The coupling loop di- 
mensions and assembly are shown in fig. 10 if an 
SMA fitting is not available, a BNC type may be 
substituted. 
Connection is made to the rf ground-return pad of 
the varactor diode by inserting a 2-56 (M2) screw in 
hole A, using a fiber washer to insulate it from the 
ground plane on the component side of the board. 
This is the terminal used to bring the tuning and con- 

trol voltage to the varactor diode. 

Varactor diode. The varactor tuning diode should 
be mounted with special care. Locate it on the rf pad 
with the cathode side up and solder the anode to the 
pad. Use a toothpick or pointed object to hold the di- 
ode in place during the soldering operation. Apply 
the soldering iron to the pad, not the diode, and only 
long enough for the solder to flow. Then tin the di- 
ode cathode terminal using a fine soldering iron tip. 
Apply as little solder as possible. 

Before proceeding further, cement the two phe- 
nolic shoulder washers in the base bypass pad holes 
with two-part epoxy cement. Use the quick-setting 
(5-minute) variety to avoid a 12-hour cure cycle. 

Collector line. The collector line, L1, should be 
mounted next. Tin the bottom side of the line where 
contact will be made with the varactor diode. Insert 
the pointed end of L1 into the collector shoulder 
washer hole and solder the line to the varactor diode. 
Also, to take the stress off the varactor diode, a fiber- 
glass shim should be cemented in place under the 
line near the rf choke. Trim the shim with a file so 
that it slides under the line without forcing, then ap- 
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flg. 9. Top view of uhf oscillator board ahowing mount- 
ing-hole locations. 

december 1980 17 



. 

€.e.# .. l ~ l . 6  Mnul 
Val",, Of U * C I M O .  .re I. MOIP 
land, Wk ofh.o a n  I 
.da @FA mmanel* ,r 
r - r m ,  u - i a  

-- 

flg. 10. Top: Uhf oscillator board, front side. Bottom left: Foil side of oscillator board showing parts placement. Bottom 
rlght: Uhf oscillator assembly, top view. 

n *I.* 
I "  Oh". 
0.000 

18 december 1980 



hmd8 f#k dnaw a n  in w a I -  
.h (pFr mM.ma# am la Ohms 
k - lam u-t.mm 

fig. 11. Top: Uhf osclllator board, rear side. Bottom Isft: Component-slde of osclllator board showlng parts placement. 
Voltage control is a 5k Piheri pot. Bottom rlght: Uhf oscillator assembly, bottom view. 
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ply a small amount of epoxy cement and secure the 
assembly in place. Finally, apply a very small amount 
of epoxy cement into the collector shoulder washer 
hole to secure L1. 

Emitter coil. The emitter coil should be mounted 
next, and epoxy cement should be applied to the 
shoulder washer hole to secure it in place. Mount the 
transistor on the base pad and solder the base leads 
to the pad. Solder the emitter and collector leads to 
the emitter coil and L1 respectively, as shown in fig. 
10. Solder the feedback shim to the emitter end of L2 
(not shown) and insulate the shim with Mylar tape. 
Space it about 118 inch (3 mm) above the collector 
line. 

Before mounting the rf choke and the 10-ohm 
resistor, check out the 723 regulator and set its out- 
put voltage to + 12 volts by adjusting the trimpot. 

There are five 1110-watt resistors and three special 
mica capacitors that are soldered to the foil side of 
the board (see fig. 10). The parts layout on the com- 
ponent side of the uhf oscillator board is shown in 
fig. 11. 

Connect a shielded wire from one of the buffered 
prescaler outputs to a frequency counter and confirm 
that the counter displays frequencies between 
= 27-33 MHz as the tuning control is adjusted. 

oscillator enclosure 
The mechanical details of the aluminum shield 

cover that encloses the uhf oscillator are shown in 
fig. 12. The 2-56 (MI screws used to mount the 
shield cover on the board also interconnect the 
groundplane foils on opposite sides of the board. 
Since initial tests will be made without the enclosure, 
it will be necessary to insert the screws and tempo- 
rarily secure them with nuts to simulate the ground- 
ing condition. 

initial oscillator tests 
The uhf oscillator should be checked out first, 

without the aid of the phase detector board. Tempo- 
rarily connect a 10k ten-turn potentiometer between 
+ 12 volts and ground and connect the arm of the 
pot to the varactor terminal. Use the regulated volt- 
age from the 723 post regulator. Set the tuning volt- 
age to about 5 volts and monitor the current from the 
20-volt source with a milliammeter. When power is 
applied, the current should be approximately 25 mA. 
Gradually increase the feedback capacitance until the 
collector current is approximately 35 mA, but do not 
exceed 40 mA. 

Finally, the phase detector board is integrated into 
the system as illustrated in fig. 5, and the PLL is then 
checked out. 
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fig. 12. Oscillator enclosure. Material is 0.032-inch (0.8 
mm) aluminum. 

conclusion 
The uhf oscillator described here has many poten- 

tial applications, depending on your interests. In my 
case, the performance of an existing 1296 TV conver- 
ter was considerably improved when the basic uhf 
oscillator operating in the PLL mode was substituted 
for the original crystal-oscillator-multiplier chain. A 
similar uhf oscillator equipped with a doubler circuit 
was used as the local oscillator in a converter origin- 
ally designed for use at 2304 MHz. Excellent MDS 
and ITFS TV pictures were received. Note that the 
uhf oscillator is not recommended for use in a nar- 
rowband receiver intended for CW, am, or SSB serv- 
ice because of its relatively high phase noise. 

I've also used the uhf oscillator with a tripler as the 
local oscillator in a TVRO receiver. In this case, the 
PLL was built with 20-MHz lock point spacing corres- 
ponding to the channel spacing of this class of serv- 
ice. In a future article I'll describe frequency multipli- 
ers designed for use with the uhf oscillator. 

Some of the parts required to build this uhf oscilla- 
tor probably won't be found in Amateur parts boxes. 
These include the prescalers, oscillator transistor, 
and the tuning varactor. I may be able to suggest 
sources for some of these parts or help you with 
other problems. In either case, please send an SASE 
with your inquiry. 

reference 
1. Norm Foot, WASHUV, "High-Frequency Communications Receiver," 
ham radio, October, 1978, page 10. 
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Slidins rearlbonom panelfor 
sewlee and ComPonem 
cesib~l i ty.  

Top /bottom P ~ ~ * S . O ~ O  thk 
elum. Alodine type 1200 
finish (gold t int  color) for 
befl pail11 adh-ion after 
modif~cat~on. 
Vented top and bottom 
panels for cooling afficmncy. 

RI construction provides 
unylmited applications. 

C O N ~ T ~ u C ~ I ~ ~ :  
The"0TE" Blank O e d  Top EleenonicEnclorunsaredes'igned to blend andcomplement 
today's modern computer equ~pment and can be used In both i n d u ~ r l a l  and home. The 
end plecesare preclston molded wtth an tnternal slot (all aroundltoaccept bothtopand 
bottom panelr The panels are then fastened to %" thick labs ~nstde the end pieces to 
provde maxmum ngldily t m h e  enclosure. For  ease of equlpmmt wrvclng". ttle ""1 
bottom panel slldes back on dotted tracks while the rest of the enclosure remalns In. 
tact. Oitlerent panel w~dths  may be user1 while mainta~ning a common profile outl~ne. 
The molded end pleces can elm be pa~nted to  match any panel color scheme. 

s t r u c t ~ o n .  Provides a sol id - 
1 a m p  8 5 volts. Can  supplv UP 
t o  5V. . 9V  and . 12V w l t h  



conversion versatility 
using the 

surplus cavity filter 

Good news for 
VHFIUHF experimenters - 

this surplus filter 
can be easily converted 

for use on 
6,2, and 1-1 14 meters 

In two recent articles.l.2 I described the conver- 
sion of several obscure surplus cavity bandpass 
filters for use in the vhf and uhf Amateur bands. 
Since then I've found another very interesting 
surplus cavity bandpass filter* that I've converted for 
use in the 50-54 MHz, 144-148 MHz, and 220-225 
MHz Amateur bands. 

The theory and operation of resonant-cavity band- 
pass filters have been fully covered in the literatures 
and in my two previous articles. Therefore I'll go right 
into a description of this surplus "sleeper" and the 
conversions. 

the F-237IGRC-10 bandpass filter 
This filter was designed for use with the receiver 

section of Army radio set ANIGRC-10 and consists 
of three individual coaxial resonant re-entrant 
cavities connected in cascade, each tuned with its 
own variable capacitor ganged for single-dial control. 

'Fair Radio Co., Post Office Box 1105, Lima, Ohio 45802 

By William Tucker, W4FXE. 1965 South 
Ocean Drive, 1 5 4 ,  Hallandale, Florida 33009 
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fig. 1. The F-237lGRC-10 bandpass filter showing the 
zig-zag configuration to compress 22 inches (55.9 cm) 
of coax cavity into a compact package. Note that the 
pickup loops are close to the open end. 

Each cavity is about 20 inches (51 cm) long but com- 
pressed into a compact package by using a snake-like 
configuration as shown in fig. 1. The cavities are of 
sturdy copper, and the center conductor is silver 
plated for high conductivity. 

Normally, rf pickup loops are located near the 
shorted high-current end of coaxial type re-entrant 
resonant cavities where the electromagnetic field is 
at a maximum. Note that in this cavity, however, the 
pickup loops are located closer to the open end, evi- 
dently to provide looser coupling. This will provide 
greater selectivity at the expense of a higher insertion 
loss, which becomes a little over 2 dB per cavity. 

The three cavities are similar electrically and physi- 
cally except that the input and output pickup loops 
L1 and L6, (fig. 2) are a little larger than the others. 
Also the coaxial cable connection to each cavity 
varies slightly. 

Receiver and antenna jacks on the front panel are 
made to accommodate a type-C UG-573 connector, 
which is a jumbo type BNC that's not in general use. 
If you wish, an N type or uhf type socket can be used 
in its place by removing the existing socket. Some fil- 
ing of the socket flange may be necessary to fit into 
the recessed opening on the front panel. 

The F-237 has an input and output impedance of 
50 ohms and covers 54-70.9 MHz with continuous 
tuning. The bandwidth at the 3-dB points is 250 kHz. 
The attenuation is 40 dB at 4.5 MHz. Insertion loss is 
7 dB at resonance. The complete assembly in its 
cabinet weighs about 16 pounds (7.3 kg) and is ap- 
proximately 6 x 11 x 11 inches (15 x 28 x 28 cm). 

simple conversion to 
the &meter band 

Fortunately, the three air-dielectric trimmers 

C1002-3-4, which are mounted directly on the three- 
gang variable capacitor C1001 A-B-C, fig. 3, have 
sufficient spare capacitance so they can be adjusted 
to cover the 50-54 MHz band. After adjustment, the 
range is 49.5-60 MHz. 

Because of the high selectivity, the following pro- 
cedure is suggested. Set the tuning dial at the lowest 
frequency position, 54 MHz, and feed a 53-MHz sig- 
nal into the antenna terminal from any convenient 
source, such as a grid-dip meter or signal generator. 
Adjust the three trimmers for maximum output as 
measured at the receiver terminal using an rf meter or 
receiver S-meter. A simple rf meter can be made 
using a germanium diode such as the IN34 in series 
with a microammeter. 

Repeat the above procedure in small steps until 
49.5 MHz is reached; the trimmers should now be at 
almost maximum capacitance with some to spare for 
final adjustment. If this filter is to be used with a 
receiver only, it can be inserted into the transmission 
line and, with a weak signal around 52 MHz, the filter 
tuning dial can be tuned for maximum output. The 
trimmers can then be repeaked for maximum output. 

If the filter is to be used with a transmitter or trans- 
ceiver, an SWR indicator should be used between 
transmitter and filter. The trimmers should be adjust- 
ed for minimum SWR at 52 MHz. The tuning dial can 
then be calibrated in any manner you choose. 

lowering the insertion loss 
For general Amateur use, 7 dB is quite a large bite 

to take out of the received or transmitted signal. The 
F-237 filter assembly can be modified to provide less 
insertion loss at the expense of a little selectivity by 
using only one or two of the original cavities instead 
of all three. Even with a single cavity, selectivity is 
adequate for most Amateur applications. 

To lift out the cavity assembly and its ganged 
capacitors in one piece, remove all the screws from 

r - - - - - - T - - - - - - 7  
T U N I N G  

/ / - / 

E l 0 0 3  
... 

E l 0 0 1  E l 0 0 2  

fig. 2. Schematic of the F-237IGRC-10 cavity. The 
antenna and receiver pickup loops are larger than 
those connecting the assembly. 
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fig. 3. Interior of the F-237/GRC-10 cavity. The three 
air-dielectric trimmers have enough capacitance to 
allow coverage of 50-54 MHz. 

the underside and unsolder the two coaxial cable 
leads leading to the front panel. To eliminate a cavity 
section, remove the Phillips-head screw and unsolder 
the ground strap. Unsolder the cavity center conduc- 
tor from the variable-capacitor stator plates and the 
cavity will unplug from its adjacent cavity (fig. 4). 

If only one section is to be used, any of the cavities 
will do. If two sections are to be used, then eliminate 
the center cavity and interconnect the remaining two 
with a short length of RG-58lU coaxial cable. This 
arrangement is necessary to ensure proper tracking. 
Adjustment follows the original procedure. 

even less insertion loss 
The insertion loss can be reduced to under 1 dB 

per cavity section by rearranging the cavity so that 
the pickup loops are placed in the high-current end of 
the cavity. This can be done by reversing the cavity 
sections as shown in fig. 5. 

Unsolder the closed end plate at A and resolder it 
to the other end, B. Make certain that very good 
electrical contact is made between the center con- 
ductor and the housing at this high current end, B. 
Unsolder the ground strap and relocate as shown. 
Cut a short length of copper or brass rod and insert it 
into the center conductor at A so that it will reach the 
tuning-capacitor stator. Finally, unsolder the mount- 
ing bracket and replace it at the other end as shown. 

Reassemble the cavities to the ganged capacitors 

24 a decernber 1980 

and you now have a bandpass filter with an insertion 
loss of less than 1-dB per cavity section. The selectiv- 
ity is still adequate even if you use only one cavity to 
do the job. The adjustment and tuning is as previ- 
ously described. 

for use with higher power 
The F-237 bandpass filter is tuned to resonance by 

a three-gang variable capacitor of excellent quality 
with 0.06-inch (1.5-mm) spacing between plates. It 
should withstand power levels in the order of several 
hundred watts. The weak point in the filter is the very 
small air dielectric trimmers, which will probably arc 
over with rf power in excess of 30-40 watts. To over- 
come this limitation, the trimmers can be removed 
and replaced with the APC type of trimmer, 20 pF or 
more, and with a plate spacing of at least 0.03 inch 
(0.76 mm). The larger trimmer will also extend the 
low range a few MHz below 49.5 MHz. 

conversion to the 2-meter band 
This conversion can be made from either left-over 

cavities from the 50-54 MHz conversion or from 
another F-237. A length of 22 inches (56 cm) of coax- 
ial re-entrant cavity is too long for 144-148 MHz and 
must be shortened to allow for variable capacitance 
loading. 

Fig. 6 shows a convenient method of obtaining a 
workable length, while at the same time placing the 
pickup loops very close to the shorted high-current 
end of the cavity. In addition, the open end is termi- 
nated in a handy housing for the variable capacitor. 

As shown in fig. 7, carefully eliminate the shaded 
portion with a sharp hacksaw; this will leave about 11 
inches (28 cm) of cavity for the 2-meter band. File all 
rouugh edges to a flat and smooth finish and tin thor- 
oughly at both ends for soldering. Unsolder the 

SHORTED 
CLOSED END 

D I N 0  

CONDUCTOR 
S T A T O R  
CONNECTION 

CERAMIC 
I N S U L A T I O N  

fig. 4. Unmodified cavity section detached from 
the F-MIGRC-10 assembly. 



CLOSED E N D  CLOSE 
P L A T E  T H I S  E N 0  

A 

SOLDER 

CERAUlC EX TENSION 

I N S u l A T O I  POST 

8 Q 
fig. 5. Reversal of cavity to place pickup loops in the high-current area for lower insertion loss. 
Sketches (A) and (B) show before and after mods. 

right-angle portion of the inner conductor as shown. 
The two pickup loops will now be visible and 

accessible from the short open end. Using a screw- 
driver, bend the center of each loop toward the hous- 
ing away from the center conductor as shown by the 
dotted line in fig. 8. Try to make the loops as sym- 
metrical as possible. 

To close up the end near the pickup loops, un- 
solder the end plate on the cut-off portion or cut a 
piece of flashing copper to 1-1 I2  inch (3.8 cm) diam- 
eter with a 114-inch (0.6-cm) opening in the center. 

COAX P O S T , ,  

SHORTING COVER \ 
P L A r E  O ~ ~ L I .  H O L E  FOR 

M O U N T I N G  T U N I N G  
CAPACITOR 

fig. 6. Modified cavity section for the 
2-meter band. A workable length is 
obtained, and pickup loops are close 
to the shorted high-current end of the 
cavity. 

Solder either one securely to ensure good electrical 
contact at this high-current area. 

Select an APC air dielectric trimmer capacitor and 
install in the cubical housing as shown in fig. 9. A 
capacitance of about 25 pF with an air gap spacing of 
at least 0.03-inch (0.76-mm) should fit into the availa- 
ble space and provide adequate tuning range. Solder 
the stator plates to a heavy lead and attach to the ten- 

ter conductor. The rotor wiper arm should be soldered 
directly to the housing wall. Try to obtain an APC 
trimmer with a standard 114-inch (0.6-cm) shaft so 

C u r  L ~ F  S M L O L D  A P L A S  
Y l T H  H I C C S I I  

IS 7 c n J  

fig. 7. Shaded portions are removed with a 
hacksaw to leave about 11 inches (28 cm) of 
cavity for the 2-meter band. 
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fig. 8. Pickup loops are bent as shown 
for the 2-meter conversion. 

_-- \  . . 
-' PlClUP LOOPS - . 

C E N T E R  CONDUCTOR 

._ _- 

that a knob can be used instead of the inconvenient 
screwdriver adjustment. 

To test the unit for frequency coverage, attach a 
314-inch (1.9-cm) loop to either coaxial terminal and 
couple a grid-dip meter to it. A sharp dip will indicate 
resonance, which should occur about midrange with 
plenty of spare capacitance on either side of reso- 
nance. The open end of the cavity can then be closed 
with flashing copper or left open as you wish. 

conversion to 220-225 MHz 
This modification is identical to the 144-148-MHz 

conversion except for the tuning capacitor. At this 
frequency, even the minimum capacitance of the 
APC trimmer is too high; therefore, a simple very low 
capacitance trimmer can be built using two copper 
pennies. Solder one penny to the inner conductor 
and the other to a brass machine screw as shown in 
fig. 10. Solder a brass hex nut to the outside of the 
housing and use a second hex nut to lock in the fre- 
quency adjustment. A grid-dip meter can be used to 
check the frequency range, which should be 
between approximately 180-240 MHz. 

an experimenter's delight 

used for the 144-MHz band can be used with a 50-pF 
air trimmer to provide coverage of both the 144- and 
220-MHz bands with one cavity. Also, by using a 
shorter length of about 3-5 inches (7.6-12.7 cm), this 
cavity section can be made to resonate in the 440- 
MHz band. 

The size of the pickup loops, which serve an 
important role in impedance matching and determin- 
ing cavity selectivity, can be changed by unsoldering 
the elongated mounting strip for easy access. Also, 
for convenient cable connection, small sockets such 
as the BNC, F, or RCA type can be used as they are 
small enough to be mounted into the strip. 

Another suggestion: You can attach three modi- 
fied cavities, each for a different band, to the stators 
of the three-gang tuning capacitor. Separate sets of 
coaxial cables can be run to sets of separate termi- 

-- 

I 
COPPER P F N N I E S  

fig. 10. Air trimmer installation for the 22- 
MHz conversion using two copper pennies 
to replace the APC trimmer capacitor. 

nals on the front panel, or a three-position switch can 
be used to select the cavity to be used. .Depending 
on the length of each cavity, the individual capacitor 
sections can be used to tune the desired band. If the 
capacitance is too high, rotor plates can be easily 
removed to lower .capacitance to fit the application. 

~h~ several convers~ons discussed in this The main tuning dial can be calibrated with three 

are just a small sampling of what can be done with separate scales. as required- 

the F-237. One assembly will supply three cavities; summarv 
one for each band, or all three for one band. 

For those who wish to experiment, a length of With 66 inches (167.6 cm) of good-quality coaxial 

cavity somewhat shorter than the 11 inches (28 cm) cavity available, a three-gang variable capacitor, 
three shielded miniature air dielectric trimmers, a pre- 

1 cision tuning assembly, and a sturdy metal cabinet, 

fig. 9. Installstion of the APC trimmer capaci- 
tor for the 2-meter conversion. 

vhf and uhf experimenters can really have a field day 
with the F-237IGRC-10. 

I 
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CALL 1 

For the best deal on 
.AEA.AI I iance*Ameco*Apple*ASP 
*Avanti .Belden*Bencher.Bird.COE 
.CES.Communications Specialists 
.Collins.Cushcralt*Oaiwa*0enTron 
.Orake*Hustler.Hy-Gain.lcom*IRL*KLM 
.Kenwood*Larsen.Macrotronics.MFJ 
.Midland*Mini-Products.Mirage.Mosley 
*NPC.Newtronics*Nye.Panasonic 
Palomar Engineers.Regency.Robo1 
.Shure*Standard.Swan.Tempo 
*Ten-Tec*Transcom.Yaesu 

HOLIDAY 
SPECIALS 
KENWOOD TR-7600 

closeout ................ $269 

TEMPO S-1 .............. $239 
with touchtone .... $269 

KENWOOD TR-7800, 
TR-9000 and TR-2400 
all now in stock ... Call 
for great Erickson 
prices today! 

APPLE: Buy a 16k Apple II 
or ~ p p l e  II Plus for 
$1195; get 32k more 
memory, installed, free! 

Complete with disc drive, 
only ...................... $1739 

Apple prices include prepaid shipping 
within continental U.S.A. 

CALL TOLL FREE 
(outside llllnols only) 

(800) 621 -5802 
HOURS: 930-5:30 Mon.. Tuer.. Wed. 6 Frl. 

I THERE IS A 

For more than a quarter century, lnternational Crystal Mfg. 
Co., Inc. has earned a reputation for design and capability in 
manufacturing and marketing precision electronic products. 

The market for lnternational crystals is worldwide. With a full 
range of types and frequencies available, lnternational is a 
major supplier to the commercial and industrial crystal market. 

International's leadership in crystal design and production is 
synonymous with quality quartz crystals from 70 KHz to 160 
MHz. Accurately controlled calibration and a long list of tests 
are made on the finished crystal prior to shipment. 

That is why we guarantee lnternational crystals against 
defects, material and workmanship for an unlimited time when 
used in equipment for which they were specifically made. 

Orders may be placed by Phone: 4051236-3741 TELEX: 
747-147 CABLE: Incrystal TWX: 910-831-3177 Mail: 
lnternational Crystal Mfg. Co., Inc., 10 North Lee. Oklahoma 
City, Oklahoma 73102. 

Write for information. 

INTERNATIONAL CRYSTAL MFG. CO.. INC. 
10 N,>rl l l  Li.1. i Jk lahom,+ r 1 1 "  k l k l ~ h o n ~ , ~  73102 
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A pacesetter since 1943, Drake led in 1963 with 9 MHz i-f trar 
with 48 MHz i-1 "Up Conversion". . . Drake brings you tomormw's sit 

La- 

-- Model 1336 

Continuous Frequency Coverag?-The TR7 provides continuous 
coverage in receive from 1.5 to 30 MHz. Transmit coverage is 
provided for all amateur bands from 160 through 10 meters. The 
optional AUX7 Range Program Board allows out-of-band transmit 
coverage for MARS, Embassy, Government and Commercial 
services as well as future band expansions in the 1.8 through 30 
MHz range.* The AUX7 Board also provides 0 through 1.5 MHz 
receive coverage and crystal-controlled fixedchannel operation 
for Government, Amateur or Commercial applications anywhere 
in the 1.8 to 30 MHz range. 

Synthesizedlmo Frequency Control-A Drake exclusive: 
carefullv engineered hiqh-performance synthesizer, combined . - 
with the famous ~ rakebTb ,  provides smooth, linear tuning with 
1 kHz dial and 100 Hz digital readout resolution. 500 kHz upldown 
range switching is pushbutton controlled. 

Advanced High-Performance Receiver Design-The receiver - -L I - - - - -  

sect~on of the Drake TR7 is an advanced, up-conversion design. 
The first intermediate frequency of 48.05 MHz places the image 
frequency well outside the receiver input passband, and provides 
for true general coverage operation without i-f gaps or 
crossovers. In addition, the receiver section features a high-level 
double balanced mixer in the front end for superior spurious and 
dynamic range performance. 

True Passband Tuning-The TR7 employs the famous Drake full - ---- --.- 
passband tunlng instead of the limited range "i-f shift" found in 
some other units. The Drake system allows the receiver 
passband to be varied from the top edge of one sideband, 
through center, to the bottom edge of the opposite sideband. In 
fact, the range is even wider to accommodate RlTY. This system 
greatly improves receiving performance in heavy QRM by 

~sceiving, , 
ire of the 2 

and now 
irt today. , 

I 

solid state 
continuous coverage 
synthesized hf system 

allowing the operator to move interfering signals out of the 
passband, and it is so flexible that you can even transmit on 
one sideband and listen on the other. 

Unique Independent Receiver Selectivity-Space is provided in 
the TR7 for up to 3 opt~onal crystal filters. These filters are 
selected, along with the standard 2.3 kHz filter, by front panel 
pushbutton control, independent of the mode control. This 
permits the receive response to be optimized for various 
operating conditions in any operational situation. Optional filter 
bandwidths include 6 kHz for a-m, 1.8 kHz for narrow ssb or 
RTTY, and 500 Hz and 300 Hz for cw. 

Broadband, Solid State Design-100% solid state throughout. All -- 
circuits are broadbanded, e l~snat ing the need for tuning 
adjustments of any kind. Merely select the correct band, dial up 
the desired frequency, and you're ready to operate. 

Rugged, Solid State Power Amplifier-The power amplifier is - 
internally mounted, with nothing outboard subject to physical 
damage. A Drake designed custom heat sink makes this 
possible. The unique air ducting design of this heat sink allows 
an optional rear-mounted fan, the FA7, to provide continuous, full 
power transmit on SSTVIRTTY. The fan is not required for ssblcw 
operation, since normal convection cooling allows continuous 
transmit in these modes. 

Effective Noise Blanker-The optional NB7 Noise Blanker plugs -- -.- - - -  
into the TR7 to provtde true impulse-type noise blanking 
performance. This un~t is carefully designed to maximize both 
blanking and dynamic range in order to preserve the excellent 
strong-signal handling characteristics of the TR7. 

* NOTE: Transmitter coverage for MARS, Government, and future WARC bands is available only in ranges authorized by the FCC, Military, or other 
government agency for a specific service. Proof of license for that service must be submitted to the R. L. Drake Company, including the 500 kHz 
range to be covered. Upon approval, and at the discretion of the R. L. Drake Company, a special range IC will be supplied for use with the Aux7 
Range Program Board. Prices quoted from the factory. See Operator's Manual for details. (Not available for services requiring type acceptance.) 
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ACCESSORIES 

"Aux7 must be used 
with either Model 
1546 RRM-7 Range 
Receive Module, or 
Model 1547 RTM-7 
Range Transcelve 
Module. Use one 
module per 500 kHz 
range. Modules plug 
directly Into Aux7. 

Model 1336 Drake TR7 General Coverage Digital WO Transceiver 
Model 1338 Drake RV7 Remote VFO 
Model 1502 Drake PS7 1201240V Ac Supply for continuous duty 

operation (25 amps) 
Model 1570 Drake PS75 1201240V Ac supply for intermittent duty 

(15 amps continuous, 25 amps intermittent) 
Model 1553 Drake SP75 Speech Processor 
Model 1230 Drake LA7 Line Amplifier 
Model 1533 Drake CS7 Coax Switch 
Model 7077 Drake Desk Microphone 
Model 1520 Drake P75 Phone Patch 
Model 1536 Drake Aux7 Range Program Board " 
Model 1531 Drake MS7 Matching Speaker 
Model 1537 Drake NB7 Noise Blanker 
Model 1529 Drake FA7 Fan 
Model 7021 Drake SL-300 Cw Filter, 300 Hz 
Model 7022 Drake SL-500 Cw Filter, 500 Hz 
Model 7023 Drake SL-1800 Ssb lR l lT  Filter, 1.8 kHz 
Model 7024 Drake SL-6000 A-m Filter, 6.0 kHz 
Model 1335 Drake MMK-7 Mobile Mounting Kit 
Model 7037 Drake TR7 Service KitlExtender Board Set 
Model 385-0004 Drake TR7 ServicelSchematic Book 

GENERAL 
Receive 

Without Aux7 1.5 to 30 MHz, continuous, no gaps. 
With Aux7 Same, plus 0 to 1.5 MHz at reduced 

performance. 

Transmit 
Without Aux7 1.8-2.0, 3.5-4.0, 7.0-7.5, 14.0- 

14.5, 21.0-21.5, 28.0-30.0 MHz. 
With Aux7* Above ranges, plus any eight 500 

kHz segments from 1.8 to 30 MHz. 

Modes of Operation Usb, Lsb, Cw, RTTY, A-m equiv. 
(A-3H). 

Frequency Stability Less than 1 kHz first hour. Less 
than 150 Hz per hour after 1 hour 
warm up. Less than 100 Hz for 
2 10% line voltage change. 

Frequency Readout Accuracy 
Analog Better than + 1 kHz when calibrated 

at the nearest marker point. 
Digital 15 ppm 2 100 Hz. 

External Counter Mode 
Maximum input Freq. 150 MHz. 
lnput Level Range 50 mV to 2 V, rms. 

Power Supply Requirements 
11-16 V-dc (13.6 V-dc nominal), 3A 
receive, 25A transmit. 

Dimensions 
Depth 12.5 in. (31.75 cm), excluding knobs 

and connectors. 
Width 13.6 in. (34.6 cm). 
Height 4.6 in. (11.6 cm) excluding feet. 
Weight 17.1 Ib. (7.75 kg). 

RECEIVER 
Sensitivity 

Ssb, Cw Less than 0.5 pV for 10 dB (S+N)/N. 
A-m (30% Mod.) Less than 2.0 pV for 10 dB (S+N)/N. 

Selectivity 2.3 kHz at - 6 dB and 4.4 kHz at 
-60 dB (1.8:l shape factor). 

I Ultimate Selectivity Greater than 100 dB. 

intermodulatlon 

I 

1-1 Frequency 

Less than 4 dB output variation 
for 100 dB input signal change, 
referenced to agc threshold. 
Intercept Point, +20 dBm. 
Two-tone Dynamic Range, 99 dB (at 
spacings of 100 kHz and greater). 
First i-f-48.05 MHz. 
Second i-1-5.645 MHz. 

Image and 1.1 Rejection Greater than 80 dB. 

Spurious Response Greater than 60 dB down. 

internally Generated Spurious Less than 1 pV equivalent, except 
3 pV equivalent from 5 to 6 MHz 
(reduced specs on internal osc 
frequencies). 

Audio Output 2.0 watts @ less than 10% THD 
(4 ohm load). 

TRANSMITTER 
Power lnput (Nominal) 

Ssb 250 watts PEP. 
Cw 250 watts. 
A-m equiv. 80 watts (carrier), plus upper 

sideband. 

Load Impedance 50 ohms, nominal. 
Spurious Output Greater than 50 dB down. 

Harmonic Output Greater than 45 dB down. 

Intermodulation Distortion 30 dB below PEP (24 dB below 
one of two tones). 

Undesired Sideband Suppression 
Greater than 60 dB @ 1 kHz. 

Duty Cycle 
Ssb, Cw 100%. 
Tune, SSTV, RTTY, A-m wlo 1529 FA7 Fan-33%. 5 min. 

transmit, max. 
with 1529 FA7 Fan-100%. 

Wattmeter Accuracy + 5% @ 100 watts (50 ohm load). 
Carrier Suppression Greater than 50 dB. 
Microphone Input High Impedance. 

Specifications. availability and prices subject lo change without notice or obligation. 

R. L. DRAKE COMPANY 540 Rlchard St Mlamtsburg Ohlo 45342 USA 
Phone (5131 866-2421 Telex 288-01 7 
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Yagi antennas: 
practical designs 

Last in the 
Yagi design series, 

with emphasis on 
scaling and element taper 

In all the previous articles of this series the specifi- 
cations for a Yagi antenna have been stated only in 
terms of strictly cylindrical elements. Each element is 
characterized by an x coordinate or position along 
the boom, a physical length, LE, and a radius RO; 
each of these three quantities is expressed in terms 
of wavelengths, X, at a central design frequency. 
Such specifications have led to a number of rather 
good antenna designs, and I shall shortly list a brief 
selection of such designs. However, when a real Yagi 

antenna is constructed it will rarely ever be conven- 
ient to adhere rigorously to the given cylindrical ele- 
ment design. To start, the element diameter is usual- 
ly adjusted to fit a mechanical requirement (wind 
loading, etc.); moreover, the element itself is usually 
not a cylinder, but a series of telescoping tubes start- 
ing with a large-diameter section at the boom and 
tapering to a small-diameter section at the outer end 
of the element. In addition, the element is fastened 
to the boom with a clamping arrangement that may 
be a plate or angle bracket U-bolted to both boom 
and element. Some mechanical designs even put the 
element directly through the boom. Thus, the path 
from the cylindrical design to a practical antenna will 
involve three tasks: scaling the original design to an 
equivalent new design using a different (average) ele- 
ment radius, computing the potentially significant 
change in element length as a result of the chosen 
(telescoping) taper schedule, and making (usually 
minor) corrections to allow for the boom clamping 
system. Methods for carrying out each of these three 
tasks will be given following the next section on pre- 
ferred antenna designs. 

By James L. Lawson, W2PV. 2532 Troy Road, 
Schenectady, New Yark 12309 
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preferred antenna designs 

In this section I shall discuss one preferred design 
for a two-, three-, four-, five- or six-element Yagi an- 
tenna. Recall that simplistic Yagis4 (element spacing 
uniform and all directors having a common length) 
are as good as any other design up to a boom length 
of one wavelength. It was shown that a good two-el- 
ement beam would have a boom length of about 
0.15X; the exact length is not critical and is a com- 
promise between better gain and lower efficiency 
and bandwidth. Best parasite element length is a 
compromise between better forward gain and lower 
FIB ratio. For a three-element beam it was shown 
that a boom length of about one-quarter wavelength 
produces a naturally high FIB and similarly for four-, 
five-, and six-element beams a boom length of about 
314 wavelength gives a naturally good FIB ratio. 

Table 1 shows the characteristics of these good 
Yagi designs. These particular antenna designs are 
not unique; for example, the boom length can be 
varied somewhat. Longer booms, in general, give 
larger forward gain, but the frequency for highest 
FIB ratio drops somewhat below the center of the 
band, where gain remains high. 

A procedure has also been described that allows 
fine tuning or optimization to improve the FIB ratio;5 

this optimization procedure can be done for Yagi an- 
tennas having four or more elements. Optimization 
must be done for a specific end use. Table 2 shows 
optimized six-element beams first for free-space use, 
next for operation at I .  OX over ground, and finally for 
operation in a two-Yagi stack at heights of 0.60X and 
1.5X. These parameters are mathematically correct. 
But note that approximations used in the model real- 
ly do not justify complete confidence in the precise 
values in table 2. Nevertheless, I suspect that practi- 
cal antennas constructed from this table (for use over 
ground) will exhibit superior properties to the (free- 
space) 6-element case shown in table 1. 

scaling 
Any of the Yagi antenna designs, such as those in 

table 1, can be scaled either to other center frequen- 
cies or to elements of different diameter at the same 
center frequency. Because all design parameters in- 
clude dimensions expressed in wavelengths at a cen- 
tral design frequency, the design itself is independent 
of frequency scaling; therefore, the behavior of the 
antenna will not be affected by the choice of central 
design frequency. However, this is true only if the 
design is truly unchanged; that is, all physical dimen- 
sions (including element radii) are adjusted propor- 
tional to the desired wavelength. 

table 1. Preferred Yagi antenna designs. All elements with radius, RO, of 0.0005260 (A,), length, LE, in (A,), and boom posi. 
tion, X, in (A,). 

element X LE X LE X LE X LE X LE 

R 0.000 0.49366 0.000 0.49801 0.000 0.49185 0.0000 0.49994 0.000 0.49528 
DR 0.150 0.47050 0.150 0.48963 0.250 0.47900 0.1875 0.48040 0.150 0.48028 
0 1 0.300 0.46900 0.500 0.46319 0.3750 0.45232 0.300 0.44811 
D2 0.750 0.46319 0.5625 0.45232 0.450 0.44811 
D3 0.7500 0.45232 0.600 0.44811 
D4 0.750 0.4481 1 

number 
elements 2 3 4 5 6 
gain (dBi1 6.88 7.86 10.62 10.45 10.70 
FIB (dB) 7.94 23.60 41.62 32.27 52.71 

table 2. Optimized 6-element Yagi antenna, RO is 0.0005260 (X,), LE in (X,), and X in (X,). 

A 6 C 

element X LE X LE x LE 

R 0.0000 0.49528 0.0000 0.49528 0.0000 0.49528 
DR 0.1500 0.48071 0.1500 0.48028 0.1500 0.48157 
D 1 0.2992 - 0.44&11 0.3039 0.44811 0.3029 0.44811 
D2 0.4500 0.44811 0.4Wa 0.44811 0.4500 0.44811 
D3 0.6000 0.44811 0.5959 0.44811 0.6395 0.44811 
D4 0.7500 0.44811 0.7500 0.44811 0.7500 0.44811 

Note: 
A .  Optimized in free space. 
8. Optimized at I OX,, over ground 
C. Optimized in a stacklground at 0.6Xoand 1 5Ao 
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Experience has shown that desired element radii 
expressed in wavelengths is not constant; at low fre- 
quencies (long wavelengths) relatively thin elements 
are used, while at high frequencies relatively fat ele- 
ments are normal. How, then, can a given design be 
altered to an equivalent design where element radii 
are changed? The clue is to make the impedance of 
the changed, or scaled, element exactly the same as 
the impedance of the original unscaled element at 
the central design frequency; in this way exactly the 
same element currents will flow, resulting in the 
same detailed antenna performance. Because the 
(radiation) resistance of the element is essentially un- 
changed, we need only to make the reactance invari- 
ant to scaling-element radius. 

Recall2 that element reactance, X, near resonance 
can be expressed as: 

where R = the (radiation) resistance 

Q = the effective Q 

F = the frequency referred to central design 
frequency 

FR = the element resonant frequency, also 
referred to central design frequency. 

Recall also that R Q  can be (rather accurately) em- 
pirically expressed as: 

where K l / R O  

RO = the radius of the element expressed in 
wavelengths at F = 1 ,  the central 
design frequency. 

From eqs. 1 and 2: 

X = (215 .15logK-160)(F/FR-FR/F)  (3) 

and at the central design frequency ( F  = 1) :  

X(, = 1) = (215.15 log K - 160) (I /FR - FR) (4) 

Thus, if we wish to scale the element radius from an 
original value to a new value, we must ensure that 
X(F = I )  is unchanged. Note that X(, = 1) contains 

two variables, ( K  and FR), which are a function of el- 
ement radius RO.  Recall2 FR is calculated from the 
physical length of element LX and physical resonant 
length LER; both of these lengths are measured in 
wavelengths, Xo, at F = 1: 

FR = LER/LE (5) 

Empirically,2 

L E R = [ I - ( 1 0 . 7 5 7 5 l o g K - 8 ) - ' ] / 2  (6) 

Thus, from eqs. 5 and 6: 
FR = [ I  - (10.7575 log K - 8)-1]/(2LE) (7) 

We now have the tools to convert a given antenna, 
such as one in table 1, to a new (scaled) antenna 
where the element radii are changed; the new scaled 
antenna will perform exactly in the same way as the 
original antenna at the central design frequency 
(F = 1 ) .  However, the frequency-swept behavior of 
the (scaled) antenna, while qualitatively similar to the 
original, will show a broader or narrower bandwidth, 
depending on the change in element Q (see eq. 2). 

The procedure is simple. For any given original ele- 
ment (subscript 1) we are given LEI and R O I .  The 
new (scaled) (subscript 2) radius is designated as 
R 0 2 .  Compute the new (scaled) element length, 
L Q :  

K I = l / R O I  ; K z = 1 / R 0 2  (8) 

FRI = 11 - (10.7575 log KI - 8)-'1/(2L.E1) (9) 
XI = (215.151ogKI-160) ( l /FR1-FRI)  (10) 

Having calculated reactance (at F = I ) ,  compute the 
value of FR2 that will give the same value of X with 
the new element radius, R 0 2 :  

Xz = XI 

( l /FR2-FRd = X1/(215.1510g K2-160) E A (11) 
FR2 = [ - A  + (A2 + 4)1'21/2 (12) 

LE2 = [ I  - (10.7575 log Kz - 8)-']/(2FRz) (13) 

It is simple and convenient to set up the entire proce- 
dure leqs. 8-13) on a small programmable calculator. 

An example illustrates the results. Consider the an- 
tenna design for the six-element antenna in table 1; 

table 3. Six-element Yagi: element length, LE (~0). 

reflector driver director 

1 2 3  1 2 3  1 2 3  

LE ( X o )  0.49528 0.49489 0.49465 0.48028 0.47876 0.47785 0.44811 0.44431 0.44204 
FR 0.97252 0.97042 0.96917 1.00289 1.00311 1.00325 1.07489 1.08090 1.08451 
X (ohms) 30.40800 30.40800 30.40800 -3.14700 -3.14700 -3.14700 - 78.58200 - 78.85200 - 78.85200 

Note: 
Column 1 Ro = 0.0005260 ( X , ) ,  from table 1 
Column 2 R,, = 0.0008 (Ao) 
Column 3 Ro = 0.0010 fro) 
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this would be a reasonable design for a 14.2-MHz an- 
tenna where Xo = 69.3 feet (21.13 meters) and 
where an RO of 0.0005260 (Ao) would correspond to 
an element physical diameter of 0.875 inch (2.22 cm). 
This would be a reasonable dimension for a mechan- 
ically adequate element. Now, suppose that we 
would like an equivalent antenna for 28 MHz, where 
RO probably should be increased. The results of 
eqs. 8-13 are shown in table 3. Note that the (scaled) 
changed values for LE are not wholly intuitive, be- 
cause two things happen simultaneously. As RO in- 
creases the Q decreases, requiring a greater spread 
in resonant frequencies of reflector and director; 
however, at the same time, the resonant physical 
length, L.ER, also changes. Note that, if one scales 
the actual physical dimensions of boom length up by 
a factor, S (from, say, a smaller high-frequency an- 
tenna model), and the element radius dimension is 
ngt also scaled up equivalently, it is wrong, concep- 
tually, to scale element length by the same factor S. 
Moreover, it is also wrong, in this case, to scale 
down element resonant frequency by the same fac- 
tor, S. The only correct way to scale an antenna ele- 
ment is to design it (length and radius) to give the 
same electrical reactance. 

element taper corrections 

To this point, antenna designs and all antenna cal- 
culations have been made for strictly cylindrical ele- 
ments, and the results will apply directly to most 
high-frequency (small) Yagi antennas where the gen- 
eral practice is to use cylindrical elements. However, 
for frequencies less than about 30 MHz, mechanical 
considerations usually require that the elements con- 
sist of one or more telescoping sections of tubing. At 
the lower frequencies (say 1 7  MHz), the Yagi anten- 
na becomes gigantic, and it is no small mechanical 
engineering task to construct even a good element. 
Small diameters favor smaller wind forces, but these 
diameters are insufficiently rugged for long elements. 
It is, therefore, a practice to make these large ele- 
ments of several telestoping sections. The largest- 
diameter section is clamped to the boom, and suc- 
ceeding monotonically smaller-diameter sections 
make up the outer portions of the element. The re- 
sulting element taper can introduce a significant 
change in the required element length. 

It's important to understand how to relate the ac- 
tual detailed taper schedule of an element (diameters 
and lengths of all sections) to the equivalent length 
of a cylindrical (untapered) element having the same 
average or mean diameter. Equivalence is intended 
to mean that the resonant frequency and the Q are 
the same for the actual tapered element as for the 
equivalent cylinder. 

To start, I shall introduce the concepts of element 
pipe inductance and pipe capacitance. Consider a 
cylindrical element of length s and radius RO as 
shown in fig. 1. A length coordinate, x, is defined 
with the origin at the center of the element and a re- 
lated (angle) coordinate, 8, where 8 = ?rx/s. Note 
that electrical excitation of this element in the neigh- 
borhood of the resonant frequency, f ,  will produce a 
current and voltage distribution: 

I e  = I. sin (2rft) cos (8) (14) 

and 

Ve = Vo cos (Zwft) cos (8) (15) 

The electrical driving-point impedance of the element 
consists of a resistance (which is directly related to 
far-field energy radiation) and, of course, a re- 
actance. 

All reactance effects, including resonant frequen- 
cy and electrical Q, are caused by near-field (non-ra- 
diating) energy storage. Energy storage occurs in 
two ways: the magnetic flux surrounding the current 
distribution in eq. 14 and the electrical field produced 
by the voltage distribution in eq. 15. Note that at cer- 
tain instantaneous times ( t  = n/2f ) ,  the current 
everywhere is zero, and all stored energy resides in 
the electrical field. Similarly, at certain other times 
( t  = n/2f+  1/4J the electric field vanishes, and all 
stored energy resides in magnetic flux. 

As time progresses the (constant) total stored en- 
ergy transfers back and forth between magnetic and 
electrostatic fields. This transfer or exchange fre- 
quency is, of course, the element resonant frequen- 
cy. As a result of this complete nonradiative energy 
transfer, the peak or maximum magnetic stored 
energy must exactly equal the peak electrostatic 
stored energy. Note also that the resonant or natural 
exchange frequency must decrease as the total 
stored energy is increased. 

Now, consider the effect of inserting an infinitesi- 
mal length of pipe (of the same radius, RO) into the 
element of fig. 1 at the center (x = 0 . )  The original 

=IF (BOOYJ 0 * 

fig. 1. Coordinates of a single Yagi element. S= overall 
length, X is coordinate of length with zero at center 
(boom), and 0 is corresponding angle (0= r*S/X). 
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(subscript 1) element driving-point reactance,2 X, where AC = the capacitance increase due to AS at 
was shown to be: the element end. 

where K = X/RO 

At the (original) resonant frequency, FRr, the reac- 
tance vanishes; inserting an additional infinitesimal 
length of pipe, As, at X = 0 will change the resonant 
frequency to FR2. At this new frequency the total re- 
actance again vanishes. The added reactance due to 
the inserted pipe must be balanced by the original 
pipe reactance at the new frequency: 

0 = (430.30 log K - 320)(FR2/FR1 - 1) +2?rfAL (17) 

where f = actual (resonant) frequency 
AL = increased inductance due to As. 

The inserted pipe at x = 0 can produce only inductive 
effects (stored magnetic flux) since the electrical po- 
tential is strictly zero. Now, FR2 is clearly related to 
FRl by the overall length(s1 of the element: 

FR2/Fl = s/(s+As) (181 

from which 

AL/As = (430.30 log K - 320)/(S2uf) 

and 

AL/& = (430.30 log K -  320)/(?rc) (19) 
where c is the velocity of light. 

Thus, the addition of the small infinitesimal pipe sec- 
tion causes the element to behave just as though a 
pure series inductance were added. The effective in- 
ductance per unit length, which I designate by IND, is 
given by eq. 19 and is easily expressed in conven- 
tional units as: 

IND = (43.03 log K - 32)(1.061 X 10- 8 )  (201 
henries/meter 

From the simple model of a resonant circuit it is easy 
to relate the magnitude of voltage on the reactive 
components to magnitude of input current by: 

l vol = IZo(RQ)I (21 1 
with: 

R Q  = (215.15log K -  160) (22) 

Now, consider extending the element in fig. 1 by 
length As (of the same radius, R O )  at its outer end 
(X = s / 2 ) .  Here the current is zero so the small pipe 
increases only the electrostatic energy (capacitive ef- 
fect). Since in this case eq. 13 is still valid, the total 
increase in stored energy should be just the same as 
it was for insertion at x = 0. Therefore: 

AL(I2)/2 = AC(V2)/2 (231 

AL = the increase in inductance due to As 
at the element center. 

From eqs. 21 and 23: 

AC = AL/(RQ)2 (241 

Using eqs. 22,24, and 19: 

As/AC = (43.03 log K - 32)(25?rc/lO) (251 
or in conventional units 

&/AC = l / C A P  (26) 

= (43.03 log K - 32)(2.356 X 1 09) meters/fa~ad 

where CAP = the capacitance per unit length. 

Note that 1fCAP is directly related to IND, differing 
only in a constant multiplier. 

Thus, we now can think of a cylindrical section of 
element pipe as contributing to element inductance 
(eq. 20) and element capacitance (eq. 26). Each con- 
tribution is a function of K(X/RO), and therefore RO,  
and each will depend on the current or voltage on the 
pipe section. 

Let us now see what happens if a small section of 
pipe of length AB/2 is first removed at a position x 
(or corresponding 8)  and for symmetry also at - x or 
- 8 from the element shown in fig. 1. Now replace 
these removed sections with equal length sections 
(LLB/2) of larger radius RO.  The overall length of the 
element remains s, but cylindrical "bumps" occur at 
X and - X. As a result of these bumps the stored en- 
ergy of the system is changed and therefore the reso- 
nant frequency is changed. Designate the value of K 
for the original pipe as Kl and for the short bumps as 
K2. The contribution of the bump(s) to stored ener- 
gy, W2, will be 

The relationship of Vat the end of the element to I at 
x = 0 is essentially unchanged from the original ele- 
ment, that is, CAP1 V2 = INDlI2 (see eq. 23). Note 
also that (eqs. 19 and 25): 

CA P2/CA PI = INDI /IND2 (281 

so that eq. 27 can be rewritten as 

2 W 2  '= AB [IND2(IZcos28) 

+ (IND:/IND~) (12 sinz8)l (29) 

Let us now find an equivalent length, M / 2 ,  of the 
original pipe which, when placed at the same posi- 
tions as each of the bumps, contributes an equal 
stored energy. 
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so that 

AA /AB = (KND2/INDl)cos26' 

+ (INDl /INDdsinz 6' (31 ) 

Now, for a longer section (longer bump) going from 
O1 to 02, the equivalent length of the original pipe can 
be easily calculated. Designate IND2/KNDI = m ,  
the length of the long bump as SB, and the length of 
the original pipe, which gives equivalent stored 
energy, as S A .  - - 

SA/SB = m cos26' + ( I /m)  sin28 (32) 

The angular functions are to be averaged over the 
complete bump section. Eq. 32 is easily integrated 
and averaged; the result is 

1 I SA/SB = ( m +  - ) / 2 +  ( m -  -)F(6')/2 m m 

where 

F(6) = (sin 26'2 - sin 2O1)/(2O2 - 201) (34) 
with 6 measured in radians. 

We can now compute from a given element taper 
schedule (involving several sections with different 
pipe diameters) the equivalent lengths of sections of 
"standard" cylindrical pipe. The procedure is to first 
choose the "standard" cylinder that is expected to 
provide equivalent Q. This is, of course, the pipe size 
at the center of each half element; that is, the aver- 
age or mean pipe size. Next, for each section of the 
tapered element, compute the starting 6'1 and ending 
02. For each section compute m; it is easily derived 
from eq. 20, or 

m = (43.03 log K2 - 32)/(43.03 log KI  - 32) (351 

From eqs. 35 and 33 compute SA/SB, which, multi- 
plied by the (tapered) section physical length, gives 
the equivalent section length of the standard pipe. 
Adding the lengths of all equivalent sections gives 
the overall length of the standard cylindrical element 
that should perform essentially the same as the 
chosen taper schedule. 

Perhaps an example will illustrate the procedure. 
Fig. 2 shows schematically a half element with five 

- 
aoou 

SECTION I P 3 4 3 
X( INCHES~ 0 36 86 130 162 t15 

I 2 5  1.125 0.875 0 625 O5W (INCHES 

I 1130 82 1478 68 1901 I7 2661 63 3327 O q  

I fig. 2. Diagram of a tapered half-element example. I 
different sections whose physical diameters range 
from 1.250 inches (3.25 cm) at the boom (x = 0 )  to 
0.500 inch (1.3 cm) at the outer end. Readers will 
recognize this taper schedule as one in common use 
(by Wilson) for a 14-MHz Yagi reflector antenna ele- 
ment. The middle pipe section, 718 inch (2.2 cm) in 
diameter, will represent the "standard" pipe. At a 
frequency of 14.2 MHz, Xo = 831.76 inches (21.13 
meters), R O  = 0.0005260, and Kl  = 1901.17. 
Table 4 illustrates how to calculate the equivalent 
cylinder section lengths. For each section column 2 
shows the actual physical length, SB,  column 3 
shows pipe diameter, column 4 the K value, column 
5 the value of m computed from eq. 35, column 6 
values of 01, column 7 values of 02, column 8 values 
of F(6') computed from eq. 33, and column 9 equiva- 
lent section lengths, SA,  also computed by eq. 33. 
Note that the overall actual length of the tapered half 
element is 215 inches (5.46 meters), whereas the 
overall length of the equivalent cylindrical standard 
718 inch (2.2 cm) pipe is only 206.54 inches (5.25 
meters). In other words, just due to the taper sched- 
ule alone the total (full length) tapered element must 
be made 16.9 inches (42.9 cm) longer than an equiva- 
lent cylinder! This taper correction is surprisingly 
large; it shows clearly that element length alone is a 
totally inadequate specification. 

The physical reason why the tapered element must 
be longer than an equivalent cylinder is that the inner 
(larger) sections have smaller inductance than a stan- 
dard cylinder and therefore must be made longer; 
similarly, the outer (smaller) sections have smaller ca- 
pacitance than the standard cylinder and must also 
be made longer. The taper correction will be quite 

table 4. Equivalent length computations for element in fig. 2. 

S B  d 91 92 s A 

section (inches) (inches) K m  degrees degrees F (0) (inches) 

1 36 1.250 1330.82 0.93890 0.000 15.070 0.95452 33.904 
2 50 1.125 1478.68 0.95695 15.070 36.000 0.61449 48.696 
3 44 0.875 1901.17 1.00000 36.000 54.419 - 0.00718 44.000 
4 32 0.625 2661.63 1.05764 54.419 67.814 - 0.52851 31.102 
5 53 0.500 3327.04 1.09586 67.814 90.000 - 0.90300 48.835 - 

215 206.537 

december 1980 35 



small if the taper is small, but quite significant if the 
taper is large. 

In the derivation of taper correction calculations, I 
have assumed that radial "bumps" are treated as 
small perturbations on the strictly cylindrical case 
and that the current and voltage distributions are 
sinusoidal. Note that K values for the heavily tapered 
element of fig. 2 differ from unity by only a few per 
cent; thus tthe calculation, even though made by a 
perturbation method, should be reasonably good. 
Moreover, the current distribution should still be rea- 
sonably sinusoidal over the tapered element. Never- 
theless there may be some small inaccuracies in the 
overall calculation. It is important to note, however, 
that we are after a length correction of only a few per 
cent due to taper, and therefore some inaccuracy in 
the computation of the (small) correction is tolerable. 

One further point merits elaboration. The proce- 
dure just outlined allows only a computation of cylin- 
der equivalents from a given taper schedule; how 
may we compute a suitable taper schedule starting 
from a given cylinder? I have found that the simplest 
procedure is to initially specify all of the taper sched- 
ules from mechanical considerations, leaving as a 
variable only the length of the outermost section. 
Choose a guessed or estimated length for this sec- 
tion and compute the overall equivalent cylinder. It 
will generally miss the desired length by a differential 
length, A. One can now readjust the length of the 
outermost section by -Am and recalculate. One or 
two such iterations will bring the tapered element 
equivalent cylinder length into adequate agreement 
with the desired figure. 

boom clamping correction 
I now come to the subject of the boom-to-element 

mechanical clamping system and its effect on the 
element reactance and, hence, resonance. It is clear 
that a wide range of clamping systems are in com- 
mon use; it is virtually impossible to make valid calcu- 
lations for all varieties. Nevertheless there are two 
major kinds and it is helpful to understand them. 

The first clamping system is simply to put the ele- 
ment directly through the (round) boom. In this con- 
struction a length of element equal to the complete 
boom diameter is replaced with the boom itself. 
Since this replacement occurs at a voltage node, we 
must determine the effective inductance of the re- 
placement; once this is done it can be considered the 
first section of a tapered element from which an 
equivalent cylinder length can be calculated. I have 
not attempted a rigorous calculation of (boom) in- 
ductance; instead, I refer to the measurements of 
Viesbickes in which his fig. 10 shows that element 
length due to the presence of a (round) boom should 

be increased by about 0.7 the diameter of the boom. 
This is tantamount to saying that the inductance of 
the boom section of the element is very low com- 
pared with normal element inductance; physically 
this is an expected result. The low inductance, of 
course, is due to the blockage of magnetic flux by 
the boom. 

The second clamping system is much more widely 
used since it permits easier element maintenance and 
replacement. In this sytem either a flat, metal, rec- 
tangular plate or an angle bracket is interposed be- 
tween element and boom; two U-bolts fasten the 
boom to plate or bracket and two more U-bolts 
fasten the element to plate or bracket. The U-bolts 
may also use saddles or cradles, which are mechan- 
ically better and which further tend to separate boom 
and element. For this clamping system we wish to 
know the inductive effect of the boom itself and 
more importantly the inductive effect of the plate or 
bracket. I have found experimentally that for this 
clamping system the boom itself has remarkably little 
effect. Even though the (round) boom and (round) 
element are in physical contact, the element length 
should be increased by only 6 per cent of the boom 
diameter; this small correction rapidly disappears as 
the element is spaced away from the boom (even by 
a small amount). The reason this result is so different 
from the through-the-boom result is the relative ease 
with which the magnetic flux (which results from ele- 
ment current flow) can squeeze between boom and 
element, especially if there is any gap between them. 

The correction in length due to the mounting plate 
or bracket is readily calculable. The method is to first 
calculate the equivalent radius of the element plus 
bracket (which produces the same inductance) and 
second to use this equivalent radius as the first 
(short) section of a taper design. The theory for 
equivalent radii of single and multiple parallel con- 
ductors is given by Mushiake and Uda.10 In their 
notation the equivalent radius, f,, of a flat thin plate 
of total width, a, is simply: 

and that for a right-angled bracket of width a and b is 
given by a rather complicated expression, which 
depends only slowly on the ratio b/a. For ratios be- 
tween 0.3 and 1 .O a good approximation (error < 5 
per cent) is: 

Mushiake and Uda show that for two parallel con- 
ductors, it is possible to calculate the equivalent ra- 
dius of the combination. If a1 and a2 are the lengths 
of the peripheries of the cross sections, t I  and f z  the 
equivalent radii of the two conductors, dm the mean 
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distance between them, and f ,  the equivalent radius 
of the combination of both conductors,then 

log t ,  = (a? log t1 +a:  log l 2  

+ 2a1az log d,,,)/(al+ a d 2  (38) 

Eqs. 36 and 38 permit a calculation of the equivalent 
radius of an element which is proximate to a plate; 
similarly, eqs. 37 and 38 provide a way of calculating 
the equivalent radius of an element proximate to an 
angle bracket. To check this method of calculation, I 
have determined the experimental detuning effect of 
a plate just touching a 1 inch (2.54 cm) diameter ele- 
ment resonant at 46 MHz. Table 5 shows both theo- 
retical and experimental results for two different 
plates. These experiments were not particularly ac- 
curate because the resonant frequency is difficult to 
measure accurately; nevertheless the agreement of 
theory and experiment within estimated experimental 
accuracy is gratifying. 

Note that element length corrections due toa prox- 
imate mounting plate or bracket can easily be as 
much as 10 percent of plate length. These correc- 
tions are not especially large in practice, but should 
be made wherever there is a relatively large boom-to- 
element clamping system. 

scaling and taper example 

It may be helpful to show how to specify a good 
three-element beam starting with the cylindrical de- 
sign in table 1. I shall go through necessary scaling, 
then taper schedule calculations for element 
length(s1, and finally apply reasonable boom clamp- 
ing and boom corrections; this procedure is used to 
specify a 14.2-MHz beam, a 21.3-MHz beam and a 
28.5-MHz beam. 

First I choose an average cylinder size that is suffi- 
ciently strong. I shall assume that the final element is 
made of aluminum tubing such as 6061-T6 with 
seamless 0.059 inch ( 1.5 mm) wall thickness. For all 
three bands I choose a cylinder size of 0.875 inch (2.2 
cm) OD, although for 28.5 MHz a slightly smaller size 
is probably permissible. Second, I choose a conven- 
ient taper schedule which is easily made from stan- 

table 5. Increase in resonant frequency due to a proxi- 
mate plate. Element radius is 0.50 inch (1.3 cml and 
length produces resonance at 46 MHz. 

plate change in 
dimensions resonant frequency 

length width per cent per cent 
plate (inches) (inches) theory expected 

1 4.5 3.625 0.304 0.325i0.1 
2 6.0 4.000 0.530 0.521 +0.1 

dard 12-foot (3.7-meter) lengths, leaving the length 
of the outermost section to be adjusted for correct 
overall length. The sections of seamless tubing (ex- 
cept the last section) are slit back about 3 inches (7.6 
cm) at the outer ends (I use one slit only), and a com- 
mon stainless steel hose clamp fastens sections 
together. Tubing overlap of about 8 inches (20 cm) 
gives good joint strength. For 14.2 MHz, the second 
section is a full 12-foot (3.7-meter) section, over 
which is slid the shorter first section; this procedure 
gives added (central) strength and improves the ease 
of clamping with U-bolts and saddles. For 21.3 and 
28.5 MHz this extra inner section is unnecessary. 

Table 6 shows the specifications for these tapered 
half elements where xl and xp represent the start (in- 
ner) and end (outer) positions (in inches) of each sec- 
tion. Note that the tubing requirements for all three 
elements are shown in 12-foot (3.7-meter) lengths. 

table 6. Taper schedules (half elements), for the 3-element 
Yagi. 

14.2 MHz 
3-elements 

d X I  x, tubing lengths 
section (inches) (inches) (inches) (12 feet) 

1 1.125 0 24 1 
2 1.000 24 72 3 
3 0.875 72 136 3 
4 0.750 136 1 76 2 
5 0.625 176 <215 2 

21.3 MHz 

1 0.875 0 72 3 
2 0.750 72 112 2 
3 0.625 112 < 145 2 

38.5 MHz 

1 0.875 0 72 3 
2 0.750 72 c 105 2 

Third, for these three cases it is necessary to scale 
the original design of table 1 to use the desired aver- 
age cylinder size. Table 7 shows the scaled cylinder 
lengths (in Xo for all three beams using scaling tech- 
niques discussed previously. 

We are now ready to compute the effect of taper 
schedule. For the 14.2-MHz element(s1, table 8 
shows the flow of calculations; X I  and x2 (inches) 
show the start and finish of each section. First, a trial 
guess at the overall reflector length is made; I guessed 
212 inches (5.38 meters) in this case. For each sec- 
tion K, m, F(B) and SA (in inches) are calculated by 
the previously described technique. Note that the 
sum of all cylinder equivalents SA is 207.63 inches 
(5.27 meters); what was desired was 207.1 1 inches 
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(5.26 meters). This was a lucky guess; however, a 
small correction should be made to section 5. This 
correction is m times the needed cylinder correction. 
Next in table 8 is shown a second reflector calcula- 
tion after the correction is made; note that the new 
cylinder equivalent is exactly what was desired. Thus 
the overall length of the half element (last x2) is 
21 1.45 inches (5.37 meters). 

By using the correction procedure, the next calcu- 
lation derives the overall length of the driven element 
and a small iteration sets it (last x2) at 208.0 inches 
(5.28 meters). The same procedure is used for the di- 
rector, whose overall length (last x2) is 198.83 inches 
(5.05 meters). Table 9 shows exactly the same calcu- 
lation procedure for the 21.3-MHz beam elements, 
and table 10 shows the results for the 28.5-MHz 
beam elements. 

We are now ready for the final small boom and 
boom clamp corrections. For this purpose I assumed 
the elements are U-bolted with saddles to flat plates, 
which in turn are U-bolted with saddles to the boom. 
Boom diameters are assumed to be 3 inches (7.6 cm) 
OD (14 MHz) and 2 inches (5.1 cm) OD (21 and 28 
MHz). Full plate dimensions are assumed to be 6 in- 
ches (15.2 cm) wide and 8 inches (20.3 cm) long (14 
MHz); 5 inches (12.7 cm) wide and 6 inches (15.2 
cm) long (21 MHz); and 4 inches (10.2 cm) wide 4 
inches (10.2 cm) long (28 MHz). These plates reduce 
central pipe inductance and thus cause an electrical 
shortening of the half element. This shortening is 
easy to calculate by techniques previously described. 
It amounts to about 0.66 inch (1.7 cm) (14 MHz); 
0.44 inch (1.1 cm) (21 MHz); and 0.24 inch (0.6 
meters) (28 MHz). 

table 7. Scaling computations (&element beam of table 1). 

(MHz) A,(inches) d (inches) 

21.3 555.81 0.875 1270.42 0.0007871 0.49790 0.48916 0.46765 

28.56 414.42 0.875 947.25 0.001056 0.49769 0.48819 0.46490 

table 8. Taper calculations at 14.2 MHz. 

SEC. d (inches) x, (inches) x, (inches) K M F(0) S, (inches) 

RTRIAL 1 1.125 0. 24. 1478.68 0.95695 0.97905 22.990 
A, = 831.76inches 2 1.000 24. 72. 1663.51 0.97713 0.74164 47.189 

CYLINDER 3 0.875 72. 136. 1901.17 1.00000 0.02854 64.000 
RO = 0.0005260 (A,) 4 0.750 136. 176. 2218.03 1.02641 - 0.66514 39.320 

LE = 0.49801 (X,) 5 0.625 176. 212. 2661.63 1.05764 -0.95324 34.133 

HALF LENGTH 207.11 inches 207.632 

R 1 1.125 0. 24. 1 478.68 0.95695 0.97894 22.989 
2 1 .OOO 24. 72. 1663.52 0.97713 0.74038 47.190 
3 0.875 72. 136. 1901.17 1.00000 0.02467 64.000 
4 0.750 136. 176. 2218.03 1.02641 - 0.66945 39.316 

LE = 0.49801 (A,) 5 0.625 176. 21 1.45 2661.63 1.05764 -0.95540 33.609 

HALF LENGTH 207.1 1 inches 207.104 
x, LAST = 21 1.45 inches 

D R 1 1.125 0. 24. 1478.68 0.95695 0.97820 22.990 
2 1 .000 24. 72. 1663.52 0.97713 0.73174 47.200 
3 0.875 72. 136. 1901.17 1.00000 -0.00145 64.000 
4 0.750 136. 176. 2218.03 1.02641 -0.69796 39.286 

LE = 0.48963 (A,) 5 0.625 176. 207.8 2661.63 1.05764 -0.96192 30.135 

HALF LENGTH 203.63 inches 203.61 1 
x, L A S T  = 208.0 inches 

D 1 1.125 0. 24. 1478.68 0.95695 0.97619 22.992 
2 1.000 24. 72. 1663.52 0.97713 0.70843 47.226 
3 0.875 72. 136. 1901.17 1.00000 -0.06997 64.000 
4 0.750 136 176. 2218.03 1.02641 - 0.76731 39.214 

LE = 0.46900 (A,) 5 0.625 176. 198.75 2661.63 1.05764 -0.97859 21.538 

HALF LENGTH 195.00 inches 194.97 
x, LAST = 198.83 inches 
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table 9. Taper calculations at 21.3 MHz. 

SEC. d (inches) x, (inches) X, (inches) K M F(0) S, (inches) 

R~~~~~ 1 0.875 0. 72. 1270.42 1.00000 0.61831 72.000 
A, = 555.81 inches 2 0.750 72. 112. 1482.16 1.02836 -0.45812 39.503 

CYLINDER 3 0.625 112. 140. 1778.59 1.06191 - 0.93549 26.476 

RO = 0 0007871 (A,) 137.979 
LE = 0.49783 (A,] 

HALF LENGTH 138.35 inches 

R 1 0.875 0. 72. 1270.41 1.00000 0.62020 72.000 
2 0.750 72. 112. 1482.16 1.02836 - 0.45319 39.509 

LE = 0.49783 (A,) 3 0.625 112. 140.4 1778.59 1.06191 -0.93404 26.857 

HALF LENGTH 138.35 inches 138.366 
X, LAST = 140.2 inches 

DR 1 0.875 0. 72. 1270.42 1.00000 0.60720 72.000 
2 0.750 72. 112. 1482.16 1.02836 -0.48664 39.471 

LE = 0.48884 (A,) 3 0.625 112. 137.7 1778.50 1.06191 -0.94368 24.289 

HALF LENGTH 135.65 inches 135.760 
X, LAST = 137.6 inches 

D 1 0.875 0. 72. 1270.42 1.00000 0.57571 72.000 
2 0.750 72. 112. 1482.16 1.02836 -0.56284 39.386 

LE = 0.46675 (A,) 3 0.625 112. 131.65 1778.59 1.06191 - 0.96375 18.547 

HALF LENGTH 129.71 inches 1 29.933 
X, LAST = 131.4 inches 

table 10. Taper calculations at 28.5 MHz. 

SEC. d (inches) x, (inches) x, (inches) K M F(8) S ,  (inches) 

R A, = 414.42inches 1 0.875 0 72 947.25 1.00000 0.37839 72.000 
CYLINDER 2 0.750 72 104 1105.12 1.02988 -0.85138 31.209 

R O  = 0.001056 (A,) 103.209 
LE = 0.49769 (A,) 

HALF LENGTH 103.13 inches 

D R 1 0.875 0 72 947.25 1.00000 0.35882 72.000 
2 0.750 72 101.89 1105.12 1.02998 -0.86433 29.140 

LE = 0.48819 (A,) 101.140 
HALF LENGTH 101.16 inches 

x, LAST = 101.90 inches 

D 1 0.875 0 72 947.25 1.00000 0.31 133 72.000 
2 0.750 72 97.08 1105.12 1.02998 -0.89377 24.429 

LE = 0.46490 (A,) 96.429 
HALF LENGTH 96.33 inches 

X, LAST = 96.97 inches 

Thus, to compensate for the boom clamp, each 
half element should be lengthened by an equivalent 
amount; it should be further lengthened by the em- 
pirical 11 16 boom radius described previously. 

With all these corrections, the overall physical 
length of each half element is shown in table 11. 
None of these taper schedules is severe; therefore, 
the actual element lengths are not a great deal longer 
than the cylinder lengths shown in tables 8, 9, and 
10; nevertheless the differences are there. Also 
shown in table 11 is the boom position xg for each 
element expressed both in Xo and in inches. Although 

I have not tested any of these particular three-ele- 
ment beams experimentally, I am confident that their 
performance will be excellent and, moreover, they all 
should be easv to construct. 

summary 

Let me now summarize briefly the results of the 
entire Yagi design series. 

1. A computational methodology was developed and 
validatedZ13 that allows the important Yagi antenna 
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table 11. Overall element half lengths (in inches) and boom positions (in A, and 
inches); 3 element beams with taper schedules of tables 8.9 and 10. 

initial final boom 
(MHz1 taper clamp boom length location, xu 
freq element (inches) linches) (inches) (inches) I X  ,) (inches) 

14.2 R 21 1.45 0.66 0.09 212.20 0 0 
D R 208.00 0.66 0.09 208.75 0.15 124.7 
D 198.83 0.66 0.09 199.58 0.30 249.5 

21.3 R 140.2 0.44 0.06 140.70 0 0 
DR 137.6 0.44 0.06 138.10 0.15 83.4 
D 131.4 0.44 0.06 131.90 0.30 166.75 

28.5 R 103.91 0.24 0.06 104.21 0 0 
DR 101.90 0.24 0.06 102.30 0.15 62.2 
D 96.97 0.24 0.06 97.27 0.30 124.3 

properties to be computed. Such computations pro- 
duce results which are judged accurate to a few per 
cent; such an accuracy probably exceeds the ac- 
curacy of state-of-the-art experimental techniques. 

2. Computations have been made throughout the 
series which have led to many new insights to Yagi 
antenna behavior. Among them are: 

a. Simplistic designs (all elements spaced equally 
along the boom, and all directors of equal length) are 
as good as any other design for the same boom 
length as long as the boom is shorter than one wave- 
length.4 

b. Yagi forward gain basically depends only on boom 
length (in XI; it is essentially independent of number 
of elements as long as element spacing along the 
boom is not too large.4 Conceptually, the boom can 
be considered an aperture illuminated in a quasi- 
uniform way by the discrete elements. The illumina- 
tion produces a diffraction pattern (the radiated 
antenna pattern) whose details are controlled by the 
precise illumination schedule. 

c.Yagi F/B ratio is (naturally) best when the diffrac- 
tion pattern has a null in the back direction. This oc- 
curs approximately when the boom length is an odd 
multiple of X/4. 

d. A procedure exits whereby a Yagi antenna having 
four or more elements and roughly favorable boom 
length can be fine tuned by slight changes in element 
positions on the boom to give an indefinitely high 
F/B ratio; this astronomical F/B (that is, > 120 dB) 
exists only at a single frequency. It occurs due to 
vectorial cancellation of individual element contribu- 
tions and is equivalent in concept to a notch frequen- 
cy filter which is carefully adjusted to give an excep- 
tionally deep notch.5 

e. Yagis, quads and quagis all behave alike qualita- 
tively. Conceptually a quad can (if properly adjusted) 

have a somewhat higher gain (a fraction of one dB) 
than a single Yagi; for horizontal polarization the in- 
creased gain comes about from slightly increased 
vertical directivity. This conceptual advantage may 
be eroded in practice by the difficulty of experimental 
quad adjustment compared with the accurate con- 
struction of a Yagi to a valid computed design.6 

f. The gain and impedance of any equilateral quad 
loop is strictly independent of the position of the feed 
point. 

g. Ground effects are extremely important and lead 
directly to preferred antenna heights (1 to 2X) with 
corresponding preferred radiation elevation angles.7 

h. Stacking (horizontally polarized) Yagis vertically 
over ground is very effective if the top Yagi is suffi- 
ciently high ( I  to 3X). Stacking does result in signifi- 
cant mutual coupling effects, which can degrade 
normally expected performance, especially F/B 
ratio.8 

i. A new method is suggested for raising the radia- 
tion acceptance angle for stacked beams. This 
method uses phase reversal for one of two antennas 
in a stack; the apparent advantage is the retention of 
stack gain at the higher angles.* 

j. Fine tuning, or beam optimization, for high F/B  
ratio depends on the ultimate end use. Designs are 
different for free-space conditions, a single Yagi an- 
tenna over ground, and Yagi antennas to be used in a 
stack.8 

3. Practical computation procedures are provided in 
this article for scaling a given design to use elements 
of different radii, for length corrections due to ele- 
ment taper schedule, and for length corrections due 
to mechanical boom-to-element clamps. 

4. The entire series provides a way for anyone to 
make a Yagi antenna system having high computed 
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performance, starting from his own computed de- 
signs, or starting from designs which have been sug- 
gested in this series. Moreover, it is also shown in 
this article how to make a Yagi antenna which will 
accurately emulate the performance of any existing 
Yagi design; the performance will be just as good (or 
just as bad) as the emulated design. 

final comments 
In the development and exposition of this series of 

related articles, which I found both technically chal- 
lenging and requiring considerably more effort than 
originally anticipated, I have attempted to proceed 
from basic electromagentic theory to a model of a 
Yagi antenna system which could ultimately be used 
in a practical way. All of the required steps and tools 
have been described. However, along the way I have 
noticed a number of areas in which further work by 
interested people could be very helpful. Among 
these are the following: 

1. Valid theoretical treatment of mutual impedance 
where element length is not X/2, and where the cur- 
rent distribution is not sinusoidal but consistent with 
the element function and environment. A particularly 
difficult question exists with regard to the imaginary 
part of this impedance at small distances. 

2. Valid theoretical treatment of the screening effect 
of closely adjacent dipoles on the electric field nor- 
mally present at a given dipole. 

3. Valid theoretical treatment of the mutual coupling 
between quad loops, especially including the imagin- 
ary component of coupling at all loop distances. 

4. Valid theoretical treatment of the reactance of a 
full quad loop as a function of its length (perimeter) 
in the neighborhood of A. 

None of these tasks is easy. All require good physics 
followed by tractable mathematics. Moreover, even 
if "solutions" are claimed, they must be viewed with 
some suspicion until accurate experimental results 
confirm their validity. 

In addition to these theoretical tasks, it would be 
extremely helpful if good experiments could be made 
in one or more of the following areas: 

1. Experiments on model Yagi antennas, similar to 
those reported by NBS9, but carried out with im- 
proved instrumentation and especially improved con- 
trol of the physical environment. Such experiments 
could be exceedingly useful in attempting to validate 
not only the models I have used, but improved 
models which I am sure will occur in the future. 

2. Find a way to better characterize real (rough, con- 
toured, or both) ground sites. Such characterization 

should also include the electromagnetic properties of 
ground. The objective of such work is to provide 
valid models for a wide spectrum of real-world sites; 
the use of these models should lead to better under- 
standing of ground effects and perhaps methods for 
minimizing ground problems. 

3. From (flat) ground sites at several magnetic lati- 
tudes measure the (statistical) arrival angles of 
incoming signals. Such measurements should be 
made at a number of widely separated useful fre- 
quencies; at each frequency the results should be 
correlated with the measured state of the iono- 
sphere. These measurements should be made, not 
only over a yearly cycle, but over at least one com- 
plete solar cycle. Only in this way will a real under- 
standing of the relevant behavior be reached. The 
end result of this understanding is, of course, to 
allow specifications for needed incoming arrival 
angles and hence specifications for optimum anten- 
na height(s1 and stacking arrangements. 

It is clear that all of these suggestions require an 
uncommon competence and dedication, as well as 
the development of sophisticated experimental in- 
strumentation. They also require a great deal of 
effort. 

In the meantime I am convinced that the tools now 
available will not only permit the design of improved 
antenna systems, but in many aspects also permit a 
practical design that is unlikely, even in principle, to 
be significantly improved. 

It is my wish that many readers will construct these 
superior Yagi antenna systems, make meaningful 
measurements of their properties, and report results 
accurately in the literature. 
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SELECTIVITY: Two 8 pole plus one 4 pole filter deliver 
20 pole 1.4:l shape factor (6dB160dB), plus post detec- 
tion 1.5,1.0,.4and .1 kHz bandwidth. 
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mobile kilowatt 
for DX 

One way to 
put out a 

big signal 
from your car 

After several years of  DXing with a six-element 
quad, I thought it would be a real challenge to put 
out a big signal from a mobile rig and see what could 
be done. It turned out that working DX from a mov- 
ing automobile is enjoyable and well worth the effort 
of building the equipment to provide a full kilowatt 
input. 

In my mobile a TS-120s drives a modified HA-14 
amplifier. The TS-120s is powered from the standard 
55-ampere automotive system. To power the HA-14 
linear, I usea three-phase alternator-powered supply. 

high-voltage mobile supply 
A three-phase Leece-Neville alternator is used as a 

primary source, which I bought for $10. It has a rat- 
ing of 7 volts at 60 amperes. The alternator circuit is 
shown in fig. 1. 

I mounted the alternator on the car and used a belt 
drive from the crankshaft pulley on the engine. (It 
takes a tight belt to prevent slippage under maximum 
load. 1 

The high-voltage supply (fig. 2) is a three-phase 
delta configuration with voltage from each phase ap- 
plied to a full-wave voltage doubler. 

The outputs of each voltage doubler are connect- 
ed in series to obtain 2400-2600 Vdc. I used three sur- 
plus transformers with 12-volt primaries and 170-volt 
secondaries. Other transformers can be used, and if 
the turns ratio is correct, voltage doublers aren't nec- 
essary. Regular 12-volt, 60-Hz filament transformers 
with a 220-volt winding can be used. 

Applying 25-30 volts to a transformer rated at 12 
volts can be alarming but because of the alternator 
output frequency, the impedance is acceptable, and 
the transformers will work well without any heating. 

Although the alternator is rated at 7 volts output, 
the output voltage is dependent on the regulator. 
The regulator (fig. 3) sets the alternator output at 
25-30 volts. The alternator works quite efficiently at 
the elevated output voltage. I've had no problems 
while running it this way. The field current must be 
taken into account, however, and the 5.6-ohm resis- 
tor (fig. 1) limits it to a safe value. I've test-loaded 
this power system at approximately 2400-2600 watts 
with no problems. 

regulator 
The regulator is a modified version of a circuit pub- 

lished several years ago. No battery is needed in this 
power system. Several regulator designs were tried 
and worked well; this is the one I like best. The alter- 
nator will usually self-excite when turned on, but if 
not a momentary push button switch will do it (S2, 
fig. 11. 

This power system has been trouble-free and very 
dependable. Since the high power drain doesn't af- 
fect the automotive power system or its battery, run- 
down battery problems don't exist. I can run full 
power with this mobile setup for hours on end with 
no overheating or other problems. The limitation, of 
course, is that the engine must run at idle rpm or 
more to operate the linear. 

installation 
I mounted the power supply and linear amplifier in 

the car trunk and the regulator under the hood away 
from engine heat. If the antenna is bumper mounted, 
it must be well grounded. While transmitting with 
this high power, allow no one to touch the antenna 
- severe burns will result. Even the outside of the 
car can give rf burns. 

While pulling into my drive one night I was surprised 
to see what I thought was lightning on a clear night. 

- 
By Don Winfield, KbDUT, 6080 Anahuac 
Avenue, Fort Worth, Texas 761 14 
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fig. 1. Primary power source for the mobile linear amplifier uses a three-phase Leece-Neville 
alternator. Voltage from each phase is applied to a fuliwave voltage doubler. 

/$7 I TO P3. FIG ! I  
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M IlO-roll-24 volt. 1 amp60 HZ 

fig. 2. High-voltege supply. Outputs of each volt- 
age doubler are connected in series to  provide 
2400-2800 Vdc for the mobile finel amplifier. The 
system hes been test loaded et 2400-2800 watts. 
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fig. 3. Power-supply regulator, which sets alterna- 
tor output at 26-30 volts. The 5.6-ohm resistor in 
series with the alternator field (fig. 1) limits field 
current to a rafe value. 



The top of the antenna was touching low tree limbs 
as I transmitted, and the damp limbs drew arcs from 
the antenna, with one of the limbs smoldering and on 
fire. I've since learned to shut down when under 
trees with low limbs. 

results 
After everything is in place and working, what kind 

of results can be expected from a kW in the car? 
DX stations such as 04, ZS, EL2, 6W8, XT2, H44, 

VR8, and TR8 have been worked with 5 9  or better 
reports from the 20-meter mobile. I've enjoyed many 
contacts with DX friends such as ZSGDN, FBEG, and 
VR3AR while driving to and from work. In my case, 

Ithat's a 35-minute trip on the interstate usually with 
light traffic. Just right for a little mobile DXing. 

During peak band conditons, reports are routinely 
received from both coasts of 30-40 dB over S9 and 
occasionally "pegging the S meter." Numerous 
comments such as, "You're too strong to be a mo- 
bile," have occurred. I usually honk the horn to con- 
vince the doubters." 

Other bands are worked also, and, what with the 
excellent conditions during the fall of 1979, the 10- 
and 15-meter band propagation was so good that the 
mobile was just as good as a fixed station. Many DX 
stations were worked on first call on these bands in 
pile-ups during this time. During the winter months, 
75 meter DX is worked routinely into most areas of 
the world. I use CW from the mobile also. A memory 
keyer is a great help. 

The biggestlimitation to DX work from a mobile is 
the ability to receive. On today's crowded bands, 
with the nondirectional vertical, interference is a 
problem, as is noise while operating mobile in popu- 
lated areas. Noise blankers help a great deal. The 
most common problem with the mobile occurs when 
a CQ is called. The average ham expects a mobile not 
to be too strong, and when he hears one calling CQ 
and answers him, he finds it hard to believe that the 
mobile can't copy his signal on a simple antenna. 

I've enjoyed this mobile for about 1 ?4 years and 
can recommend mobile DXing as another means of 
enjoying ham radio. For a mobile station to be able to 
jump into a huge pileup on a rare station on 20 
meters and come up with a contact is something that 
apparently never ceases to amaze the Big Guns at 
their multikilowatt stations with huge antennas 
scraping the clouds. 

I'll be glad to help in planning your super mobile 
DX station on the receipt of a large, self-addressed 
stamped envelope. 

ham radio 

*Using Morse code, of course. Edltor. 

Kitty's 
Christmas 

Ideas 
Come to BARRY'S for your 

YAESU transceivers and receivers. 

The outstanding FT-707, 
FT-901 DM or consider the 
FT-107 M or the NEW 9- 
Band FT-101ZD 

See the Yaesu FRG-7700 and the top rated' 
FRG-7 receivers. 

DECEMBER FEATURES 
COLLINS KWM 380 

and accessories for all major lines 
SWAN/CUBIC 102 BX plus wattmeters 

MIRAGE 2M amplifiers MURCH UT 2000B 
It's Barry's for the Drake TR/DR-7 and R-7 

CW Ops - we've got NYE keys and 
Bencher paddles 

AND THERE'S MUCH MORE! 
Please call, TODAY 

BARRY'S HAS HAND-HELDS 
Yaesu FT-207R 
lcom IC-2AT 
Tempo S-2 .5  
Santec HT-1200 

BARRY'S HAS TUBES - 
LOTS OF TUBES!!! 

BARRY now carries the ALPHA 76PA 
with three 8874 tubes, 2,000W PEP 

Our llnes include: 
AEA 
ALLIANCE 
ASTRON 
AVANTl 
B &  W 
BIRD 
COLLINS 
COMMUNlCATlONS 

SPECIALISTS 

CUSHCRAR 
DSI 
DENTRON 
DRAKE 
ETO 
ElMAC 
ENCOMM 
HUSTLER 
HY-GAIN 

ICOM SWAN/CUBIC 
KLM TEMPO 
KANTRONICS TRI- EX 
MFJ VHF ENGINEERING 
MIRAGE WACOM 
MURCH YAESU 
ROBOT AND MORE ... 
SHURE 
STANDARD 'Ask us for dptalis. 

BUSINESSMEN: Ask about BARRY'S line 
of business-band equipment. We've got it! 
Amateur Radio License Classes: 

Wednesday & Thursday: 7-9 pm 
Saturday 10 am-Noon 

The Export Experts Invite Overseas orders 
AOUI SE I HABLA ( - We Ship Worldwide 

ESPANOL 

BARRY ELECTRONICS 
i12 BROADWAY, NEW YORK, N.Y. 10012 

TELEPHONE (2 12) 925-7000 
TELEX 12-7670 I 
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ANNUAL LAS VEGAS PRESTIGE CONVENTION 

DUNES HOTEL & COUNTRY CLUB 
Las Vegas, Nevada 

JANUARY 1-2-34,1981 

Cocktail Party hosted by Ham Radio Maga- 
zine. Friday evening, for all exhibitors and 
1-1 registered guests. 
Ladies Bingo and Program Saturday, in- 
cluded with - registration. 
Dunes Hotel Breakfast/Brunch. Saturday 
and Sunday included with -1 reg- 
istration. 
Technical sessions and exhibits Saturday & 
Sunday. for registered guests. 
Saturday and Sunday Hourly awards. main 
drawing Sunday afternoon. 

advance registration is only 
$1 6.00 per person if received before Dec. 
20,1980. 

Send check or money order to  r m  . 
P. 0. Box 945. Boulder City. NV 89005 
Refunds will be made if requested in writ- 
ing and postmarked before January 1. 
1981. 
Special - Dunes Hotel & Country 
Club room rate is $35.50, plus room tax, 
includes telephone. Send deposit and re- 
quest direct to  RESERVATIONS MANAGER. 
Dunes Hotel & Country Club, 3650 Las 
Vegas Blvd. South. Las Vegas. NV 891 09 or 
call toll free 1 -800-634-697 1 
Clip and mail to REGISTRATION, 
P. 0. Box 945. Boulder City, NV 89005 before 
December 20. 1980. 

Enclosed is $ check or money order (no cash) for  advance Registration 

@ $1 6.00 each. and extra main drawing tickets @ $1  .OO each maximum of ten. 

OM CALL CLASS 
Please print 

YL CALL CLASS 
Please print 

ADDRESS CITY 

STATE ZIP Telephone no. and A/C 

I have attended times. I plan to  attend Friday Cocktail Party 

I am interested in: ARRL. Cocktail Party. CW, DX. FCC. FM. MARS. RTTY, 

I receive: CQ. HAM RADIO MAGAZINE. HAM RADIO HORIZONS. HR REPORT. QCWA. QST. RTTY. SPARKS/GAP. 

73. WORLD RADIO. Publications. Please circle the ones received. 

16 december 1980 More Details? CHECK-OFF Page 126 



9 DIGITS 600 MHz $12995 
SPECIFICATIONS: WIRED 

The CT-90 is the most versatile feature packed counter availabk for Ins  
Range 20 Hz to 600 MHz 
Sensitivity Less than 10 MV to 150 MHz 

thanS300.00! Advanced design features include thrn seleclable gate times Less than 50 MV to 500 MHz 

w.*, ,.".",.nI, I,?P"< 
nine dip& gale indicator and a unique display hold function whlch holds the Reloluhrr 0. I Hz (10 MHz range) 

I I U I L , ~ W ) ~ . , P ~ ~ - . .  displayed count afler the input signal is removed Alsa a IOmHz TCXO lime 1.0 Hz (60 MHz range) 
VsmV IW *I 
A' I AC .dli.ar 3 w base is used which enables easy zero beat calibration checks ayinsl WWV. 10.0 Hz (600 MHz ranw) 
I IP I Nbrd p r h  * AC 
A I~ , .<D . ICS  I I Y ,  Optionally. an internal nicad battery pacl;erternal time base input and Micro Display 9 digits 0.4" LED 
(1" I M S C ~ L ~  me' ova power high stability crystal oven time base are available. The CT-90. Time b u r  Standad 10.000 mHq I .O ppn 20-40°C. 
urn. k.. 1995 
?.,.,".I Unr  b." 8 ° F  l l  "I 

Optlonal Micrbprmer werr0.l ppm 2 w C  
prformance y w  can count on! Power. 8- 15 VAC Ct  250 ma 

7 DIGITS 525 MHz $9995 
The CT-70 breaks the price barrier on lab quality frequency cumten  

PRICES 
Range 20 Hz to 525 MIiz 

Deluxe featumsuch rr. Ihm frequency nnges - each withpbarnplificatiors 
CT-70 wlred l y c m w m n n ~ ~  S99.95 

Sens~tivity Less than 50 MV to I50 MHz CT-70 Kit 90 day parlawar- 
Less than 150 MV to 500 MHz dual selectable gate times, and p t e  activity indication make muurements a MtY 84.95 

Reaolutiorr 1.0 Hz (5  MHz range) snap. The wide frequency range enables you to accurately mcuure signds AC- I AC adapter 3.95 
10.0 Hz (50 MHz range) from audiothm UHF with 1.0 ppm accuracy - that's .000I%! TheCT-70 is BP-l N i c d  pack + AC 
100.0 Hz (500 MHz range) 

the answer to all your meuurement needs, in the fuld lab a hun shack adapterlchuger 12.95 
Display 7 digits 0.4" LED 
Timc basr 1.0 ppm TCXO 20-40'C 
Power. I2 VAC (@ 250 ma 

r 7 DIGITS 500 MHz $ 7 9 ~  
WIRED - 

MINI-100 wired I year 
warranty 579.95 
MINI-100 Kit 90 day pan 
warranty 59.95 
AC- Z Ac adapter for M lNI- 
100 3.95 
BP-Z Nicad pack and AC 
adapterlcharger 12.95 

Here's a handy, general purpoae wunler that provider moat cumter 
functions at an unbelievable price. The MINI-100 doesn't have the full SPECIFICATIONS: 

frequency range or input impdance qualities found in higher price unilq but Range I MHz to 500 MHz 

for basic RF signal measurements, it can't be kaC Accurate mcuurements Sens~tivity Less than 25 MV 

can be made from I MHz all the way up to500 MHzwith excelkntsensitivity Rcsolutiom I00 Hz (slow gate) 

throughout thc rang+ and the two gate times k t  you select the  solution 
1.0 KHz (fwt gate) 

Dhplay 7 digits. 0.4" LED 
dcslred Add the nicad pack oplion and the MINI- 100 makes an idcd addition Timc b u r  2.0 ppm 2040°C 
IO your tool box for "iwthafield' frequency checks and repain Power 5 VDC 6, 200 ma 

8 DIGITS 600 MHz $15995 WIRED 

SPECIFI- 
Range 20 Hz to 600 MHz The CT-50 is a versatile lab benchcounter that will m m r e  upto600 MHz 
"ns.ivi". than 25 mV 10 150 MHz with 8 digit precision, And  d i u  best featurrs is the Receive Frequency CT-50 1 F ~ W ~ M I  sl59.95 

Less lhan 150 mv t0600 MHz Adapter. whlch mrns the CT-50 into a digiul rudout for any receiver. Ihe yiEtFiL 90 day 119.95 
Reao'utiO* ~ ~ ~ ~ ~ ~ ~ $ ~ ~ ~ ~ 8 e ,  adapter is easily progrmmedforany rece~ver and a simpleeo~ection tothe M.I, re.river 

Display: 8 d1gits0.4" LED 
receiver's VFO is all that is required for use. Addingthe receivcr.dapterin no w i d d p b p m g u r r  

Time base: 2.0 ppm 20-40 C way limits the operation of the CT-50, the adapter can k conveniently med (send copy d receiver 

Power. l I0 VAC or I2 VDC switched on or ofl. The CT-SO. a counter that can work doubleduty' schematic) 29.95 

DIGITAL MULTIMETER $99EI,,, 
The DM-700 offers proiese>naI quslsry ~ f o r m a n c c  sr a hohhvist price. 

FCPIUICS IIICIUJC: 26 different r a n p  and 5 funn~ons, all arranpcd In s SPECIFICATIONS 

p R l c e s :  convmwnr. rwy ro use formar. Mrasurcrnmo arc diylaycd on a large 3% DUAC volls l00uV to l KV. 5 m w s  

DM7W) w i d  l yearwarranty 599.95 dmr. W anch LEI) rca&,ur wnh automan: duirn.l placmmr, aurornaric W A C  
DM-700 KII. 90 day parts polnr~rv. ovrrrenEr ind~rsnon andovnlmd proremion upro 1250volmon nll 

cumnt  0. l uA to 2.0 Amp& 5 n n p s  

warranty 79.95 Resistance 0.1 ohms to 20 Mephmh 6 r m g n  
AC- I .  AC adaptor 3.95 nnpn ,  rnak~n~lr  vlrlually mf .p rmf!  The DM-700lookspnr. n handsome. Input 

BP-3. Nicad pack +AC ~ r r  hlnck, r u m d  ARS I.- wtth convmtcnt mrmnhlc rtlr ha11 mnks tr an i m p d u ~ c  I 0  M ~ p h m r .  W A C  v o b  

adapterlcharger 19.95 ~dr;&l ;~ddnr~on to any shop Accuracy. 10.1% bwic DC volts 

M P- I .  Probe kit 2.95 Power. 4 'C cells 

AUDIO SCALER 1 ACCESSORIES 1 COUNTER PREAMP 
4 

I Telcsco~ic w h i ~  antenna- BNC plug.. . . . . . . . . . . . . . . . . . . . . . . . . 5  7.95 1 

I 
. . 

~ ~ ~ h i ~ h  resolution audiomeasurements, multiplies High impedance probe. light loading.. . . . . . . . . . . . . . . . . . . . . . . . . 15.95 

UPin frequency. Low pass probe. Rr audio measurements. . . . . . . . . . . . . . . . . . . . . . 15.95 

Great for PL toms D ~ r e n  probe. general purpose usage . . . . . . . . . . . . . . . . . . . . . . . . . . 12.95 

~ . . l r . ~ l i r c  hv ~n nr IM T~lt  bail for CT 70. 90. MINI-100.. . . . . . . . . . . . . . . . ... . . . . . 3.95 I - ... " ...r..-" .,, .- -.. 
I 0 01 H, resolution! I Color burst calibratios un~f. calibrates counter . . --I Great for snifing RF riU1 a i c t u ~  boo I 
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amplitude compandored sideband 
1 amplitude compandored sideband 

Narrowband techniques 
for vhf mobile 

communications 

It is obvious t o  most observers in larger metropol- 
itan areas (New York, Los Angeles, Chicago, San 
Francisco) that saturation is beginning to occur on 
the 2-meter band. Even with the extra megahertz 
provided by the added repeater sub-band, with a 
total possible repeater population of 60 or so 
machines above 146 MHz, and 20 or so in the 
144-145 MHz region, there are times when a ham 
population of 10,000 or more in such regions taxes 
these systems to their limit. Timers of 60, 40, or even 
30 seconds are not really the answer. 

If hams have been experiencing a problem, consid- 
er the plight of commercial users of vhfluhf. It has 
been impossible for some time to obtain vhf licenses 
in many areas, and uhf channels are in short supply 
as well. Common carrier multiplexing schemes and/ 
or 900-MHz channels have been proposed, but indi- 
vidual vhfluhf or semi-shared channels have many 
advantages to the ultimate user, not the least of 
which is long-term cost. 

Sideband use on vhf has long been used by Radio 
Amateurs (and the military). With the recent intro- 
duction of multi-mode 2-meter rigs, a surge in inter- 
est and activity has been sparked using this mode. 
Below fm threshold, SSB provides distinct advan- 
tages in sensitivity and range capabilities. Unfortu- 
nately, many of the convenience featues of fm oper- 
ation do not work with our current sideband trans- 
ceivers, and the signal-to-noise ratio on stronger 
signals, as well as the audio bandwidth and quality, 
do not match the better fm rigs. 

Recent developments promise to change the situa- 
tion. In his report to the FCC after an extensive two- 
year research program into narrowband techniques 
for vhf land mobile,' Dr. Bruce Lusignan of Stanford 
University's Satellite Planning Center has come to 
some very interesting conclusions. By modulating a 
standard single-sideband transceiver with specially 
processed audio and processing the recovered audio 
through a similar system on the receive end, equal or 
even better performance can be obtained than when 
using NBFM. Because less than one-fifth the spec- 
trum is required for equivalent channel-to-channel 
protection, five times as many stations can occupy 
the same spectrum space. 

ACSB, or amplitude compandored sideband, com- 
bines several common techniques especially tailored 
for SSB. The system, developed by Dr. Lusignan in 
conjunction with Dr. Fred Cleveland of the University 
of the Pacific and VBC, Incorporated, features 4:1 
amplitude cornpandoring, a pilot subcarrier system, 
and 12-dBtoctave pre-emphasistde-emphasis. The 
resultant ACSB system provides: 

I 1. 50-70 dB adjacent channel protection using 5-kHz 
channels (as opposed to 20-25 kHz spacing for fm). 

I 2. 10-dB power advantage due to both processing 
and bandwidth. 

I 3. Automatic frequency locking and carrier identifica- 
tion. 

I 4. Very rapid AGC (20 Hz) to greatly reduce mobile 
flutter. 

5. A degree of quieting performance that, combined 
with its greater sensitivity, equals or exceeds normal 
fm. 

6. Extended, reliable range by a factor of two, up to 

By James Eagleson, WBGJNN, 280 Manfre 
Road, Watsonville, California 95076 
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about 25 miles (40 km), limited to a factor of 1.5 
times only by earth curvature beyond this distance. 

Furthermore, noise during fading is much less dis- 
tracting (and less tiring as a result). This feature is the 
result of compandor characteristics, which reduce 
both noise and signal at poor signal-to-noise ratios 
rather than producing the noise bursts common to 
fm. Unlike normal sideband, ACSB provides a 5-dB 
capture effect that is several dB better than fm's nor- 
mal 6-8 dB capability. 

description of a typical system 

The microphone audio is first passed through a 
preamplifier to bring it up to the proper level for the 
compressor circuitry. It is then passed through the 
first of two 2:l compressors so that the normally de- 
sired 40-dB dynamic range of speech is compressed 
into 20 dB. 

This compressed audio is then mixed with a 2850- 
Hz pilot tone set -7  dB below peak audio output. 
Both signals are then passed through a second 2:1 
compressor, which compresses the 20-dB dynamic 
range of the first compressor into a 10-dB dynamic 
range. As one might expect, the pilot tone will be re- 
duced during voice peaks by the amount of gain re- 
duction produced by the audio peaks. This works out 
to about 10-dB reduction of the pilot on voice peaks, 
or 17 dB below peak reference level. Obviously, if we 
were to monitor this signal at this point, very com- 
pressed audio with a high pitched tone would be 
heard. 

The final processing technique is to pre-emphasize 
the speech at a rate of 12 dB per octave. This is done 
to equalize the inherent differences in power levels in 
human speech, which tends to be concentrated in 
the low frequency areas. 

The processed signal is transmitted on an other- 
wise standard single-sideband transmitter. It is also 
received on a standard single-sideband receiver using 
its normal AGC techniques (perhaps modified slightly 
to complement ASCB characteristics). 

The received signal is passed through an AGC-con- 
trolled audio stage, which is controlled by a detector 
tuned to the pilot tone frequency. Its time constant is 
set very fast so that up to a 20 Hz-per-second change 
in input signal will be kept nearly constant in output 
level. Additionally, as a reduction in pilot level will 
cause an increase in output level, the suppression of 
the pilot in the second transmit amplitude compan- 
dor will be translated by the pilot AGC system into ex- 
pansion at the same rate. Thus, a strong signal with 
no modulation will be quieted by the presence of the 
pilot signal. As the pilot is at its peak when there is no 
modulation, maximum quieting will occur. 

After processing by the pilot-derived AGC, the 
leveled, expanded signal is again passed through a 
2:l expander. The pilot-derived expansion restores 
the 20-dB dynamic range from the transmitted 10-dB 
dynamic range signal. The second expander restores 
the original 40 dB dynamic range from the 20-dB 
pilot-derived expansion. The resulting audio is then 
processed through a 12-dB per octave de-emphasis 
filter to restore the original frequency response. 

ACSB, then compresses 40 dB of speech informa- 
tion into a dynamic range of 10-dB, transmits it, then 
restores the 40-dB dynamic range at the receiving 
end of the system. This means that a signal-to-noise 
ratio of just over 10-dB is all that is required for an ef- 
fective restored dynamic range (signal dynamics and 
signal-to-noise) of 40 dB. Additionally, a 2:l quieting 
curve is established due to the constant presence of 
the pilot tone in the AGC and pilot expander receiver 
circuits. 

A close look at the dynamics of ACSB will show 
that a carrier-to-noise ratio of only 5 dB will provide 
the equivalent of 20 dB quieting (to use fm terminol- 
ogy). Indeed, a 10-dB carrier-to-noise will give al- 
most the full 40 dB dynamics and signal-to-noise we 
started with, except for the addition of a few dB of 
noise due to proximity to the noise floor. This cer- 
tainly explains the weak signal superiority of this 
mode. 

Dr. Lusignan estimates that ACSB has about a 15- 
dB advantage over normal SSB (he assumes 20-22 
dB signal-to-noise is required for "high intelligibility" 
. . . all consonants audible). It also has a bandwidth 
advantage over fm, giving less interference from im- 
pulse noise (ignoring fm limiting) and higher signal- 
to-noise for a given power level at the receiver. This 
combination provides the measured 10-dB advan- 
tage of ACSB over 5-kHz deviation fm. 

ACSB and NBFM comparison 
Dr. Lusignan's report to the FCC1 compares ACSB 

with NBFM as follows: 

Signal t o  noise. ACSB shows a 10-dB advantage 
over fm at equal peak power levels. 

Power required. ACSB requires 1110th the power 
of fm for equal signal to noise. Additionally, ACSB re- 
quires 1 13 to 112 the average power of fm when the 
transmitters have equal peak output power, since the 
unmodulated output of ACSB is 7 dB less than its 
peak output. 
Range. ACSB provides a reliable range equal to 
twice the fm range at distances up to 25 miles (40 
km). Beyond 25 miles (40 km) this is reduced to 1.5 
times due to the earth's curvature, which then be- 
comes the limiting factor. 
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During &watt PEP tests, simultaneously transmit- 
ting ACSB and fm combined on a common transmit- 
ting antenna and receiving on an ACSB and fm re- 
ceiver fed from a common receiving antenna, the fm 
signal was lost in the south San Jose, California, 
area, while the ACSB signal was lost near Gilroy, Cali- 
fornia - some 16 miles (26 km) and 35 miles (56 km) 
from the Stanford transmitting site respectively. 

MICROPHONE 
PREAMPLIFIER PRE-EMPHASIS 

Fadinglmultipath noise bursts (kerchunkingl. 
Field tests and bench tests show ACSB burst noise 
is 10 dB less than fm burst noise. Additionally, ACSB 
should be less prone to multipath distortions due to 
its narrower bandwidth and lack of sensitivity to 
phase relationships. 

MICROPHONE 

Message completion. ACSB is 3-5 times more relia- 
ble at a 9-mile (15-km) range than fm at equal power 
levels. ACSB at this range gives an 85 per cent com- 
pletion rate compared with fm's 20 per cent rate. 

LEVEL 
SET 

COMPRESSION 0 TO TRANSMITTER 

Co-channel protection. On-channel rejection is 2-3 
dB better with ACSB than with fm. Capture ratio for 
ACSB is about 5 dB compared to 7-8 dB f6r fm. 

Adjacent-channel rejection. At 5kHz spacings, 
ACSB provides 50-70 dB rejection of adjacent chan- 
nel interference (depending on linearity and frequen- 
cy stability). Fm at 25-kHz channel spacing yields 
6575 dB; at 20-kHz spacing it yields 55-65 dB. 

According to the report,' the protection of 50 dB is 

PREAMP DE-EMPHASIS 

sufficient, because other factors (intermodulation, 
co-channel interference) become equally problemati- 
cal beyond this point. 

"In typical applications the probability of loss from 
adjacent channel transmissions compared with 50 dB 
isolation is negligible compared with . . . shadowing 
or co-channel transmissions. Increasing . . . from 
50-70 dB would not result in a noticeable change in 
the probability of successful transmissions." 

LEVEL 

RECE,VED SIGNAL ADJUST 

Stability requirements. The ACSB system devel- 
oped by VBC, Incorporated, for this study will auto- 
matically lock signals that are + 800 Hz from the cen- 
ter of the channel. At 160 MHz this is not outside 
normal stability for current fm equipment. 

Digital transmissions. ACSB can handle up to 4 
Kblsecond in the main 2-kHz audio channel as well 
as about 20 blsecond superimposed on the pilot 
carrier. * 

Q 
DETECTOR 

VOLUME EXPAND/  
EOUAL IZE AF AMPLIFIER IN RECEIVER 

RECEIVER EXPAND/ AMPLIFIER 
EQUALIZE 

Characteristics of the Amplitude Compendored Sidebend (ACSB) system proposed by Dr. Bruce Lusignan of Stanford Uni- 
versity's Satellite Planning Center. A and B show respectively the 4:l end 1:4 compression and expansion levels of the sys- 
tem. The block diagram. C, is a suggested starting point for experimenters for an ACSB Level 1 system. 

->> 

Doppler shift  in mobile service. The AFC circuit 
will control Doppler shifts normally encountered at all 
frequencies through 900 MHz ( + 800 Hz). 

FmIACSB shared channels. It is possible to use 
ACSB and fm from a common repeater site providing 
the two channels are separated by 12.5 kHz. That is, 

EXPANSION 

'Experiments with wider audio bandwidths (up to 3 kHz) are in progress. 
This should increase digital rates as well as improve audio fidelity. 

LEVEL 

ADJUST 0 TO RECEIVER 
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an fm repeater could also provide two ACSB chan- 
nels each 3 kHz wide centered 15 kHz away without 
interference from the ACSB channels to the main 
channel. (This might be a solution to the 15kHz split 
situation on 2 meters between 146-148 MHz, for 
example. 1 
hardware 

Commercially available LSI chips that perform all 
ACSB functions should be available in one to two 
years, depending on FCC action, market acceptance, 
and other normal factors relating to volume and pro- 
duction. In the meantime, experiments with ACSB 
Level 1 is within easy reach of the experimentally in- 
clined ham. The Signetics NE 5701571 Compandor 
IC is available from Jameco Electronics, 1021 
Howard Ave., San Carlos, California 94070. Their 
price is $4.95 (1980 catalog), but they also have a 
$10.00 minimum. 

The NE570, an LM324 op amp, and an rf-tight box 
will allow everything necessary for 2: 1 compandoring 
with pre-emphasislde-emphasis. My own experi- 
mentation shows a marked improvement on all but 
the weakest signals (signals under 4-5 dB signal-to- 
noise ratio show no apparent improvement, even 
though background noise with no signal will be im- 
proved). The block diagram on the preceding page is 
recommended as a starting point. 

conclusion 
Out here in the west we like to talk about the wide 

open spaces. Well, you can still drive to those wide 
open spaces without too much effort. In the crowd- 
ed city, however (and we do have some crowded 
cities), one soon learns that it is best to give one's 
neighbor plenty of elbow room whenever possible. 
On vhf, ACSB promises a good way to do just that. 
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first building blocks 
for 

microwave systems 

Simple and stable 
1 152-MHz multiplier chain 

for Amateur microwave bands 

There is an apparent abundance of commercially 
built high-frequency and vhf equipment available, lit- 
tle of which is adaptable for use above 1 GHz. Pur- 
chased equipment may be used to provide a 1296- 
MHz station (generally a varactor tripler driven by a 
432-MHz transmitter, and a relatively high-noise- 
figure receiving converter with no rf preamplifica- 
tion). It's virtually impossible to purchase any station 
equipment specifically designed for weak-signal 
communications above 1296 MHz. Thus far only the 
most intrepid experimenters have ventured above 
1296 MHz, generally hand-in-hand with a master ma- 
chinist and expensive power tools (lathes and the 
like). 

All is not lost, however. Because of two interesting 
factors, building a microwave station is now possible 
for most experimenters willing to spend a few eve- 
nings etching PC boards and soldering components. 
That's right - no more machinists, at least not for 
1296-MHz and 2304-MHz equipment. 

frequency relationships 
The first factor to help resolve the microwave di- 

lemma lies in the arithmetic of our microwave bands. 

Within all our bands above 1300 MHz is at least one 
frequency that is a multiple of that "magic number" 
- 1152 MHz. Even 1296 MHz is related to 1152 MHz. 
The former frequency was originally selected for 
weak-signal work because it is the third harmonic of 
432 MHz and therefore can be obtained by tripling. A 
difference frequency of 144 MHz exists between 
1296 and 1152 MHz, which becomes the receiving i-f. 
Note also that 1152 MHz is the eighth harmonic of 
144 MHz. The relationships between the 1152-MHz 
magic number and weak-signal frequencies in our 
uhf and microwave bands are listed in table 1 and 
graphically illustrated in fig. 1. 

low-order frequency 
multiplication 

Another interesting mathematical feature is that 
the frequency of 1152 MHz can itself be generated by 
a chain of low-order (and therefore relatively good ef- 
ficiency) multipliers. This chain, made up only of fre- 
quency doublers and/or frequency triplers, allows fil- 
tering to reduce undesired (spurious) signals at the 
multiplier-chain output. Many writers have insisted 
that starting frequencies be in the range of about 
50-100 MHz to avoid producing undesired harmonics 
in the 144-MHz and/or 432-MHz bands. This requires 
an overtone crystal. As the frequency of such crys- 
tals is notoriously difficult to pull, a variable-crystal- 
frequency source was developed that allows use of 

- 
By Geoffrey H. Krauss, WAZGFP, c /o  UHF 
Electrospecialties, Inc., 16 Riviera Drive, 
Latham, New York 121 10 
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crystals operating in the fundamental mode, below 
about 20 MHz. 

One optimum chain (shown by the heavy-bordered 
boxes in fig. 2) thus starts at 16 MHz, triples to 48 
MHz, doubles to 96 MHz, doubles a second time to 
192 MHz, doubles a third time to 384 MHz, then trip- 
les to 1152 MHz. The use of this chain requires that 
the unwanted third harmonic of 48 MHz be very 
greatly attenuated. If present, the third harmonic will 
fall into the low end of the 2-meter band (at the 
weak-signal EM€ portion around 144.000 MHz). Radi- 
ation of any significant amount of energy at that fre- 
quency will tend to irritate neighboring 2-meter CW 
operators. In a vhf-contest environment, the third or 
ninth harmonics may very well QRM your own 2- 
meter or 70-cm station. These two undesired har- 
monics, however, appear to be the only problem har- 
monics. The ability to suppress undesired harmonics 
is enhanced by proper partitioning of the multiplier 
chain. The basic-frequency (for example 16-MHz) os- 
cillator and only a few of the total number of multipli- 

table 1. Relationship between "magic number" 1152 MHz and weak-signal 
frequencies in the Amateur uhf and microwave bands. 

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

I I IMHI  - - I  XB I--- 

&----.-A 

1296MH1 1 1 1 

desirable 
frequency 

band (MHz) (MHz)  by mixer by multiplier 

1240- 1300 1296 1152 + 144 432 x 3 
o r 1 0 8 x 2  x 2 x 3 

2300-2450 2304 (1152 x 2) +I44 1152 x 2 
2448 or102 x 2 x 2 ~ 3 ~ 2  

3300-3500 3456 1152 x 3 

5650-5925 5760 1152 x 5 

10,000-10.500 10,368 1152 x 9 
= 1 1 5 2 x 3 x 3  
= 3456 x 3 

24,000-24.250 24,192 1152 x 21 
= 1152 x 3 x 7 
= 3456 x 7 

48,000-50,000 48.384 1152 x 42 
= 1 1 5 2 x 3 x 7 x 2  
= 3456 x 7 x 2 
= 24,192 x 2 

71,000-76.000 72,576 1152 x 63 
= 1 1 5 2 x 3 x 7 x 3  
= 3456 x 21 
= 3 4 5 6 x 7 x 3  
= 10,368 x 7 
= 24,192 x 3 

165,000-170,000 1 69,344 1152 x 147 
= 1 1 5 2 x 3 x 7 x 7  
= 3456 x 49 
= 24,192 x 7 

240,000-250.000 241,920 1152 x 210 
= 3456 x 70 
= 48,384 x 5 

x z  X 3  
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fig. 1. Relationship between 1152 MHz and desirable fre- 
quencies for highly stable, weak signals in the Amateur 
bands above 1 GHz. 
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ers are packaged in a low-frequency building-block. 
The remainder of the multipliers are packaged in a 
separate, second building block. The low-frequency 
block output may then be made to have very low 
levels of signals at undesired frequencies. 

The second important factor is the present-day 
ability to generate the desired 1152 MHz signal in a 
practical manner from a lower frequency driving sig- 
nal. In this regard, great thanks should be given to 
Paul Shuch, NGTX, for his design of a PC board 
96-1 152 MHz multiplier unit.' This microstrip unit, for 
which a printed circuit board and set of tuning capac- 
itors are available from NGTX, was apparently de- 
signed to replace a multiplier chain* using a pack- 
aged oscillator, at 96 MHz, driving a pair of 2N5179 
transistor frequency doublers to 384 MHz; a pair of 
2N3866 power amplifiers, providing several hundred 
milliwatts at 384 MHz;3 and a step-recovery-diode 
tripler to provide about 5 milliwatts at 1152 MHz.4 
Having built three such frequency-multiplier chains, I 
must concur with the general undesirability of vhf 
multipliers using step-recovery diodes. 

The replacement of the entire 96-1 152 MHz chain 
with three stages of transistor multipliers (using the 
Motorola MRF 901) results in a great saving of time, 
labor, and parts cost. I've built several of the 1152- 
MHz sources (described later in this article) as well as 
a 1296-MHz solid-state transmitter, based on the 
microstrip multiplier of reference 1, and have select- 
ed that basic design for the 96-1 152 MHz portion of 
this common microwave system. While some may , 
desire to be purists and design all their equipment 
themselves, I believe that judicious use of the contri- 
butions of others often makes for the best (and the 
most rapid) attainment of the end goal: to get as 
many stations on the microwave bands as quickly 
and inexpensively as possible. 

96-MHz VXS 

As mentioned, the N6TX unit was designed for use 
with a fifth-overtone oscillator, which is replaced with 
the variable-crystal-frequency source (VXS) shown in 
the block diagram of fig. 3. I've arbitrarily chosen a 
tuning range, at 2304 MHz, of 2303.928-2304.086 

ci<+T:iq OSClLLATOe OUTPUT F I LTER L)ANOPASS FILTER 2-STAGE 

A P O  
VOLTAGE 

REGULlTOR VOC 

fig. 3. Block diagram of the VXSfBPF system. Output is at 96 MHz using a 16-MHz overtone crystal oscillator. 
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fig. 4. Schematic of the 96-MHz variable-crystal-frequency (vxS) source. Circuit is built on a single-sided PC board. 

MHz, corresponding to an oscillator frequency range 
of 15.9995-16.0006 MHz (therefore, an 1100-Hz 
range at 16 MHz gives a 158.4-kHz range, when mul- 
tiplied 144 times, to frequencies around 2304 MHz). 
This requires that the crystal frequency be pulled 
about 0.0066per cent, which certainly can beachieved 
with almost any fundamental crystal. 

The crystal frequency was chosen as 16,001 kHz 
with 20 pF parallel capacitance, and thus is slightly 
higher than the nominal 16,000-kHz frequency. By 
paralleling the crystal with a bit more capacitance, 
provided by the main tuning capacitor C1 and its ser- 
ies and shunt band-setting capacitors C2 and C3, the 
desired frequency range can be realized. The sche- 
matic of the 96-MHz variable-crystal-frequency 
source is shown in fig. 4, the PC-board layout is 
shown in fig. 6, and the parts placement in fig. 7. 

PNP transistor Q1 is the crystal-controlled oscilla- 
tor, driving a frequency tripler, Q2. Transistor Q3 is a 
48-MHz buffer, Doubler Q4 and a tuned buffer, Q5, 
at 96 MHz, follow. The 96-MHz output filter is a 
double-tuned bandpass configuration. An additional 
double-tuned bandpass filter (fig. 5) may be used at 
the high-frequency multiplier block or placed in a 
separate shielded box outboard of the source and 
multiplier blocks to provide an additional 20 dB sup- 
pression of the undesired signals provided by the 

VXS. The tuning range, with the components listed, 
is sufficient to allow the VXS to be used with crystals 
between 15-18 MHZ: In the first case (15-MHz crys- 
tal) the final multiplier output is 1080 MHz, which is 
used for doubling to 2160 MHz. This frequency is used 
for local-oscillator output in 2304-MHz receiver con- 
verters with a 144-MHz i-f. The 18-MHz crystal pro- 
duces a final multiplier output of 1296 MHz for use in 
exciters in the 23-cm band. 

Exoepl as lwdkahd, d.ehn.I 
nluee of u p s l l m e e  am h mlsre 
hnds lpFk ofhen am In plcokr- 
ad* fpFk mrkunces are In ohm.. 

1.s k = 1,000 M - 1,008000 

7 TURNS N0.20 AWG. 
0 .251N.  f6 .35mml DIAMETER 

fig. 6. An auxiliary outboard bandpass 
filter that may be used at the high-fre- 
quency multiplier block to provide an 
additional 20 dB suppression of un- 
wanted slgnals from the VXS. 
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fig. 6. PC-board layout for the Vxs-98 microwave signal source. 

fig. 7. Component side of the vxs-96 board (copper side). Mount all variable caps on this side; ell other component8 
are mounted on the reverse side. 



S I D E  PIECE 

l lO6mml  

fig. 8. Shield, side, and end pieces for the VXS construct- 
ed from double-clad PC-board stock. Covers (top and 
bottom) are 3% ~ 6 %  inch ( 8 . 2 5 ~  15.9 cm) PC-board 
pieces. 

some other uses 
The output of the VXS can be: 

1. Set to 116 MHz (by using a 19.334-MHz crystal) 
for use as a 2-meter local oscillator. 
2. Used with a frequency doubler to generate a 192- 
MHz signal for use as a 220-MHz local oscillator. 
3. Set by a 16.834-MHz crystal to provide a 101-MHz 
signal for input to a cascaded pair of frequency doub- 
lers to generate a 404-MHz local-oscillator signal for 
use in 70-cm equipment. (See fig. 9.) 

In the VXS schematic of fig. 4, both crystal leads 
are above ground in the circuit. This might be a prob- 
lem if crystal switching is desired. For higher stability 
the crystal will be placed in a thermally isolated envi- 
ronment (such as a crystal oven positioned above the 
PC board or in a block of styrofoam). 

shielding considerations 
Note, in fig. 8, that pieces of double-clad PC 

board form three shield partitions, A, B, and C, di- 
rectly soldered to the copper-clad side of the PC 
board. A similar partition, D, is soldered to a PC- 
board case built around the entire board above shield 
A (between the oscillator and the multiplier stages) 
for added attenuation of oscillator harmonics. The 
oscillator is enclosed in a shielded compartment sep- 
arated from the tripler-buffer area, which is sepa- 
rated from the doubler-buffer area. The output filter 
is in its own compartment, shielded from all oscilla- 
tor, frequency multiplier, and buffer stages. 

The VXS circuit also includes a high degree of 
power-supply decoupling. An IC voltage regulator, 

U1, provides a constant voltage to the circuit; this is 
necessary not only to prevent oscillator frequency 
changes with varied input voltage (in my case, from 
the battery in my automobile during mobile operation 
from any convenient mountaintop), but also to keep 
all transistors operating at fixed biased points, which 
causes the transistor input and output impedances to 
be stabilized. This stabilization of device impedances 
prevents changes in tuning with changing input volt- 
age and contributes to the overall spectral purity of 
the VXS output signal. Note the use of a BNC con- 
nector for the rf output of the source, and the use of 
a feedthrough capacitor to bring the voltage into the 
VXS enclosure. Both components are used to main- 
tain the shielding integrity and provide minimum am- 
plitude of undesired signals. 

Also note that the voltage regulator IC, U1, and 
the associated resistors, R24-R28, and capacitors 
C36-C38 are mounted on a wire-wrap 18-pin IC soc- 
ket, with the end pins on either side extending full 
length and soldered to the inside of the case. The re- 
maining 14 pins are bent at right angles, close to the 
bottom of the socket; the regulator-circuit resistors 
and capacitors are soldered between the bent pins. 
See fig. 10. 
spectrum analysis 

The VXS is aligned by using any of the well-known 
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fig. 9. Other uses for the VXS. A shows a 116-MHz local 
oscillator for a 2-meter converter with a 28-MHz i-f. A fre- 
quency doubler for generating a 192-MHz local-oscillator 
signal for a 220-MHz converter, using a =-MHz i-f, is 
shown in B. A pair of cascaded frequency doublers, C. 
generate a -MHz local-oscillator signal for a 432-MHz 
converter with a =-MHz i-f. 



tuning procedures including: a) monitoring the emit- 
ter or collector current of the stage following the 
stage you're tuning for an increase in current, and b) 
using a test receiver, grid-dip meter and so forth. If a 
spectrum analyzer is available (and its use is highly 
desirable although not mandatory) an output signal 
spectrum similar to that shown in fig. 11 may be ob- 
tained. In fig. 11, spectrum (A) is for the basic cir- 
cuit, built on the circuit board, but without the out- 
put filter (L5, L6, C10, C11, and C13). Note that the 
second harmonic is at a level of only - 14 dBc (dB 

fig. 10. Method of mounting the U l  (18-pin) socket 
on the VXS case wall with four end pins used for 
support. The remaining 14 pins are bent outward 
and hold R24-R26; C38-C38. 

below the desired carrier, at 96 MHz). Adding the 
output filter, but without shielding, typically provides 
the (6) spectrum, wherein the greatest-amplitude 
undesired signal is still the second harmonic, now 
suppressed to a level of - 40 dBc. Adding the shields 
and a shielded box (fig. 8) results in the (C) spectrum 
(shown in solid lines in fig. 11). With the shields and 
shield box, the greatest-amplitude undesired signals 
are those spaced above and below the desired signal 
by the fundamental frequency; for example, at 80 
and 112 MHz. 

With the use of the outboard additional filter 
(labeled BPF-96) the only signals found, up to 1500 
MHz, are as shown in spectrum (D): 
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16-MHz 96-MHz 
frequency oscillator output attenuation 

(MHz) harmonic harmonic (dBc) - 
80 5 - 77 

112 7 - 79 
192 12 2 - 70 
288 18 3 - 70 
480 30 5 - 74 

Minor signals occur at the 65th, 66th, and 67th har- 
monics of the crystal frequency (16.001 MHz), with 
respective amplitudes of - 73, - 75, and - 76 dBc. 

Even with the additional two-section BPF-96 filter, 
the desired 96-MHz output has a level of 16 dBm (40 
milliwatts). Because a significantly lower level, on 
the order of 0 dBm (1 milliwatt), is required for driv- 
ing the first doubler in the high-frequency multiplier 
circuit, additional bandpass filters, or a lowpass filter 
having a cutoff frequency on the order of 150 MHz, 
could be easily used. Note that the presence of the 
second and third harmonic of the desired output sig- 
nal is not particularly troublesome, since these fre- 
quencies will be generated in subsequent multiplier 
circuitry anyway. 

To achieve the required Q, the on-board double- 
tuned bandpass filters use air-wound rather than 
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fig. 11. Output of the VxS as seen on a spectrum analyz- 
er. Attenuation of undesirable signals is shown as a 
function of frequency for three different configura- 
tions. Note the effect provided by adding the bandpass 
filter. 

.. 

6 4 0  320 480 800 960 1120 



Z E N E R  D I O D E  1 
39 O H M  (ADD1 

fig. 12. Modification of the N6TX multiplier board for use 
with an external signal source. 

lower-Q toroidal inductors. It is probable, because of 
the relatively high insertion loss of the bandpass filter 
sections, that the filters are not completely optimized. 
However, the ability to provide easily tuned filters 
using low-cost components was deemed more im- 
portant than squeezing out an additional few dB of 
harmonic rejection. Whether or not additional filter- 
ing is used, at least 10 dB of attenuation (a T-pad 
with 22-ohm series arms and a 33-ohm shunt arm) is 
used at the N6TX high-frequency multiplier board in- 
put to ensure that a relatively constant output ter- 
minating impedance appears, as well as to reduce 
the drive level. (I've burned out several MRF 901s but 
haven't harmed any 2N5179s, in the first doubler 
stage, with only 6 dB attenuation.) 

I prefer the 2N5179 in this stage with an increase in 
the tuning capacitance of the 192-MHz circuit; this is 
especially advantageous because the 2N5179 is not 
only less expensive but is also more readily available 
than the MRF 901. Of course, any change in termi- 
nating impedance can detune the filter or filters and 
reduce the ultimate suppression of undesired har- 
monics. Similarly, the ultimate suppression of har- 
monics of the 1152-MHz signal is a function of the 
suppression provided by the NGTX circuit and any 
additional filtering applied thereafter. See fig. 13. 

construction 

After building the basic PC board of fig. 6 and drill- 
ing all component mounting holes, mount the crystal 
socket on the non-copper side of the board with 4-40 
(M3) by 0.37 (9.5 mm) screw, lockwasher and nut. If 
a crystal oven is to be used, don't mount the crystal 
socket but wire the oven crystal leads to the appro- 
priate PC-board pads after assembling the board and 
mounting the crystal oven on it. Before mounting the 
components, solder the two box sides, cut as shown 
in fig. 8, to the long edges of the PC board. About 
1-1/2 inches (38 mm) of the sides extend above and 

below the plane of the circuit board. A hole for the 
feedthrough capacitor and for the BNC connector 
can be drilled in the appropriate side, either before or 
after soldering. 

Solder shield A between the two sides and also to 
the copper-clad PC-board side. The counterpart of 
shield A (shield D in fig. 8) is positioned against the 
non-copper side of the PC board and soldered to the 
pair of opposed box sides. At this side, all compo- 
nents should be mounted to the PC board. Variable 
capacitors C2-C12 are soldered to the copper pattern 
on the bottom of the board, while all remaining com- 
ponents are mounted from the top (non-copper bear- 
ing) surface of the board. 

After installing all components, carefully mount 
shield B then shield C befoie soldering the end pieces 
between the two sides and to the ends of the PC 
board. A hole may be drilled in the end piece, at the 
oscillator end of the board, for tuning capacitor C1. 
However, if the VXS is to be used as a fixed-frequen- 
cy source, in which capacitor C1 is merely adjusted 
to set the output to a particular frequency and not to 
be continuously tuned (as in setting a local-oscillator 
frequency in a receiver), then capacitors C1 and C2 
are dispensed with; frequency is adjusted with C3. 
Note that output filter inductors L5 and L6 and the 
#-MHz trap inductance L7 are also mounted be- 
neath the PC board. The voltage regulator IC socket, 
with its components, can now be mounted by solder- 
ing to one copper side piece, as shown in fig. 10. 

tune up 
Tack solder the top cover to all four sides, but 

don't completely solder. Install the crystal in its soc- 
ket and apply at least + 12 but less than +20 volts to 
the B + feedthrough. Note the voltage at regulator 
pin 3 (which will be pin 4 of the socket, since pin 1 is 
attached to ground). The regulator output voltage 
should be between +8.5 and +9.1 volts dc. Total 

+ 2 0  T 

+ I 0  -- 

- 2 0  - -  

NOISE F L O O R  
S - 6 0 d B m S - 7 Z d B r  

fig. 13. Output spectra of the N6TX multiplier 
block using the VXS/BPF circuits. 
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current into the box will be no more than about 75 
milliamperes and will probably be considerably less at 
this time. The base lead of Q2 can be monitored for a 
16-MHz signal, indicating that the oscillator is work- 
ing. Monitor the base lead of 03  with a 48-MHz rf in- 
dicator and tune C4 for maximum rf voltage. Shift 
the rf indicator to the base lead of Q4 and tune C5 
and C6 for maximum voltage at 48 MHz. Retune the 
indicator to 96 MHz and monitor the base of Q5; tune 
C7, then C6 and C5, for maximum voltage. 

Move the monitor to the tap of filter coil L5 and 
tune C8 and C9 for maximum voltage. Now connect 
the monitor to the output connector and tune C10, 
C11 for maximum output. Then retune C9, C8 for 
maximum 96 MHz signal. Note that a commercial fm 
receiver, with carrier-strength meter, may be used 
for the 96 MHz monitor indicator. 

After tuning the bandpass filter for maximum 96- 
MHz signal, reset the tuning monitor to 48 MHz and 
adjust C12 for minimum 48-MHz signal. The out- 
board filter can now be tuned, if used, for maximum 
96-MHz signal. As indicated previously, if you can 
beg or borrow a spectrum analyzer, set the analyzer 
to display the spectrum from at least 15 MHz to at 
least 150 MHz (and preferably to at least 500 MHz). 
Finely adjust C4-Cll several times in sequence for 
best suppression of undesired harmonics while main- 
taining the desired 96-MHz signal at a reasonable 
maximum. 

Capacitors C6 and C9, especially, are used to ad- 
just the symmetry of the amplitudes of the undesired 
fifth and seventh harmonics of the crystal oscillator 
next to the desired sixth-harmonic signal at 96 MHz. 
Capacitor C12 has some effect on the tuning of C7. 
Furthermore, if you use a spectrum analyzer, the 
68-k resistor in the voltage regulator circuit may be 
replaced with a 25-k pot in series with a 56-k fixed re- 
sistor, and the pot will vary the circuit voltage. Vary- 
ing the regulated voltage will often allow you to find 
a specific voltage at which maximum harmonic sup- 
pression is achieved, although power output will 

change [but, as previously mentioned, it isn't partic- 
ularly important so long as at least 20 milliwatts ( + 13 
dBm) are available at the attenuator input to be add- 
ed to the N6TX multiplier]. 

multiplier modifications 

The N6TX multiplier board (fig. 12) is modified by 
removing the 9.1-volt zener, the 0.01-pF capacitor in 
parallel with the zener, and the 180-ohm resistor to 
the zener (not shown). A 27-ohm, 1 /8-watt resistor is 
soldered from the base lead of the first multiplier 
transistor to the circuit trace that was the unit oscilla- 
tor B + line. A 39-ohm resistor is soldered from the 
B + trace to ground, and one end of another 27-ohm 
resistor is also soldered to the B + trace. The other 
end of the second 27-ohm resistor is soldered to the 
outer conductor of a piece of RG-174 coaxial cable, 
whose shield is soldered to multiplier ground. 

A coaxial cable is connected from the input of the 
outboard bandpass filter, if used, to the BNC connec- 
tor on the VXS. If transistor Q1 of the multiplier is a 
2N5179 transistor, tuning capacitor CT, on the col- 
lector side, should be increased from 1 to 5 pF. The 
original C1 capacitor (at the first doubler input and 
unit oscillator output) is no longer needed. 

The multiplier should be tuned in the same manner 
as specified by N6TX in his article. I've found that the 
tripler input and three output filter capacitors should 
be the suggested Triko 202-08M, although the pair of 
384 MHz tuning capacitors may have to be increased 
to 2-10 pF, to adequately tune the modified multiplier 
board. Fig. 13 illustrates the output spectra of the 
modified multiplier block when driven with the VXS 
and 96-MHz outboard bandpass filter. 

Some uses of the VXS and multiplier blocks are 
shown in figs. 14 through 17. In fig. 14, one possible 
way that high transmitting power may be eventually 
economically realized within the next several years in 
the 2300-2450 MHz band will probably be by use of 
microwave oven magnetrons (a magnetron being es- 

VANODE 
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M A G N E T R O N -  

1 
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fig. 14. Possible transmitter for crystal-controlled injection locking of a microwave magnetron producing 600 watts output 
at 2448 MHz. 
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fig. 15. Block diagram of a phase-locked 1152-MHz sub- 
system that will provide a highly stable signal for multi- 
plication into the 13-cm, 9-cm, or 5-crn bands. 

eventually design, or design around, a circulator for 
this frequency and power level, allowing an injection- 
locked, high-power source to be realized. Fig. 15 is a 
phase-locked 1152-MHz subsystem that will provide 
a highly stable signal for multiplication into any of the 
13-cm, 9-cm, or 5-cm bands. 
Fig. 16A is a keyed 1152-MHz source having about 

sentially a diode tube in which oscillations occur at 
microwave frequencies because of the finite time re- 
quired for electrons to travel or drift between the 
tube elements). Available magnetrons, which cost 
about as much as a vhf power tube of the 4CX250 
type, provide up to 600 watts of output power but 
are normally pretuned at the factory for oscillation at 
about 2450 MHz. 

The tuning adjustment is not normally accessible 
(apparently being inside the vacuum envelope of the 
tube), but some tuning can apparently be accom- 
plished by varying the tube anode current. Many op- 
erators interested in magnetron use have concluded, 
although none (to my knowledge) have yet proved, 
that it should be possible to reduce the magnetron 
frequency to be just within the upper edge of the 
2300-2450 MHz band. Advantageously, another mul- 
tiple of 144 MHz is present at 2448 MHz, which is 
also a 144-MHz i-f above 2304 MHz, itself a second 
harmonic of 1152 MHz. It may well be possible, using 
equipment as shown in fig. 14, to injection-lock a 
600-watt output magnetron with less that 10 watts of 
power from a very-high-frequency-stability source, 
whereby the magnetron assumes the same stability 
as its locking source. The 10-watt power level is ob- 
tainable, now, with fully-transistorized amplifiers. 

Probably the greatest obstacle in achieving high 
power in the 13-cm band is the requirement for a 600- 
watt circulator. I know of no such unit commercially 
available, although the technology appears to exist. I 
am confident, however, that some experimenter will 
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fig. 16. Keyed 1152-MHz source providing about 0.1 watt 
output, A. Output spectrum, B, shows only one spur at 
slightly more than - 70 dBc. A direct-conversion trans- 
ceiver using the 1152-MHz source Is shown in C. 
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fig. 17. Some other microwave configurations based on the multiplication scheme described in this article. 

l/ lOth watt output, while fig. 166 shows its output Higher-frequency blocks and subsystems are being 
spectrum (only a single spurious output at slightly worked on, and further results, from this writer or 
more than 70 dB below the carrier). Fig. 16C shows a others, should be forthcoming. 
direct-conversion transceiver using the source of fig. acknowledgments 
16A. Fig. 17 shows other microwave source configu- 
rations, all based upon multiplication of the 1152- 

I would like to thank Dick Frey, the other half of 

MHz signal. the present Mt. Greylock microwave gang, for his 
help and encouragement; all the local microwave 

summary people for their interest; and my four-year old son, 

All of our microwave bands have one frequency 
Jeremy, and nine-year-old daughter, Alyssa, for 

that's related to 1152 MHz. By building a power 
helping to mount parts onto PC boards and for tun- 
ing and measuring. 

source at 1152 MHz, multiplication to the microwave 
bands becomes possible. A relatively simple, yet 
stable, 1152-MHz chain is necessary; one such chain 
is described. The power amplifier, producing 100 mil- 
liwatts at 1152 MHz, is an adaptation of a circuit de- 
signed by Dick Frey, WA2AAU. Simple frequency 
doublers and receiving mixers for 2304 MHz have 
been described in many articles (check your ham 
radio and QST indexes). Thus it's possible to find 
easily built components for 2304 MHz right now. 
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the weekender 

Inrush current protection 
for the SB-220 linear 

Do you have adequate surge protection for your 
88-2207 If you own this fine piece of gear or similar 
equipment without the benefit of built-in surge pro- 
tection, this article should be placed at the top of 
your project list. For about $10 in parts and six hours 
of bench work, you can breathe easy when you push 
the power switch. I call it the $10 insurance policy. 

The subject of surge protection has been addressed 
by many in the past few years. In my opinion, one of 
the better articles was written by K. M. Gleszer, 
WIKAY, entitled "Upgrading Your SB-220 Linear 
Amplifier," which appeared in QST, February, 1979. 
Specific solutions were offered for operation with 
117-Vac for filament inrush current, diode-transient 
and voltage-equalization protection, plus other 
items. But conspicuous by its absence was a scheme 
for diode inrush current protection. This protection is 
easily obtained with the simple circuit described 
here. 

One other area where I'd suggest a change is the 
time-delay relay. The time-delay function is auto- 
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fig. 1. SB-220 rectifier board. 

By F. T. Marcellino, W3BYM, 13806 
Parkland Drive, Rockville, Maryland 20853 
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fig. 2. Relay connections for the surge-protection 
circuit. 

matic with a standard relay coil and a current-limiting 
resistor. Therefore the high cost, plus purchase time 
and final alteration, of a time-delay relay can be 
avoided. 

The mods I've installed are not unfamiliar, as 
they've appeared in several 1970-series of the Radio 
Amateur's Handbook. However, I've described the 
procedures in a detailed order using short, some- 
times elementary, phrases for clarification. I'm a 
stickler for the smallest detail, so you needn't bother 
with assumptions. 

With the mods installed, the following benefits will 
be added to your SB-220: 

1. Rectifier transient surge protection. 

2. Rectifier reverse voltage equalization. 

3. Rectifier inrush current protection. 

4. Inrush current protection for the 3-5002 filaments. 

This procedure is divided into two parts: rectifier 
protection and surge protection. You can elect to 
cancel one, but because the amplifier must be un- 
caged for installation of either, it seems wise to in- 
clude both. 

The fourteen original diodes in the SB-220 were 
not replaced with higher PIV units. This action is not 
necessary unless you break some during disassem- 
bly. These diodes are rated for 1 ampere average for- 
ward current at a PIV of 600 volts. The ratings are 
adequate for this application, and, combined with 
the modification, they will have a long life. 

The nominal delay was selected as 5 seconds. This 
time can be altered by varying the total limiting resis- 
tance. A resistance of 200 ohms caused a long delay, 
and the resistors dissipated much power. At the op- 
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posite extreme, 100 ohms provided insufficient 
delay. Therefore, a satisfactory value of 150 ohms 
was selected. Note that the time delay and resistance 
values were selected using a line voltage of 220 Vac. I 
intended to operate this linear only on the higher line 
voltage for increased efficiency. 

rectifier protection 
1. Remove amplifier case, top shield cover, and right- 
side shield. 

2. Remove the four rectifier board hold-down 
screws. 

3. Make a wiring map of all twelve wires connected 
to the rectifier board and identify by color designator 
(fig. 1). 

4. Unsolder all twelve wires at the board end, then 
remove diodes. 

5. Wick twelve wire pads and all diode holes. 
Remove flux. 

6. Drill out all diode holes using a No. 47 (2 mm) drill 
bit from the pad side of the board (assuming all 
boards are the same). 

7. Using a No. 15 (4.5 mm) drill bit, deburr the new 
holes from the component side. Do not deburr the 
pad side. 

8. Install resistors (470 kHw) from the pad side, then 

install diodes and capacitors (0.01 at 1 kV) from the 
component side. Next: 

a. Solder each pad with its three wires. 

b. Clip component pigtails as you go. 

c. Clean board to remove flux. 

d. Ohmmeter check-note highs will be 470 k. 

9. Connect board to SB-220 using the following 
sequence: 

a. Solder red wire to hole D. 

b. Solder blue wires at holes H and J. 

c. Mount board using three screws-omit lower 
LH. 

d. Solder bare wire at hole K. 

e. Solder black wire at hole E. 

f. Solder black wires to holes and pads for the 
zener. Observe proper polarity. 

g. Solder orange wire to hole G. 

h. Solder yellow wire to hole F. 

i. Solder red small wire to hole A. 

j. Solder black wire (minus filter bank) to hole 6.  

k. Solder black wire (Ip meter) to hole C. 

This completes the rectifier-board wiring. Dress all 
wires at right angles away from the board, then 
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10. Reinstall right-side shield. 

11. Oil felt pads on fan motor while top cover is off. 

12. Install top shield cover. 

13. Test the amplifier using a dummy load. 

14. If OK, proceed to the next section. 

surge protection 

1. Solder No. 14 (1.6 mm) bus wire 2 inches (5 cml 
long to pins 3 and 4 of relay K1 (fig. 21. 

2. Solder No. 14 (1.6 mm) bus wire 2 inches (5 cm) 
long to pins 5 and 6 of relay K1. 

3. Bend the two wires and solder to a two-lug tie 
strip. 

4. Connect pin 5 to 7 using No. 20 (0.8 mm) bare 
wire. 

5. Connect a black insulated wire (rated for 220 Vac, 
10 amperes) about 10 inches (25 cm) long to K1 pin 
8. 

6. Stack the two current-limiting resistors (100 and 
50 ohms) and connect in series. Solder this pair to 
the lower holes in the tie strip. 

7. Mount the completed surge-protection into the 
SB-220 using the center ground lug on the tie strip 
and the existing chassis screw located about 2 inches 
(51 mm) forward of terminal strip AE. The relay case 
should rest against the chassis, being supported by 
the bus wires. 
8. Connect the 10-inch (25-cm) black insulated wire 
(trim as required) from relay K1 pin 8 to terminal 213 
on terminal strip AE of the linear. 

9. Remove existing black jumper wire between 
power switch Z and front standoff AW. 

10. Connect Z to pins 3 and 4 of K1 using the tie strip. 
Use insulated wire with (220 Vac, 10-ampere rating). 

11. Connect Y from standoff AW to pins 5 and 6 
using the tie strip. Use insulated wire with 220-Vac, 
10-amp rating. 

12. This completes the surge relay installation. 

From the Heathkit manual, these codes are used: 
AE 1101220 Vac input terminal strip. 
AW front-mounted standoff tie point. 
AL front corner hole. 

Z power switch. 

operation 

Checkout of the surge protection circuit can be 

monitored each time the linear is fired up, assuming 
the filter capacitors have discharged to a low level. 
Place the selector switch in the HV position, while the 
mode switch can be in either the CWITUNE or SSB 
position. After the power switch is pushed, there will 
be a time period of a few seconds of dead silence. 
This delay time is controlled by the value of the limit- 
ing resistors. During this period the plate voltage 
meter can be observed to slowly increase from zero 
to about 1500 Vdc. Additionally, the meter illumina- 
tion lamps will slowly energize to about half bril- 
liance. Since the 3-5002 filaments are in parallel with 
these lamps, they will be responding in the same 
way. If in doubt, turn off your room lights while ener- 
gizing the linear and peer down through the case top. 

The cooling fan will be turning very slowly while 
gradually building up speed. Therefore there will be 
no noise from this source during the initial few 
seconds. 

After the five-second surge-delay period, adequate 
voltage will be available for surge relay K1 to pull in. 
During a brief interval K1 contacts will close and 
hold, thus shorting the limiting resistors and applying 
full line voltage to the transformers. Instantly the 
plate voltage will increase from 1500 Vdc to its nor- 
mal maximum value. The 3-5002 filaments will glow 
with their normal brilliance, and the cooling fan will 
attain maximum speed. Don't be alarmed when you 
hear a brief buzzing sound as the relay closes. This 
sound is caused by K1 contacts bouncing (as all me- 
chanical relays do) combined with slight inductive 
arcing. 

Although this article is written specifically for the 
SB-220, other similar equipment could be surge pro- 
tected using these mods. 

For additional information on rectifier diode pro- 
tection I suggest the April, 1980, edition of 
Worldradio, which has a fine article written by Joe 
Carr, K41PV. 

Once you've installed the mods as shown in fig. 3, 
you can place the problem of surge protection on the 
shelf for a well-deserved rest. I've used these circuits 
on two other homebrew linear amplifiers with total 
success. In addition I've used them on power sup- 
plies for several transmitters using the lower line volt- 
age. The only difference is the selection of the limit- 
ing resistance for a satisfactory delay period. 

Note: K1 is a dpdt relay, 5000-ohm coil, 120 Vac. Contacts are 
rated at 10A. 125 Vac. Dimensions: 1-518 x 1 x 314 inches I41 x 
2 5 . 4 ~  19mm). 

ham radio 
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WHY GET ONFAST SCAN ATV) 
You can send broadcasr quality v~deo of home movies, video 
tapes, computer games, etc, at a cost that is  less than sloscan. 
Really improves public service communications for parades. 
RACES, CAP searches, weather watch, etc. 
D X  is about the seme m 2 meter simplex -- 15 to  100 miles. 

A L L  IN ONE BOX -- - - - .  

TC-1 Transmitter/Converter . . . . 
Plug in camera, ant., rnlc, and T V  
and you are on the alr. Contains 
AC supply, T/R sw, 4 Modules 
below . . . . . . . . . . . . . $399 ppd 

PUT YOUR OWN SYSTEM TOGETHER 
TXA5 A T V  Exciter contains 
video modulator and xtal on 434 
or 439.25 mHz. Al l  modules 
wired and tested . . . . . $89 ppd 
P A 5  10 Wan Linear matches 
exciter for good color and sound. 
This and all modules run on 
13.8 vdc. . . . . . . . . . . $ 7 9  ppd 
TVC-2 Downconverter tunes 
420 t o  450 mHz. Outputs T V  
ch 2 or 3. Contains low noise 
MRF901 preamp.. . . . . $55 ppd 

PACKAGE SPECIAL a(( FMA5 Audio Subcarrier adds 
four modules $239 ppd standard T V  sound to  the 

picture . . . . . . . . . . . . $29 ppd 
SEND FOR OUR CATALOG, WE H A V E  IT A L L  

Modules for the builder, complete units for the operator, 
antennas, color cameras, repeaters, preamps, linears,video 
ider and clock, video monitors, computer interface, and 
more. 19 years in  ATV. 
Credit card orders call (213) 447-4565. Check, Money 
Order or Credit Card bv mail. 

by 

@ @ K.V.G. 
XF-9B 

Reduce ORM with improved IF selectivity 
The XF-9B crystal filter is the heart of good, modern receiver 
(and transceiver) designs. It is used between the mixer stage and 
the IC IF amplifier stage to suppress adjacent channel in. 
terference by over 100 dBs. 

XF910 DET. 
AMPL. I 

I The XF-9B can also be used to uperade older recelver desi ns 
which use vacuum tube or dlscrete transistor IF ampliyier 
stages. PRICE $68.80 plus shipping. I 
SpeeiflUtl~n XF-90 
Center Frequency 9.0 MHz Shape Factor 6:80 dB 
Bandwidth 2.4 KHz 6:80 dB 
Passband Ripple -2.0 dB UltimateAttenualion lOOdB 
Inserllon Loss -3.5dB Termlnatlons: 500ohms 

I Export Inqulnes Invited 

1296 MHz EQUIPMENT 
Announcing the new 1296 MHz units 
by Microwave Modules. 

Low Ntr<5* HI I I V f  Cooverl~'. MMk1296.144 
LOW Yal5c U i i t  V t  P ledr r l~ i~ l le r  MM11296 
LOvYower I N t A R  I R A N I V I  H l t R  MM11196-I44 

nus #I OYI II~YIN 1296 Mnl l l m s .  n(ennll .  lalrl. m) (n  

TRANSVERTERS FOR ATV 
OSCARS 7,8 & PHASE 3 

Transverters by M~crowave Modules and other manulaclurers can convert your 
exisllng Low Band rlg to operate on the VHF & UHF bands. Models also 
ava~lable lor 2M lo  70cm and lor ATV operators lrom Ch2/Ch3 lo  70cms. 
Each lransverter conta~ns bolh a Tx up-converter and a Ax down-converter. 
Wrlte tor deta~ls of the largest selection available 
Prices rtart at $199.95 alus $3.50 shlaolna. - - ~  ~ 

SPECIFICATIONS: 
Output Power 10 W 
Receiver N.F. 3 68 typ. 
Recelver Galn 30 dB typ. 
Prime Power 12V DC 

Attenl~on owners of the or1 ~nal MMt432 28 rlioflels Upflnte your lransverter 
to operate OSCAR 8 8 PHAPE 3 by add~ng the 434 lo  436 MHz range Mod k~t 
lnclud~ng lull lnstructlons $26 50 plus $1 50 shlpplng elc 

ANTENNAS (Foe CONCORD, VIA UPS) 
144.148 MHz J-SLOTS 
8 OVER 8 HORIZONTAL POL. + 12.3 dBd D812M $55.95 
8 BY 8 VERTICAL POL. D(V2M-VERT. $85.80 
8 + 8 TWIST 8XY12M 557.75 

420-450 MHz 
MULTIBEAMS 

For local, DX, OSCAR, 
and ATV use. 

48 EL. GAlN + 15.7dBd 7WMBM48 
88 EL. GAlN + 18.5dBd 701MBM88 
UHFLOOP YAGlS 
28 LOOPS GAIN + 20 dB1 50-ohm, T pe N Connector 
1250-1340 MHz 129SLY 8 rt. boom t59.70 
1650-1750 MHz 1691-LY 6 ft. boom $624 0 
Send 3DI ( 2  stamps) lor full delalls of KVG crystal products and all your VHF & UHF wulp 
men! requirements 
Pre Selector F~lters Arnpl~liers SSB Transvertars 
Varaclor Tr~piers Crystal Flltsrs FM Transvensrs 
Decade Pre Scalers Frequency F~ltars VHF conveners [-1 
Antennas Oscillator Crystals UHF Converters - 

Office Box 1064 
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HUSTLER ANTENNAS 
5-Band trap vertical 10-80 m.. reg. $139.95.. . .  $125.95 
4-Band trap vertical 10-40 m.. reg. $109.95.. .. 98.96 
Bumper mount, reg. $18.95 .................. 17.06 
Mast. told-over. deck mounting, reg. $22.95.. . 20.66 
Mast, fold-over, bumper mount, reg. $22.95. .. 20.66 

... Resonator. 75 meters. 400 watt. reg. $18.95 17.06 

... Resonator, 40 meters. 400 watt, reg. $16.95 15.26 
. Super resonator. 40 meters. KW, reg. $24.95.. 22.46 

. . .  Resonator. 20 meters. 400 watt, reg. $14.95 13.46 
. .  Super resonator.20 meters. KW, reg.$21.95.. 19.76 

.. .  Resonator. 15 meters. 400 watt, reg. $10.95 9.86 
. Resonator. 10 meters. 400 watt, reg. $10.95.. 9.86 

Mobile 2 meter colinear, w/o mount, reg. $28.95. 26.06 
.. 2 meter colinear w/trunk mount, reg. $45.95.. 41.36 

PALOMAR ENGINEERS 
Price 

R-X Noise bridge ....................... $ 55.00 
VLF Converter .......................... 59.95 
I K Toriod balun. 3 KW SSB. 1:1 or4: l . .  .. 32.50 
2K Toriod balun. 6 KW SSB. 1:1 or4:l . .  .. 42.50 
I C Keyer, battery operated ............. 117.50 
~ G o p  Antenna, plug-~n units. 160/80. BCB. VLF. 47.50 
Loop Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67.50 
Tuner - 10-60 meters, built-in noise bridge.. . .  299.95 
CW Filter. 8 pole IC.. ......................... 39 95 

ALSO IN STOCK 
Antenna Components Larsen Antennas 

Centurion International Rubber Duck Antennas 

WRITE FOR A FREE COPY OF OUR CATALOG 

MASTER CHARGE VISA 

Al l  I tems F.O.B. Llncoln. $1 W mlnornum s h ~ p p i n g  Prlces subject to change 
w ~ t h o u t  notlce. Nebraska residents please add 3% tax 

g & C Communications 
730 Cottonwood Lincoln, Nebraska 68510 

1 

MORSE CODE RADIO 
STATION IDENTIFIER 

MODEL - 97813 

REDUCED 407'0, NOW $59.95 
COMPLICS WllH N t W  F C C  RULES. PAHTSE'J Y t .  93.95 . MULTI-MODE OPERATION: MANUAL. SEMI-AUTO 
ANDAUIU 
MANUAL MODE - A pushbutton sw~tch triggers Ihe iden- 
t ~ l~e r  wh~ch keys the lransmltter lor Ihe durallon ol Ihe I0 
cycle 
SEMI-AUTO MOOE - The PTT lhneacllvates Ihe ID'er 11 the 
rrvrdl nlerval Ime has elapsed and reeps the transmltter 
krved lhrouaho~l Ihe duialton 01 lhe I 0  cycle 
AUTO MOOE - The ~dentlller wlll key Ihe transmltter and 
ID every llme the repeat Interval tlme has elapsed 
CONNECTS DIRECTLY TO MICROPHONE AND PTT 
INPUTS OF MOST 1RANSMlTTERS MINIATURE SlZE 
MAKES IT FEASIBLE TO MOUNT INSIDE THE 
TRANSMITTER 
PROGRAMMABLE CODE SPEED. TONE. AN0 
RFPFAT TIME 
ADJUSTABLE CODE AUDIO LEVEL . PREPROGRAMMED MEMORY ELEMENTS - 
25.1 OH ,510 BIT) (OPIIONALI 
SlZE - 1 X 4 INCHES 
INCLUDES SWITCHES. WIRING AND INSTRUCTION 
MANUAL I 

MOOEL 97813 -NOW ONLY $59 95 assembled &tested 
MODEL 11765 - Beacon CW 10 er w~ th  programmable code 

spPed greal lor 1750 meter band 254 b ~ t  memory. 510 
DII optlonal 1 3 x 2 0 PCB LIST PRICE $24 95lk1t 
$34 95 assembled 

1 All orders musl be prepald or C 0 D allow four weeks 
delivery CA res add sales lax Addlllonal preprogramrned 
memory elemenls available Include $3 00 shpglhdlg on all 
orders One year warranty 

Securltron Co. 
P.O. Box 32145 San Jose, Ca. 95132 

Phone (408) 294-8383 

WANTED FOR CASH 

490-T Ant. Tunin Unlt 618-1 Transceiver 
(Also known as !~1658 (Also known as MRC95. 
and CU1669) ARC94. ARC102. or VC102) 

4CX150 
4CX250 
4CX300A 
4CX350A 

4CX1000 
4CX 1500 
4CX3000 4CX10,OOO 4-65 4-250 4-1000 
4CX5000 5CX1500 4-125A 4 4 0 0  304TL 

Other tubes and Klystrons also wanted. 

Highest price paid for these units. Partspurchased. 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear.GRC106,ARClOS, ARC1 12, ARC1 14, 
ARC115, ARC116, and some aircraft units also 
required. 

DCO, INC. 
10 Schuyler Avenue No. Arlington, N. J. 07032 
Call Toll Free (201) 998-4246 
800.526-1 270 Evenings (201) 998-6475 

AT-200 Antenna Matcher 
Use your c a r ' s  AMlFM antenna for 
your 2-meter mobile rig.-Eliminate 
the two-antenna t i p - o f f  to thieves. 
without the nuisance of hideaways. 

Save the cost o f  a 2-meter mobile 
antenna. 

AT-200 tunes from the front panel 
for maximum output, minimum 
VSWR (1.2:l or less f o r  most car 
antennas). 

at your B&W dealer. 

Made In the USA. by 

Barker & Williamson, Inc. 
1 0  Canal S t r e e t .  Br~stol. PA 1 9 0 0 7  

M O D E L  6154 TERMALINER '  

I'D BUY FROM US 
YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT A1TENTION 

AUTHORIZED .fij)DI DImlMnOt 

WdEI 
a s s o c i a t e s  

115 BELLARMINE 
ROCHESTER. M I  48063 

CALL TOLL FREE 

800-521 -2333 
I N  MICHIGAN 313 - 375-0420 

? 
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Diplexer consists of a matched pair of highpass end 
lowpass filters. which allow a vhf and high-frequency 
antenna to share a common feedline. The filter at the 
antenna end has three sections (top); that at the sta- 
tion end has five sections (bottom). 

transceiver 
diplexer: 

an alternative 
to relays 

1 Frequency-selective filters 
allow vhf and hf antennas 

to share a common feedline 

In many cases it's desirable to reduce the number 
of feedlines between the ham station and the anten- 
nas. One of the more important reasons is the price 
of high-quality coax cable. It's easy to spend as 
much money on transmission lines as on a small 
commercially manufactured 2-meter Yagi antenna. A 
second reason may be the need to tidy up your instal- 
lation to please neighbors. If antenna restrictions ex- 
ist in your area, and you're trying to avoid detection, 
the presence of several coax cables can be too much 
to hide. 

One of the more popular ways of making the best 
use of feedlines is to use switching relays at the 

By Terry A. Conboy, NGRY, 2631 S.W. Or- 
chard Hill Place, Lake Oswego, Oregon 97034 
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antennas to select the desired antenna. Several sys- 
tems to accomplish this are available commercially, 
and homebrewing such an arrangement is not tech- 
nically difficult. 

There are disadvantages to such schemes. What 
happens when you're chasing a rare station and still 
want to listen to the local DX repeater on 2 meters? If 
you have only one feedline, this can be inconvenient. 
Care must be taken to avoid transmitting on the 
wrong-frequency antenna to prevent possible dam- 
age to both transmitter and antenna. 

enter the diplexer 
An alternative to relays is frequency selective net- 

works to select the proper antenna automatically. 
The networks can also allow simultaneous combina- 
tion of more than one transceiver on the same coax 
cable. 

These networks are called diplexers, since they al- 
low two transmitters (or receivers) to use the same 
feedline at the same time. They differ from 
duplexers, as used in repeaters. Duplexers permit si- 
multaneous operation of one transmitter and one re- 
ceiver on a common antenna. 

Although possible, it would be difficult to con- 
struct networks that would permit several different 
high-frequency antennas to share the same feedline. 
Relays are probably best used for this purpose. Be- 
cause 144 MHz and 220 MHz are commonly used for 
local communications, I designed a simple network 
to permit either of these vhf bands to coexist with 
high-frequency signals on one coax cable. I did not 
include the 50-MHz band because this design would 
have required more complex networks. (The 420- 
MHz band will pass through the filters, but the impe- 
dance match is marginal.) 

I used two networks. The one at the station end 
(fig. 1) allows both the high-frequency and vhf rig to 
access the coax simultaneously. The network at the 
antenna end (fig. 2) does the same for the high-fre- 
quency and vhf antennas. Each network consists of a 
mated pair of highpass and lowpass filters to accom- 
plish the separation and combination of the two dif- 
ferent frequencies. 

Some disadvantages occur in the use of filters to 
perform these functions. A small amount of loss is 
added to the system. This is minimal, however. Also 
the impedance presented to the transceivers is modi- 
fied. By proper filter design this mismatch can be 
kept to a minimum. 

One added benefit of the filters should be noted: 
Lowpass filters are in the circuit to the high-frequen- 
cy antenna, so some reduction in harmonic radiation 
is evident, which may reduce TVI to the point that an 
additional filter isn't needed. 

designing the filters 
The highpass and lowpass filters are simple 

Chebychev units that can be designed from tables of 
normalized filter prototypes or by calculating normal- 
ized inductor and capacitor values. I found it easier, 
however, to use the network design programs avail- 
able on the engineering computer at my place of 
employment. 

Reflection coefficient. To minimize the amount of 
mismatch introduced by the filters, I designed them 
to have a maximum reflection coefficient of 0.065. 
Since two filters are in tandem, the worst-case re- 
flection coefficient with a 50-ohm load could be 
twice this amount, or 0.13, which corresponds to a 
maximum SWR of 1.3. The worst-case situation at 
the transmitter for a load with a 2-to-1 SWR would be 
SWR of 2.7. Because of the designs I used, the fre- 
quencies of worst match don't coincide, and such a 
degradation is unlikely. The match may also be better 
at some frequencies because of the small variations 
in the impedance transformation through the filters. 

Cutoff frequencies. I set the filter cutoff frequen- 
cies about 7 per cent above and below the required 
maximum and minimum frequencies to avoid the loss 
appearing near the filter corners caused by the finite 
Q's of the inductors. The resulting cutoff frequencies 
were 32 MHz for the lowpass filters and 135 MHz for 
the highpass filters. 

Isolation. The number of filter sections is governed 
by the isolation required between high-frequency 
and vhf equipment. Isolation at the transceivers must 
be much greater than at the antennas. For protection 
against receiver overload, at least 50 dB isolation was 
desired between the high-frequency transmitter and 
the vhf receiver. Such isolation reduces 1000 watts 
to 10 milliwatts at the receiver front end. Because of 
the wide frequency separation, no undesirable inter- 
modulation occurs in the vhf receiver. 

The isolation required between vhf transmitter and 
high-frequency receiver is usually not as great, be- 
cause most stations use much lower power on vhf 
than on hf. Even so, I designed the filters to be sym- 
metrical, which should give the same isolation in 
both directions. 

At the antennas, I set the isolation at 30 dB. This 
isolation should prevent high-frequency-antenna ra- 
diation from causing any significant reduction in the 
front-to-back ratio of a directional vhf antenna. 

To obtain the desired isolation, I made the net- 
works at the station end with five sections each and 
those at the antennas with only three sections each. 

After I designed the filters I increased the reac- 
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fig. 1. The five-section filters used at the transceivers. 
Inductor data is given in table 1. 

tances of the components at the common port by the 
same ratio to compensate for the shunting effect of 
the other filter. I did this with an interactive network 
analysis program. To make the impedance match as 
good as for the highpass or lowpass filter alone, I in- 
creased the end inductor of the five-section lowpass 
filter by 15 per cent and decreased capacitor of the 
five-section highpass filter by the same amount. For 
the three-section filter, the change of the end com- 
ponents was 30 per cent. 

I made allowances for the parasitic capacitances of 
the inductors to ground in the lowpass sections, 
which add in parallel with the shunt capacitors. I 
made allowance of 3 or 4 pF in the capacitors I used. 
I added small metal tabs about 0.4 inch (1 cm) square 
to the highpass filters. This restored symmetry to the 
highpass sections and improved the match at 220 
MHz. The final design of the filters appears in Figs. 1 
and 2. 

construction 
The filters were built in cast aluminum boxes and a 

piece of unetched copper-clad PC board was attached 
to the inside of the box with machine screws. The 
shunt components were then soldered directly to the 
copper board with the shortest possible leads. The 
series components were supported by the shunt 
components (this arrangement can be seen in the 
photos). This construction provides a rigid mounting 
for the parts with minimal stray inductance and 
capacitance. 

Shields were placed between the highpass and 
lowpass filters in each box to reduce mutual coup- 
ling. If you don't include the shields, isolation be- 
tween the vhf transmitter and high-frequency receiv- 
er will be seriously impaired. 

For the five-section networks, additional shields 
were required. The shields were made of double-sid- 
ed copper board. They were soldered all along the 
seams together with the groundplane copper boards 

and the other shields, then fastened to solder lugs on 
the connectors where possible. 

All coils were placed at right angles to each other 
in the same shielded area to avoid mutual coupling, 
which can cause filter performance to depart drastic- 
ally from the theoretical predictions. 

components 
The fixed caps were micas with a 1000-volt rating. 

This rating is adequate for power levels up to the 
legal limit. Because of the high currents flowing in 
the shunt capacitors in the lowpass filters, the re- 
quired capacitance was obtained by using two ca- 
pacitors in parallel, which reduces any possible heat- 
ing in the capacitors. Currents are highest when op- 
erating near the filter cutoff frequency and can easily 
reach 5 amperes with 1000 watts of input power. 

Air variable capacitors could be used throughout, 
in place of the micas, provided the voltage rating is 
adequate. In the highpass sections, the micas were 
paralleled with air variables and glass piston ca- 
pacitors to allow tuning. After the filters were tuned, 
it appeared that fixed units of the calculated values 
would have worked just as well, as judged from the 
positions of the variables. 

All the inductors were wound of No. 12 (2.1-mm) 
tinned copper wire. Winding data were obtained 
from charts in the ARRL Handbook. Information on 
the dimensions of the coils appears in table 1. 

tuning the filters 
By far the best way to tune Chebychev filters is 

with a swept reflectometer. These filters were tuned 
this way, adjusting the coils by stretching and 
squeezing and by tuning the capacitors until the im- 
pedance match across the passband of each filter 
was within the desired limits. Not everyone has the 
facilities to adjust the networks in this manner. As an 
alternative, the filters should be adjusted one at a 
time into a dummy load with an SWR meter or a 
noise bridge set to 50 ohms. The frequencies to use 
are given in table 2. It's important not to vary the 
components too far from the calculated values; do- 

HF ANTENNA 

FEEDLINE 

VHF ANTENNA 

0 0 5 7  

fig. 2. The three-section filters used at the antennas. 
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fig. 3. Measured frequency response and return loss 
for the five-section lowpass filter. 

table 2. Adjust the inductors (and variable capacitors, i f  us- 
ed) for best match into a 50-ohm load at these frequencies. 

adjustment frequency 
filter (MHz) 

5-section lowpass 
%section highpass 
3-section lowpass 
3-section highpass 147.0 

the filter passbands. It may be necessary to retune 
somewhat if the impedance match is poor. Remem- 
ber that the match should not necessarily be perfect 
at all frequencies, but the SWR should not be worse 
than 1.2 anywhere in the passband of either filter. 

diplexer performance 
The two networks were measured with 50-ohm 

terminations on the unused ports. The results of the 

ing so may cause the isolation to be upset. 
After tuning for best match at the frequencies indi- 

cated, check the match at other frequencies within 

table 1. The inductors should be wound according to this 
data. The wire used is solid No. 12 (2.1 mm) with spacing be- 
tween the turns equal to the wire diameter. 

nominal 
inductance inside diameter 

inductor ph inches (mm) no. turns 

L1 0.208 0.5 (12.7) 4.5 
L2 0.413 0.75 (19.0) 5.0 
L3 0.24 0.5 (12.7) 5.25 
L4 0.044 0.5 (12.7) 1.25 
L5 0.044 0.5 (12.7) 1.25 
L6 0.176 0.5 (12.7) 4.0 
L7 0.23 0.5 (12.7) 5.0 
L8 0.057 0.375 (9.51 2.0 

3 d 5 10 20 30 40 50 100 ZOO 300 

F R E O U E N C I  lMH21  

fig. 5. Measured isolation between the high-frequen- 
cy and vhf ports of the five-section filters. The com- 
mon port was terminated with 50 ohms. 

measurements are given in figs. 3 through 8. The im- 
pedance match is plotted as return loss. This quanti- 
ty is 20 times the logarithm of the magnitude of the 
reflection coefficient. It was measured directly by the 
test equipment used. The reflection coefficient for 
which the filters were designed, 0.065, represents a 
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fig. 4. Measured frequency response and return loss 
for the five-section highpass filter. 

table 3. These are actual measured losses in a 50-ohm circuit 
with the unused ports terminated. Resistive and mismatch 
losses are included. 

5-section lowpass 
%section highpass 0.22 220.0 
3-section lowpass 0.07 28.0 
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fig. 6. Measured frequency response and return loss 
of the three-section lowpass filter. 

return loss of 23.7 dB and an SWR of 1.14. The di- 
plexer insertion loss was surprisingly low. Table 3 
summarizes the measured losses through the filters. 

Use of the filters shows that the isolation between 
the high-frequency and vhf equipment is more than 
adequate. The equipment was a Yaesu FT-301 with 
an FL-2100B and an lcom IC-22s. The only problem 
areas were at harmonics of the high-frequency trans- 
mitter that fell on frequencies in the 2-meter band. 
However, this was also a problem when operating 
with separate feedlines. Significant fifth-harmonic 
energy was picked up by the 2-meter transceiver 
even when it and the high-frequency transmitter 
were connected to dummy loads. 

possible improvements 
The layout of the filters would be much better if 

0 - 
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flg. 7. Measured frequency response and return loss 
of the three-section highpass filter. 

the boxes were long and narrow, with the common 
connection near the center of the assembly. Then 
the high-frequency and vhf ports would be separated 
by the greatest distance. Another layout improve- 
ment would be to shield separately each inductor in 
its own small compartment. This would greatly re- 
duce mutual coupling between the coils. 

The other possible improvement is to reduce the 
effective stray inductance of the shunt capacitors in 
the lowpass filters by paralleling more than two ca- 
pacitors to obtain the required value. The self-reso- 
nant frequency of smaller capacitors would be moved 
higher in frequency, and the stopband attenuation 
and isolation would be greater. 

using the diplexers 
If antenna tuners or TVI filters are in use at your 
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fig. 8. Measured isolation between the high-frequen- 
cy and vhf ports of the three-section filters. The com- 
mon port was terminated with 50 ohms. 

station, they must be placed between the transceiver 
and the diplexer, which can be a problem if the an- 
tenna tuner is used to compensate for fairly high 
standing-wave ratios. Possible voltage and current 
stresses on the components in the filters could easily 
damage them. It would be wise to restrict operation 
at maximum legal power to standing-wave ratios no 
higher than 2.5 on the main feedline. 

For normal exciter power levels (under 300 watts 
input), there should be no problem with standing- 
wave ratios up to 5 under normal use, especially 
below the 20-meter band. 

If your SWR meter is capable of operation on both 
hf and vhf, it may be placed in the common feedline 
and measurements can be made in either frequency 
range. 

ham radio 
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Morganlom The Computer Corner 
M o r w n r o w  E I s r m  D l l r r tb~ lmg CO 1- 
Whscl,ng L.hv.tte Radm Assoc,.m StOm 
WYOMING 
Chrvenrle B m p u m r  C o n c ~ U  

rld Norbd! I Fbv trMiCS I nc  
RM Elrr l ronrr l  Inc 

OHIO 
C n‘,,,nsrr Hwthktr E la rmn% Cmn* 
C~nc~nnar,  Mkm-So)ut#oon 

'! Cleveland ~ m m k # t  Ek t ron rc  O n n r  
Co4u&uI Hwrhkrt E l a t r o n , ~  Csnrsr 
Dow T V Sps~aItnas 

To)& rthk#r E l s r r o n , ~  On ta r  
TOW0 Warmn R*d,o 
~ l l f i  !r.ur E k r r o n r c  SUPD~V 
VWW R w  Radw Componv 
OKLAI 
Ok l .nom CIW Elm, 8vmt  8 Mcms 
OCL.h- C#rv H ~ t h k i r  Elatronrc CMmr 
Okfaroma Ctcv rrrce Wholeula El~ctronrcr 

Wozsrn r  
MICHIGAN 
Ad,,#" 
Allen Park 
Ann Arbor 
a.rt1. c m k  

€ 6 8  Elar<onrcl Inc f 
Elscrronrc P # r w  

otnr ,krnnp ca 
W h n k  Cmmet ion  

R . d h  S&wIv 6 E W M w  C a  
B 8 M  c-b# 

~ m r i ~ k i t  ~knonb Qnm 
R d l o  SUPDIV 6 &wtnrrln# C a  

s.S E h c r n k r  
Ox lord S o f n u m  Ca 

nwrnk, ,  ~ ~ ~ ~ t ~ ~ n ~ c  c,otsr 
Shma Elecrronrcr 11c 

CANADA 
AIblt.: 
Olg#rv CompuShw Alb.n# Lld. 
Ontwlo: 
Toronm H w m  o f  CC+nDUfWn 
GUAM k4amn.r CIurmnrcs 

W8lminpmn 
W,tmmpron 
FLORIDA 
C ~ w w a r e r  
Ft ~ ~ u d ~ d d a  
F I  L.udem*ta 
G,m~rrrll. 
HI,l,ah 
Jnkronvlll* 
L,k,,.nd 
M!,n, 
Mmml 
D#klvnd hnt 
Orlnndo 
Psnucol# 

L*ruO 
W h o r u k  Ehcrmnkr Ins. 

AOL E c r m n k r  
&mpumn For You 

&hv.m Radio Elscrmnrr  
L,hv*m R d r o  

Mwrhklr Elr t ronrc C m n r  
L a m o  of  Florid. Inc 

:rCm'm# sp.cnlh EI8ctmnlcs 
Herman E l m r o n k r  

N6C Dlr t r lbvron 
Lahvetre R ~ I O  

&II~)..R Micro.D.r, Corn 
0115. Elutroni'', 1°C. 

ENGLAND 
Bsrklhnr* N m k r  C~mpu l lnp  Smm 
GUATEMALA E l r r m n i n  P . tVANr iUna  
PANAMA T-Co. S A 
SINOAPORE ~ w ' 1 . d  ~ @ # r # l  Svsrem 
SINGAPORE Sv# T& 

OREGON 
Aib#nv Omgon H u n  W e t  
Bs.v.rton N o n r  Elr r rontcr  

G.rdnt O W  Compur,r Canrer 
Gmnd RrpMa Micro Comourer World 
G n n d  R w l d l  Redm Pam Inc 

&GEN 
Stockholm LSI E l a w o n k l  HE 
WEST INDIES 
Po, of Smm. T d n l d d  7%. Hobbv C m t n  

Corr,/l,r 2 w o . O ~  
Euvsne E w m a  A n u m w  Radlo S u p ~ l v  
Portland  ama and ~ d r o  SUDO/W 

7 6  W E I , ~ t r o n i ~ ~  
Warren Radro Co. 

355 Shoreway Road, Belmont, For Distributor Information, write or phone JIM-PAKI9 1 
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tebook 
Because of the lightweight con- the top of the small inserted piece 

struction of the TA-33 antenna, I should be ground as flat as possible 
didn't bother with an end thrust bear- and packed with heavy machine 
ing at the bottom of the I-112-inch grease. 

spring mounted beam pipe. The spring was heavy enough - 

saves rotor gears 
What ham has not, at some time or 

another, had the gears torn out of his 
rotor drive motor when the beam has 
been whipped suddenly by a strong 
gust of wind or by a bad storm? 

After experiencing this disaster 
several times in my sixty years in ham 
radio, I finally decided to do some- 
thing about it. This time, when I put 
up my Mosley TA-33, I made sure the 
gears would stay in no matter what 
the wind velocity. 

the cure 

to take up the beam weight. How- 
ever, with heavier and more complex 
beam antennas, it might be wise to 
do something along these lines. One 
simple method would be to slide a 2- 
or 3-inch (5 or 8 cm) cut of the 1-1/2- 
inch pipe inside the 2-inch pipe at the 
place you want the bottom end of the 
1-112-inch pipe to rest, then drill 
through both pipe walls and secure 
the pipes with a bolt to hold the piece 
inside the 2-inch pipe. To avoid as 
much friction as possible, of course, 
the bottom of the 1-1 12-inch pipe and 

springs 

The heavier the spring the better. I 
came across a spring about 10 inches 
(25 cm) long made from 318 inch (9.5 
mm) spring steel and 2-inches (51- 
cm) inside diameter. Many such 
springs are available in auto-part 
shops, usually from discarded shock 
absorbers. But I was lucky. I was 
driving past a shop one day and 
noticed a sign that said, HEAVY DUTY 
SPRINGS OF ALL KINDS. It turned out 
to be a spring manufacturer who 

It's a simple measure and easy to 
accomplish (fig. 1). The mast from 
my rotor is a 2-inch piece of pipe. I 
slid a 6-foot (1.8 meter) piece of 1-1 I 2  
inch pipe (this could be any other 
length of course) down inside the 2- 
inch pipe about 2 feet (0.6 meter) 
(this could vary). I slipped a heavy 
automobile shockabsorber coil spring 
over both pipes so that the center of 
the spring came to the top of the 2- 
inch pipe. Then I welded the coil to 
the pipe: the top end of the coil to the 
1-1/2-inch pipe; the bottom end to 
the 2-inch pipe. I made three weld 
spots around each pipe. The spring I 
used fit snugly around the 2-inch 
pipe, so welding directly to the pipe 
was easy. 

At the top, I shimmed the spring 
with three pieces of 314-inch (2 cm) 
strap iron cut to about I-inch (2.5 cm) 
long. This made the weld spots fit 
snugly to the 1-112-inch pipe. This 
precaution probably wouldn't be nec- 
essary, but it didn't take much more 
time and i t  made a neater looking 
weld. 

WELD SPRING TO PIPE 

WELD SPRING m PIPE 

TO ROTATOR 

ng. 1 
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made springs for the shock absorber 
people. I explained what I was look- 
ing for, and the shop foreman pro- 
duced just what I wanted. When I 
asked, "How much?" he said, "Take 
it. It isn't worth the paperwork." Still 
some nice people around yet. 

My beam has been up for six years. 
We have had all kinds of high winds, 
near-tornadoes, and gusts that shaok 
the house. But the beam and the 
rotor gears are still intact. The beam 
bounces around a bit in high winds, 
but there is very little shock to the 
rotor gears. If I had it to do over, I'd 
try to find a heavier spring; but of 
course the nearer you get to a rigid 
connection, the less effective the ar- 
rangement becomes. 

Russ Rennaker, W9CRC 

calculator care 
Many of the less-expensive small 

calculators aren't too well sealed 
against moisture and dirt. After living 
with the results of dirty contacts on 
the calculator keyboard of my unit, I 
decided to do something about it. 

I opened the machine and squirted 
some aerosol switch-contact cleaner 
onto the bottom of the keyboard. I 
then cut and shaped a sandwich bag 
to fit around the calculator and taped 
the ends of the bag with ScotchTM 
tape. I poked a hole in the bag with a 
toothpick to accept the charger plug. 

Now the calculator is protected 
from cigarette smoke, dirt, and 
grime. No more problems with con- 
tact bounce resulting in wrong entries 
when working long problems. The 
cost: about 0.5 cent. 

Alf Wilson, WGNIF 

varactor tuning tips 
In tuning power varactor doublers, 

triplers, etc., there is often a sharp or 

sudden discontinuity in the tuning of 
one or more of the tuned circuits; a 
condition known as hysteresis.. 

While hysteresis is caused by some 
nonlinearities in the diode function, it 
seems that it may also be a result of 
the circuit Q aggravating diode non- 
linearities. I figured that it might be 
possible to lessen the effect by a re- 
duction in circuit Q. Accordingly, I re- 
duced the bias resistor in my 144- 
to-432 MHz tripler from 92 to about 
12. 1 was pleased to note that circuit 
performance was actually improved 
- tune up was easier, and there was 
no appreciable loss of power output. 

Richard N. Coan, N3GN 

power dissipation 
Described here is a power-absorb- 

ing device commonly known as a 
dummy load. The circuit contains an 
active element so I have changed the 
name from dummy to active load. 

an active load 
The need for this circuit developed 

when I was trying to repair a 5-volt, 3- 
ampere power supply. No hot-dog- 
sized, 1.66-ohm resistors were avail- 
able for load testing, so the circuit of 
fig. 2A was constructed and tested 
on the supply. Load current is con- 
trolled in both circuits (figs. 2A and 

2B) by R1. R2 limits the maximum 
base current to a safe value for the 
transistor used. One-hundred ohms is 
a nominal value. If the active load is 
to be used for more than a few sec- 
onds, adequate heatsinking must be 
provided for the transistor. 

A provision for metering the cur- 
rent being consumed is included. I 
used the Simpson 260 volt ohmmeter 
on the 10-ampere scale. 

other applications 
This active load, when coupled to a 

properly designed heatsink, could be 
used in place of the Hot Mugger X I  .1 

While these phenomena have not 
been fully investigated, an aluminum 
plate would probably exhibit an SWR 
of less than 3:l over the operating 
range of the "coffee cup." Unfortu- 
nately, exact specifications for such a 
Hot Plate Matcher are beyond the 
scope of this article. 

acknowledgments 
I must acknowledge the contribu- 

tions of David M. Newell, ex-K1 KRG, 
who first introduced me to this circuit 
idea, and Donald S. Patterson, 
PS7ZAC, who developed the PNP 
version shown in fig. 2A. 

reference 
1. Burton, "The Hot Mugger XI ,"  73, February, 
1979, page 163. 

Wm. Denison Y. Rich, PS7ZAD cqg ,-g%% TEST 
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I Varifilter . 
Professionally Engineered Antenna Systems 
Single transmission line "TRI-BAND" ARRAY" 

WEM/4KWP 

By the only test that means anything.. . 
. .  on the air comparison. this array con- 

. . .  tinues to outperform all competition 
and has for two decades. Here's why For technical data and prices on corn- 

Telrex uses a unique trap design plete Telrex line, write for Catalog PL 7 . . .  
employing 20 H i0  7500V ceramic con- - 

1 densers per antenna. Telrex uses 3 opti- &wr\ 
mum-spaced, optimum-tuned reflectors 
to prov~de maximum gain and true F /B  
Tri-band performance. 

I, nu, v P18il * , a  l l Y s f v  0 1 l l ?  U I .  

1 Iron Powder and Ferrite I 
TOROIDAL CORES 

Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 

12033 Otsego Street, North Hollywood, Calif. 91607 1 
In Germany Ebklr~ntkldden. Wllhelm - Mell~es Slr 88. 4930 Delmold 18 Wesl Germany 
In Japan Toyomura Eleclrontcs Cofnpany. Lld . 7.9. 2.Chome Sola-Kanda Ch~yoda-Ku. Tokyo. Japan I 

Microcraft's New RTTY READER I 
Decodes RTTV signals directly from your re- 
ceiver's loudspeaker. * Ideal for SWLs, novices & 
seasoned amateurs. Completely solid state and 
self-contalned. Compact size fits almost anywhere. . . .  No CRT or demodulator required Nothlng 
extra to buy! Built-in actlve mark & space 
filters wlth tuning LEDs for 170, 425 & 850 H z  
FSK. Copies 60.67. 75. & 100 WPM Baudot & 
100 WPM ASCII. NOW you can tune in RTTV 
signals from amateurs, news sources & weather 
bulletins. The RTTY READER converts RTTV - -  . 

signals into alphanumeric symbols on an eight-character moving LED readout. Wrlte 
for details or order factory direct. . . . . . . . . . . . . . . . . . . . . . . . . . . .  RTTV READER KIT, model RRK..  $189.95 . . . . . . . . . . . . . . . . . . .  RTTV READER wlrsd and tested, model RRF .$269.95 
Send check or money order. Use your VISA or Mastercard. Add $5.00 shlpplng and 
handling for continental U.S. Wisconsin resldents add 4% Wisconsin State Sales Tax. 

I 
single audio filter I 
Versatile 

compact 
EaSV 

operation 
51 39.95 

~ 0 t h  models feature: 
Variable frequency 
from less than 150 HZ to over 3000 Hz 

Variable bandwidth 
from less than 30 HZ to over 1000 Hz 

Tuning eves 
for fast. accurate tUnlng 

Peak /Notch Modes 
to maximlzt= a sbgnal, or mlnlmlze 
Interference. or both wlth a Signal Enforcer 

Warranty 
one full-vear 

Signal Enforcer 
dual audio filter 
Two independent filters 
D e m ~ d ~ l a t O r  o u t ~ u t  

~ d d  53.00 shiup~nglhandling I 
K2 Kantronics I 
1202 E. 23rd Street (913) 842-7745 
Lawrence, Kansas 66044 

I 
I r r r r - - m r r m I  

r*,_rmn!, i r  . *.," <r . L ~ ~ V $ I I : .  M 0 ~ ~ 8 -  _ - 
*.ln I t . .  Grrmv l l l e .  *I 01MR .- 

me..,. ... . a . . m r r  .... - .... - . " r r r - . l . , w r r r - r - . w r - . . r r c . l , - .  
L,r-lL.,-'",--.r.,t"~ul.,ll^.,,-."-....-C- *--I*..- -.--..""., ..-"...C"."""-Ir-LI " . - .d r r "" I . . l . - . L - - . .  ,-. d . r r . C . - . . , . W a , . - m - w " -  .."-..lll..-l*-lll, - ..-. -- - -. - - 

2-lrrrlonr lerbllOIvwh Inr. 
- 
_I." lmotr. Jr 

I- C o r p or a t i o n Tolaphone: (414) 241-8144 
Post Office Box 513HR. Thiansville, Wisconsin 53092 



2822 North 32nd Street, #l Phoenix, Arizona 85008 Phone 602-956-9423 

MEMO RY MRF't72 
>s.sc -- r ij>~-i~z F'ric,~ 

P 
12 . j  VDC,  27 MHz 

2703 I h  x 3 Eprom $ 5.00 4 Watts ou tpu t ,  10 dB g s i n  
27 1 6/25 16 21, x J j d  s i n g l e  supply  9 . '3'3 21.69 each 
21 1L1/31 11.1 \ K  x 4 ~ t a t i c  5 .OO 
4027 ' ik x 1 Dynamic Ram 
21 17/41 16 I5k x 1 Dynamic Ram 
2732-6 32K Eprorn 

C.P.U.'s, E t c .  

t 4 ~ 6 8 0 0 ~  H i  c rop  recessor  
~C63B2 1 P P I A  
~ 6 8 4 5 ~  C U T  Con t ro l  l e r  
MC6850P ,%C I A 
~ C 6 3  j 2P  SSDA 
3003- 1 M i  c roproccssor  
8080A M i  c roprocdssor  
Z 80A M i c rop  rocessor  
z 80 Microprocessor  
Z 80A P I 0  
2 30 S 10/0 
Z 80 S l O / l  
8212 8 B i t  i npu t / ou tpu t  p a r t  
825 1 Communication I n t e r f a c e  
TRl602/AY 5 -  10 13 UART 
TMS 1 OOONL Four B i t M i  c rop roccssor  
P T 1 482C PSAT 

2 .99  CAiiBIDE C i r c u i t  Board D r i l l  B i t s  
5.00 f o r  PCB Boards 

39.35 5 rnix f o r  $5.00 -- 
M U M T A  CERAMIC F ILTEKS 
SFD % j j D  45.5 KHz $2.r)O 
SF8 455D 1455 Kt!z 1 .ha 
CFM 455E 4.55 KHz 5.50 
SFE 10.7 MA 10.7 M ~ z  2.99 

ATLAS CAYSTAL FILTERS FOR PlTLAS 
H.9M G E A i i  

5.52 - 2.7/8 
5.595 - 2.7/li/U 
5.645 - 2.7/8 
5.595 - . ~ o O / G / C W  YOUR C H O I C E  
5.595 - 2.7 USS $12.99 eock 
5.595 - 2.7/8/L 
5.595 - 2.7 LSD 

J3 10 N-CHANNEL J - FET 450 MHz 
Good f o r  VHF/UHF A m p l i f i e r ,  

8257 DMA Con t ro l  l e r  8.99 O s c i l l a t o r  and Mixers .  3/$1.00 
3341 64 x 4 FIFO 3 .OO 
~M5316/F3817 C lock  w i t h  a la rm 5.99 AMPHENOL COAX RELAY 
3741 60.00 26 VDC Coi 1 SPOT #360-11892-13 
3748 8 B i t  Microcomputer w i t h  100 w a t t s  Good up t o  10 Ghz 

prograrnmabl e /erasabl  e EPROM 60.00 
YC 140811'6 6 B i t  D/A 3.25 
COM2502 9.99 
COM260 1 9.99 

LRYSTAL FILTERS 
~ Y C O  001-19820 Same as 2194F 
10.7 MHz narrow band 
3 dB bandwidth 1SKHz min. 
20 dB bandwidth 60 KHz min. 
40 dB bandwidth 150 KHz min. 
J l t i m a t e  50 dB i n s e r t i o n  l oss  1 dB max. 
R ipp le  1 dBmax. C t .  O i - / - 5 p f  3600Ohms 

$3.99 each 

$19.99 each 

78M05 Same as 7805 b u t  o n l y  4 Amp 
-5 VDC 4 9 ~  each o r  10/$3.00 

NEW TRANSFORMERS 
F-18x 6.3 V C T  @ 6Amps $6.99 ec 
F-46X 2 4 V @  lAmp 5 - 9 9  
~ 4 1 ~  25.2VCT @ 2Amps 4.99 
P-8380 lOVCT @ 3Amps 7.99 
P-5604 20VCT @ lAmp 4.99 
P-8130 12.6VCT @ 2Amps 4.99 
K-328 28VCT@ 100 M.4 4 -99  
E30554 Dual 17V @ lAmp ea. 6.99 

qRF454 Same as MRF458 12.5 V D C ,  3-30 MHz EIMAC FINGER STOCK #Y-302 
$17.95 each 80 Watts ou tpu t ,  12 dB g a i n  36 i n .  l ong  x i n .  $4.99 each 

NO ORDERS UNDER $10 
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MAF203 
MRF2 16 
MRF221 
~RF226 
M2F227 
~RF238 
MiiF 240 
MRF245 
MRF 247 
~KF262  
MRF3 14 
MRF 406 
MKF412 
MAF42 1 
MRF422A 
MRF422 
~RF428 
MRF428A 
~RF426 
MRF426A 
M RFlt49 
M RF 443A 
~ ~ ~ 4 5 0  
M RF 450A 
MKF4.52 
MRF453 
MRF454 
MRFI~SU 
~ ~ ~ 4 5 5  
MRF4j5A 
M RF47 2 
~ R F 4 7 4  
M RF 47 5 
MRF476 
MRF477 
MRF 48.5 
MRFLi.92 
MRF502 
MRF604 
MRF629 
MRF648 
MRF90 1 
MRF902 
M RF 904 
MRF911 
M R F ~  176 
MRF8004 
BFR90 
BFRYl 
B F R ~ ~  

2822 North 32nd Street, #l Phoenix, Arizona 85008 Phone 602-956-9423 

BFn'92.4 
BFW32 
MI'tCM915 
M1"1CM2322 
~1'4CK23 69 
M H C M ~ ! + ~ %  
~ ~ C ~ 3 9 6 0 . 4  
M u l f I l l O  
Mdk 1 20 
MwA 130 
MdA2 1 0 
IYWA220 
MdA230 
MdA3 10 
MWA3 20 

TUBES 
EkD 6 
6 ~ ~ 6 / 6 J E 6  
~ N J ~ / ~ L Q ~ / ~ J E ~ C  
6 ~ ~ 6 / 6 i * 1 ~ 6  
1 2BY 7A 
2 ~ 2 6  
4X 150A 
1bCX 2508 
4CX250R 
4CX300A 
4 ~ ~ 3 5 0 ~ / 8 3 2 1  
4 ~ ~ 3 5 0 ~ / ~ / 8 9 0 4  
4CX 15000/8660 

UIiF/VtiF 2F PCWEE! TA44NS IS ' rORS 
C02367/2N6439 
60 Watts output 
Reg. P r i c e  $45.77 
SALE P R I C E  $19.39 - 
1900 MI-lz t o  2500 MHz DOWNCONVER'TERS 
Intended f o r  amateur rad io  use. 
Tun lb le  from channel 2 th ru  6. 
34 dB ga in  2.5 t o  3 d2 noise. 
Ja r ran ty  f o r  6 months 
Mode 1 HMR I I 
Complete Receiver and Power Supply 
$225.00 (does not  inc lude coax) 
4 f oo t  Yagi antenna o n l y  
$39.99 
Downconverter K i t  - PCB and p a r t s  
$69.95 
Power Supply K i t  - Box, PCB and p a r t s  
$49.99 
Downconverter assembled 
$79.99 
Power Supply assembled 
$59.99 
Complete K i t  form w i t h  Yagi antenna 
$109.99 
REPLACEMENT PARTS 
MRFgOl $ 3 -99  
M B D l O l  1.29 
.001 Chip Caps 1.00 
Power Supply PCB 4.99 
Downconverter PCB19.99 

NEW ASC l l ENCODED KEYBOARDS 
110 Keys Numeric and Cursor Pad 
No data a v a i l a b l e  $19.99 

86 P IN MOTOROLA BUS EDGE CONNECTORS 
Gold p l a t e d  contacts 
Dual 43/86 p i n  . I56 spacing 
S o l d e r t a i l  f o r  PCB $3.00 each 

CONTINUOUS TONE BUZZERS 
1 2VDC $2.00 each 

11 OVAC MUFF l N FANS 
New $11.95 Used $5.95 

TO-3 TRANS l STOR SOCKETS PL259 TERMINATION 52 Ohm 5 Watts 
Phenol i c type 6/$1.00 $1.50 each 

NO ORDERS UNDER $10 
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NES55V TIMERS 
39c each o r  10/$3.00 

NEW DUAL COLON LED 
6 9 ~  each o r  
10/$5.00 

HEP170 1 O O O P I V  
2.5 Amps 2 5 ~  each o r  
lOO/$l5.00 

H I G H  VOLTAGE CAPS 
420 MFD @ 400 VDC OR 
600 MFD @ 400 VDC 
$6.99 each 

NEW ROTRON 0 ISCU IT FANS 
Model BT2Al 115 VAC 
$12.99 each 

ORDERING INSTRUCTIONS 
Check, money order ,  o r  c r e d i t  cards 

welcome. (Master Charge and V I S A  only) 
No personal checks o r  c e r t i f i e d  personal 
checks f o r  f o r e i g n  countrys accepted, 
Money order  o r  cashiers check i n  U.S. 
funds only ,  L e t t e r s  o f  c r e d i t  are not  
acceptable. 

Minimum sh ipp ing  by UPS i s  $2.35 w i t h  
insurance. Please a l l ow  ex t ra  shipping 
charges f o r  heavy o r  long items. 

A l l  p a r t s  returned due t o  customer e r r (  
w i l l  be subject  t o  a 1SX restock charge. 

I f  we are  out  o f  an i tem ordered, we 
w i l l  t r y  t o  replace i t  w i t h  an equal o r  
b e t t e r  p a r t  unless you spec i f y  not  to ,  
o r  we w i  1 l back order  the i tem, o r  refund 
your money. 

P R I C E S  ARE SUBJECT TO CHANGE WITHOUT 
NOTICE. Pr ices  superseade a l l  p rev ious l y  
publ ished. Some items o f f e r e d  are  
l i m i t e d  t o  small q u a n t i t i e s  and are  
sub jec t  t o  p r i o r  sa le.  

We now have a t o l l  f r e e  number bu t  
we ask tha t  i t  be used f o r  charge orders 
only ,  I f  you have any quest ions please 
use our o ther  number, We are open from 
8:00 a.m. - 5 : O O  p.m. Monday th ru  Saturday 

Gu r t o  1 1 f r e e  number for orders only 
i s 800-528-361 1. 

TORIN TA700 FANS NEW 
Model A30340 JUMBO LED'S MEDIUM LED'S 
230 VAC @ .78 Amps Red 8/$1 .OO Red 6/$1 .OO 
W i l l  a l so  work on 115 VAC Clear  6/$1.00 Green 6/$1 .OO 
j29.99 each ye1 low 6/$1 .00 

G reen 6/$1.00 
DOOR KNOB CAPS Amber 6/$1,00 

470 p f  @ 15 KV $3.99 each NEW GE OPT0 COUPLERS 4N26 . -  - 

~ u a l ' 5 0 0 ~ f @ 1 5 K V  5.99each 6% each o r  10/$5,00 
680 p f  @ 6 Kv 3.99 each 
800 p f  @ 15 KV 3.99 each M I C R O - M I N I  WATCH CRYSTALS 
1000 p f  @ 20 KV 5 .OO each 32.768 Hz $3.00 each 
2700 p f  Ca, 40 KV 5.99 each 

NEW 2" ROUND SPEAKERS 
56084 14.00 NEW & USED BCD SWITCHES 100 Ohm c o i  1 9 9 ~  each 
q6095 1 1 .OO 3 sw i tch  w i t h  end p la tes  
q6096 20.00 $8.99 New $6.95 Used PLAST l C  TO-3 SOCKETS 4/$1 .OO 

NO ORDERS UNDER $10 
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products 

new MFJ indoor 
active antenna 

The new MFJ-1020 indoor active 
antenna can rival, or even exceed, 
the reception of outside long-wire 
type antennas. 

The tuned circuit of this unique 
active antenna helps to reduce inter- 
mod, provides rf selectivity, and re- 
duces noise outside the tuned band. 

The MFJ-1020 can also be used as 
a preselector for an external antenna. 
It covers 300 kHz to 30 MHz in four 
bands: 0.3-1 MHz, 1-3 MHz, 3-10 
MHz, and 10-30 MHz. 

The 1020 comes with an adjustable 
telescoping antenna, ready to sit on 
your desk and listen to the world. The 
controls include: tune, band selector, 
gain, and on-off/bypass. A 9-volt 
battery will provide power for port- 
able use, or it may be used on 110 
Vac with the optional ac adapter. 

If ordered from M FJ, there is a 30- 
day, money-back trial period. If you 
are not satisfied, you may return it 
within 30 days for a full refund (less 
shipping). MFJ also provides a one- 
year unconditional warranty. 

The MFJ-1020 Indoor Active An- 
tenna is available from MFJ Enter- 
prises, Inc., for $79.95 plus $3.00 
shipping and handling. 

To order, call toll-free 800-647- 
1800, or mail order with check or 
money order to MFJ Enterprises, 
Inc., P.O. Box 494, Mississippi State, 
Mississippi 39762. 

pocket-size digital 
receiver 

New, from Ace Communications, 
Inc., is the world's first 1,800 channel 
"Slimsizer" pocket-size vhf fm re- 
ceiver. With this receiver, designated 
the AR-22, the entire 141.000-149.995 
MHz Amateur band, or 151.000- 
159.995 MHz commercial band, can 
be tuned automatically in precise 5- 
kHz steps. 

The AR-22 tuning system gives a 
direct frequency reading by employ- 
ing digital-pushbutton switches and a 
slide switch. 

The clean signal reception of this 
compact unit is the equal of many 
full-sized base stations. An electric 
tuning system in the rf-amplifier stage 
provides a typical sensitivity of 12 dB 
SINAD for less than 0.2 pV on all fre- 
quencies. 

The unit is rugged and reliable. Cir- 
cuitry is contained on a double-sided, 
glass-epoxy printed-circuit board. 

The AR-22 is completely portable. 
With its nicad battery pack, the re- 
ceiver weighs only 7.1 ounces (200 
grams) and measures only 5% x 2% 
x 1 inch (130 x 63 x 25 mm). It 
comes equipped with a high-perform- 
ance, "Mini-Helical" flexible rubber 
antenna. 

For a dependable, clear sounding, 
pocket-sized, digital 2-meter Amateur 
receiver, the AR-22 is one of the best 
buys on the market at $125. For more 
information on the "Slimsizer" 
AR-22, contact Ace Communica- 
tions, Inc., 2832-D Walnut Ave., Tus- 
tin, California 92680. 

digital dial for rotators 
The digital age has entered the an- 

tenna rotator field. The DX-360 Digi- 
tal Degree Dial custom module con- 
verts your CDE Ham M, 11, Ill, IV, 
T2X, Alliance HD-73, KLM, Wilson, 
Kenpro (TET) 400, 500, 600, and 

other rotor control boxes into easier- 
to-read digital-bearing readouts, 
which have superior accuracy com- 
pared to  present analog meters. 
Guesswork is eliminated. 

The tested and assembled DX-360 
customized module is only $39.95 
(U.S.) with VISA, Master Charge, 
money order, or check. Shipped first 
class air mail. Guaranteed. Write for 
free details, and specify rotor type: 
Monitor, Box 55AB, Agincourt, Can- 
ada M IS  304. 

Xitex introduces "Smart 
TU" for ASCII/Baudot/ 
Morse 

Xitex Corporation has just an- 
nounced the addition of the UDT- 
170, Universal Data Transceiver, to 
its data-products line for RTTY and 
Morse operation. The UDT-170 con- 
nects directly between the user's 
ASCII or Baudot teletypewriter or 
video terminal, and the station trans- 
ceiver. For the user who does not 
currently have an RTTY or video ter- 
minal, the Xitex SKT-100 video termi- 
nal is recommended. 

The UDT-170 is the combination of 
a microprocessor-based data con- 
verter plus a high-performance RTTY 
Terminal Unit (TU). In the receive 
mode, the TU takes the RTTY or 
Morse signal from the receiver audio 
output and converts it to a dc signal, 
which is fed to the data converter 
portion of the UDT-170. Here, two 
single-chip microcomputers convert 
the ASCII, Baudot, or Morse input 
signal into an RS232 or 60-milliam- 
pere output signal, which has been 
regenerated to  match the mode 
(ASCII or Baudot), Baud rate, and line 
length of the user's terminal. 

In the transmit mode, the serial 
output from the keyboard on the 
user's terminal is fed into the data 
converter in the UDT-170 where it is 
continuously buffered and regener- 
ated in the desired output mode 
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(ASCII, Baudot, or Morse) and data 
rate. 

The UDT-170 will operate at any 
FSK shift from less than 100 Hz to 
over 1000 Hz; Baudot rates of 60, 67, 
75, and 100 wpm; ASCII rates of 110 
or 300 Baud; Morse rates from 1 to 
150 wpm with "Auto Track"; and line 
lengths from 40 to 80 characters. 
Other features include a two-digit 
LED display for the copy rate (Morse 
only) and buffer states, and an op- 
tional CW "ldent" feature for RTTY 
operation. 

The UDT-170 is packaged in an RFI- 
protected metal enclosure and oper- 
ates on either 115 or 230 Vac, 50160 
Hz. For additional information con- 
tact Xitex Corporation, 9861 Chart- 
well Drive, Dallas, Texas 75243. 

new energy-eff icient 
voltage controls 

A new and convenient style of 
portable, variable ac-control system 
has just been announced by Staco 
Energy Products. Operating from 
standard 120-volt ac line current, the 
system allows the user to select and 
adjust ac voltage at any level from 
zero to 140 volts to provide power for 
applications requiring up to ten am- 
peres continuous duty, or to 100 am- 
peres surge, depending upon the unit 
selected. 

An all-new, rugged, aluminum 
housing provides a complete enclo- 
sure, and on the largest unit provides 
an integral carrying handle for ease of 
portability. All units feature fused, 
three-wire grounded circuitry for 
safety; and provide an on-off switch 
and pilot lamp in addition to a volt- 
age-level adjustment knob. All con- 
trols are located on the front panel, 
which is recessed into the outer hous- 
ing to minimize accidental readjust- 
ment. Models include the L-221 rated 
1.75 A, the L-501 rated 4.5 A, and the 
L-1010 rated 10 A. All models are 
available from franchised Staco dis- 

tributors throughout the country. 
Applications include portable use, 

laboratory or bench applications, and 
incorporation into new or existing 
machines and equipment. The hous- 
ing provides a means of custom 
mounting from either side, top, bot- 
tom, or rear of the unit, as the appli- 
cation requires. 

Styles range from manual panel- 
mounted units through closed-loop 
voltage-regulator systems. Requests 
for engineering assistance may be 
addressed to the attention of Sales 
Manager, 301 Gaddis Boulevard, 
Dayton, Ohio 45403. 

KLM multi-band vertical 
KLM announces a new multiband 

vertical antenna. Designated 40-IOV, 
the design uses a series of lossless 
linear loading and efficient High-Q air 
capacitor sections on 20, 15, and 10 
me.ters, similar to those on the KT- 
34A and KT-34XA tribanders. Old 
style, power-robbing coils and capac- 
itors have been eliminated. 

In the KLM tradition, the 40-10V 
provides broadband coverage. All of 
40 meters is accessible with no tuning 
adjustment at 1.5:l VSWR or better. 
Optimized tuning is also possible 
using an adjustable element tip. Just 
two settings on each band provide 
complete coverage of 20, 15, and 10 
meters at 1.5: 1 VSWR or better. 

The 40-10V is self-supporting; no 
guying is necessary. It is designed for 
mast, stake, or sidewall mounting. All 
aluminum tubing is strong, weather- 
resistant 6063-T832 alloy. All electri- 
cal hardware is stainless steel. Nomi- 

Sends Morse, Baudot and ASCII from 
keys or Morse from paddle. Also ran- 
dom CW with lists for practice. Meters 
for speed and buffer. Message mem- 
ories, editing, all prosigns. 110 Baud 
ASCII, 45.45 Baud Baudot. Continuous 
control of speed, weight, pitch and 
volume. PTT control. 

KB-4900 
$37995 

-1 
BOX 4090 

MOUNTAIN VIEW, CA 94040 
TELEPHONE (415) 494-7223 

The 0,lgnnal FCC hslr-)inswars oram manual lhat 
P~IPIIII YOU 11 home lor FCC Fwrf and Second class 
Raamtal.ohons Ihean.or ~ s v l v  rsvlrsd munlnln charra 

I PAY CASH 
for your military surplus electronics 
If you have or know of availability: 

TT-98 TT-76 Teletypewriter 
phone me collect 

Dave - (213) 760-1000 

WITH SELECTABLE FLAT SKIRTS. ADJUSTABLE TONE-TAG A N D  
ANTI-PHASIC WHITE NOISE - A L L  I N  SYNTHESIZCD BINAURAL 

Sea HR Jan.'80.COMPLETE SYSTEM,KITS,BOARDS - BROCHURES 

Hildreth Engineering 

nal feed impedance is 50 ohms. Wind- 
load is 2 square feet (0.6 square COPY SATELLITE PHOTOS, 
meters). Price is $109.95. For more WEATHER MAPS. PRESSI 

The Faxs   re Clear - on our full slze (18-1/2" information contact KLM Electronics, 1 w~de) . recorders. Free Fax Guide. I 
P.O. Box 816, Morgan Hill, California 
95037. 
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a1~11uard S 42.95 
Chrome S 52.95 w Gold plated $150.00 

the Full range of adjustment in 
tension and contact spacing. 
Self-adjusting nylon and steel 
needle bearings. 
Gold plated solid silver contat I AMBIC E';:tid lucrte paddles. 
Precision-machined, chrome P ~ E  plated brassframe'. 

Standard model has black. 
textured finish base: deluxe 

I 
Transmits perfect Morse Code Built-in 16 . 
character buffer Internal speaker and side- 
tone * Reed relay output eliminates keying I 
Problems * All  solid state circuits and sockets . 
for reliabilitv + S ~ e e d  ranae 5-45 WPM Perfect 

I 
-- - . - 

companion to our MORSE-A-WORD CW code I 
1 \ I reader. 

MORSE-A-KEYER K I T ,  model MAK-K.  Complete klt of parts & manual . . . . . $159.95 I MORSE-A-KE-VER, model MAK-F .  Factory wired tested . . . . . . . . . . . . . . $205.00 I 
MORSE-A-KEYER ESSENTIAL PARTS KIT ,  model EPK-K. . . . . . . . . . . . . $ 69.95 ' 

(Essential parts kit for home-brewers consists of pc board, board parts and manual. 1 You supply ASCII keyboard, cabinet, power supply & miscellaneous parts.) 1 

model is chrome plated. 

WRITE FOR LITERATURE 
Heavy steel base: non-skid feet. 

B e c H e R , i c At selected dealers or add $2.00 
handling. Quotation for overseas 

333 W. Lake Street. Dept. A postage on request. 
Ch~cago, Illinois 60606 (312) 263-1808 

Send check or money order. Use your VISA or Mastercard. Add $5.00 shipping and 
I handling for Continental U.S. Wisconsin residents add 4% Wisconsin State Sales Tax. I 

I 

I 

s C o r p o r a t i o n Telephone: (414) 241-8144 

I P a t  Office Box 513HR, Thiensville, Wisconsin 53092 1 
.I.I...-.-.I.'I...-.-.-.-.-.-. 

Featuring Kenwood. Yaesu. Icom, Drake, Ten-Tec. Swan. ~ e n t r r n .  Alpha, Robot, 
MFJ, Tempo. Astron. KLM. Hy Gain, Mosley. Larsen. Cushcraft. Hustler. Mini 
Products, Bird, Mirage. Vibroplex. Bencher. Info-Tech. Un~versal Towers. 
Callbook. ARRL, Astat~c, Shure. We service everythrng we sell' - Write or call for quote. You Won't Be Disappointed. 

I We are iust a few minutes off the NYS Thruwav 11-90) Exit 32 I 

products 

KLM SSV 80-40-15 
antenna 

The SSV 80-40-15 is the latest 
addition to KLM's unique new series 
of vertical, multi-band antennas, and, 
in the KLM tradition, features broad- 
band response on 80, 40, and 15 
meters. The SSV is free standing, 
with the lower half made up of three 
electrically active tripod legs. Excel- 
lent DX is possible, because the con- 
figuration of the legs contributes to a 
low angle of radiation on each band. 
Two of the legs are hinged at the 
base, allowing the SSV to be raised 
easily by two men. Only modest base 
preparations are needed. The upper 
half of the SSV is a single tele- 
scoping-whip section. It is quite flex- 
ible, and survives high winds by lay- 
ing over to reduce its own wind load. 
Although the SSV stretches over 60 
feet above ground, no guying is nec- 
essary. Overall weight is only 88 Ib (39 
kg). Feed impedance is 50 ohms. 

A full 1 ICwave resonance is possi- 
ble on 80 meters by the use of one tri- 
pod leg and the upper whip section. 
The adjustable tip allows the SSV to 
be tuned from below 3.5 MHz to 6.5 
MHz, in 300-kHz steps, at 1.5:1 
VSWR or better. 

Resonance at 40 meters is quite 
broad thanks to the diameter of the 
base section (two of the tripod legs). 
Wide-range tuning is possible from 
6.5 MHz and up. Performance on 40 
meters appears better than a stan- 
dard, ground-mounted, 114-wave 
vertical because shock excitation of 
the 80 meter section improves the ra- 
diation pattern. 



Performance of the 314-wave, 1 5  
meter section is also improved by 
shock excitation of the 80 meter sec- 
tion. The VSWR curve is very broad, 
with little'change from band edge to 
band edge. 

Performance approaching that of a 
full 114-wave vertical is also possible 
on 160 meters by simply adding in- 
ductance at the antenna base. 

Experimental uses for the SSV 
abound. A wide-spectrum VSWR plot 
shows three more naturally occurring 
resonances that tall very close to the 
three new high frequency bands 
authorized at WARC-79 (10, 18, and 
24 MHz) and are usable with slight re- 
tuning. 

High-quality materials are used 
throughout the SSV. All aluminum 
tubing is drawn, seamless, 6063-T832 
alloy. Tough fiberglass insulators in- 
sulate the SSV from ground and in- 
sulate the resonant sections. Base- 
mounting anchor-plates are supplied. 

Price of the SSV 80-40-15 is 
$399.95. For more information, con- 
tact KLM Electronics, Inc., P.O. Box 
816, Morgan Hill, California 95037. 

B & W balun 
Barker 8 Williamson, Inc., an- 

nounce a new product for the Radio 
Amateur: the Model BC-1 Balun. 

Specifications: 

Impedance 50 ohms unbalanced to 
50 ohms balanced 

Frequency 1.8-30 MHz 
Power 2.55 kW PEP 

Connector SO-239; mates with 
standard PL-259 

Size 2% inch diameter; 7% 
inches long (57 x 191 
mm) 

Weight 15 ounces (0.4 kg) 

For additional information contact 
Mr. Elmer Bush or Martin T. Zegel, 
Jr., at Barker & Williamson, Inc., 10 
Canal Street, Bristol, Pennsylvania 
19007. 

This 160-1 90  KHz transmitter kit is easy to build. The power supply and 
exciter portions are factory wired and tested, the Litz wire coils are wound 
and complete instructions are supplied so you can build it in one evening. 
The main unit with control panel (shown above) installs at your operating 
position. The active antenna matching network mounts at the base of your 
vertical antenna. A 50' antenna is permitted. Shorter antennas can be us- 
ed. Transmitter operates from 1 15-v AC. One watt input crystal controlled 
(crystal supplied). No license needed. Meets all FCC requirements. Not for 
use in Canada. 

Enter the fascinating world of low frequency radio. Order your trarsmitter 
today! Free brochure on request. 

Complete your 1750 meter station with: 

Converts the band 10-500 KHz to 351 0-4000 KHz so you can hear it on 
your short wave receiver. Stable crystal control. Sensitive IC mixer and RF 
stage. Covers the 1750 meter band, navigation radiobeacons, ship-to- 
shore, European low frequency broadcast band. Free brochure on 
request. 

LOOP ANTENNA 
Am~lif ier.  . . . $67.50 

1 PI"$-in Loops $47.50 

A low noise receiving antenna. Connects to your receiver or VLF con- 
verter. Plug-in loops cover 1 0  KHz to 15 MHz (VLF plug-in covers 
150-550 KHz). Rotates 360°, tilts f 90"  to null out interference. Man- 
made noise limits low frequency reception. The loop antenna helps! Free 
brochure on reauest. 

Order your LOW h MEDIUM FREQUENCY RADIO 
SCRAPBOOK by Ken Cornell, W2IMB $6.95 and 77178 
ADDENDUM by Ken Cornell. W2lMB $3.95 from Palo- 
mar Engineers. 

Order today direct or from your favorite dealer. To order direct include 
$3 shipplnglhandling.Sl for books.Add sales tax In Calif. Order today! 
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Ham Radio's guide to help you find your local I 
Arizona 

POWER COMMUNICATIONS 
CORPORATION 
1640 W. CAMELBACK ROAD 
PHOENIX, AZ85015 
602-242-6030 or 242-8990 
Arizona's #1 "Ham" Store. Kenwood, 
Yaesu, Icom and more. 

California 
C & A ELECTRONIC ENTERPRISES 
2210 S. WlLMlNGTON AVE. 
SUITE 105 
CARSON, CA 90745 
21 3-834-5868 
Not The Biggest, But The Best - 
Since 1962. 

JUN'S ELECTRONICS 
11656 W. PIC0 BLVD. 
LOS ANGELES, CA 90064 
213-477-1824 Trades 
714-463-1886 San Diego 
The Home of the One Year Warranty 
- Parts at Cost - Full Service. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

SHAVER RADIO, INC. 
1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-1 103 
Atlas, Kenwood Yaesu, KDK, Icom, 
Tempo, Wilson, Ten-Tec, 
VHF Engineering. 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Connecticut's Oldest Ham Radio 
Dealer 

Delaware 
DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
Icom, Ten-Tec, Swan, DenTron, 
Tempo, Yaesu, Azden, and more. 
One mile off 1-95, no sales tax. 

Florida 

AGL ELECTRONICS, INC. 
1898 DREW STREET 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
Atlas, B&W, Bird, Cushcraft, 
DenTron, Drake, Hustler, Hy-Gain, 
Icom, K.D.K., Kenwood, MFJ, Rohn, 
Swan, Ten-Tec, Wilson. 

Illinois 

AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL 60540 
31 2-420-8629 
"Amateur Excellence" 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
Chicago - 312-631-5181 
Outside Illinois - 800-621-5802 
Hours: 9:30-530 Mon, Tu, Wed & Fri.; 
930-900 Thurs; 900-3:00 Sat. 

Indiana 

THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Kansas 

ASSOCIATED RADIO 
8012 CONSER, P. 0 .  BOX 4327 
OVERLAND PARK, KS 66204 
91 3-381 -5900 
America's No. 1 Real Amateur Radio 
Store. Trade - Sell - Buy. 

Maryland 

THE COMM CENTER, INC. 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 
Kenwood, Drake, Icom, Ten-Tec, 
Tempo, DenTron, Swan &Apple 
Computers. 

Massachusetts 

TEL.COM, INC. 
675 GREAT ROAD, RT. 119 
LITTLETON, MA 01460 
6 1 7-486-3040 
The Ham Store of New England You 
Can Rely On. 

TUFTS RADIO ELECTRONICS 
206 MYSTIC AVENUE 
MEDFORD. MA 02155 
61 7-391 -3200 
New England's friendliest ham store. 

Minnesota 

PAL ELECTRONICS INC. 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
61 2-521-4662 
Midwest's Fastest Growing Ham 
Store, Where Service Counts. 

New Hampshire 

EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD,NH03301 
603-224-9961 
Icom, DenTron & Yaesu dealer. We 
service what we sell. 

- - - 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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Amateur Radio Dealer 
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New Jersey 
RADIOS UNLIMITED 
P. 0 .  BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
New Jersey's Fastest Growing 
Amateur Radio Center. 

ROUTE ELECTRONICS 46 
225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201-256-8555 
Drake, Swan, DenTron, Hy-Gain, 
Cushcraft, Hustler, Larsen, Etc. 

WlTTlE ELECTRONICS 
384 LAKEVIEW AVENUE 
CLIFTON, NJ 0701 1 
201 -546-3000 
Same location for 63 years. Full-line 
authorized Drake dealer. We stock 
most popular brands of Antennas and 
Towers. 

New Mexico 
PECOS VALLEY 
AMATEUR RADlO SUPPLY 
112 W. FIRSTSTREET 
ROSWELL, NM 88201 
505-623-7388 
Now stocking Ten-Tec, Lunar, Icom, 
Morsematic, Bencher, Tempo, 
Hy-Gain, Avanti and moreat low, 
low prices. Call for quote. 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

GRAND CENTRAL RADlO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
21 2-599-2630 
Drake, Kenwood, Yaesu, Atlas, 
Ten-Tec, Midland, DenTron, Hy-Gain, 
Mosley in stock. 

HARRISON RADlO CORP. 
20 SMITH STREET 
FARMINGDALE, NY 11735 
51 6-293-7990 
"Ham Headquarters USA" since 
1925. Call toll free 800-645-9187. 

RADlO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
TOLL FREE 1 (800) 448-9338 
NY Res. 1 (315) 337-0203 
Authorized Dealer - ALL major 
Amateur Brands. 
We service everything we sell! 
Warren K2lXN or Bob WA2MSH. 

Ohio 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
COLUMBUS (REYNOLDSBURG), OH 

43068 
61 4-866-4267 
Complete Amateur Radio Sales and 
Service. All major brands - spacious 
store near 1-270. 

Pennsylvania 

HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom, Bird, Cushcraft, CDE, Ham- 
Keys, VHF Engineering, Antenna 
Specialists. 

SPECIALTY COMMUNICATIONS 
2523 PEACH STREET 
ERIE, PA 16502 
81 4-455-7674 
Service, Parts, & Experience For Your 
Atlas Radio. 

Virginia 

ELECTRONIC EQUIPMENT BANK 
516 MILL STREET, N.E. 
VIENNA, VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
of Surplus Electronics. 

RADlO AMATEUR CALLBOOKS 
READY DECEMBER Ist!  

The latest editions will be published Soon! 
World-famous Radio Amateur Callbooks, 
the most respected and complete listing of 
radio amateurs. Lists calls, license classes. 
address information. Loaded with special 
features such as call changes, prefixes of 
the world,standard time charts,world-wide 
QSL bureaus, and more. The U.S.Edit~on 
features over 400.000 listings, wlth over 
100,000 changes from last year. The 
Foreign Edition has over 300,000 listings, 
over 90.000 changes. The new 1981 
Callbooks will be available on December 1, 
1980. Place your order now. 

Each Shlpplng Total 
( 1  USCallbook $17.95 $2.55 $20.50 

$16.95 $2.55 $19.50 

Order both books at the same time for 
$37.45 including shipping. 

Order from your dealer or directly from 

only $2.50 postpaid 

Pegasus on blue fleld red lettering 3 "  wlde x 
3 "  h ~ g h  Great on jackets and caps Sorry, no 

RADlO AMATEUR 

925 Sherwood Drive 

december 1980 (m) 89 



1900 MHz to2500 MHz DOWN CONVERTER 
This receiver is tunable over a range of 1900 to 2500 mc and is intended for amateur radio use. The local oscillator is voltage controlled (i.e.) making the 
i-f range approximately 54 to 88 mc (Channels 2 to 7). 
PC BOARD WITH DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $19.99 
PC BOARD WITH CHIPCAPACITORS 13.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $44.99 
PC BOARD WITH ALL PARTS FOR ASSEMBLY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $69.99 
PC BOARD WITH ALL PARTS FOR ASSEMBLY PLUS 2N6603 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $89.99 
PC BOARD ASSEMBLED AND TESTED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $99.99 
PC BOARD WITH ALL PARTS FOR ASSEMBLY, POWER SUPPLY AND ANTENNA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $159.99 
POWER SUPPLY ASSEMBLED AND TESTED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $49.99 
YAGl ANTENNA 4' LONG APPROX. 20 TO 23 dB GAIN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $59.99 
YAGl ANTENNA 4'  WITH TYPE(N. BNC. SMA Connector) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $64.99 . . .  
2300 MHz DOWN CONVERTER 

Includes converter mounted in antenna, power supply, plus90 DAY WARRANTY.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $259.99 
OPTION #1 MRF902 in front end.(7dB noise figure). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $299.99 
OPTION #22N6603 in front end. (5dB noise figure) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $359.99 
2300 MHz DOWN CONVERTER ONLY 

10dB Noise Figure23 dB gain in box with N conn. Input F conn. Output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $149.99 
7dB Noise Figure 23 dB gain in box with N conn. Input F conn. Out ut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $169.99 
5dB Noise Figure 23dB gain in box with SMA conn. Input F conn. 8 utput ' ' ' ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' ' ' $189.99 

DATA IS INCLUDED WITH KITS OR MAY BE PURCHASED SEPARATELY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $15.00 

Shipping and Handllng Cost: 
Receiver Kits add $1.50, Power Supply add $2.00, Antenna add $5.00, Option 112 add $3.00, For complete system add $7.50. 

* INTRODUCING THE HOWARDICOLEMAN TVRO CIRCUIT BOARDS * 
( Satellite Receiver Boards ) 

DUALCONVERSIONBOARD ................................................................................................. $25.00 
This board provides conversion from the 3.7-4.2 band first to 900 MHz where gain and bandpass filtering are provided and, second, to 70 MHz. 
The board contains both local oscillators, one fixed and the other variable, and the second mixer. Construction is greatly simplified by the use 
of Hybrid IC amplifiers for the ain stages. Bare boards cost $25 and it is estimated that parts for constructlon will cost $270. (Note: The two 
Avantek VTO's account for $22!of this cost.) 
47 pF CHIP CAPACITORS ..................................................................................................... $6.00 
For use w ~ t h  dual conversion board. Consists of 6 - 47 OF. 

........................................................................................................... 70MHzIFBOARD $25.00 
This circuit rovides about 43 dB gain with 50 ohm input and output impedance. It is desi ned to drive the HOWARDICOLEMAN TVRO De- 
modulator. f he  on-board band oass f~lter can be tuned for bandwidths between 20 and 35 #HZ with a   ass band r m l e  of less than '12 dB. Hv- 
brid ICs are used for the gain stages. Bare boards cost $25. It is estimated that parts for construction will cost less than $40. 
.O1 pF CHIP CAPACITORS. .................................................................................................... $7.00 
For use with 70 MHz IF Board. Consists of 7 - .O1 pF. 
DEMODULATORBOARD ...................................................................................................... 40.00 
This circuit takes the 70 MHz center frequency satellite TV signals in the 10 to 200 millivolt range, detects them usin a phase locked loop, de- 
emphasizes and filters the result and amplifies the result to produce standard NTSC video. Other outputs include #e audio subcarrier, a DC 
voltage proportional to the strength of the 70 MHz signal, and AFC voltage centered at about 2 volts DC. The bare boards cost $40 and total 
parts cost less than $30. 
SINGLEAUDIO ............................................................................................................. $15.00 
This circuit recovers the audio signals from the 6.8 MHz frequency. The Miller 9051 coils are tuned to pass the 6.8 MHz subcarrier and the 
Miller 9052 coil tunes for recovery of the audio. 
DUAL AUDIO ............................................................................................................... $25.00 
Dupl~cate of the single audio but also covers the 6.2 range. 
DC CONTROL .............................................................................................................. $15.00 
This circuit controls the VTO's, AFC and the S Meter. 

' TERMS: 
WE REGRET WE NO LONGER ACCEPT BANK CARDS. 
PLEASE SEND POSTAL MONEY ORDER, CERTIFIED CHECK, CASHIER'S CHECK OR MONEY ORDER. 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE. WE CHARGE 15% FOR RESTOCKING ON ANY ORDER. 
ALL CHECKS AND MONEY ORDERS IN US FUNDSONLY. 
ALL ORDERS SENT FIRST CLASS OR UPS. 
ALL PARTS PRIME AND GUARANTEED. (602) 242-89 16 1 WE WILL ACCEPT COD ORDERS FOR $25.00 OR OVER. ADD $2.50 FOR COD CHARGE. 
PLEASE INCLUDE$2.50 MINIMUM FOR SHIPPING OR CALL FOR CHARGES. 
WE ALSO ARE LOOKING FOR NEW AND USED TUBES, 

21 1 1 W. Camelback 
TEST EQUIPMENT, COMPONENTS, ETC. 
WE ALSO SWAP OR TRADE. Phoenix, Arizona 8501 5 

I NEW - TOLL-FREE NO. 800-528-0180 - please, orders only! 
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I RF TRANSISTORS 

FAIRCHILD VHF AND UHF PRESCALER CHIPS 
95H90DC 350 MHz Prescaler Divide by 10111 
95H91DC 350 MHz Prescaler Divide by 5/6 
llC90DC 650 MHz Prescaler Divide by 10111 
1lC91DC 850 MHz Prescaler Divide by 5/6 
llC83DC 1 GHZ Dlvlde by 2481256 Prescaler 
llC70DC 800 MHz FllplFiop with reset 
11C56DC ECL VCM 
11C44DCIMC4044 Phase Frequency Detector 
llC24DCIMC4024 Dual TTL VCM 
11C06DC UHF Phscaler 750 MHz D Type FliplFlop 
11 CO5DC 1 GHz Counter Divide by 4 
11COlFC High Speed Dual 5 4  input NOINOR Gate 

TRW BROADBAND AMPLIFIER MODEL CA615B 
Frequency response 40 MHz to 3W MHz 
Gain: 300 MHz 18 dB Mln., 17.5 dB Max. 

50 MHz0 to - 1 d~ from300 MHz 
Voltage: 24 volts dc at 220 ma max. $19.99 

CARBIDE - CIRCUIT BOARD DRILL BITS FOR PC BOARDS 
, Size: 35,42,47,49,51,52 $2.15 

Size: 53,54,55,56,57,58,59,61,63,84,85 1.85 
Sire: 88 1.90 
Size: 1.25 mm, 1.45 mm 2.00 
Slze: 3.20 mm 3.58 

CRYSTAL FILTERS: TYCO001~19880 same as 2194F 
10.7 MHz Narrow Band Crystal Filter , 3 dB bandwidth 15 kHz min. 20 dB bandwldth 80 kHz min. 40 dB bandwldth 150 

kHz min. 
Ultimate 50dB: insertion loss 1.0 dB max. Ripple 1.0 dB max. Ct. 0 +I- 5 pf 3600 

ohms. $5.95 

MURATA CERAMIC FILTERS 
Models: SFD-455D 455 kHz $3.00 

SFB-455D 455 kHz 2.00 
CFM-455E 455 kHz 7.95 
SFE-10.7 10.7 MHz 5.95 

TEST EQUIPMENT - HEWLETT PACKARD - TEKTRONIX - ETC. 
Hawlett Psckard: 
491C TWTAmplifler2 to4 Gc 1 watt 30 dB gain $1150.00 
808C 10 to 480 mc .1 uv to .5 V into 50ohms Signal Generator 500.00 
808D 10 to 420 mc .l uV to .5 V into 50 ohms Signal Generator 500.00 
612A 450 to 1230 mc .1 uV to .5 V Into50 ohms Signal Generator 750.00 
814A 900 to 2100 mc Signal Generator 500.00 
el6A 1.8 to 4.2 Gc Slgnal Generator 400.00 
8188 1.8104.2 Gc Slgnal Generator 500.00 
618A 3.8 l o  7.2 Gc Signal Generator 40000 
6186 3.810 7.2 Gc Signal Generator 500.00 
820A 7 to 11 Gc Slgnal Generator 4W.00 
8238 Microwave Test Set 900.00 
626A 10 to 15 Gc Signal Generator 2500.00 
695A 12.4 to 18 Gc Sweep Generator 900.00 
AIIHch: 
473 225 to 400 mc AMIFM Signal Generator 750.00 
SItlg.r: 
MF5IVR.4 Universal Spectrum Analyzer with 1 kHz to27.5 mc Plug In 1200.00 

1 ::zlrn -Amplifler8 to 12.4 Gc 100 watts40 dB gain 9200.00 

Polmd: 
20W243611102A 

Calibrated Display with an SSB Analysis Module and a 10 to 
40 mc Single Tone Synthesizer 1500.00 

TYPE 
2N1561 
2N1562 
2N1692 
2N1693 
2N2632 
2N2857JAN 
2N2876 
2N2880 
2N2927 
2N2947 
2N2948 
2N2949 
2N2950 
2N3287 
2N3294 
2N3301 
2N3302 
2N3304 
2N3307 
2N3309 
2N3375 
2N3553 
2N3755 
2N3818 
2N3888 
2N3866JAN 
2N3866JANT 
2N3924 
2N3927 
2N3950 
2N4072 
2N4135 
2N4261 
2N4427 
2N4957 
2N4958 
2N4959 
2N4976 
2N5090 
2N5108 
2N5109 
2N5160 
2N5179 
2N5184 
2N5216 
2N5583 
2N5589 

PRICE 
$15.00 

TYPE 
2N5590 
2N5591 
2N5837 
2N5641 
2N5642 
2N5843 
2N8545 
2N5764 
2N5842 
2N5849 
2N5862 
2N5913 
2N5922 
2N5942 
2N5944 
2N5945 
2N5948 
2N6080 
2N8081 
2N8082 
2N6083 
2N8084 
2N8094 
2N8095 
2N6096 
2N8097 
2N6138 
2N8188 
2N6439 
2N6459lPT9795 
2N8803 
2N6604 
A50-12 
BFR90 
BLYWC 
BLYWCF 
CD3495 
HEP761S3014 
HEPS3002 
HEPS3003 
HEPS3W5 
HEPS3006 
HEPS3W7 
HEPS3010 
HEPS5028 
HP35831 U 
HXTR5104 
MM1500 

PRICE 
$8.15 
11.85 
22.15 
6.00 

10.05 
15.82 
12.38 
27.00 
8.78 

21.29 
51.91 
3.25 

10.00 
48.00 
8.92 

12.38 
14.89 
7.74 

10.05 
11.30 
13.23 
14.66 
7.15 

11.77 
20.77 
29.54 
20.15 
38.80 
45.77 
18.00 
12.00 
12.00 
25.00 
5.00 

25.00 
25.00 
15.00 
4.95 

11.30 
29.88 
9.95 

19.90 
24.95 
11.34 
2.58 

50.00 
32.20 

TYPE PRICE 
MM1550 
MM1552 
MM1553 
MM1801 
MM160212N58 
MM1607 
MM1661 
MM1669 
MM1943 
MM2605 
MM2808 
MMeOOe 
MMCM918 
MMT72 
MMT74 
MMT2857 
MRF245 
MRF247 
MRF304 
MRF420 
MRF450 
MRF450A 
MRF454 
M R F458 
MRF502 
MRF504 
MRF509 
MRF511 
MRF901 
MRF5177 
MRF8004 
PT4186B 
PT4571A 
PT4612 
PT4628 
PT4640 
PT8659 
PT9764 
PT9790 
SD1043 
SD1118 
SD1118 
SD l l l 9  
TRWM RA2023 
40281 
40282 
40290 

CHIP CAPACITORS 
l p f  27pf 220pf 1200pf 

We can supply any 1.5pf 33pf 240pf 1500pf 
2.2pf 39pf 270pf l800pf 

value c h l ~  c a ~ a c -  2.7of 4 7 ~ f  m o f  2200Df . . 
itors you may need. 

PRICES 
1 to 10 $1.49 
11 -50 1.29 
51 -100 .89 
101 . 1,000 .89 
1.001 up .49 

( HAMLIN SOLID STATE RELAYS ATLAS CRYSTAL FILTERS FOR ATLAS HAM GEAR I 

I 120 Vac at 40 Amps. 
lnput Voltage 3 to 32 Vdc. 

I 240 Vac at 40 Amps. 
lnput Voltage 3 to 32 Vdc. 

Your Choice $4.99 

I NEW - TOLL-FREE NO. 800-528-01 80 - please, orders only! 1 
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@ MOTOROLA Semiconductor The RF Line 

MRF 454 $21.63 MRF458 $20.68 

NPN SILICON RF POWER TRANSISTORS NPN SILICON RF POWER TRANSISTOR 

deslgned for power ampllf~er appl~cat~ons In ~ndustrlal. 
. . . designed for power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 

commerlcal and amateur radlo equipment to 30 MHz. 

% Speclfled 12.5 Volt. 30 MHz Characterlst~cs - 
Specified 12.5 Volt, 30 MHz Characteristics - 

Output Power = 80 Watts 
Output Power = 80 Watts Minlmum Gain = 12 dB 
Minimum Gain = 12 dB 
Efficiency = 50% 

Efficiency = 50% 

Capable of Withstanding 30'1 Load VSWR @Rated Pout and VCC 

NPN SILICON RF POWER TRANSISTOR 
. . designed primar~ly for use in large-s~gnal output amplif~er stages. 

Intended for use In Citizen-Band communicat~ons equipment 

MRf 472 operatlng at 27 MHz. High breakdown voltages allow a hlgh 
percentage of up-modulation in AM circuits. 

$2.50 Specified 12.5 V. 27 MHz Characterlstlcs - 
Power Output = 4.0 Watts 
Power Gain = 10 dB Mlnlmum 
Efficiency = 65% Typical 

MRF475 NPN SILICON R F  POWER TRANSISTOR 

\ 
MHW710 - 

$46.45 
440 to 470MC 

. . . designed primarily for use in single sideband linear amplifier UHF POWER AMPLIFIER MODULE 
output applicaiions in citizens band and other communications 
equipment operating to 30 MHz. . . designed for 12.5 volt UHF power amplifier appl~cations in 

Industrial and commercial FM equipment operatlng from 400 
Characterized for Single Sideband and Large-Signal Amplifier to 512 MHz. 

Applications Utilizing Low-Level Modulation. b Speclf~ed 12.5 Volt, UHF Characteristics - 
Output Power = 13 Watts 

Specified 13.6 V, 30 MHz Characteristics - Mlnlmum Galn = 19.4 dB 
Output Power = 12 W (PEP) Harmonics = 40 dB 
Minimum Efficiency = 40% (SSB) 

50 R Input/Output Impedance 
Output Power = 4.0 W (CW) 
Min~mum Efficiency = 50% (CW) Guaranteed Stab~llty and Ruggedness 

$5.00 
Minimum Power Gain = 10 dB (PEP 81 CW) Ga~n Control Pin for Manual or Automatic Output Level Control 

Thln Film Hybrid Construction Gives Consistent Performance 

Common Collector Characterization and Rellablllty 

Tektronix Test Equipment .................................................................................. . ..----~ 

8 Wldeband H lyh  Galrl P lug  I n  1 51 00 
LA O v a l  Trace Plug  I n  120 00 
K 63.00 

Scopes with Plug-ins 
Fast  R l r r  OC P lug  I n  

N Sdmpllng p l u g  l n  200.00 
R Traoi lr for  Rl re l l rne  P lug  I n  116.00 
U Hlgh Gdln O l f f e r e n t ~ a l  Comparator Plug I n  283.00 

50. 00 
561A OC t o  l 0 W Z  SLOPP "7th a 3576 Dual Trace  OC t o  

111b2 Test Load P lug  I n  fnt 53015401550 Ma," Framer 815mZ Sampllng P lug  I n  an6 a 3T l lA  Sweep Plug In .  Rack Mount 600.00 
14: uldebdnd Dual Trace P lug  In 216.00 
IS1 Sampllny Unit U l r h  150PS R l r e t l m r  OC t o  1GHZ 110.00 

113 00 
565 OC to 10WZ O v a l  Oeam Scope v l t h  n 2A63 O l f f ,  and a 2A6l 0 l f f .  

ZA61 AC O l f f e r e n t l a l  P luq  I n  
250.00 

Plug I n ' s  
IS3 Dual Trace Sarnpllng DC t o  IGHZ Plug I n  

900.00 

3816 Oual T race  Sampling OC t o  875MHZ P lug  IN 250 00 581 0C t o  80MHI Scope w t t h  a 82 Dual Trace Hlgh G a ~ n  P lug  I n  650.00 
250.00 3Tl7A Sampllng Sweep P lug  I n  

3L I0  Spectrum Analyzer I t o  36Mt!Z P lug  I N  1000.00 
50 b p l l f l ~ r  P lug  I n  50 OD ....................................................... .......................... -. ......~ 
51 Sweep P lug  In 50.00 
510 Uldeband Hlgh Gdln P lug  I n  25.00 
531548 Yldehand H lgh  Gal? P lug  I n  45.00 
53/54C Dual Trace Plug  I n  112.50 

38 00 
Tubes 

531540 H ~ g h  Ga ln  DC D i f f e r e n t i a l  P lug  I n  
- 

53154G Wldeband 0C O l f f ~ r e n t l a l  P lug  I n  68 00 2E26 $ 5. W 4CX350FJ 1116.W 6146V 12.Olr 
53/54L Fast Rlre Hlgh Gain P lug  I n  68.00 3-5001 102.00 4CXIOOOA 300.00 b159 10.bU 
84 l e s t  P lug  I n  Far  580/581 Hal" Frdmpr 75.00 3-10001 268.00 4CX15OOB 350.00 6161 75.011 
107 Square Wave Generatar .4 t o  I M 2  48.00 38281866A 5.00 4C115000A 750.00 6291 18.50 

3X2500A3 RM122 P r e d m p l l f l e r  2Hz t o  40KI!Z 63.00 150.00 4EZI 50.00 6160 6.95 
4.654 123 AC Coupled Preampl l f lp r  25.00 45.00 4Xl50P 41.00 6901 40.011 

131 Cur ren t  Probe h p l l f l e r  50.00 4- L25A 58.50 4x1500 52.00 6919 14.7'3 
184 Time Mark Generator 363.00 4-250A 68.50 4X150G 74.00 7360 

4-400A 1984 
12.0!1 

R240 Program Cont ro l  U n i t  150.00 11.00 5128/1160L 39.00 10.411 
280 Trigger Countdown U n i t  84.00 4-1WOA 184.00 6LF6 5 00 8072 49.011 
455 Por tab le  Dual Trace  50MH7 Scope 2000.00 5- 500A 145.00 6Lp6 5.00 8106 2.011 
465 Por tab le  Dual Trace l00MHI Scope 2500.00 4CX2508 65 00 8 l l A  12.95 8156 7.8'1 
503 OC t o  450KHZ Scope Rack Mount 250.00 4CX25OFlG 55.00 813 29 00 8226 121.70 
i35A OC t o  1 5 ~ 2  Scope Rack mount 263.00 4CXZ50K 113.00 5894lR 42 00 8295lPLi12 328.00 

4CK250R 543 DC t o  33MHZ Scope 300.00 92.00 6146 5.00 8458 25.1'1 
561 OC t o  l 0 W l  Scapr Rack Mount 150.00 4CX300A 147.00 6146A 6.00 856OAlA: 50.011 
56111 UC t o  lOm2 Scope Rack m u n t  200. DO 4CX350A LO1 00 6146818298A 1.00 8908 9.00 

8950 9.011 
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MICROWAVE COMPONENTS PRD - 
UlOl 12.4 t o  18 GHz V a r i a b l e  A t tenua to r  0 t o  60dB 300.00 

ARRA x l o l  8.2 t o  12.4 GHz V a r i a b l e  A t tenua to r  0 t o  60dE 200.00 
C l 0 l  V a r i a b l e  A t t e n u a t o r  0 t o  60dB 200.00 

2416 V a r i a b l e  A t tenua to r  50,00 205A/367 S l o t t e d  L i n e  w i t h  Type N Adapter 100.00 

3614-60 V a r i a b l e  A t tenua to r  0 t o  6WB 75.00 :z:isl 8 . 2  t o  12.4 GHz V a r i a b l e  A t tenua to r  0 t o  50dB 100.00 

KU520A V a r i a b l e  A t tenua to r  18 t o  26.5 GHz 7.05 t o  10 GHz V a r i a b l e  A t tenua to r  0 t o  40dB 100.00 

4684-2OC V a r i a b l e  A t tenua to r  0 t o  180dB ;::::: 196C 8.2 t o  12.4 GHz V a r i a b l e  A t t e n u a t o r  0 t o  45dB 100.00 

6684-2OF V a r i a b l e  A t tenua to r  0 t o  180dB 100.00 ::$ 3.95 t o  5.85 GHz V a r i a b l e  A t tenua to r  0 t o  45dB 100.00 
Frequency Meter 5.3 t o  6.7 GHz 100.00 

140A,C,O,E F ixed  A t tenua to rs  25.00 
109J,1 F ixed  A t tenua to rs  25.00 
WEINSCHEL ENG. 2692 V a r i a b l e  A t t e n u a t o r  t 3 0  t o  60dB 100.00 

General Microwave 
D i r e c t i o n a l  Coupler 2 t o  4GHz 20dB Type N 75.00 

COMPUTER I.C. SPECIALS 

MEMORY DESCRIPTION PRICE 

Hewlett Packard 2708 IK x 8 EPROM s 7.99 
2716/2516 2K x 8 EPROM 5 V o l t  S i n g l e  Supply 20.00 

H487B 100 ohms Neg Thermis to r  Mount (NEW) 150.00 2114/9114 1K x 4 S t a t i c  RAM 450ns 6.99 
H4878 100 ohms Neg Thermis to r  Mount (USED) 100.00 2114L2 1K x 4 S t a t i c  RAM 25011s 8.99 
4778 200 ohms Neg Thermis to r  Mount (USEO) 100.00 2114L3 IK x 4 S t a t i c  RAM 350ns 7.99 
X487A 100 ohms Neg. Thermis to r  Mount (USEO) 100.00 4027 4K x 1 Dynamic RAM 3.99 
X4878 100 ohms Neg. Thermis to r  Mount (USEO) 125.00 4060/2107 4K x 1 Dynamic RAM 3.93 

405019050 4K x 1 Dynamic RAM 3.99 
J468A 100 ohms Neg Thermis to r  Mount (USED) 150,00 2111A-218111 256 x 4 S t a t i c  RAM 3.99 
478A 200 ohms Neg Thermis to r  Mount (USEO) 150.00 Ei;$!2 256 x 4 S t a t i c  RAM 3.99 
J382 5.85 t o  8.2 GHz V a r i a b l e  A t tenua to r  0 t o  50dB 

1K x 1 S t a t i c  RAM 55ns 4.99 

X382A 8.2 t o  12.4 GHz V a r i a b l e  A t tenua to r  Onto 50dB 
: 6104-314104 4K x 1 S t a t i c  RAM 320ns 14.99 

7141-2 4K x 1 S t a t i c  RAM 2OOns 14.99 
MCM6641L20 4K x 2 S t a t i c  RAM 200ns 14.99 
9131 1K x 1 S t a t i c  RAM 300ns 10.99 

394A 1 t o  2 GHz V a r i a b l e  A t tenua to r  6 t o  l2OdB 250.00 
NK292A Waveguide Adapter 65.00 
K422A 18 t o  26.5 GHz C r y s t a l  De tec to r  

Bandpass F i l t e r  8 t o  12.4 GHz 
2so.00 C.P.U.'s ECT. 

8436A 75.00 

MC6ROOL Mic roprocessor  13.80 
MCM68lOAP 128 x 8 S t a t i c  RAM 45011s 3.99 

8439A 2 GHz Notch F i l t e r  
MCMb8AlOP 128 x 8 S t a t i c  RAM 360ns 4.99 

8471A RF Detec to r  
75.00 MCMb8BlOP 128 x 8 S t a t i c  RAM 250ns 5.99 

H532A 7.05 t o  10 GHz Frequency Meter 351:11 MCb820P PIA 8.99 

G532A 3.95 t o  5.85 GHz Frequency Meter 300.00 MC6820L PIA 9.99 

J532A 5.85 t o  8.2 GHz Frequency Meter 300.00 ~~~~~~~p PIA 8.99 
PIA 9.99 

MCM6830L7 Mlkbug 14.99 
MC6X40P PTM 8.99 
MC6H45P CUT C o n t r o l l e r  29.50 

809A Car r iage  w i t h  a 444A S l o t t e d  L i n e  Untuned Detec to r  Probe MC684 5L CRT C o n t r o l l e r  33.00 
and 809B Coaxial  S l o t t e d  Sec t ion  2.6 t o  18 GHz 175.00 MC6850L ACIA 10.99 

MC6852P SSOA 5.99 
MC6852L SSOA 11.99 
MC6H54P AOLC 22.00 
MC6860CJCS 0-600 BPS Modem 29.00 

Merrimac MC6862L 2400 BPS Modem 14.99 
MK3850N-3 F8 Mic roprocessor  9.99 
MK3852P F8 Memory I n t e r f a c e  

801115 V a r i a b l e  A t tenua to r  
16.99 

AU-25A/ 100.00 MK3R52N F8 Memory I n t e r f a c e  9.99 
801162 V a r i a b l e  A t tenua to r  AU-26A/ 100.00 MK3854N F8 D i r e c t  Memory Access 9.99 

8008- 1 Microprocessor 4.99 
8080A Microprocessor 8.99 
ZBOCPU Microprocessor 14.99 

Microlab/F~R 6520 P I  A 7.99 
6530 Support  For 6500 s e r i e s  15.99 
2650 Mic roprocessor  10.99 

X6385 Horn 8.2 - 12.4 GHz 60.00 TMSlOOONL Four B i t  M ic roprocessor  9.99 
601-018 X t o  N Adapter 8 .2  - 12.4 GHz 35.00 TMS4024NC 9 x 64 D l g i t a l  Storage B u f f e r  (FIFO) 9.99 
Y6100 Coupler 75.00 TMS6011NC UART 9.99 

MC14411 B i t  Rate Generator 11.99 
AY5-40070 Four O i g i t  Coun te r lO isp lay  D r i v e r s  8.99 
AY5-9200 Repertory O i a l l e r  
AY5-9100 

9.99 
Push Bu t ton  Telephone O i a l l e r s  7.99 

AY5-2376 Keyboard Encoder 19.99 
AY3-8500 TV Game Chip 

Narda 5.99 
TR1402A U ART 9.99 
PR1472B U ART 9.99 

4013C- 10/ 22540A D i r e c t i o n a l  Coupler 2 t o  4 GHz lOdb Type SMA 90.00 PT1482B UART 9.99 
4014-101 22538 D i r e c t i o n a l  Coupler 3.85 t o  8 GHz lOdB Type SMA 90.00 8257 OMA C o n t r o l l e r  9.99 
4014C-6/ 22876 D i r e c t i o n a l  Coupler 3.85 t o  8 GHz 6dB Type SMA 90.00 8251 Comnunicat ion I n t e r f a c e  9.99 
4 0 1 5 ~ - l o /  22539 o i r e c t i o n a l  Coupler 7.4 t o  12 GHZ I O ~ B  Type SMA 95.00 8228 System C o n t r o l l e r  B Bus D r i v e r  5.00 
4015C-301 23105 D i r e c t i o n a l  Coupler 7 t o  12.4 GHz 30dB Type SMA 95.00 8212 8 B i t  Inpu t /Outpu t  P o r t  5.00 
3044-20 D i r e c t i o n a l  Coupler 4 t o  8 GHz 20dB Type N 125.00 MC14410CP 2 of 8 Tone Encoder 9.99 
3040-20 D i r e c i t o n a l  Coupler 240 t o  500 MC 20dB Type N 125.00 MC14412 Low Speed Modem 14.99 
3043-20/ 22006 D i r e c t i o n a l  Coupler 1.7 t o  4 GHz 20dB Type N 125.00 MC14408 B inary  t o  Phone Pu lse  Converter 

75.00 MC14409 
12.99 

3003-10/ 22011 D i r e c t i o n a l  Coupler 2 t o  4 GHz lOdB Type N B i n a r y  t o  Phone Pulse Conver te r  12.99 
3003-301 22012 D i r e c t i o n a l  Coupler 2 t o  4 GHz 30dB Type N 75.00 MC1488L RS232 D r i v e r  1.00 
3043-301 22007 D i r e c t i o n a l  Coupler 1.7 t o  3.5 GHz 30dB Type N 125.00 MC1489L RS232 Receiver 1.00 
22574 O i r e c t i o n a l  Coupler 2 t o  4 GHz lOdB Type N 125.00 MC1405L A/D Conver te r  Subsystem 9.00 
3033 Coax ia l  H y b r i d  2 t o  4 GHz 3dB Type N 125.00 MC1406L 6 B i t  DIA Conver te r  7.50 
3032 Coaxial  H y b r i d  950 t o  2 GHz 3 dB Type N 125.00 MC1408/6/7/8 8 B i t  D/A Conver te r  4.50 
784/ 22380 V a r i a b l e  A t t e n u a t o r  1 t o  90dB 2 t o  2.5 GHz Type SMA 550.00 MC133OP Low Level  Video Detec to r  1.50 
22377 Waveguide t o  Type N Adapter 35.00 MC1349/50 Video I F  A m p l i f i e r  

50.00 MC1733L 
1.17 

720-6 F ixed  A t tenua to r  8 .2  t o  14.4 GHz 6 dB LM733 OP A m p l i f i e r  2.40 
3503 Waveguide 25.00 LM565 Phase Lock Loop 2 .50  

NEW - TOLL-FREE NO. 800-528-01 80 - please, orders only! 
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KLM BRAND NEW 

SATELLITE RECEIVER SYSTEM 
The entertainment opportunity of a lifetime! 

Look what KLM's SKY EYE 1 offers: nearly 100 channels of the latest movies, sports, news, 
comedy, classic films, specials, religious programs and much more . . . all in clear, sharp 
studio quality picture and sound. Forget about "fringe" or no-reception areas, ghosts, 
fading, imaging and all the other problems of TV reception. KLM's SKY EYE 1 is your direct 
link to the 11 TV satellites now orbiting above the U.S. You'll experience great shows and 
the greatest picture quality you've ever seen. 
KLM's SKY EYE 1 is a complete system, featuring performance-proven "state of the art" 
electronics design and materials. All you need is a modest amount of space for the special 
parabolic antenna (its screened surface blends with the landscaping to become a discrete 
addition to your yard). Inside your home, all those channels are accessible through the 
compact SKY EYE 1 Control Center. 
With KLM's SKY EYE 1 your TV becomes a true entertainment center, bringing you an 
amazing variety of great shows - something to please every member of your family. 

KLM's SKY EYE 1 SYSTEM 
Control Center 
+ CONTINUOUS CHANNEL TUNING 
+ CONTINUOUS AUDIO TUNING 5.8 to  7.4 MHz 
+ POLARITY CONTROL CAPACITY, MOMENTARY AND LIMIT MODELS 
+ SEPARATE REGULATED POWER SUPPLIES FOR LNA AND RECEIVER 
+ STANDARD RG-59 COAX TO RECEIVER UNlT 

Receiver Unit 
+ SINGLE CONVERSION IMAGE REJECTION MIXER (greater linearity and video response than any PLL) 
+ BUILT-IN DC BLOCK 
+ MODULAR CONSTRUCTION 
+ WEATHER-PROOF ENCLOSURE 
CONTROL CENTER and RECEIVER UNIT $1 500.00 

Antenna: KLM Parabolic Dish 
+ SCREENED FOR LIGHT WEIGHT AND LOW WINDLOAD 
+ EASY AZIMUTH AND ELEVATION CHANGES 
+ MODEST BASEMOUNT REQUIREMENTS 
+ HIGH GAIN LNA (AVANTEK) 
+ MOTOR DRIVEN POLARITY CHANGES $800.00 
+ 12 FOOT OR 16 FOOT PARABOLIC DISHES 12 Foot $3000.00 

16 Foot $3500.00 

NEW - TOLL-FREE NO. 800-528-01 80 - please, orders only! 
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TEST EQUIPMENT SPECIALS 
HEWLETT-PACKARD 
180A Oscilloscope with a 1801A Dual Channel Vertical Amplifier Plug-in 50 MHz and with a 1821A 
Time Base and Delay Generator Plug-in. $1 250.00 
180A Oscilloscope with a 1802A Dual Channel Vertical Amplifier Plug-in 100 MHz and with a 1822A 
Time Base and Delay Generator Plug-in. $1 350.00 
181A Oscilloscope with a 1803A Differential DC Offset Amplifier Plug-in and with a 1825A Time Base 
and Delay Generator Plug-in. $1 950.00 
181A Oscilloscope with a 1807A Dual Channel Vertical Amplifier Plug-in 35 MHz and with a 1822A 
Time Base and Delay Generator Plug-in. $1 550.00 
(We will be glad to mix the above systems any way you would like them.) 
183A Oscilloscope with a 1831A Direct Access Vertical Amplifier Plug-in 600 MHz and with a 1840A 
Time Base and a 1841A Time Base and Delay Generator Plug-in. $2500.00 

140A Oscilloscope with a 1401A Dual Channel Vertical Amplifier Plug-in and with a 1420A Time Base 
Plug-in. $799.00 
141A Oscilloscope with a 1402A Dual Channel Vertical Amplifier Plug-in 20 MHz and a 1421A Time 
Base and Delay Generator Plug-in. $1690.00 
140AOscilloscope with a 1410A Dual Trace Sampling Plug-in DC to 1 GHzand with a 1425A Sampling 
Time Base. (Built-in probes.) $2200.00 
141A Oscilloscope with a 1411A Dual Trace Sampling Plug-in DC to 12.4 GHz and with a 1424A 
Sampling Time Base. $2000.00 
140A Oscilloscope with a 1411A Dual Trace Sampling Plug-in DC to 12.4 GHz and with a 1424A 
Sampling Time Base. $1 500.00 
1430A Feed Thru Sampling Head DC to 12.4 GHz, 28 picosecond rise time. $1 250.00 

302A Wave Analyzer High selectivity and sensitivity with frequency resolution of 10 Hz. 20 Hz to 50 
kHz range + 1 %. 30mv to 300v full scale range. Built-in AFC. 75 dB dynamic range. $975.00 
310A Wave Analyzer This unit is a high frequency wave analyzer. A narrow band selective voltmeter. 
Its selectivity allows analysis of closely spaced fundamental signals, harmonics, and intermodula- 
tion products. Frequency range: 1 kHz to 1.5 MHz (3000 Hz bandwidth). Frequency Accuracy: 
+ (1% + 300 Hz). Selectivity: 3 IF bandwidths 200 Hz, 1000 Hz and 3000 Hz. Voltage range: 10uv to 
100v full scale. Dynamic range: 75 dB. $1 050.00 

4318 Power Meter Measures RF Power lOuw to 10mw. 10 MHz to 40 GHz with 478A Mount and cable. 
$330.00 

431C Power Meter Measures RF Power 10uw to 1Omw. 10 MHz to 40 GHz with 478A Mount and cable. 
$580.00 

NEW - TOLL-FREE NO. 800-528-01 80 - please, orders only! 
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TEST EQUIPMENT SPECIALS 
HEWLETT-PACKARD 
805A Slotted Line 500MC to 4 GHz, 1.04 residual SWR. $250.00 
8098 Carriage with 8068 Coaxial Slotted Section (.3 to 12 GHz), a X810B Slotted Section (8.2 to 12.4 
GHz), a H810B Slotted Section (7.05 to 10 GHz), a X281A X to N adapter, a H281A H to N adapter, a 
HX292B H to X adapter, a444A Probe (2.6 to 18 GHz), a PRD250 Probe (2.4 to 12.4 GHz) $650.00 
340A Noise Figure Meter Automatically Measures and Displays IF and RF Amplifier Noise at 30 or 60 
MHz. Bandwidth of 1 MHz. $200.00 
3408 Noise Figure Meter Automatically Measures and Displays IF and RF Amplifier Noise at 30 or 60 
MHz. Bandwidth of 1 MHz. Input requirements - 60 to - 10 dBm. $350.00 

AIL 
74A Automatic Noise Figure Meter with a type 70 Diode Noise Generator 10 to 250 MHz, a type 71 
Power Supply, a 07049 Noise Generator 3.95 to 5.85 GHz, a 07010 Noise Generator .20 to 2.6 GHz, a 
0752 Noise Generator. $650.00 

TEKTRONIX 
661 90 Picosecond Rise Time Sampling Oscilloscope with a 4S1 350 Picosecond Dual Trace Sam- 
pling Plug-In DC to 1 GHz, 4S2 90 Picosecond Dual Trace Plug-In DC to 3.5 GHz, 4S3 350 Picosecond 
Dual Trace Plug-In DC to 1 GHz (all above Plug-Ins are 2mvlcm to 200mvlcm and with a 5T1 Plug-In 
Sampling System Timing. lnslcm to 100uslcm, (useful beyond 5 GHz). $1000.00 
SPECTRUM ANALYZER PLUG-INS 
1L5 50 Hz to 1 MHz, Center Frequency 50 Hz to 990 kHz, Dispersion - 10 Hzlcm to 100 kHzlcm, 
Deflection Factor 10uvlcm to 2vlcm. $1 000.00 
1 L10 1 MHz to 36 MHz, Bandwidth resolution of 10 Hz to 1 kHz, Calibrated Dispersion from 10 Hz to 2 
kHz, Sensitivity of - 100 dBm. $900.00 
1L30 925 MHz to 10.5 GHz, Bandwidth resolution of 1 kHz to 100 kHz, Dispersion of 1 kHz to 10 
MHzlcm, Sensitivity of - 75 dBm to - 105 dBm. $1 100.00 
1 L40 1.5 GHz to 40 GHz about same specifications as above. $1 500.00 
3L10 1 MHz to 36 MHz same as 1 L10 But For 560,561 Mainframe Oscilloscopes. $1 000.00 

HEWLETT-PACKARD 
852A with a 8551 B Spectrum Analyzer a Highly Versatile Instrument that Covers 10.1 MHz to 40 GHz. 
Sensitivity of up to - 100 dBm. Ten Calibrated Spectrum widths from 100 kHz to 2 GHz. Large 7 and 
10cm Display. 
The 852A is a Storage Display. $2000.00 
With The 851A Display (NOT STORAGE) $1 500.00 
With the 851 B Display (NOT STORAGE BUT NEWER) $1800.00 

WE ARE LOOKING FOR HEWLETT-PACKARD MODELS 85538 ECT. FOR THE 141s or T 
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R F CONNECTORS COAX 
TYPE DESCRIPTION PRICE EACH 
UG-273 Female BNC to PL-259 63.00 
UG-146lu SO-239 to N Male 10.00 
UG-83alu N Female to PL-259 10.00 
UG-3181u PL-259 to N Male 10.00 
874 N Female to General Radio 15.00 
UG-394blu BNC Male to N Female 10.00 
UG-2551~ NBC Male to SO-239 5.00 
UG-2lelu N Cable Connector Male 4.00 
UG-58alu or UG-58blu N Female Panel 4.50 
SO-239 UHF Female Panel 1.00 
UG-1094alu or UG-625blu BNC Female Bulkhead 1.35 
UG-290alu or UG-1851u BNC Female 2.50 
PL-259 UHF Cable Connector 1.00 
UG-175 or UG-176 Ada ter for RG58 or RG59 Cable for PL-259 .50 
UG-88lu or UG-260lu B N 8 ~ a l e  50 or 75 ohm 1.50 
SO-239BM SO-239 to PL-259 Quick Disconnect 3.00 
UG-57blu N Male to Male 4.50 
UG-27dlu N 90" Male to Female 6.50 
UG-274alu BNC T Male Female Male 5.00 
UG-636alu BNC Female to "C" Male 10.00 
UG-56411.1 "C" Female to N Male 10.00 
UG-6351u BNC Male to "C" Female 10.00 
UG-565alu N Female to 'C" Male 10.00 
UG-2Olalu BNC Female to N Male 5.00 
UG-3061~ BNC 90" Male to Female 3.00 
M-358 UHF T Female Male Female 3.25 
UG-491 blu BNC Male to Male 5.00 
UG-9141u BNC Female to Female 3.00 
PE9090 TNC Female to N Male 10.00 
PE9089 TNC Male to N Female 10.00 
PE9088 TNC Female to TNC Female 12.00 
PE9087 TNC 90" Male to Female 20.00 
PE9086 TNC Male to Male 12.00 
PE9085 TNC Female to Female 20.00 
PE9084,9083,9082 TNC Panel and Bulkhead 3.00 
PE9081 BNC Male to F Female 5.00 
PE9080 BNC Male to TNC Female 10.00 
PE9079 N Female to SMA Female Panel 30.00 
PE9078 BNC Female to SMA Female Panel 30.00 
PEW77 "C" Female to SMC Female Bulkhead 30.00 
PE9076 SMA Male for .l41 semi-ridg 3.00 
PE9075 SMA Male for .085 semi-ridg 3.00 
PE9074 SMA Flange Female 5.00 
PE9073 SMA Flange Male 5.00 
PEW72 SMA Female Short 7.50 
PE9071 SMA Male 50 ohm load 10.00 
PEW70 SMA Female to Female 10.00 
Tektronix 011-0049-01 50 ohm 2 watt term. BNC Female to Male 15.00 
FXR AH-A92 0.5 dB SMA Male Female Att. 15.00 
FXR AH-A93 1.0 dB SMA Male Female Att. 15.00 
FXR AH-A94 1.5 dB SMA Male Female Att. 15.00 

COAX CABLE SPECIAL SALE 
Microdot RG-174 
miniature 50 ohm coax cable for small jobs. This cable was made to meet military spec. (PRICE PER FOOT) 
1 to 25 foot 156; 26 to 50 foot 126; 51 to 100 foot 11c; 101 and up $106 

Microdot RG-402U 
. I41 miniature 50 ohm hard linelsemi-ridg coax for use with SMAlSMC etc. miniature coax connectors. This 
cable is very low loss and is used for High Frequency projects. (PRICE PER FOOT) 
1 to 10 foot $5.00; 11 to 25 foot $4.00; 26 to 50 foot $3.00 

Microdot RG-402U with two Male SMA Connectors Assembled. 
Approx. 10 to 15". $5.00 

Microdot RG-402U with two Male N Connectors Assembled. 
Approx. 10 to 20". $15.00 
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CRYSTALS - $4.99 
KClKHZ MClMHZ MClMHZ MCIMHZ MClMHZ 
15.75 2.148875 2.65075 3.067 6.380416 
24 2.151 2.6545 3.074 6.380833 
26.25 2.153125 2.65825 3.1 6.381041 
32 2.15375 2.66 3.1125 6.381666 
49.71 2.15525 2.662 3.126 6.382291 
70 2.157375 2.66575 3.137 6.382916 
81.9 2.1595 2.6695 3.13975 6.383541 
96 2.16375 2.677 3.1435 6.3841 66 
100 (note) 2.165875 2.68075 3.144 6.384791 
114.1666 2.170125 2.681 3.145 6.385416 
153.6 2.17225 2.6845 3.1545 6.42963 
250 2.1765 2.68825 3.158 6.43104 
285.714 2.17925 2.69575 3.1585 6.45926 
327.82 2.18475 2.702 3.1615 6.47 
576 2.18575 2.704 3.1625 6.471 11 
600 2.194125 2.71075 3.166 6.48889 
980 2.198 2.715 3.16975 6.537 
998.4 2.207063 2.716 3.177 6.567 

2.20831 3 2.723 3.181 6.57778 
2.209563 2.73 3.1825 6.582 

MClMHZ 2.21812 2.7315 3.18475 6.612 
1. 2.210813 2.73225 3.1885 6.627 
1.024 2.212063 2.732625 3.2035 6.6645 
1.05145 2.214562 2.733 3.20725 6.673 
1.065158 2.21 4563 2.737 3.2165 6.693 
1.077368 2.215625 2.73975 3.2175 6.705 
1.092105 2.217938 2.7421 25 3.2315 6.723 
1 .I 25263 2.21975 2.7425 3.23275 6.7305 
1 136316 2.2221 25 2.744 3.2365 6.738 
1.165789 2.22325 2.7445 3.23775 6.75 
1.197368 2.22675 2.74475 3.2385 6.75125 
1.3 2.23725 2.746875 3.238875 6.753 
1.3065 2.2395 2.751 2.23925 6.7562 
1.6896 2.24075 2.754 3.24025 6.7605 
1.6525 2.241 2.75525 3.2405 6.7712 
1.7 2.246 2.762375 3.241 6.77625 
1.76375 2.2475 2.7735 3.2425 6.7833 
1.77125 2.264 2.776625 3.244 6.81482 
1.773125 2.2925 2.78 3.248875 6.87407 
1.78675 2.2975 2.814 3.24925 6.9037 
1.81875 2.3 2.81 7 3.24975 6.844444 
1.845125 2.32 2.8225 3.2515 6.88 
1.845625 2.326 2.835 3.253625 6.91 
1.84575 2.32625 2.85 3.255 6.92 
1.846 2.3525 2.854 3.2561 25 6.933333 
1.84825 2.35256 2.854285 3.258625 6.94 
1.84975 2.368 2.865 3.261 6.96296 
1.8575 2.374 2.868 3.261 125 7.01 
1.908125 2.375 2.8725 3.263625 7.125 
1.925 2.38725 2.876875 3.2661 25 7.225 
1.925125 2.394 2.887 3.268625 7.25 
1.927 2.395 2.889 3.271125 7.255555 
1.932 2.396875 2.894 3.273625 7.275 
1.982 2.42 2.92545 2.33 7.3435 
1.985 2.4375 2.931 3.4045 7.35 
1.9942 2.44275 2.94375 3.4115 7.36296 
1.995975 2.4495 2.945 3.4325 7.3728 
1.96475 2.45 2.94675 3.4535 7.39 
1.999659 2.482 2.952 3.4675 7.42222 
2. 2.486 2.966 3.4815 7.443 
2.0285 2.5 2.97125 3.541 7.4585 
2.05975 2.51375 2.973 3.579545 7.4615 
2.078 2.58 1 2.98 3.64 7.4685 
2.082 2.604 2.981 3.656 7.4715 
2.125 2.618 2.98325 3.745 7.473 
2.126175 2.6245 2.987 3.8 7.4785 
2.1 2795 2.62825 3. 3.803 7.4815 
2.1315 2.6331 25 3.001 3.805 7.4985 
2.133275 2.63575 3.0235 3.860 7.62963 
2.13505 2.639 3.049 3.908 7.65926 
2.1425 2.64325 3.053 3.9168 
2.1 44625 2.647 3 062 4. 
2.14675 

NOTE IOOKC is $9.99 each 
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4.0457 
4.096 
4.1153 
4.1299 
4.26 
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CRYSTALS - $4.99 

MClMHZ 
7.67407 
7.68889 
7.71852 
7.7985 
7.801 5 
7.61 
7.9 

MClMHZ MClMHZ 
35.14 
35.16 
35.19 
35.2 

MClMHZ 
40.555556 
40.59259 
40.62963 
40.68866 
40.703704 
40.740741 
40.77777 
40.814815 
40.85165 
40.88888 
40.96296 
42.59259 
45. 
46.2 
48.98333 
48.92777 
49.21389 
49.692 
49.95 
53.45 

2 1 1 1 W. Camelback 
Phoenix, Arizona 850 1 5 
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New Portable Digital Capacitance Meter 

MODEL 820 
Measures captc~tance 
lrom 0 I pF to 1 Farad 

Resolves to 0 I pF 

I 0  ranges lor accuracy 
aod resolutmn 

4 dlglt easylo-read LED 
deplay 

0 5% accuracy 

Spectal lead lnsertoon 
lacks or banana lacks 

Fuse polected 

Uses elthw rechargeable 
or dlspasable batteries 

Overrange lndlcat~on 

PREC18K)N 
Model 938 

0.1 %, 3'/2-Digit, LCD DIGITAL 

WoERnw;lNG-Inm1999pF~sale 
r e s M m ) ~ l o 1 9 9 ) ~ F h A s c a k  m %%- Hrhralhl- CXRCllaKX' W 

R c r  neerl to memure 
FAST AND EASY TO US - Lhrect resdnq 
r&tunm r a m  Jusl @g n ar t  read 

E x c E F ' T W Y  PCCURATE - pmdes 
? O l % b a v c a a x t ~  

T m m D m m - a n n m l a k e ~  
usaqe whaut bss d calbrahm accuracy Fils 
ard a a ~  arwMwe lakes W N  IIW k w h  

PWTABLE - P a m  Ilqht+m$t oDeram 
Iplonpoxma!PlymhcutsmawqeW 
akallrr banrty 
EASY WADING - ~ K J  dear, hgmntrasl 
3'hdqrl L W  cWay a W05. hs#~ 
anphre 

WUE PACKED - (X1GBndng meaarrement 
czwbmy an3 O~iwiarrs DC 
tm.cmtant melers and m bndqff cmlng 
21051maSrmch 
RELIABLE - warran(eed lor 2 MI years 

LX304 DIGITAL MULTIMETER 

FAST, EASY, 
ONE HAND 
OPERATION 

AVAILABLE NOW 
$8gg5 

-1 DIGITAL MULTIMETERS 
0 

SIX f ~ l l ~ t i ~ l s  3ndigi t  resolution 
dc voltage 
ac vol.age 0 25% bastc dc accuracy 

Model 8022A: dc current L ~ D  display 
The Troubleshooter ac current 

resistance Overload protect~on 

. Seven functions 
dr vollaqr. 
ac voltaqr 
dc current 
ac current 
resistance Nine f~tIct~MlS PrLnk hold on voltage 
dlodr tesl dc voltaqe and current tuncllons 
conductance ( lm) ac voltage 

dc current 
Selectable audlble 

3%d1qt1 resolul~on 
ac current ~ndlcalor for 

0 1% bas~c dc accuracy rPSlSlance 
contlnulty 

d ~ d e  lesl or level detection LCD d~splay conductance (118) ' 3%d1g1t rrsolut~on 

Overload protect~on logtc level a* 0 1 % bas~c dc accuracy Free C S S ~  cont~nulty detect 

Two year parts 
temperature (K-tyw . LCD dlsP'aY 

and labor warranty thermocouple) . Overload protectlon 

New Low Distortion Function Generator 
MODEL 3010 

Generates slne square and Mangle 
waveforms 

Vartable amplitude and llxed TTL square 
wave outputs 

0 I Hz to 1 MHz In SIX ranges 

Push button range and lunct~on select~on 

Typical slne wave dlstwtton under 0 590 
from 0 1 Hz to I OOkHz 

Call For Our P r ~ c e  u Vartable DC ollset lor engtneerlng 
appl~cat~ons 

VCO external Input lor sweep.lrequency 
L tests 

New SweeplFunction Generator 
MODEL 3020 

Four mslrurnenls m o w  
package--sweep generator. tune 
tlm qenerator. pulse gpneratoi. 
tone-hurst generator 

Covers o OZHz.2MHz 

1000. 1 tunmg range 

Low-d~storfmn hlgh.accuracy 
outputs 

Three-step anenuator plus 
vernler control 

Internal ltnear and log sweeps 

Tone-burst output is tont.panel or 
externally prwrammable 

\ I 
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BENCH/PORTABLE DMM 
3% Digit liquid crystal 

0.25% basic accuracy 

Dual Trace 15 MHz Dual Trace 30MHz 
Reg price $465 Regular prlce $598 

$39ge" 

The Roadrunner 
Model 6100 

5 Range audible signal- 

0.5" LCD display 
6 Functions 

5Hz lo BOMHz readang guaranteed- 
1 OOMHz lyptcal 

1432 Dual-Trace 15 MHz Portable 
1476 Dual-Trace 10 MHz Perlod average auto and manual 

1466 Single-Trace 10 MHz 
One PPM resolul~on 

1405 SingleTrace 5 MHz 

CALL FOR OUR 
EARLY BIRD SPECIAL LOW PRICE 

THE TEST EQUIPMENT SPECIALISTS 

WI' B a 
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ATTENTION HAMS! 
Earn a "FREE" 
Antenna, Tower 

or BOTH! 

If you are employed by a company 
that could use a high lift work plat- 
form, as shown below, you may 
earn a new antenna system FREE. 

With today's inflationary times, 
this may be the perfect opportunity 
to upgrade your station with no 
drain on the family budget. 

Contact Jerry Flatt at WILSON 
SYSTEMS for the details on this 
offer ... call Toll Free (800) 634-6898. 

4286 Po la r i s  Avenue 
Las Vegas.  Nevada  89103 

8 We a r e  t h e  US d j . s t r i b u t o r  f o r  MITSUBISHI MGFFets, 
t h e  afbndable GaAs F e t s  w i t h  t h e  b e s t  ? r i c e /  
oer formance r a t i o  a v a i l a b l e ;  VHF th rounh  12GHz. 8 

1400-$28.30 1400~-$39.75 1402-.f50 1412-,V5 1403-.f735 
Shipped f r o m  s tock .  Q u a n t i t y  d i s c o u n t s  a v a i l a b l e .  

ALTO: 10GHz GUNN Diodes, lour- loss PC l am ina tes ,  
assembled preamps 

From t h e  nowzce: APPLIED IhIVENTION RD? Rte.21 
H i l l s d a l e ,  N.Y. 12529 (518) 325-3911 

PRETUNED - COMPLETELY ASSEMBLED - FOR ALL M A K E S  6 MODELS OF AMATEUR 
ONLY ONE NEAT S M A L L  ANTENNA FOR TRANSCEIVERS - TRANSMITTERS - 
U P  T O  7 BANDS! EXCELLENT FOR CON- GUARANTEED FOR 2 0 0 0  W A T T S  S S B  
CESTED HOUSING AREAS - APARTMENTS 1 0 0 0  W A T T S  CW. INPUT FOR NOVICE AND 
L IGHT - S T R O N G  - A L M O S T  INVISIBLE! ALL  CLASS AMATEURS! 

C O M P L E T E  A S  S H O W N  wlth 90 i t .  ~ C 5 8 ~ - 5 2 \ h r n  teedllne, and P L 2 5 9  connector, Insulators. 30 ft. 
300 Ib. test dacron end support. center connector wnh buln In llghtnlng arrester and statlc dlschrge - 
molded, sealed, weatherproof, resbnant traps l"X6"- you Just swltch to band deslred for excellent worldwide 
operation - transmntlng end reclevlng! LowSWR over all bands -Tmera usually NOT NEEDED! Can be used as 
Inverted V's - sbpers - In attics on bulldlng tops or narrow lots. The ONLY ANTENNA YOU WlLL EVER NEED 
FOR ALL DESIRED BANDS :WITH ANY TRANSCEIVER - NEW - EXCLUSIVE! NO BALUNS NEEDED1 
80-40-20-15-10-6  meter-  2 trap --- 104 i t .  wl th 90 It. R G S B U  -connector -Model 998BUA. .  ,169 .95  
40-20-15-10  meter --- 2 trap - - - 5 4  f t .  with 9 0  i t .  R G 5 8 U  -connector - Model 1001BUA.. . . $68.95 
20-15-10 meter --- 2 trap --- 2 6 f t .  w n h  90 11. R C 5 8 U  - connector - Model 1007BUA. . . . . . 367.95 
SEND FULL PRICE-FOR POSTPAID INSURED. DEL. I N  USA. (Canada k $5.00 extra far portage - clerical- 
customs ctc)or o rdo  uslng VISA - MASTER CHARGE - CARD - AMER. EXPRESS. Glve number and ex. 
date. Ph 1-308-236-5333 9 A M  - 6 P M  week days. We she In 2 -3  days. ALL PRICES WlLL  INCREASE.. 
SAVE - ORDER NOW! All antennas guaranteed for 1 year. 10 day money back trlal li returned In new conditbnl 
Made In USA. FREE INFO. AVAILABLE ONLY FROM 

WESTERN ELECTRONICS Dcat. AR- ( 2  Kearnev. Nebraska. 6 8 8 4 7  

Bill Orr's famous 
Radio 
Handbook 
21 st Edition 

Often referred t o  a s  the "California Hand- 
book,' Bill Orr's 21s t  edition of the RADIO 
HANDBOOK is a must for every ham's book- 
shelf. 1 0 8 0  pages cover extensively every- 
thing from antennas to  zero bias tubes. In ad- 
dition you'll find new and enlarged sections 
on frequency synthesizers, IC design, HF and 
VHF linear amplifier construction and NBVM. 
Radio theory, construction projects, tests  
and measurements, and reference data are all 
here, under one cover. WGSAI and more than 
2 0  other notable Amateurs have combined 
their talents to produce one of the finest and 
most  complete Amateur Radio reference 
sources ever put in print. 1 0 8 0  pages. O 
1978.  

24034 Hardbound 421.50 

Ham Radio's Bookstore 
Greenville, N. H. 03048 

Please add $ 1  for shl~orna 
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flea market 
RATES Non-commercial ads 10s per 

word; commercial ads 60c per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  
organizations receive one f r e e  Flea Market 
ad (subject to our ed i t i ng ) .  Repeat inser- 
t ions o f  h a m f e s t  ads pay the non- 
commercial rate. 

COPY No spec ia l  l ayou t  or ar-  
rangements available. Material should be 
typewritten or clearly printed ( n o t  all 
cap i t a l s )  and must include f u l l  name and 
address. We reserve the right to r e j e c t  un- 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible f o r  claims made. Liability f o r  
correctness o f  material limited to cor- 
rected ad in next a v a i l a b l e  issue. 

DEADLINE 15th o f  second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Rad io ,  Greenville, N.H. 03048. 

WANTED: Motorola micor base stations. 406-420 MHz. 
AK7B,4 AJax PI., Berkeley, CA 94708. 

FREE HAMICOMPUTER NEWSLETTER: Send self. 
addressed stamped envelope for your copy. W5YI; P.O. 
Box HO101; Dallas, Texas 75207. - 
500 QSL'r, $10. Catalogue, 743 Harvard, St. Louis, MO 
631 30. 

SATELLITE TELEVISION: Build or buy your own earth 
station. Article gives much hard to flnd, necessary Infor. 
matlon. Send $3.00. Satellite Television, R.D. 3, Box 140, 
Oxford, NY 13830. 

"HAM RADIO" Magazines i n  binders, every issue, 
perfect. Make offer, wlll trade. Ron Vanke, KEYAH, (614) 
890-0609. 

DX, YOU BETI THE DX BULLETIN - Best weekly DX info 
in the world. For FREE sample copy, send buslness-slze 
SASE to: The DX Bulletin, 306 Vernon Avenue, Vernon, 
Connecticut 06066. 

CELESTRON 5" telescope, complete Including solar 
filter. Make offer, wlll trade. Ron Vanke, KEYAH, (814) 
890-0809. 

Foreign Subscription Agents 
for Ham Radio Magazine 

H m  Radlo Auatrla Ham Radio Holland 
F Bast1 MRL Ectronlcs 
Haupt Iatz5 Poslbur 88 
A-2708~1sner Neustadt NL.2234 Delft 
Austria Holland 

Ham R d l o  Bel~lum 
Stereohouse Ham R d l o  Italy 
8 1 ~ 1 8 0 I ~ 8 t ~ n w ~  416 G. Vulpelll 
8-9218 Gent P.O. Box 37 
Eelglum I - 2 m  Cant" 

Ham Radlo Canada Italy 
Box 10, Gmiwlch 
Ontaflo, CanadaN7A 4C7 Ham R d l o  Swllzsrland 
H m  Radio Europ. KUrin 
Box U 4  Poslt.eh 24% 
StB1W Upplandr Vasby ~ ~ ~ ~ ~ ; ~ ~ h  
Swdan  

Ham Radlo Francs 
SM Electronic Ham Radlo UK 
20 bls, Avedes Clsrlons ~ $ ~ ~ ~ e ~ " ~ ~ ~ ~  
F88m(L Auxerrs 
France England 
Ham RadioGermany 
Karln Uabar Holland Radlo 
PoeAiach 2454 143 Grwnway 
D7850 LWrnch 
Weat Germany 

Oreonside Johannesburo 
Republlc dl South Afrlca 

THE SUPERMARKET OF ELECTRONICS - thousands 
of items for sale or trade each month. Free classlfled ad 
wlth subscrlptlon. Only $5.00 to Nuts 8 Volts, P.O. Box 
11 1l.F, Placentia, Callfornla92870. - 
WANTED: lnoperatlve Heath HW22. HW32 wlth manuals. 
Peter Plaseckl, 14 Park St., Madawaska, ME 04756. - 
MANUALS for most ham gear 193711970. Send 250 for 
"Manual Catalog." H.I., Inc., Box H664, Councll Bluffs, 
Iowa 51502. 

ICOM 230, includes ell split channels, IC-3P power sup- 
ply, $195.00. John Skublck, 791 . 106 Ave., Naples, FL 
33940. 

ATLAS DD8.C and 350XL Dlgltai DlallFraquency Count. 
ers. $175.00 plus $3.00 UPS. AFC! Stop VFO drift. See 
June 79 HR. $65.00 plus $3.00 UPS. Mical Devices, P. 0. 
Box 343, Vista, CA92083. 

ROHN TOWER. Buy direct from Worldwide distributor 
of all Rohn products. Sample prices - 25G sections 
$38.72 each, 45G sections, $88.00 each, FK.2548 fold- 
over tower wlth frelght paid $693.00, BX-48 free standing 
$218.90. Hill Radlo, Box 1405, Bloomington, IL 81701, 
(309) 663-2141. 

VERY In.ter.est.lnpl Next 3 issues $1. "The Ham Trader". 
Wheaton. lL60187. 

HEATHKIT STATION ESTATE SALE. SB-301, 58.401, 
$460.00, SB-200 linear, $300.00. SB-800 with power sup 
ply. $230.00. All in unused condition, factory aligned. Lot 
prlce $1000.00. A.S. Welch, 27 Elwood Rd., Londonderry, 
NH (603) 434-7702. - 
SWAN 100MX transceiver, brand new, never used. Ask- 
ing price $600.00. S. Pavone, WZDDN, Box 105A, RD3, 
Boonton, NJ 07005. (201) 335.5732. - 
ANTENNA TOWERS. Heavy duty, hot dlpped galvanized 
steel, crank-up with tilt.over base. Sky Towers of Vero 
Beach, Box 6068, Vero Beach, FL 32980. - 
WANTED: Cushman Communlcatlons Service Monitors, 
working or non-working unlts. Also need plup-in mod- 
ules, manuals, parts, etc., wlll pay cash or take over pay 
ments. Also need RF voltmeters; WBBIJX, Fred L. 
Slaughter, 5844 Grlsell Road, Oregon, OH 43818. Phone 
(419) 698-8597. 

ELECTRONIC BARQAINS, CLOSEOUTS, SURPLUS1 
Parts, equipment, stereo, lndustrlal, educatlonal. Arnez- 
ing values! Fascinatlng items unavailable in stores or 
catalogs anywhere. Unusual FREE catalog. ETCO-012, 
Box 762, Plattsburgh, NY 12901. SURPLUS WANTED. 

MOBILE IQNlTlON SHIELDING provides more range 
wlth no nolse. Available most englnes. Many other sup 
pression accessories. Literature. Estes Engineering, 930 
Marlne Dr., Port Angeles, WA98362. 

STOP LOOKING for a good deal on amateur radio equip 
ment - you've found it here - at your amateur radio 
headquarters In the heart of the Mldwest. Now more 
than ever where you buy Is as Important as what you buy. 
We are factory-authorized dealers for Kenwood, Drake, 
Yaesu, Collins, Wllson, Ten-Tec, ICOM, DenTron, MFJ, 
Tempo, Regency, Hy-Gain, Mosiey, Alpha, CushCraft, 
Swan and many more. Write or call us today for our low 
quote and try our personal and friendly Hoosler Service. 
HOOSIER ELECTRONICS, P.O. Box 2001, Terre Haute. 
lndiana47802. (812) 238-1458. - 
CRYSTAL FILTERS: Brand new K.V.G. 9 MHz. XF9.A, 
$35.00. XFSB, $48.00. XFQM, $39.00. XFSNB, $77.00. 
Matchlng crystals: XFWX), XF901, XF902, XF903, $4.25 
each. Terry Taylor. 26102 13th PI., South, Kent, WA 
98031. - 
CB TO 10 METER PROFESSIONALS: Your rlg or buy 
ours - AMISSBICW. Certified Communications, 4138 
So. Ferrls, Fremont, Michlgan49412; (616)924-4561. - 
QSL'S: No stock designsi Your art or ours; photos, 
originals, 50t for samples 8 details (refundable). Certl. 
fled Communications, 4138 So. Ferris, Fremont, 
Michigan 49412. 

NEED HELP for your Novice or General ticket? Recorded 
audlo.visual theory Instruction. No electronic back- 
ground required. Free Information. Amateur License, 
P.O. Box 6015, Norfolk, VA 23508. - 
ANTIQUE (PRE.1050) TELEVISION SETS WANTED. Wlll 
pay top dollar for unusual or preWWll sets. Arnold 
Chase, 9 Rushleigh Road. West Hartford, Connecticut 
081 17 (203) 521.5280. 

WANTED: Early Hailicrafter receivers, transmitter, 
accessories, parts, manuals for my collection. Special 
Interest in silver colored panel receivers and ones wlth 
"airplane" dials. Also need "ultra Skyrider" SX-10, 
"Skyrider Commercial" SX.12 and others. Chuck Dachis, 
WD5EOG, 4500 Russell, Austln, TX 78745. 

100 5 51% 

A N 5  PTU9O UHF 9 0 '  E L B O  

0 - - - " , 7  . -  . 

.Q5 ffi306 $3 .75  ffi276 

E BNC-TILHF-M 8 
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I YAESU FT-207R OWNERS 
AUTOMATIC SCAN MODULE 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan- 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available In KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or V I S A  

GLB ELECTRONICS 
1 9 5 2 C l i n t o n  St.. B u f f a l o .  N. Y. 14206 

TUBESTERS '" 
Plug-~n, so l~d  state tube replacements 

S-l ine per formance-so l id  state! 
H e a t  d iss ipat ion reduced  60% 

G o o d b y e  ha rd - to - f i nd  t ubes  
U n l i m i t e d  e q u i p m e n t  l i fe  

TUBESTERS cost  less t h a n  two tubes, 

a n d  are guaranteed for so l o n g  as y o u  own 
your S-line. 

S m  W r i t e  or p h o n e  for 
Box 535 specs a n d  prices. 

Talmage, CA 95481 (707) 462-6882 

Covers 100 to 179 999 MHz tn 1 kHz steps with 
thumb.wheel dial Accuracy .00001% at all fie 
quencies Internal lrequency modulation from 0 to 
over 100 kHz at a 1 kHz rate Spurs and noise at 
least 60dB below carrier RF output adjustable from 
50 to 500mv across 50 ohms Operates on 12vdc 
@ 1/2 amp Price $299.95 plus shtpp~ng. 

In stock lor immediate shipp~ng. Overnight 
delivery available at extra cost. Phone: (212) 
468-2720. 

VANGUARD LABS 
196-23 Jamacia Ave. Hollis, NY 11423 
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WlHR ESTATE: Llst of Ham equipment and test egulp 
ment available. Cotllns, General Radio. Knlght, many 
more; also llst of Antique Radlos now available. Send 
SASE with $1.00 to: Mrs. D. Fisk, P. 0. Box 429, Hollls. 
New Hampshlre03049. Note: Will not ship, pick-uponly. - 
ETCH IT YOURSELF PAINTED CIRCUIT KIT. Photo-POSi- 
live Method - No darkroom regulred, All the supplies 
for making your own boards, direct from magazlne artl- 
cle In less than 2 hours Only $24.95. S.A.S.E. for details: 
Excel CircultsCo., 4412 Fernlee. Royal Oak, MI 48073. - 
HAM RADIO REPAIR - Professional lab. personal ser- 
vice. "Grid" Grldley. W4GJO. April thru October: Rt. 2. 
Box 1388. Rlslna Fawn. Georgia 30738. (404) 657-7841. 

15 minutes to in- 
stall; scan restarts 
when carrier drops 
o f f ;  busy switch 
controls automatic 
scan o n - o f f ;  i n -  
cludes module and 
instructions. 
Model AS-1. 

$25.00 
AS- 1 

Novembe, thru karch:212 Martin Drive, Brooksvllle, 
Florida 33512. (904) 799-2769. - 
BUY.SELL.TRADE. Send $1.00 for catalog. Give name 
address and call letters. Complete stock of major brands 

1203 Verdun Dr.. ~reeniboro. NC27410 (919) 292-1538. 

ENGINEERING CONSULTING 
P. 0. BOX 94355 

RICHMOND, 6. C. V6Y2A8, CANADA 
new and reconditioned amateur radlo egulpment. Call I I 
tor best deals. We buy Collins, Drake, Swan, etc. Ass* 

AUTOMATlCALLY decode Morse. Improve speed, mea+ 
ure difficult slgnals. Mlcrocomputer electronics, f ee  
tures unavailable commercially. SASE. Seastrom, Box 
1185. East Dennis, MA 02641 

ciated Radio. 8012 Conser, Overland Park. KS 88204. 
(913) 381.5900. - 
WANTED: 6125Al4D21. 8155 tubes. H.P. 423. W4BUZ, 

CWlSSB FILTERS: IC audio install In any radlo, sharp 
CW, stagger tuned SSB - $15, U2. SASE info: WBCBR. 
80 W. Mennonite, Aurora. OH 44202. 

Coming Soon 

MOTOROLA RADIOS WANTED: I need mlcors, motracs. 
. . .  mocom 70's. H.T.'s, and bases anything Motorola 

newer than 12 years. I pay all shlpplng. Len Rusnak, 
WA3TJO 301-441-1221. - 
RlW FOR SALE: Model 28KSR. M28 stand-alone TD. 
M28 recelveonly typlng reperf. M28 keyboard typing 
reperf, M28 triple TO. M28 under-dome typing reperl. 
M28 motorized paper winder, answerback, auto CR-LF 
kit lor M28 printers. Madel 33 and 35 machines. Gears, 
gearshifts, parts and supplies for all Teletype machines. 
Send SASE for llst and prices. Lawrence R. Pfleger, 
K9WJB. 2600s. 14thStreet. St. Cloud. MN 58301. 

Coming Events 
ILLINOIS: Over the hills and thm the woods to Wheaton 
Communlty Radio Amateurs Hamfest we go. For the bar- 
gains and buys and to meet all the guys, come to the 
best Winter Hamlest In the U.S.A. - January 25, 1981 - 
Plan on it. - N9YL. 

1 1981 HANDBOOK I 
1981 

U.S. & FOREIGN 
CALLBOOKS 

CALL TODAY TO 
RESERVE YOUR COPY 
1-800-258-5353 

Ham Radio's Bookstore 
GREENVILLE, N. H. 03048 

COILS FOR HOMEBUILT 
Sardine Sender 80 Meter ORP RIQ 

OST Oct '79. p 15 . . . . . . . . . . . . . . . . . .  $8.50 
ORP Transmatch-25 Wan Max 

. . . . . . . . . . . . . . . . . .  ARRL Handbook p. 350 7.00 
Tuna Tln 2-WAS 40 Meter Transrnltter 

. . . . . . . . . . . . . . . . . . . . . .  OSTMay'76,p 21 4.75 
Min~ Miser's Dream Receiver -0ST Sep '76, p. 21 . .13.25 
20 Meter Dlrect Conversion ROCRiver 

. . . . . . . . . . . . . . . . . . . . . . .  OST Apc '78, p. 12 7.00 
Ampllt~er tor HW.80RPTransN1lvar 

. . . . . . . . . . . . . . . . . . . . . . .  OSTApr'79, p 18 13.30 
. . . . . . . . . . . . .  Harmon~c Filter (tor ab0vs) per band 4.50 

. . . .  Low Frequency Transmitter - S9 Sap '79, p. 23 9.00 
prices include postage. 

BALUNS 
Get POWER into your antenna See ARRL Handbook p. 585 Of 
19-9 or 6.20. 

. . . .  IKW-4.1 ~mwdancs $12 00 2W-4.1 $6 . . . . . . . . .  
r KW-6 I. 9'1, or 1 .I (pick one) . . . . . . . . . . . . .  
2KW-6:l 9:t or 1.1 (p~ckone) . . . . . . . . . . . . . .  16.00 
IOOW-4:i. 6.i. 9.1. or t 1 (p~ckone) . . . . . . . . . .  8.00 
Many other interedlng coil klts tn our mm llst 5C. You 

musf Send a stamped envelope to raceive our coll klt Ilst. 

35w 2 u  FM AMPLIFIER KIT 

3 W a t t s  In -35Wat ts  O u t  

SO 239 aackal m o l M  lnfo glass I1IIW pl.sl,c 
Cody 10 .CCaDI CO.. Pt2W DlYO on IM l l ne  
"'10 La" *".P.CO*. I,ll,"g. OW lnlflurflon, in- 
rlt,deo G~aronlwd At y ~ u f  dlaIC13 01 IS.= 
w.trY~d comOanlon ln~ulatarlaj nw 

BUDWIG MFG. CO. PO Box829. RamonaCA82085 
Ca. Res. add 6% Sales Tax 

COMMUNICATION CONCEPTS I NC. 
2648 NORTH ARAGON A M .  

DAYTON. OHIO 45420 - 
(513) 296.141 1 - 

EFFECTIVE JULY 1. 1880 
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* TELESCOPING (CRANK UP) 

*GUYED (STACK-UP) 

+ TILT-OVER MODELS 
Easy to Install. Low Prices. 

Crank-ups to 100 11. 

Van Younled Cnnk-Up 
Alum8 T o w r  

MarlneVHF 

S e n d  10' for our latest catalog Wrt te  or 

2400 c r y s t a l  D r l v e  - Ft M y e r s  Florida 33907 I ( al l   phone^ (8131 936 2397 . 
More De ;? CHECK-OFF Page 

I ASTRON POWER SUPPLIES 
HEAW DUTY HIGH QUALITY RUGGED RELIABLE 

SPECIAL FEATURES 

SOLID STATE ELECTRONICALLY REGULATED 
FOLD-BACK CURRENT LIMITING Protects Power Supply from 
excesslve current L cont~nuous shorted output 
CROWBAR OVER VOLTAGE PROTECTION on Models RS-7A. 
RS-12A. RS-ZOA. RS-35A. RS-ZOM L RS-35M 
MAINTAIN REGULATION L LOW RIPPLE at low line input Voltage L 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN U S A 
VOLT L AMP METER ON MODELS RS-20M 6 RS-35M ASTRON 20 AMP REGULATED 

PERFORMANCE SPEClFlCATlOHS POWER SUPPLY Model RS-ZOM 

INPUT VOLTAGE 105 - 125 VAC 16 Amps continuous 

OUTPUT VOLTAGE 13 8 VOC +O 05 volts 20 Amps ICS' 

(Internally Adjustable 11-15 VDC) 5 (HI YIW) x 10 S (0) 
RIPPLE Less than 5mv peak to peak (full load L low Itne) Sh~pptng We~ght M Ibs 

REGULATION + 05 volts no load to lull load L low l~ne to hlgh ltne Rice $117 95 
Mh* wouln WWER SUPPLIES l f ts n l l l l b l r  [Same features and speclt~catlons as above) 

'ICS - Intermittent Communication Service (50'10 Duty Cycle) 
I1 not available at your local dealer, please contact us directly. 

A ST R 0 N  nit 
CORPORATION (714)835-0682 

(RF Speech Processors for Drake TR-7, TR-4s. T-4Xs 
Hi* intelligibility, unexcalled talkpower. Nocompmmise 
design. Spectal 8.pole IF crystal filtering, followed by highly NEW! RF CLIPPERS 
effectiva active hard clipping (followed by rig filter): the 
keys to h~ghest promsing efficiency. TR.7 and TR-4 unots 
femum selectable 16-pole reoelve, m well as automatic 
transmitlrece~ve switching. Newest TR.7 proancor h a  two 
16.pole porlt8ons (1.9 and 1.6  HI). allowing Selsclion of 
up to eight d~fferent bandwidths. All solid-state pindiode 
switching. Model 7-SP MkII for TR-7: $400.00. Model 
4SP for T-4Xs: S4OC.00. Model D-SP for TR-4s: $425.00 ........ .. .... w --- 

Mike Equalizer Pre-Processor 
Companion to above units, but good bawwn any mike and 

Uwrwood Engi~~ring Inc. 
rig (with or w~thoul  processing). Can redurn distortion, 1268 South  Ogden St. 

improve crispness, intslligibilify. Emily adjust.ble single Denver. Colo.  80210 
control tailon both hlqh and low frequenc~es to optim~ze (303) 722-2257 

I 
rasponssof any mlauphone for varying wnd~t lom. Contalnr M~~~~ back I f  not satisfied 
inlout. gain, equalizet~on controls. Model SE-1: f1m.M). 

Add 53 p r  order show~ng. 

Europan amsteun plssv conlm Harn.Radmo. Pmflech 120. CH. 115 ommn &or 

5702. Ncedcrlcnz, tn Swttzcrland: and Ingoarnpx. Pmttwh 24 49. ~ e *  m " i r i e s ~ -  - 
n.arnn Inml.-rrlv Wert Garrnanv lor the r n t  01 the cmtlnent. 

f MIL SPECS - POLYETHYLENE 
w l f t .  RG213 noncontaminating W l l t .  
25clft. RGl l lU  75ohms 256lft. 
1Wlll. RG621U 930hmS 1WIft. f 

LOW LOSS FOAM $ W f t .  RGBU 97% shleld. whlte ....... 

f 
reclft. UGEU 80% 8hteld' 
1761tt. R G l l U  
1001ft. RG58U 95% shield 
110111. RG58AIU stranded 
1Bolft. Rotor cable 2-18 a 6.2208 
- shlDolno 53 first 100 ~ . . * s I  ea. d d ' ~ .  . .  - 

BELDEN SPECIAL 
27Clft. RG8U 85% shield 27Clfl. 

CONNECTORS 
101$5 69 SO-239 10lSS.6O~. 

DoubleM* S1.79er Elbow S1.79@#. 
UC-175 or 176 UHF T (M350) $2.59 
Reducer 101S1.79 - thlpptnp 30clpkp. 

RED HOT SPECIALS 
. . . . . . . . . . . . .  AZDEN PCS2000.2 melers ,249.00 

.............. ICOM 260A,All Mode.2m ,415.00 
KANTRONICS CODE READER .......... .380.00 

.............. ICOM 720w PIS &MIKE..  1140.00 
....... BEARCAT 220 or 250 SCANNER.. .269.00 

............... ICOM IC 255A, 2 meters. .299.00 
SWAN ASTRO 150. New Style.. ......... .750.00 

............. ICOM IC251A. 2m All Mode .568.00 

.............. JANELOSA 5 . 2 ~ 1  Pre Amp .38.50 
ICOM IC2A HANDHELD w Nlced ........ .199.00 

wlthTouch Tone Pad ................ .219.M) 
................... ICOM 551,8 meters. .380.00 

........... ALL MFJ PRODUCTS.. .12% off  List 

Write for our LargeSpeclsls 
and Used Eaul~rnent Lists 

BEN FRANKLIN 
ELECTRONICS 



ham radio 
cumu~ative index 

a note on this index 

To make the index easier to use 
only the years 1971-1980 are in- 
cluded, because most of the 
earlier material is now of limited 
interest. Refer to any December 
issue between 1970 and 1977 for 
a cumulative index covering 
1968-1970. Copies of ham radio 
for December, 1977, may be pur- 
chased from Ham Radio's Book- 
store for $2.50 postpaid. 

antennas and 
transmission lines 
general 
Antenna control, automatic azlmuthlelevation 

for satellite communications 
WA3HLT p. 26. Jan 75 
Correction p. 58, Dec 75 

Antenna and controi-link calculations for 
repeater licensing 
W7PUG p. 58. Nov 73 
Short circuit p. 59, Dec 73 

Antenna and feediine facts and failacles 
WSJJ p. 24, May 73 

Antenna design, programmable calculator 
slmpiifies (HN) 
W3DVO p. 70, May 74 

Antenna gain (letter) 
W3AFM p. 62, May 76 

Antenna gain and dlrectivity 
W2PV p. 12. Aug 79 

Antenna restrictions: another solution 
N4AQD p. 46. Jun 80 

Antenna wire, low-cost copper (HN) 
W2EUQ p. 73, Feb 77 

Antl-QRM methods 
W3FQJ p. 50, May 71 

Coaxial connections, sealing (HN) 
W5XW p. 64, Mar 80 
letter, K7ZFG p. 6, Oct 80 

De-icing the quad (HN) 
W5TRS p. 75, Aug 80 

Diversity receiving system 
WZEEY p. 12, Dec 71 

Dummy load, low-power vhf 
WB9DNI p. 40, Sep 73 

Earth anchors for guyed towers 
W5QJR p. 60, May 80 

Effective radiated power (HN) 
VE7CB p. 72. May 73 

Feedpoint Impedance characterlstlcs of practical 
antennas 
W5JJ p. 50, Dec 73 

Filters, low-pass, for 10 and 15 
WZEEY p. 42, Jan 72 

Gain calculations, slrnpllfled 
W l  DTV p. 78, May 78 

Gain vs antenna height, calcuiatlng 
WB6IFM p. 54, Nov 73 

Gin pole, simple lever for raising masts 
WA2ANU p. 72, May 77 

Ground current measuring on 160.meters 
WQKUS p. 46, Jun 79 

Ground rods (letter) 
W7FS p. 66. May 71 

Ground screen, alternative to radials 
WBWGP p. 22, May 77 

Ground systems (letter) 
ZLZBJR p. 6. Nov. 60 

Ground systems, vertical antenna 
W7LR p. 30. May 74 

Grounding, safer (letter) 
WASKTC p. 59. May 72 

Head~ngs, beam antenna 
W6FFC p. 64. Apr 71 

Horizontal or vertlcal (HN) 
W71V p. 62, Jun 72 

lmpedance measurements, nonresonant antenna 
W7CSD p. 46, Apr 74 

Insulators, homemade antenna (HN) 
W7ZC p. 70, May 73 

Lightning protection (CBT) 
W I D N  p. 50, Jun 76 

Liohtnino orotection 
- k 9 ~ ~ ~  p. 16, Dec 78 

Comments, W6RTK p 6, Jui 79 
Comments, WZFBL p. 6, Jul 79 
Letter, K9MM p. 12, Dec 79 

Line-of.slght distance, calculating 
WB5CBC p. 58. Nov 76 

Measurement techniques for antennas and 
transmission llnes 
W40Q D. 36, May 74 

Mobile mount, rigid (HN) 
VE7ABK p. 69, Jan 73 

Power in reflected waves 
Woods p. 49, Oct 71 

Radials, installing, for vertlcal antennas 
K3ZAP p. 56. Oct 80 

Rf power meter, low.level 
W5WGF p. 58, Oct 72 

Sampling network, rf - the milil-trap 
W6QJW p. 34, Jan 73 

Scaling antenna elements 
W7iTB p. 58, Jul 79 

Smith chart, numerical 
WBMQW p. 104, Mar 78 

Soild.state T-R switch for tube transmitters 
K l  MC p. 58, Jun 80 

Standing-wave ratios, importance of 
W2HB p. 26, Jul 73 
Correction (letter) p. 67, May 74 

Time-domain reflectometry, practical 
experimenter's approach 
WAWlA p. 22. May 71 

VSWR and power meter, automatic 
WWNK p. 34. May 80 

Wattmeter, low power (letter) 
WQDLQ p. 6, Jan 80 

high-f requency antennas 
All-band phased-vertical 

WA7GXO p. 32, May 72 
Antenna. 3.5 MHz. for a small lot 

WBAGX p. 28, May 73 
Antenna potpourri 

W3FQJ p. 54, May 72 
Army loop antenna - revlslted 

W3FQJ p. 59, Sep 71 
Added notes p. 64. Jan 72 

Base-loaded vertlcal antenna for 160 meters 
W6XM p. 64, Aug 80 

Beverage antenna 
W3FQJ p. 67, Dec 71 

Beverage antenna for 40 meters 
KG6RT D. 40, Jul 79 

Big quad - small yard 
W6SUN p. 56. May 80 

Bobtail curtain array 
WBYFB p. 81, May 77 

Coaxial dipole antenna, anaiysls of 
W2DU p. 46, Aug 76 

Coaxial dipole, muitlband (HN) 
W4BDK p. 71, May 73 

Colllnear, six-eiement.for 
WQYBF p. 22, May 76 

Compact antennas for 20 meters 
W4ROS p. 38. May 71 

Compact loop antenna for 80 and 40 meters 
W6TC p. 24. Oct 79 

Corner-fed loop, low frequency 
ZL1 EN p. 30. Apr 76 
Installation modified p. 41, Feb 77 

Cubical-quad antennas, mechanical design of 
VE3ii p. 44, Oct 74 

Cubical quad, improved low-proflle, three band 
WlHXU p. 25, May 76 

Cubical quad, three-band 
WlHXU 0. 22. Jui 75 

Curtain antenna (HN) 
W4ATE 

De-icing the quad (HN) 
WSTRS 

Delta loop, top-ioaded 
W l D N  

Dipole, ail.band tuned 
ZS6BT 

Dipole beam 

p. 66, May 72 

p. 75, Aug 80 

p. 57, Dec 78 

p. 22, Oct 72 

W~FQJ  p. 56, Jun 74 
Dipole pairs, low SWR 

W6FPO p. 42, Oct 72 
Double bi-square array 

W6FFF p 32, May 71 
DX antenna, singie.eiement 

WBFHM p. 52, Dec 72 
Performance (letter) p. 65, Oct 73 

Folded end.fire radlator 
NMlD p. 44. Oct 80 

Folded umbrella antenna 
WB5IIR p. 38, May 79 

Four-band wlre antenna 
W3FQJ p. 53, Aug 75 

Ground-mounted vertical for the lower bands, 
improved (HN) 
WSNPD p. 88, Nov 80 

Ground-plane antenna: hlstory and development 
K2FF p. 26, Jan 77 

Ground-plane, multiband (HN) 
JAlQIY p. 62, May 71 

Ground plane, three-band 
LA1 El p. 6, May 72 
Correction p. 91, Dec 72 
Footnote (letter) p. 65, Oct 72 

Ground systems for vertical antennas 
WD8CBJ p. 31, Aug 79 

Hlgh-frequency Yagi antennas, understacking 
W1XT p. 62, Jun 80 

~ igh-ga in  phased array, experimental 
KL7IEH p. 44, May 80 
Short circuit p. 67, Sep 80 

norizontal-antenna gain at selected vertical 
radiatlon angles 
W7LR p. 54, Feb 76 

Horizontal antennas, optimum helght for 
W7LR p. 40, Jun 74 

Horizontal antennas, vertlcal radlation patterns 
WA9RQY p. 58, May 74 

Inverted-vee antenna (letter) 
W B6AQ F p. 88, May 71 

Inverted-vee antenna, modified 
W2KTW p. 40, Oct 71 
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Inverted-vee installation, improved 
low.band (HN) 
W9KNI p. 68, May 76 

Inverted V or delta loop, how to add to tower 
K4DJC p. 32, Jul 76 

Large vertical, 160 and 180 meters 
W71V p. 6, May 75 

Log-perlodic antenna, 14. 21 and 28 MHz 
W4AEO p. 18. Aug 73 

Log-periodic antennas. 7-MHz 
W4AEO p. 16. May 73 

Log-periodic antennas, feed system for 
W4AEO p. 30, Oct 74 

Log-perlodic antennas for high-frequency Amateur 
bands 
W4AE0, W6PYK p. 67, Jan 80 

Log-perlodlc fixed.wire beams for 75-meter DX 
W4AE0, W6PYK p. 40, Mar 80 

Log-periodic fixed-wire beams for 40 meters 
W4AE0, W6PYK p. 26, Apr 80 

Log-periodic antennas, graphical deslgn method for 
W4AEO p. 14, May 75 

Log-periodic antennas, vertical monopole. 
3.5 and 7.0 MHz 
W4AEO p. 44. Sep 73 

Log-periodic beams, improved (letter) 
W4AEO p. 74, May 75 

Log-perlodic beam, 15 and 20 meters 
W4AEO P. 6, May 74 

Log periodic deslgn 
W6PY K. W4AEO 0. 34. Dec 79 

Log-perlodic feeds (letter) 
W4AEO p. 66, May 74 

Log-perlodlc, three.band 
W4AEO p. 28, Sep 72 

Longwire antenna, new design 
K4EF p. 10, May 77 

Loop antennas 
W40Q p. 16, Dec 76 

Loop antenna, compact (letter) 
W6WR p. 6, Feb 80 

Loop receiving antenna 
W2IMB p. 66, May 75 
Correction p. 58, Dec 75 

Loop-Yagi antennas 
VK2ZTB p. 30, May 76 

Low-band antenna problem, solution to 
W8YFB p. 46, Jan 76 

Low-mounted antennas 
W3FQJ p. 66, May 73 

Moblle antenna, heilcally wound 
ZEWP p. 40, Dec 72 

Moblle color code (letter) 
WBWFD p. 90, Jan 78 

Multlband antenna system 
VKPAOU p. 62, May 79 

Multlband vertical antenna system 
WONCU p. 28, May 78 

Open quad antenna 
i2RR p. 36, Jul 80 

Phased antenna (letter) 
Thacker. Jerry p. 6, Oct 78 

Phased array, design your own 
KIAON p. 78. May 77 

Phased array, electrically-controlled 
W5TRS p. 52, May 75 

Phased vertlcal antenna for 21 MHz 
W6XM 0. 42. Jun 80 

Phased vertical array, flne tuning 
W4FXE p. 46. May 77 

Phased vertical array. four.element 
WHXR p. 24, May 75 

Quad antenna, modified 
ZFlMA p. 68, Sep 76 

Quad antenna, repairs (HN) 
K9MM p. 87, May 78 

Quad for 7-26 MHz 
W3NZ p. 12, Nov 80 

Quad, three.element, for 15-20 meters uslng clrcular 
elements 
W40VO p. 12, May 80 

Quad, three-element switchable, for 40 meters 
N8ET p. 26, Oct 80 

Quad variations, more (HN) 
W5TRS p. 72, Oct 80 

Quads vs Yagls revlsited 
N6NB p. 12, May 79 
Comments. WEBMMV, N6NB p. 80, Oct 79 

Satellite antenna, simple (HN) 
WA6PXY p. 59. Feb 75 

Selectlve antenna system minimizes 
unwanted signals 
W5TRS p. 26, May 76 

Selective receiving antennas 
W5TRS p. 20, May 78 

Shunbfed tower (HN) 
N6HZ p. 74, Nov 79 

Shunt-feed systems for grounded vertlcal 
radiators, 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 beams, high performance 
G6XN p. 12, Mar 79 

Small-loop antennas 
W4YOT p. 36. May 72 

Stressed quad (HN) 
W5TlU p. 40, Sep 76 

Suitcase antenna, high-frequency 
VK5Bl p. 61, May 73 

Tailoring your antenna, how to 
KH6HDM p. 34. May 73 

Telephone.wire antenna (HN) 
K9TBD p. 70, May 76 

Traps and trap antennas 
W8FX p. 34, Aug 79 

Triangle antennas 
W3FQJ p. 56. Aug 71 

Triangle antennas 
W6KIW p. 58, May 72 

Triangle antennas (letter) 
K4UV p. 72, Nov 71 

Triangle beams 
W3FQJ p. 70, Dec 71 

Tuning aid for the sightless (HN) 
W6VX p. 83. Sep 76 

Vertical antenna for 40 and 75 meters 
W6PYK p. 44. Sep 79 

Vertical antenna radiation patterns 
W7LR p. 50, Apr 74 

Vertical antenna, low-band 
W4iYB p. 70, Jul 72 

Vertical antenna, portable 
WABNWL p. 48, Jun 78 

Vertical antenna, three.band 
W9BQE p. 44, May 74 

Vertical antennas, Improving performance of 
K6FD p. 54, Dec 74 

Vertical antennas, performance characteristics 
W7LR p. 34, Mar 74 

Vertical dipole, gamma-loop-fed 
W6SAl p. 19, May 72 

Vertical for 80 meters, top-loaded 
W2MB p. 20, Sep 71 

Vertical radiators 
W40Q p. 16, Apr 73 

Vertical-tower antenna system 
W40Q p. 56, May 73 

Wilson Mark I1 and IV, modifications to (HN) 
W9EPT p. 69. Jan 80 

Wlndom 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. 8, Nov 76 

Pt. I Yagl antenna deslgn: performance calculations 
WZPV p. 23, Jan 80 
Short clrcuit p. 66, Sep 80 

Pt. II Yagl antenna deslgn: experiments confirm 
computer analysis 
W2PV p. 19, Feb 80 

Pt. Ill Yagl antenna design: performance of multl- 
element simplistic beams 
W2PV p. 18, May 80 

Pt. IV Yagi antenna design: multi-element simplistic 
beams 
W2PV p. 33, Jun 80 

Pt. V Yagl antenna design: optimizing performance 
W2PV p. 18, Jul 80 

Pt. VI Yagi antenna design: quads and quagis 
W2PV p. 37. Sep 80 

Pt. VII Yagi antenna deslgn: ground or earth effects 
W2PV p. 29, Oct 80 

Pt. Vlll Yagl antenna deslgn: stacklng 
WZPV p. 22, Nov 80 

Pt. IX Yagi antennas: practical deslgns 
W2PV p. 30, Dec 80 

Zepp antenna, extended 
W6QVI p. 48, Dec 73 

ZL special antenna. 10-meter, for indoor use 
K5AN p. 50, May 80 

ZL speclal antenna, understandlng the 
WA6TKT p. 38, May 76 

3.5-MHz broadband antennas 
N6RY p. 44. May 79 

3.5MHz phased horizontal array 
K4JC p. 56. May 77 

3.5-MHz sloplng antenna array 
W2LU p. 70, May 79 

3.5-MHz tree-mounted ground-plane 
K2INA 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 
W6TYX p. 60. Jun 77 

14-MH2 delta-loop array 
N2GW p. 16, Sep 78 

160meter loop, receiving 
K6HTM p. 46. May 74 

160.meter vertical, shortened (HN) 
W6VX p. 72, May 76 

160 meters with 40-meter vertical 
W2IMB p. 34, Oct 72 

vhf antennas 
Antennas for satellite communications, simple 

K4GSX p. 24, May 74 
Antenna-performance measurements 

using celestial sources 
W5CQM14RXY p. 75, May 79 

Circularly-polarized ground-plane antenna for 
satellite communications 
K4GSX p. 28. Dec 74 

Coilinear antenna for two meters, nine-element 
W6RJO p. 12. May 72 

Collinear antenna (letter) 
WGSAI p. 70, Oct 71 

Coliinear array for two meters, 4-element 
WB6KGF p. 6, May 71 

Collinear antenna, four element 440.MHz 
WA6HTP p. 38, May 73 

Converting low-band mobile antenna 
to 144-MHz (HN) 
K7ARR p. 90, May 77 

Corner reflector antenna. 432 MHz 
WA2FSQ p. 24, Nov 71 

Dual quad array for two meters 
W7SLO p. 30, May 80 

Feed horn, cylindrical, for parabolic reflectors 
WA9HUV p. 16, May 76 

Folded whip antenna for vhf mobile - Weekender 
WB2IFV p. 50, Apr 79 

Ground plane, portable vhf (HN) 
K9DHD p. 71, May 73 

Magnet-mount antenna, portable (HN) 
WB2YYU p. 67, May 76 

Magnetic mount for mobile antennas 
WQHK p. 52, Nov 76 

Matching techniques for vhfluhf antennas 
WlJAA p. 50, Jul 76 

Microwave.antenna designers, challenge for 
W6FOO p. 44. Aug 80 

Mobile antenna, magnet-mount 
WlHCl p. 54, Sep 75 

Mobile antennas, vhf, comparison of 
W4MNW p. 52, May 77 

Multlband J antenna 
WBWPI p. 74, Jul 78 

OSCAR antenna, moblle (HN) 
W6OAL p. 87. May 78 

OSCAR az.el antenna system 
WAl NXP p. 70. May 76 

Parabolic reflector antennas 
VK3ATN p. 12, May 74 

Parabollc reflector element spacing 
WAQHUV p. 28, May 75 

Parabolic reflector galn 
W2TQK p. 50, Jul 75 

Parabolic reflectors, flndlng the focal 
length (HN) 
WA4WDL p. 57, Mar 74 

Quad-Yagi arrays, 432- and 1296-MHz 
W3AED p. 20, May 73 
Short circuit p. 58, Dec 73 

Simple antennas. 144-MHz 
WA3NFW p. 30, May 73 

Two-meter fm antenna (HN) 
WB6KYE p. 64, May 71 

Vertlcai antennas, truth about W6-wavelength 
KODOK p. 46, May 74 
Added note (letter) p. 54, Jan 75 

Whlp, Wawave. 144-MHz (HN) 
VE3DDD p. 70, Apr 73 

Yagi antennas, how to deslgn 
WlJR p. 22, Aug 77 

Yagl uhf antenna simpllfled (HN) 
WABCPH p. 74, Nov 79 

Yagi, 1296-MHz 
W2CQH p. 24. May 72 

7-MHz attic antenna (HN) 
W2lSL p. 68, May 76 
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10.GHz dielectric antenna (HN) 
WA4WDL p. 80. May 75 

144-MHz vertical, Y8-wavelength 
KGKLO p. 40, Jul 74 

144.MHz antenna. 518-wavelength built from 
CB mob~le wh~p (HN) 
WB4WSU p. 67. Jun 74 

144-MHz collinear uses PVC pipe mast (HN) 
KBLU p. 66, May 76 

144-MHz mob~le antenna (HN) 
W2EUQ p. 80. Mar 77 

144-MHz moblie antenna 
WD8QlB p. 68, May 79 

144.MHz vertical mobile antennas. 114 and 
9 8  wavelength, test data on 
W2LTJ. W2CQH p. 46, May 76 

144-MHz. SIB-wavelength vert~cal 
WtRHN p. 50. Mar 76 

144-MHz, 5/8.waveiength, vertical antenna for moblle 
K4LPO p. 42. May 76 

432-MHz high-gain Yagi 
K6HCP p. 46, Jan 76 
Comments. WBPW p. 83. May 76 

432-MHz OSCAR antenna (HN) 
WlJAA p.58, Jul 75 

1296-MHz antenna, high-galn 
W3AED p. 74. May 78 

1296-MHz Yagl array 
W3AED p. 40, May 75 

matching and tuning 
Active antenna coupler for VLF 

Burhans, Ralph W. p. 46, Oct 79 
Antenna bridge calculations 

Anderson, Leonard H. p. 34, May 78 
Antenna bridge calculations (letter) 

WMJR p. 6, Aug 78 
Antenna coupler for three-band beams 

ZS6BT p. 42, May 72 
Antenna coupler, six-meter 

K l  RAK p. 44, Jul 74 
Antenna instrumentation, simple, (repair bench) 

K4lPV p. 71. Jui 77 
Antenna matcher, one-man 

W4SD p. 24, Jun 71 
Antenna tuner adjustment (HN) 

WA4MTH p. 53. Dec 75 
Antenna tuner, automatic 

WAQAOC p. 36, Nov 72 
Antenna tuner, medium-power toroldal 

WB2ZSH p. 58, Jan 74 
Antenna tuners 

WJFOJ p. 58, Dec 72 
Antenna tuning units 

W3FQJ p. 58, Jan 73 
Balun, adjustable for Yagi antennas 

WBSAI p. 14, May 71 
Broadband balun, high performance 

K4KJ p. 28, Feb 80 
Broadband balun, simple and efficient 

WlJR p. 12, Sep 78 
Broadband reflectometer and power meter 

VKZTB, VK2UQ p. 28, May 79 
Coaxial-llne transformers, a new class of 

W6TC p. 12. Feb 80 
Short c~rcuit p. 70, Mar 80 
Short circult p. 67, Sep 80 

Dummy loads 
W4MB p. 40. Mar 76 

Feeding and matching techniques for 
vhfluhf antennas 
WlJAA p. 54. May 76 

Gamma.match capacitor, remotely controlled 
K2BT p. 74, May 75 

Gamma.matchlng networks, how to design 
W71TB p. 46, May 73 

Half-wave balun: theory and application 
K4KJ p. 32, Sep 80 

Impedance bridge, low-cost RX 
W8YFB p. 6. May 73 

1mpedance.matching baluns, open-wlre 
WGMUR p. 46, Nov 73 

Impedance-matching systems, designing 
W7CSD p. 58. Jul 73 

Johnson Matchbox, improved 
K4lHV p. 45, Jul 79 
Short clrcult p. 92. Sep 79 

L-matching network, appreciating the 
WA2EWT p. 27, Sep 80 

Macromatcher: increasing versatility 
K9M;J p. 68, Jun 80 

Matching, antenna. two-band with stubs 
W6MUR p. 18, Oct 73 

Matching complex antenna loads 
to coaxial transmission lines 
WB7AUL p. 52, May 79 

Matchlng system, two.capacltor 
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 
W4YB p. 46. May 72 

RX noise bridge, improvements to 
WGBXI, W8NKU p. 10, Feb 77 
Comments p. 100. Sep 77 

Noise bridge construction (letter) 
OH2ZAZ p. 8, Sep 78 

Noise bridge, antenna (HN) 
K8EEG p. 71. May 74 

Noise bridge calculations with 
TI 56/59 calculators 
WD4GRl p. 45, May 78 

Noise bridge for impedance measurements 
YAIGJM p. 62. Jan 73 
Added notes p. 66, May 74; p. 60, Mar 75 
Comments, W6BXI p. 6. May 79 

Omega-matching networks, design of 
W71TB p. 54. May 78 

Optimum pi-network design 
DL9LX p. 50, Sep 80 

Phase meter, rf 
VEZAYU, Korth p. 28, Apr 73 

Quadrifilar toroid (HN) 
W9LL D. 52. Dec 75 

Swr bridge 
WB2ZSH 

Swr bridae readinas (HNI 

. . 

p. 55, Oct 71 
- .  

W ~ F P O  p. 83, Aug 73 
Swr indicator, aural, for the vlsually 

handicapped 
K6HTM p. 52. May 76 

Swr meter 
WB8AFT p. 88. Nov 78 

Swr meter, improving (HN) 
W5NPD p. 68, May 78 

Swr, what is you6 
N40E p. 68, Nov 79 

T-Network impedance matching to coaxial feedlines 
W6EBY p. 22, Sep 78 

Transformers, coaxial-line 
W6TC p. 18, Mar 80 

Transmatch, five-to-one 
W71V p. 54. May 74 

Transmission Ilnes, grid dipping (HN) 
W2OLU p. 72, Fab 71 

Transmlsslon Ilnes, uhf 
WA2VTR p. 36, May 71 

Uhf coax connectors (HN) 
WBLCP p. 70, Sep 72 

towers and rotators 

Antenna and tower restrictions 
W71V p. 24, Jan 76 

Antenna guys and struclural solutions 
W8RTK p. 33, Jun 78 

Antenna position display 
AE4A p. 18. Feb 79 

Az.el antenna mount for satellite 
comrnunlcations 
W2LX p. 34, Mar 75 

Cornell-Dubilier rotators (HN) 
KBKA p. 82, May 75 

Ham-M modifications (HN) 
W2TQK p. 72, May 76 

Ham44 rotator automatic posltlon control 
WB6GNM p. 42, May 77 

Ham-M rotator control box, modlficetion of (HN) 
K4DWW1 RDR p. 68, Nov 80 

KLM antenna rotor, computer control for (HN) 
W8MQW p. 68, Dec 80 

Plpe antenna masts, design data for 
W3MR p. 52, Sep 74 
Added design notes (letter) p. 75, May 75 

Rotator. AR-22, fixing a stlcky 
WAlABP p. 34, Jun 71 

Rotator for medlum-sized beams 
K2BT p. 46, May 76 

Rotator starting capacitors (letter) 
W8WX p. 92, Sep 79 
Short circult p. 70, Mar 80 

Rotator, T.45, improvement (HN) 
WAOVAM p. 64, Sep 71 

Stress analysis of antenna systems 
W2FW p. 23. Oct 71 

Telescoping TV masts (HN) 
WAOKKC 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 p. 28, May 71 

Towers and rotators 
KGK A p. 34, May 76 

Wind load~ng on towers and antenna 
structures, how to calculate 
K4KJ p. 18, Aug 74 
Added note p. 56, Jul 75 

transmission lines 
Antenna.transmlsslon llne analog, part 1 

WGUYH p. 52, Apr 77 
Antenna-transmission llne analog, part 2 

W6UYH p. 29. May 77 
Balun, coaxial 

WAQRDX p. 26, May 77 
Coax cable dehumldlfier 

K4RJ p. 26, Sep 73 
Coax cable, repairing water damage (HN) 

W5XW p. 73. Dec 79 
Coax cable, salvaging water-damaged (HN) 

W5XW P 88, Jan 80 
Coaxial cable (C&T) 

W I D N  p. 50, Jun 76 
Coaxlal cable, checking (letter) 

W2OLU p. 68. May 71 
Coaxial cable connectors, homebrew hardline-teuhf 

K2YOF p. 32, Apr 80 
Coaxlal connectors, sealing, (HN) 

W5XW p. 64, Mar 80 
Letter K7ZFG p. 6. Oct 80 

Coaxial-cable fittings, type-F 
K2MDO p. 44. May 71 

Coaxial connectors can generate rfl 
WIDTY p. 48, Jun 76 

Coaxial-line transformers, a new class of 
WBTC p. 12, Feb 80 
Short circuit p. 70, Mar 80 
Short circuit p. 67, Sep 80 

Coaxial.llne loss, measuring with 
reflectometer 
W2VCi p. 50, May 72 

Connectors for CATV coax cable 
Wll lM p. 52. Oct 79 

Impedance translormer, non-synchronous (HN) 
W5TRS p. 66, Sep 75 
Comments. W3DVO p. 83. May 78 

Matching transformers, multiple quarter-wave 
K3BY p. 44, Nov 78 

Matching 75-ohm CATV hardllne 
to -ohm system 
K l  XX p. 31. Sep 78 

Open-wire teedthrough insulator (HN) 
W4RNL p. 78. May 75 

Remote switching multiband antennas 
G3LTZ p. 68, May 77 

Single feedline for multiple antennas 
K21SP p. 58, May 71 

T coupler, the (HN) 
K3NXU p. 66, Nov 80 

Timedomain reflectometry, checking transrnlsslon 
lines wlth 
K7CG p. 32. Jul 80 

Transformers, coaxial-line 
WBTC p. 18, Mar 80 

Transmlsslon llne calculations 
using your pocket calculator for 
WSTRS p. 40, Nov 76 

Transrnlsslon-llne clrcult design for 50 MHz and 
above 
W6GGV p. 38, Nov 80 

Transmisalon Ilnes, long, for optimum antenna 
location 
N4UH 0. 12. Oct 80 

Transmitlreceive switch, solid-state vhf-u'hf ' 

W4NHH p. 54, Feb 78 
Uhf mlcrostrlp swr bridge 

W4CGC p. 22. Dec 72 
VSWR Indicator, computing 

WBWYY p. 58, Jan 77 
Short circuit p. 94, May 77 

Zip-cord feedlines (HN) 
W7RXV p. 32, Apr 78 

Zipcord feedlines (letter) 
WB6BHI p. 6, Oct 78 

75ohm CATV cable In amateur Installations 
W7VK p. 28, Sep 78 

75-0hm CATV hardline matchlng to 50-ohm systems 
K1XX p. 31, Sep 78 
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Active fiiters 
K6J M p. 70, Feb 76 

Audio agc principles and practice 
WA5SNZ p. 28. Jun 71 

Audio CW fiiter 
W7Di p. 54, Nov 71 

Audio filter, tunable, for weak-signal 
communications 
K6HCP p. 28, Nov 75 

Audio filters, aligning (HN) 
W4ATE p. 72, Aug 72 

Audio filters, inexpensive 
W6YFB p. 24, Aug 72 

Audio fiiter mod (HN) 
K6HIL p. 60, Jan 72 

Audio mixer (HN) 
W6KNE p. 66, Nov 76 

Audio module, a complete 
K4DHC p. 16, Jun 73 

Audio-oscillator module. Cordover 
WB2GQY p. 44, Mar 71 
Correction p. 80. Dec 71 

Audio-power integrated clrcults 
W3FQJ p. 64, Jan 76 

Audio processor, communications for reception 
W6NRW p. 71, Jan 80 

Audio transducer (HN) 
WAlOPN p. 59, Jul 75 

Binaural CW reception, synthesizer for 
W6NRW p. 46, Nov 75 
Comment p. 77. Feb 77 

Duplex audio-frequency generator 
with AFSK features 
WB6AFT p. 66. Sep 79 

Dynamic microphones (CBT) 
WlDTY p. 46. Jun 76 

Fllter, lowpass audio, slmple 
OD5CG p. 54, Jan 74 

Galn control IC for audio signal processing 
Jung p. 47. Jul 77 

Hang agc clrcull for ssb and CW 
WlERJ p. 50, Sep 72 

Headphone cords (HN) 
WPOLU p. 82. Nov 75 

Headphones, dual4mpedance (HN) 
AB9Q p. 80, Jan 79 

Impedance match, microphone (HN) 
W5JJ p. 67, Sep 73 

Increased flexibility for the MFJ Enterprises 
CW filters 
K3NU p. 58, Dec 76 

Intercom, simple (HN) 
W4AYV p. 66, Jul 72 

Microphone preampllfler wlth agc 
Bryant p. 28, Nov 71 

Microphone, using Shure 401A wlth Drake TR-4 (HN) 
G3XOM p. 88, Sep 73 

Microphones, mutlng (HN) 
W61L p. 63, Nov 75 

Microphones and slmple speech processing 
WlOLP p. 30, Mar 80 
Letter, W5VWR p. 8. Sep 80 

Notch fllter, tunable RC 
WA5SNZ p. 18, Sep 75 
Comment p. 78, Apr 77 

Oscillator, audlo. IC 
WBGXN p. 50, Feb 73 

Phone patch 
WBGRG p. 20. Jul 71 

Phone patch using junk-box parts 
K7NM p. 40, Oct 80 

Preemphasls for ssb transmitters 
OH2CD D. 38, Feb 72 

RC actlve fllters uslng op amps 
W4iYB 

RC active filters (letter) 
WBNRM 

Receivers, better audlo for 
K7GCO 

Rf clipper for the Collins S-line 
KBJYO 

Rf speech processor, ssb 
W2MB 

Speaker-drlver module, IC 
WA2GCF 

Speech clipper, IC 
KBHTM 
Added notes (letter) 

p. 54, Oct 76 

p. 102, Jun 78 

p. 74. Apr 77 

p. 18. Aug 71 

p. 18, Sep 73 

p. 24, Sep 72 

p. 18, Feb 73 
P. 84. Oct 73 

Speech clippers, rf 
G6XN p. 28, Nov; p. 12. Dec 72 
Added notes p. 58, Aug 73; p. 72, Sep 74 

Speech cllpplng In singlesldeband equipment 
KlYZW p. 22, Feb 71 

Speech cilpplng (letter) 
W3EJD p. 72, Jul 72 

Speech compressor (HN) 
Novotny p. 70, Feb 76 

Speech processlng, principles of 
ZLlBN p. 28, Feb 75 
Added notes p. 75, May 75; p. 64, Nov 75 

Speech processing technique, spilt audio band 
WlDTY p. 30, Jun 76 

Speech processor, audio-frequency 
K3PDW p. 48, Aug 77 
Short circuit p. 68, Dec 77 

Speech processor, IC 
VK9GN p. 31, Dec 71 

Speech processor, split-band (letter) 
WA2SSO p. 6, Dec 79 

Speech processors (letter) 
K3ND p. 6, Aug 80 

Speech processing, split.band (letter) 
Schreuer, N7WS p. 74. Feb 80 

Speech systems, improving 
K2PMA p. 72, Apr 78 

RC active fiiters using op amps 
W4IYB p. 54, Oct 76 

Squelch, audio-actuated 
K4MOG p. 52, Apr 72 

Synthesizer-filter, binaural 
W6NRW p. 52. Nov 76 

Tape head cleaners (letter) 
K4MSG p. 82, May 72 

Tape head cleaning (letter) 
Buchanan p. 67. Oct 72 

Variable-frequency audio filter 
W4VRV p. 62, Apr 79 

Voice.band equalizer 
WB2GCR p. 50, Oct 80 

Volce-operated gate for carbon microphones 
W6GXN p. 35, Dec 77 

commercial equipment 
Alliance rotator improvement (HN) 

K6JVE p. 68, May 72 
Alliance T-45 rotator Improvement (HN) 

WAWAM p. 64, Sep 71 
Amateur Radio equipment survey number two 

WlSL p. 52, Jan 80 
Atlas 180, improved vfo stability (HN) 

KBKLO p. 73, Dec 77 
Autek filter (HN) 

KBEVQ, WABWZQ p. 83. May 79 
CDR AR.22 rotator, flxlng a sticky 

WAl ABP p. 34, Jun7t 
Cleanup tips for amateur equipment (HN) 

Fisher p. 49, Jun 78 
Clegg 270. Smeter for (HN) 

WA2YUD p. 81. Nov 74 
Collins KWM-2, updatlng 

W8SAI p. 48, Sep 79 
Collins KWM-ZKWM-2A modlflcatlons (HN) 

WBSAI p. 80. Aug 76 
Colllns KWM2 transceivers, lmproved reliability (HN) 

WBSAI p. 81, Jun 77 
Collins R3W rf transformers, repalrlng (HN) 

WAZSUT p. 81. Aug 76 
Collins receivers, 300-Hz crystai filter for 

W1 D N  p. 58, Sep 75 
300-Hz crystal filter for Collins receivers 

W l D N  p. 58, Sep 75 
300-Hz crystai filter for Collins receivers 

W l D N  p. 58. Sep 75 
300-Hz crystai filter for Colllns receivers (letter) 

G3UFZ p. 80, Jan 78 
Coillns S-ilne, lmproved frequency readout for the 

WlGFC p. 53, Jun 76 
Collins S-line backup power supply (HN) 

NlFB p. 76, Oct 79 
Collins S-llne monitoring (HN) 

NlFB p. 78, Aug 79 
Colllns Sllne power supply mod (HN) 

W8lL p. 61, Jul 74 
Collins Sllne recelvers, lmproved selectivlty 

W8FR p. 36, Jun 76 
Colllns S-llne, reducing warm-up drift 

W8VFR p. 48, Jun 75 
Colllns S-llne, rf clipper for 

KBJYO p. 18, Aug 71 
Correction p. 80, Dec 71 

Collins S-line spinner knob (HN) 
WBVFR p. 09. Apr 72 

Colllns S.llne, syllablc vox system for 
WOlP p. 29, Oct 77 

Collins S-llne transcelver mod (HN) 
W8VFR p. 71, Nov 72 

Colllns 32S.series ALC meter Improvement (HN) 
W8FR p. 100, Nov 77 

Collins 328-3 audio (HN) 
K6KA p. 64, Oct 71 

Collins 32s cooling (HN) 
NlFB p. 74. Nov 79 

Coiiins 32S, improved stability for (HN) 
NlFB p. 83, May 79 

Collins 32s PA disable jacks 
NlFB p. 65, Mar 80 

Collins 75s CW sidetone (HN) 
NlFB p. 93, Apr 79 

Collins 32s-1, updating 
NlFB p. 76, Dec 78 

Collins 51J, modifying for ssb reception 
W6SAI p. 66, Feb 78 

Coiiins 51J product detector (letter) 
K5CE p. 6. Oct 78 

Coiiins 516F.2 high.voltage regulation (HN) 
NlFB p. 85, Jun 79 

Coliins 516F-2 solid-state rectifiers (HN) 
NlFB p. 91, Feb 79 

Collins 70E12 PTO repair (HN) 
W6BIH p. 72, Feb 77 

Collins 70K-2 PTO, correcting 
mechanical backlash (HN) 
K9WEH p. 58, Feb 75 

Collins 75A4 avc mod (letter) 
W9KNI p. 63, Sep 75 

Collins 75A4 hints (HN) 
W6VFR p. 68, Apr 72 

Collins 75A4, increased selectivity for (HN) 
WlDTY p. 62. Nov 75 

Collins 75A.4 modifications (HN) 
W4SD p. 67, Jan 71 

Collins 75A4 noise limiter 
WlDTY p. 43. Apr 76 

Collins 75A4 PTO, making i t  perform like new 
W3AFM p. 24. Dec 74 

Coliins 75s frequency synthesizer 
W6NBI p. 6, Dec 75 
Short circuit p. 65, Oct 76 

Collins 75s receiver, (HN) 
N1FB p. 94, Oct 78 

Coliins 75S.series crystal adapter (HN) 
K1 KXA p. 72. Feb 77 

Collins R-388(51J), inter-band 
calibration stability (HN) 
W50ZF p. 95, Sep 77 

Collins R390A, improving the product detector 
W7DI p. 12, Jul 74 

Coliins R3WA modifications 
WA2SUT p. 58, Nov 75 

Collins R392, improved ssb reception wlth (HN) 
VE3LF p. 88, Jul 77 

Comdel speech processor, increasing the versatility 
of (HN) 
WBSAI p. 67, Mar 71 

Cornell.Dubilier rotators (HN) 
K8KA p. 82, May 75 

Drake gear, simple tune-up (HN) 
W7DIM p. 79, Jan 77 

Drake R-4 receiver frequency synthesizer for 
W6NBI p. 6, Aug 72 
Modification (letter) p. 74. Sep 74 

Drake R4C backlash, cure for (HN) 
W3CVS p. 82, May 79 

Drake R-4C, cleaner audio for (HN) 
K l  FO p. 88, Nov 78 

Drake R-40 and TR-4, 
split-frequency operation 
WBBJCQ p. 66, Apr 79 

Drake R-4C, electronic bandpass tuning In 
Horner p. 58, Oct 73 

Drake R.4C, new audio amplifier for 
WBOJGP, KBRRH p. 48, Apr 79 

Drake R-4C, new product detector for (HN) 
WBWGP p. 94, Oct 78 

Drake R-4C product detector, improving (HN) 
W3CVS p. 64. Mar 80 

Drake transceiver, Woodpecker noise blanker 
for (HN) 
K l  KSY p. 68, Dec 80 

Drake TR-4, using the Shure 401A 
microphone wlth (HN) 
G3XOM p. 88, Sep 73 

Drake TR-22C sensltlvlty improvement (HN) 
K70R p. 78, Oct 79 

Drake T-4X transmitters, improved tuning 
on 160 meters (HN) 
WlIBI. WlHZH p. 81, Jan 79 

Factory service (letter) 
W6HK p. 6, Jul 80 

Feedilne loss, calculating with a slngle 
measurement at the transmltter (HN) 
K9MM p. 88, Jun 78 

Genave transceivers, S-meter for (HN) 
K9OXX p. 80, Mar 77 
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Hallicraften HT.37, improving 
W6NiF p. 78, Feb 79 

Ham-M modification (HN) 
W2TQK p. 72, May 76 

H a m 4  rotator automatic position control 
WB6GNM p. 42, May 77 

Ham-M rotator control box, modifications of (HN) 
K4DLAMIIRDR p. 68, Nov 80 

Ham-M rotator torque loss (HN) 
WlJR p. 85, Jun 79 
Short circuit p. 92, Ssp 79 

Ham-3 rotator, digital readout for 
K1 DG p. 56, Jan 79 

Hammarlund HQ215, adding 160-meter coverage 
WLGHK p. 32, Jan 72 

Heath HD-10 keyer, posltlve lead keying (HN) 
W4VAF p. 88, Nov 76 

Heath HD.1982 Micoder for iow-impedance operation 
Johnson, Wesley p. 86, May 78 

Heath HM-2102 wattmeter, better balancing (HN) 
VE6RF p. 56, Jan 75 

Heath HM.2102 vhf wattmeter, high power 
callbration for (HN) 
W9TKR p. 70, Feb 76 

Heath HM-2102 wattmeter mods (letter) 
K3VNR p. 64. Sep 75 

Heath HO-10 as R T Y  monitor scope (HN) 
K9HVW p. 70. Sep 74 

Heath HR-20 external speaker and tone pad (HN) 
N l  FB p. 89, Nov 78 

Heath HW-7 mods, keying and receiver 
blanklng (HN) 
WA5KPG p. 60, Dec 74 

Heath HW-12 on MARS (HN) 
KBAUH p. 63, Sep 71 

Heath HW-16 keying (HN) 
W7DI p. 57. Dec 73 

Heath HW-16, low-impedance headphones 
for (HN) 
WN6WJR p. 88, Jul 77 

Heath HW-16, vfo operations for 
WB6MZN p. 54, Mar 73 
Short circuit p. 58, Dec 73 

Heath HW-17 modlflcatlons (HN) 
WA5PWX p. 66, Mar 71 

Heath HW-100, HW-101, grld-current monltor for 
K4MFR p. 46, Feb 73 

Heath HW-100 tuning knob, loose (HN) 
VE3EPY p. 68, Jun 71 

Heath HW-101 sidetone control (HN) 
AD9M p. 79, Jul 79 

Heath HW-101, using with a separate receiver (HN) 
WAlMKP p. 63. Oct 73 

Heath HW-202, adding privataiine 
WA6AWJ p. 53, Jun 74 

Heath HW-202, another look at the fm channel 
scanner for 
K7PYS p. 68, Mar 76 

Heath HW-202 lamp replacement (HN) 
W5UNF p. 83, Sep 76 

Heath HW.2036 antenna socket (HN) 
W3HCE p. 80, Jan 79 

Heath HW-2036, carrier-operated relay for 
WD5HYQ p. 58, Feb 80 

Heath HW2036; Lever action switch illumination (HN) 
W2iFR p. 99, Jul 78 

Heath HW2036, outboard LED frequency display 
WB8TJL p. 50, Jui 78 

Heath HW-2036, updatlng to the HW.2036A 
WBGTMH, WA6ODR p. 62, Mar 79 

Heath HWA-2036-3 crowbar circuit (HN) 
W3HCE p. 88, Nov 78 

Heath IM-11 vtvm, convert to IC voltmeter 
K6VCi p. 42, Dec 74 

Heath Intrusion alarm (HN) 
Rossman p. 61, Jun 77 

Heath Micoder improvements 
WIOLP p. 42. Nov 78 

Heath Micoder matching (letter) 
WB6VUN p. 8, Sep 78 

Heath SB-102 headphone operation (HN) 
K I  KXA p. 67, Oct 77 

Heath SB.102 modlficatlons (HN) 
W2CNQ p. 58, Jun 75 

Heath SB-102 modlficatlons (HN) 
W2CNQ p. 79, Mar 77 

Heath SB-102 modifications (HN) 
W2CNQ p. 78, Mar 77 

Heath SB-102 modlficatlons (letter) 
WlJE p. 110, Mar 78 

Heath SB-102, rf speech processor for 
WBiVi p. 38, Jun 75 

Heath SB-102, receiver incremental tuning for (HN) 
K l  KXA p. 61, Aug 76 

Heath 58.102, W on (HN) 
KlKXA p. 78. Jan 77 

Heath 50-200 amplifier modifying for the 8873 

zero-bias triode 
W6UOV p. 32, Jan 71 

Heath SB-200 amplifier, six-meter converslon 
K1 RAK p. 38, Nov 71 

Heath SB.200 CW modification 
K6YB p. 99, Nov 77 

Heath SB-303. 10-MHz coverage for (HN) 
WIJE p. 61, Feb 74 

Heath SB-610 as RTTY monltor scope (HN) 
K9HVW p. 70. Sep 74 

Heath SB-650 uslng with other receivers 
K2BYM p. 40. Jun 73 

Heath SB receivers, RTTY receptlon wlth (HN) 
K9HVW p. 64, Oct 71 

Heath SB.series crystal control and narrow 
shift RTTY with (HN) 
WA4VY L p. 54, Jun 73 

Heathkit Micoder adapted to iowhnpedance 
input (HN) 
WB2GXF p. 78, Aug 79 

Heathklt HW-6, increased break-in delay (HN) 
K6Y B p. 84, Jun 79 

Heathkit HW-2036, updating the 
WA4BZP p. 50, Nov 80 

Heathkit SB-series equipment, heterodyne 
crystal switching (HN) 
K l  KXA p. 78, Mar 77 

Heath ten-minute timer 
K6KA p. 75, Dec 71 

Heathklt, nolse limiter for (HN) 
W7CKH p. 67. Mar 71 

Heathklt HW202, fm channel scanner for 
W7BZ p. 41, Feb 75 

Henry 2K4 and 3KA linears, electronic 
blas switching 
WlCBY p. 75, Aug 78 

HyGain 400 rotator, improved indicator 
system for 
W4PSJ p. 60, May 76 

HP-35 calculator, keyboard cleaning (HN) 
Anderson, Leonard H. p. 40, Jui 78 

iCOM.22A wiring change (HN) 
K l  KXA p. 73, Feb 77 

iCOM IC-22s. usino below 146 MHz 1HNI . . 
WllBi p. 92. Apr 79 

ICOM IC-230, addlng splinter channels (HN) 
WAlOJX p. 82, Sep 76 

ICs, drilllng template for (HN) 
WA4WDL. WB4LJM D. 78. Mar 77 . . 

Johnson ~atchbox, improved 
K4lHV p. 45, Jul 79 
Short circuit p. 92, Sep 79 

Kenwood TR-7500, preprogrammed (HN) 
W9KNi p. 95, OCt 76 

Kenwood TS-520 CW fliter modification (HN) 
W 7 U  p. 21, Nov 75 

Kenwood TS-520, TVI cure for (HN) 
W3FUN p. 78, Jan 77 

Kenwood TS-520SE transceiver, counter mixer for 
W5NPD p. 80, Sep 80 

Measurements Corporation 59 grid-dip 
oscillator improvements 
W6GXN p. 82, Nov 76 

Micro Mart RM terminal modification (HN) 
WA5VQK p. 99, Jun 78 

Mini-mitter II 
WGSLQ P. 72, Dec 71 

Minl-mitter I1 modlflcatlons (HN) 
KlETU p. 64, Apr 76 

Motorola channel elements 
WB4NEX p. 32, Dec 72 

Motorola Dispatcher, converting to 12 volts 
WB6HXU p. 26, Jui 72 
Short circuit p. 64. Mar 74 

Motoroia fm receiver mods (HN) 
VE4RE p. 80, Aug 71 

Motorola P.33 series, improvlng 
WBPAEB p. 34, Feb 71 

Motorola receivers, op-amp relay for 
W6GDO p. 16, Jui 73 

Motrec Receivers (letter) 
K5ZBA p. 69, Jui 71 

National NCL-2000, using the Drake T.4XC (HN) 
K5ER p. 94, Jan 78 

Ni-cad battery charging (letter) 
W6NRM p. 6, Jul 80 

Regency HR transcelvers, sipnai-peaklng 
Indicator and generator for (HN) 
W8HVG p. 68, Jun 76 

Regency HR.2, narrowbanding 
WA8TMP p. 44, Dec 73 

Regency HR-212, channel scanner for 
WAQSJK p. 28. Mar 75 

R-392 receiver mods (HN) 
KHBFOX p. 65, Apr 78 

SB-220 transceiver, inrush current protection for - 
Weekender 
W3BYM p. 66, Dec 80 

Spurious causes (HN) 
K6KA p. 66, Jan 74 

Standard 626M, more power from (HN) 
WB6KVF p. 68, Apr 75 

Swan television interference: an 
effective remedy 
WZOUX p. 46, Apr 71 

Swan 160X birdie suppression (HN) 
W6SAi p. 36, Oct 78 

Swan 250 Carrler suppresslon (HN) 
WB8LGA p. 79, Oct 76 

Swan 350, curing frequency drift 
WA6IPH p. 42, Aug 79 

Swan 350 CW monltor (HN) 
K l  KXA p. 63, Jun 72 
Correction (letter) p. 77, May 73 

Swan 350, receiver Incremental tuning (HN) 
K l  KXA p. 64, Jui 71 

Teiefax transceiver converslon 
KQQMR p. 16, Apr 74 

Ten-Tec Argonaut, accessory package for 
W7BBX p. 26, Apr 74 

Ten-Tec Horizon12 audio modification (HN) 
WB9RKN p. 79, Oct 79 

Ten-Tec KR-20 keyer, stabilization of (HN) 
W3CRG p. 69, Jul 76 

Ten-Tec Omni.D, improved CW agc for (HN) 
W6OA p. 88. Jan 80 

Ten-Tec RXlO communicators receiver 
WlNLB p. 63, Jun 71 

TS820lTS-620S, reducing interference in (HN) 
W4MB p. 88. Jan 80 

TS-620 filter switching modificatlon (HN) 
K7OAK p. 72, Jun 60 

Wilson Mark I1 and IV, modifications to (HN) 
W9EPT p. 89, Jan 80 

Yaesu sideband switching (HN) 
WZMUU p. 58, Dec 73 

Yaesu spurlous signals (HN) 
K6KA p. 69, Dec 71 
Units affected (letter) p. 67, Oct 73 

Yaesu FT-101 clarifier (letter) 
K l  NUN p. 55, Nov 75 

Yaesu FT-227R memorizer, improved memory (HN) 
WA2DHF p. 79, Aug 79 

construction 
techniques 
AC line cords (letter) 

W6EG p. 80, Dec 71 
Aluminum tubing, clamping (HN) 

WA9HUV p. p. 78, May 75 
Anodize dyes (letter) 

W4MB p. 6, Sep 79 
Anodizing aluminum 

VE7DKR p. 62, Jan 79 
Comments, WA9UXK p. 6, Nov 79 

Antenna insulators. homemade (HN) 
W7ZC p. 70, May 73 

Blower-to-chassis adapter (HN) 
K6JYO p. 73, Feb 71 

Cabinet constructlon technlques 
W7KDM p. 76, Mar 79 

Capacltors, custom, now to make 
WBOESV p. 36, Feb 77 

Capacitors, 0ii.f iiied (HN) 
WZOLU p. 66, Dec 72 

Circuit boards wlth terminal inserts (HN) 
W3KBM p. 61, Nov 75 

Cliplead carousel (HN) 
WBlAQM p. 79, Oct 79 

Coaxial cable connectors, homebrew hardlineto-uhf 
K2YOF p. 32, Apr 80 

Coax cable, salvaging water-damaged (HN) 
WSXW p. 88, Jan 80 

Coils, self-supporting 
Anderson p. 42, Jul 77 

Cold galvanizing compound (HN) 
WSUNF p. 70, Sep 72 

Color coding parts (HN) 
WA7BPO p. 58, Feb 72 

Component marklng (HN) 
WIJE p. 66, Nov 71 

Crystal switching, remote (HN) 
WA6YBT p. 91. Feb 79 

Drill guide (HN) 
W58VF p. 68. Oct 71 

Drilling aluminum (HN) 
W6iL p. 67, Sep 75 

Enclosures, homebrew custom 
W4YUU p. 50, July 74 

Etch tank (HN) 
W3HUC p. 79, Jan 77 
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Exploding diodes (HN) 
VE3FU 

Files, cleaning (HN) 
Walton 

Ferrite beads, how to use 
KlORV 

Hot etching (HN) 
KBEKG 

Hot wlre stripper (HN) 
WBDWT 

IC holders (HN) 
W3HUC 

IC lead former (HN) 
W5lCV 

Indicator circuit, LED 
WB6AFT 

Inductance, toroidal coil (HN) 
w 3 w u  

Inductors, graphical aid for winding 
W7POG 

Lightning protection (letter) 
K9MM 

Magnetic fields and the 7360 (HN) 
W7DI 

Metalized capacitors (HN) 
WBYFB 

p. 57, Dec 73 

p. 68. Jun 74 

p. 34. Mar 73 

p. 68, Jan 73 

p. 67, Nov 71 

p. 80, Aug 76 

p. 67, Jan 74 

p. 60, Apr 77 

p. 26, Sep 75 

p. 41, Apr 77 

p. 12, Dec 79 

p. 66, Sep 73 

P. 62, May 79 
Metric conversions for screw and wlre sizes 

W I D N  p. 67, Sep 75 
Microcircuits, visual aids for working on 

K9SRL 0. 90. Jul 76 . . 
Minlbox, cutting down to size (HN) 

W2OUX p. 57. Mar 74 
Neutralizing tip (HN) 

ZEWP p. 69, Dec 72 
Noisy fans (HN) 

W6lUF p. 70. Nov 72 
Correction (letter) p. 67, Oct 73 

Nuvlstor heat sinks (HN) 
WAOKKC p. 57, Dec 73 

Phone plug wlrlng (HN) 
NlFB p. 85. Jun 79 

Printed-clrcult boards, cleaning (HN) 
W5BVF p. 68. 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 
WBYFB p. 16, Jan 75 

Printed-circuit boards, practical 
photofabrlcation of 
Hutchinson p. 6, Sep 71 

PC layout using longhand 
WBSQZE p. 28, Nov 76 
Comments, W5TKP p. 6, Jun 79 

Prlnted.clrcult standards (HN) 
WWVE p. 58, Apr 74 

Printed-circuit tool (HN) 
W2GZ p. 74. May 73 

Printed-clrcults, slmple method for (HN) 
W4MTD p. 51, Apr 78 

Rejuvenating transmlttlng tubes with 
Thorlated-tungsten filaments (HN) 
W6NlF p. 80, Aug 76 

Restoring panel lettering (HN) 
W6CL p. 69, Jan 73 

Screwdriver, adjustment (HN) 
WAQKGS p. 68, Jan 71 

Silver plating (letters) 
WA0AGD p. 94. Nov 77 

Silver plating made easy 
WAgHUV p. 42. Feb 77 

Solderlng aluminum (HN) 
ZEWP p. 67. May 72 

Solderlng tip cleaner (HN) 
W3HUC p. 79, Oct 76 

Soldering tips 
WA4MTH p. 15, May 76 

Ten-Tec Omnl.D, improved CW agc (HN) 
W60A p. 72, Dec 79 

Thumbwheel switch modlflcation (HN) 
VE3GDX p. 56. Mar 74 

Toroids, plug-in (HN) 
K8EEG p. 80, Jan 72 

Transfer letters (HN) 
WA2TGL p. 76, Oct 76 

Uhf coax connectors (HN) 
WQLCP p. 70, Sep 72 

Vectorboard tool (HN) 
WAlKWJ p. 70. Apr 72 

Volume controls, nolsy, temporary fix (HN) 
WBJUV p. 62, Aug 74 

Wilson Mark I1 and IV modifications (HN) 
W9EPT p. 73, Dec 79 

Wlrewound potentiometer repair (HN) 
W4ATE p. 77, Feb 78 

digital techniques 
Basic rules and gates 

Anderson, Leonard H. p. 76, Jan 79 
Counters and weights 

Anderson, Leonard H. p. 68, Aug 79 
Diglscope 

WBOCLH p. 50, Jun 79 
Digital techniques: gate arrays for control 

Anderson, Leonard H. p. 62, Jan 60 
Down counters 

Anderson, Leonard H. p. 72, Sep 79 
Flip-flop internal structure 

Anderson, Leonard H. p. 86, Apr 79 
Gate arrays for pattern generation 

Anderson, Leonard H. p. 72, Oct 79 
Gate structure and logic families 

Anderson, Leonard H. p. 66, Feb 79 
Multivlbrators and analog input interfacing 

Anderson, Leonard H. p. 78. Jun 79 
Packet radlo, introduction to 

VE2BEN p. 64, Jun 79 
Propagation delay and flip-flops 

Anderson, Leonard H. p. 62. Mar 79 
Self-gating the 62S90174S196 decade counter (HN) 

W9LL p. 82. May 79 
Talking digital clock 

K9KV p. 30, Oct 79 

features and fiction 
Alarm, burglar-proof (HN) 

Eisenbrandt p. 56, Dec 75 
Binding 1970 Issues of ham radlo (HN) 

WIDHZ p. 72, Feb 71 
Brass pounding on wheels 

K6QD p. 58, Mar 75 
Fire protection in the ham shack 

Darr p. 54, Jan 71 
First wireless In Alaska 

W6BU p. 46, Apr 73 
James R. Fisk memorial 

W1XU p. 2, Jun 60 
James R. Fisk, WlHR - some reflections 

W6NlF p. 6, Jun 60 
Jim Flsk, tribute to, publisher's log 

WlNLB p. 6, Jun 80 
Hallicrafters history 

W6SAI p. 20, Nov 79 
Hallicrafters story (letter) 

KOADM P. 6, May 80 
Halllcrafters story (letter) 

W I N N  p. 6, May 80 
Haillcrafters story (letter) 

WA2JVD p. 6, Sep 60 
Ham Radlo sweepstakes winners, 1972 

WlNLB p. 58, Jul 72 
Ham Radio sweepstakes winners, 1973 

WlNLB p. 68, Jul 73 
Ham Radlo sweepstakes winners, 1975 

WlNLB p. 54, Jul 75 
Hellschreiber, a rediscovery 

PAOCX p. 26. Dec 79 
Jammer problem, solutions for 

UX3PU p. 56, Apr 79 
Comments p. 6, Sep 79 

Nostalgia with a vengance 
W6HDM p. 28, Apr 72 

Remlnlsces of old-time radlo 
K4NW p. 40, Apr 71 

Ten commandments for technicians 
p. 58, Oct 76 

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 
Amateur fm, close look at 

WZYE p. 46, Aug 79 
Antenna and control-link calculations 

for repeater licensing 
W7PUG p. 58, Nov 73 
Short circuit p. 59, Dec 73 

Antenna design for omnldlrectlonal 
repeater coverage 
N9SN p. 20, Sep 79 

Antennas, simple, for two-meter fm 
WA3NFW p. 30, May 73 

Antenna, two-meter fm (HN) 
WB6KYE p. 64, May 71 

Antenna, 5/&wavelength, twometer 
K6KLO p. 40, Jul 74 

Antenna. 516 wavelen(lth twometer. 
build from CB mobile whips (HN) 
WB4WSU p. 67, Jun 74 

Automatlcaily controlled access 
to open repeaters 
W6GRG 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 
KOPHF. WAWZO p. 58, Nov 72 

Carrier-operated relay and call monitor 
VE4RE p. 22, Jun 71 

Cavity filter, 144.MHZ 
WlSNN p. 22, Dec 73 

Channel scanner 
W2FPP p. 29. Aug 71 

Channels, three from two (HN) 
VE7ABK p. 66, Jun 71 

Charger, let-controlled for nicad batteries 
WAWYK p. 46, Aug 75 

Collinear antenna for two meters, nine. 
element 
W6RJO p. 12, May 72 

Collinear array for two meters, 4-element 
WB6KGF p. 6, May 71 

Command function debugging circuit 
WA7HFY p. 64, Jun 76 

Control head, customizing 
VE7ABK p. 26, Apr 71 

Converting low-band mobile 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 

Deviatlon measurement (letter) 
K5ZBA p. 66, May 71 

Deviatlon measurements 
W3FQJ p. 52, Feb 72 

Deviation, measuring 
N6UE p. 20, Jan 79 

Digital scanner for 2-meter synthesizers 
K4GOK p. 56, Feb 76 

Digital touch.tone encoder for vhf fm 
W7FBB p. 26, Apr 75 

Discriminator, quartz crystal 
WAWYK p. 67, Oct 75 

European vhf.fm repeaters 
SM4GL p. 80, Sep 76 

External frequency programmer (HN) 
WB9VWM p. 92, Apr 79 

Filter, 455-kHz for fm 
WAWYK p. 22, Mar 72 

Fm demodulator using the phase-locked loop 
KLTiPS p. 74, Sep 78 
Comments 
Anderson, Leonard H. p. 6, Apr 79 

Fm demodulator. TTL 
W3FQJ p. 66, Nov 72 

Fm receiver frequency control (letter) 
W3AFN p. 65. Apr 71 

Fm transmitter, solid-state two-meter 
W6AJF p. 14, Jul 71 

Fm transmitter, Sonobaby, 2 meter 
WAWZO p. 6, Oct 71 
Short circuit p. 90, Dec 71 
Crystal deck for Sonobaby p. 26, Oct 72 

Folded whip antenna for vhf mobile - Weekender 
WB2iFV p. 50. Apr 79 

Frequency meter, two-meter fm 
W4JAZ p. 40, Jan 71 
Short clrcult p. 72, Apr 71 

Frequency synthesizer, Inexpensive 
all-channel, for two-meter fm 
WgOA p. 50, Aug 73 
Correction (letter) p. 65, Jun 74 

Frequencysyntheslzer, one-crystal 
for two-meter fm 
WQMV p. 30, Sep 73 

Frequency synthesizer, for two-meter fm 
WB4FPK p. 34, Jul 73 

Frequency synthesizer sidebands, 
filter reduces (HN) 
K l  PCT p. 80, Jun 77 

Frequency synthesizers, 800 kHz offset for (HN) 
K6KLO p. W, Jul 78 

Hlgh performance vhf fm transmitter 
WAPGCF p. 10, Aug 76 

IC-230 modlflcatlon (HN) 
WBPEY p. 80, Mar 77 

1-1 system, multlmode 
WA21KL p. 39, Sep 71 
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Indicator, sensitive rf 
WB9DNI p. 38, Apr 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) 
WB2YYU p. 67, May 76 

Mobile antenna, magnetmount 
WlHCl p. 54, Sep 75 

Mobile antennas, vhf, comparison of 
W4MNW p. 52. May 77 

Mobile operation with the Touch-Tone pad 
WOLPQ p. 58. Aug 72 
Correction p. 90, Dec 72 
Modification (letter) p. 72, Apr 73 

Mobile rig, protecting from theft (CBT) 
WlDTY p. 42, Apr 76 

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 

Motorola P-33 series, Improving the 
WBZAEB p. 34, Feb 71 

Motrac receivers (letter) 
K5ZBA p. 69, Jul 71 

Mullimode transceivers, fm-ing on uhf (HN) 
W6SAI p. 98, Nov 77 

Ni.cad charger, any-state 
WA6TBC p. 66. Dec 79 

Phase.locked loop, tunable. 28 and 50 MHz 
WlKNl p. 40, Jan 73 

Phase modulation principles and techniques 
VE2BEN p. 28. Jui 75 
Correction p. 59, Dec 75 

Power amplifier, rf 220-MHz fm 
K7JUE p. 6, Sep 73 

Power amplifier, rf, 144 MHz 
Hatchett p. 6, Dec 73 

Power ampllfier, rf, 144-MHz fm 
W4CGC p. 6, Apr 73 

Power ampllfler, twometer fm, 10-watt 
W l D N  p. 67. Jan 74 

Power supply, regulated ac for mobile 
fm equipment 
WA8TMP p. 28, Jun 73 

Preamplifier for handl-talkies 
WB2iFV p. 89. Oct 78 

Preamplifier, two meter 
WA2GCF p. 25, Mar 72 

Preamplifier, two meter 
W8BBB p. 38, Jun 74 

Prlvate call system for vhf fm 
WA6TI-Y p. 62, Sep 77 

Private call system for vhf fm (HN) 
W9ZTK p. 77, Feb 76 

Prlvate-line, adding to Heath HW.202 
WA6AWJ p. 53. Jun 74 

Push-to-talk for Styleline telephones 
WlDRP p. 18, Dec 71 

Recelver alignment techniques, vhf fm 
K41PV p. 14, Aug 75 

Receiver tor six and two meters, 
multichannel fm 
WlSNN p. 54, Feb 74 

Receiver, modular, for two-meter fm 
WA2GBF p. 42, Feb 72 
Added notes p. 73, Jul 72 

Recelver 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 fm 
KBAUH p. 34, Nov 71 

Recelver, vhf fm 
WA2GCF p. 6, Nov 72 

Recelver, vhf fm 
WA2GCF p. 8, Nov 75 

Receiver, vhf fm (letter) 
K8iHQ p. 76, May 73 

Receivers, setup uslng hf harmonics (HN) 
K9MM p. 89, Nov 76 

Relay, operational-ampiifler, for 
Motorola recelvers 
W6GDO p. 16, Jul 73 

Remote base, an alternative to repeaters 
WABLBV, WA6FVC p. 32, Apr 77 

Repeater channel spaclng (letter) 
WBBJPI p. 90, Jan 78 

Repeater control wlth slmple timers 
W2FPP 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 

Repeater jammers, tracking down 
W4MB p. 56. Sep 78 

Repeater kerchunk eliminator 
WBBGTM p. 70, Oct 77 

Repeater ilnking, carrier-operated relay for 
KQPHF p. 57, Jul 76 

Repeater problems 
VE7ABK p. 38, Mar 71 

Repeater shack temperature, remote checking 
ZL2AMJ p. 64, Sep 77 

Repeaters, single-frequency fm 
WPFPP p. 40, Nov 73 

Reset timer, automatic 
W5ZHV p. 54. Oct 74 

Satellite receivers for repeaters 
WA4YAK p. 64, Oct 75 

Scanner, two-channel, for repeater monitoring 
W8GRG p. 48, Oct 76 

Scanner, vhf receiver 
K2UG p. 22, Feb 73 

Scanning receiver, improved 
for vhf fm 
WA2GCF p. 26, Nov 74 

Scanning receiver modlflcations, vhf fm 
WA5WOU p. 80, Feb 74 

Scanning recelvers for two-meter fm 
K4lPV p. 28, Aug 74 

Sequential encoder, moblie fm 
W3JJU p. 34, Sep 71 

Sequential switching for Touch-Tone 
repeater control 
WBGRG p. 22, Jun 71 

Repeater interference: some corrective actlons 
W4MB p. 54, Apr 78 

Simple scope monitor for vhf fm 
WlRHN p. 66, Aug 76 

Single-frequency conversion, vhtluhf 
W3FQJ p. 62, Apr 75 

Single.sldeband fm, introduction to 
W3EJD p. 10, Jan 77 

Single-tone decoder 
WA2UMY p. 70, Aug 78 

S-meter, audlble, for repeaters 
ZL2AMJ p. 49. Mar 77 

S-meter for Clegg 270 (HN) 
WAPYUD p. 61, Nov 74 

Solar powered repeater deslgn 
WBSREMWB5RSN p. 28, Dec 78 

Squelch-audio ampllfler for 
fm recelvers 
WB4WSU p. 68, Sep 74 

Squelch circult, another (HN) 
WB4WSU p. 78, Oct 76 

Squelch circuits tor transistor radios 
WB4WSU p. 36, Dec 75 

Subaudlble tone encoders and decoders 
WBGRG p. 26, Jul 76 

Syntheslzed channel scanning 
WAWZO p. 68, Mar 77 

Syntheslzed two-meter fm transceiver 
WlCMR, KlIJZ p. 10, Jan 76 
Letter, W5GQV p. 78, Sep 76 

Synthesizer, 144 MHZ, 800-channel 
K4VB, WA4GJT p. 10, Jan 79 

Synthesizer, 144-MHz CMOS 
K9LHA p. 14, Dec 79 

Telephone controller, automatic for 
your repeater 
KOPHF, WAWZO p. 44, Nov 74 

Telephone controller for remote repeater 
operation 
KWHF, WAWZO p. 50, Jan 76 
Precautions (letter) p. 79. Apr 77 

Test set tor Motorola radios 
KOBKD p. 12, Nov 73 
Short clrcult p. 58, Dec 73 
Added note (letter) p. 64, Jun 74 

Tlmeout warning indlcator for tm repeater users 
K 3 N U  p. 62, Jun 76 

Timer, simple (HN) 
W3ClX p. 58, Mar 73 

Tone-alert decoder 
WBWH p. 04, Nov 78 

Tone-burst generator (HN) 
K4COF p. 58, Mar 73 

Tone-burst generator for repeater accessing 
WASKPG p. 68, Sep 77 
Short clrcult p. 94. Feb 79 

Tone.burst keyer for fm repeaters 
W8GRG p. 36, Jan 72 

Tone encoder, universal for vhf fm 
W6FUB p. 17, Jul 75 
Correction p. 58, Dec 75 

Tone generator, IC 
Ahrens p. 70. Feb 77 

Tone generator, IC (HN) 
W6IPB p. 88. Mar 79 

Touch-tone clrcult, mobile 
K7QWR p. 50, Mar 73 

Touch-tone decoder, IC 
W3QG p. 26, Jul 78 

Touch-tone decoder, multi-function 
KOPHF, WAWZO p. 14. Oct 73 

Touch.tone decoder, third generation 
WA7DPX p. 36, Feb 80 
Short circuit p. 67, Sep 80 

Touch-tone decoder, three-diglt 
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 
K2YAH p. 23, Jun 75 

Transceiver for twometer fm. compact 
W6AOI p. 36, Jan 74 

Transmitter, two-meter fm 
W9SEK p. 6, Apr 72 

Tunable receiver modification for vhf fm 
WB6VKY D. 40. Oct 74 . . 

Two-meter synthesizer, direct output 
WB2CPA p. 10, Aug 77 
Short circult p. 68, Dec 77 

144.MHz synthesizer, direct output 
WB2CPA p. 10. Aug 77 

144-MHz synthesizer, direct output (letter) 
WBBJPI p. 90, Jan 76 

Upidown repeatermode circuit for 
two-meter synthesizers, 800 kHz 
WB4PHO p. 40, Jan 77 
Short circuit p. 94, May 77 

Vertlcai antennas, truth about 518-wavelength 
KODOK p. 48, May 74 
Added note (letter) p. 54, Jan 75 

Weather monitor receiver, retune to 
two-meter fm (HN) 
W3WO D. 58. Jan 75 

Whlp, YEwave, 144 MHz (HN) 
VE3DDD D. 70,  AD^ 73 

144-MHz digltai synthesizers, readout display 
' 

WB4TZE p. 47, Jul 76 
144.MHz fm exciter, hlgh performance 

WAPGCF p. 10, Aug 76 
144-MHz moblle antenna (HN) 

W2EUQ p. 80, Mar 77 
144-MHz vertlcal mobile antennas. 114 and 

Y6 wavelength, test data on 
W2LTJ, WZCQH p. 46, May 76 

144-MHz, Y&waveiength vertical antenna 
WlRHN p. 50, Mar 76 

144-MHz Y&wavelength, vertical antenna 
for mobile 
K4LPQ p. 42, May 78 

144-MHz synthesizer, direct output 
WBZCPA p. 10, Aug 77 

144-MHz synthesizer, direct output (letter) 
WB6JPI p. 90, Jan 78 

220 MHz frequency syntheslzer 
W6GXN p. 8, Dec 74 

450-MHz preamplifler and converter 
WA2GCF p. 40, Jul 75 

integrated circuits 

Active filters 
. KWM p. 70, Feb 78 

Amplifiers, broadband IC 
W6GXN p. 38, Jun 73 

Audio-power lCS 
W3FQJ p. 64, Jan 76 

CMOS loglc clrcults 
W3FQJ p. 50, Jun 75 

CMOS programmable' divide-by-N counter (H&) 
W7BZ p. 94. Jan 78 

Counter reset generator (HN) 
W3KBM p. 68, Jan 73 

c L ~ o g ~ c  circuit 
W 1 DTY p. 4. Mar 75 

Dlgltal counters (letter) 
WlGGN p. 76, May 73 

Dlgltal ICs, part I 
W3FQJ p. 41, Mar 72 
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Dlgltal ICs, part II 
W3FQJ p. 58, Apr 72 
Correctlon p. 88, Nov 72 

Digital mlxers 
WB81FM p. 42, Dec 73 

Digital multlvlbrators 
W3FQJ p. 42, Jun 72 

Digital osclllators and dividers 
W3FQJ p. 82, Aug 72 

Digltal readout station accessory, part I 
K8KA p. 8. Feb 72 

Digital statlon accessory, part II 
K6KA p. 50, Mar 72 

Dlgltal statlon accessory, part Ill 
KBKA p. 36, Apr 72 

D1vlde.by.n counters, high.speed 
WlOOP p. 38. Mar 76 

Electronlc keyer, cosmos IC 
WB2DFA p. 6, Jun 74 
Short clrcult p. 82, Dec 74 

Emitter-coupled loglc 
W3FQJ p. 82, Sep 72 

Exar XR-205 waveform generator as capacitance 
meter (HN) 
W8WR p. 79, Jul 79 

Flip-flops 
W3FQJ p. 60, Jul 72 

Flop-fllp, uslng (HN) 
W3KBM p. 80, Feb 72 

Function generator, IC 
WlDTY p. 40, Aug 71 

Functlon generator, IC 
K4DHC p. 22, Jun 74 

Galn control IC for audio slgnal processing 
Jung p. 47, Jul 77 

IC arrays 
KWM p. 42. Sep 78 

IC op amp update 
Jung, Walter p. 82, Mar 78 

IC power (HN) 
W3KBM p. 88, Apr 72 

IC tester, TTL 
WA4LCO p. 88, Aug 78 

lntegrated clrcults, part I 
W3FQJ p. 40, Jun 71 

lntegrated clrcults, part II 
W3FQJ p. 58, Jul 71 

lntegrated clrcults, part Ill 
W3FQJ p. 50, Aug 71 

I L loglc circuits 
WlDTY p. 4, Nov 75 

Lcglc famllles, IC 
W8GXN p. 28, Jan 74 

Loglc monltor (HN) 
WA5SAF p. 70, Apr 72 
Correctlon p. 91, Dec 72 

Logic test probe 
VEBRF p. 53, Dec 73 

Lcglc test probe (HN) 
Rossman p. 58, Feb 73 
Short clrcult p. 58, Dec 73 

Mlssent ID 
K8KA p. 25, Apr 78 

Multl-function lntegrated clrcults 
W3FQJ p. 48, Oct 72 

National LM373, using in ssb transcelver 
W5BAA p. 32, Nov 73 

Op amp challenges the 741 
WA5SNZ p. 78, Jan 78 

Op amp (741) clrcult deslgn 
WA5SNZ p. 28, Apr 76 

Phase-locked loops, IC 
W3FQJ p. 54, Sep 71 

Phasalocked loops, IC, experlments wlth 
W3FQJ p. 58, Oct 71 

Plessey SLWseries ICs, how to use 
GBFNT p. 28, Feb 73 

Seven-segment readouts, multiplexed 
W5NPD p. 37, Jul 75 

Socket label for lCs (HN) 
WA4WDL, WB4WM p. 94, Jan 78 

SSB detector, IC (HN) 
K40DS p. 87, Dec 72 
Correction (letter) p. 72, Apr 73 

SSB equipment, using TTL ICs In 
G4ADJ p. 18, Nov 75 

Sync generator, IC, for A N  
WOKGl p. 34, Jul 75 

Transceiver, 9.MHZ ssb, IC 
G3ZVC p. 34, Aug 74 
Circuit change (letter) p. 82, Sep 75 

TTL oscillator (HN) 
WBBVZM p. 77, Feb 78 

TTL sub-serles ICs, how to select 
WAISNG p. 26, Dec 77 

UIART, how It works 
Tltus p. 58, Feb 76 

Voltage regulators 
W8GXN p. 31, Mar 77 

Voltage-regulator ICs, adjustable 
WB9KEY p. 36, Aug 75 

Voltage.regulator ICs, three.terminal 
WB5EMI p. 26, Dec 73 
Added note (letter) p. 73, Sep 74 

Vtvm, convert to an IC voltmeter 
KBVCI p. 42, Dec 74 

555 timer operatlonal characteristics 
WBBFOC p. 32, Mar 79 

keying and control 
Accu.keyer speed readout 

K5MAT p. 80, Sep 79 
ACCU-Mill, keyboard Interface for the Accu-Keyer 

WN9OVY p. 26, Sep 76 
ASCII-to-Morse code translator 

Morley, Scharon p. 41. Dec 76 
Automatlc beeper for statlon control 

WA8URN p. 38, Sep 76 
Biquad bandpass filter for CW 

NODE p. 70, Jun 79 
Short circuit p. 92, Sep 79 
Comments p. 8, Nov 79 

Break-In clrcult, CW 
WBSY K p. 40, Jan 72 

Bug, solld-state 
K2FV p. 50, Jun 73 

Carrler-operated relay 
KOPHF, WAWZO p. 58, Nov 72 

CMOS keyer, simple 
HB9ABO p. 70, Jan 79 

CMOS keying circuits (HN) 
WB2DFA p. 57. Jan 75 

Code speed counter 
KBTT p. 86, Feb 79 

Constant pitch monltor for cathode or grld.block 
keyed transmltters (HN) 
K4GMR p. 100, Sep 78 

Contest keyer, programmable 
W7BBX p. 10, Apr 78 

CW break-in, quletlng amplifiers for 
W l  DB p. 48. Jan 79 

CW Identifier, versatlle 
WB2BWJ p. 22, Oct 80 

CW keyboard uslng the APPLE II computer 
W8WR p. 80, Oct 80 

CW operator's PAL 
W2Y E p. 23. Apr 79 

CW reception, enhancing through a 
simulated-stereo technlque 
WAlMKP p. 61. Oct 74 

CW regenerator for Interference-free 
communlcatlons 
Leward. WB2EAX p. 54, Apr 74 

CW signal processor 
W7KGZ p. 34, Oct 78 
Comments. VE3CBJ p. 8, Jun 79 

CW sidetone (C&T) 
WlDTY p. 51, Jun 78 

Dasher 
KHWF p. 88, Mar 79 

Deluxe memory keyer wlth 3072-bit capacity 
W3VT p. 32, Apr 79 
Short clrcult p. 92. Sep 79 

Differentlal keylng clrcult 
W41YB p. 60, Aug 78 

Electronic hand keyer 
K5TCK p. 36, Jun 71 

Electronlc keyer 
OK31A p. 10. Apr 78 

Electronic keyer, cosmos IC 
WB2DFA p. 8, Jun 74 
Short clrcult p. 82, Dec 74 

Electronlc keyer notes (HN) 
ZLl BN p. 74, Dec 71 

Electronlc keyer package, compact 
W4ATE p. 50, Nov 73 

Electronlc keyer wlth random-access memory 
WB9FHC p. 8, Oct 73 
Corrections (letter) p. 58. Dec 74 

p. 57. Jun 75 
Improvements (letter) p. 78, Feb 77 
Increased flexlbillty (HN) p. 82, Mar 75 

Electronlc keyer, 8043 IC 
W8GXN p. 8, Apr 75 

Electronic keyers, simple IC 
WA5TRS p. 38, Mar 73 

End-of-transmlsslon K generator 
G8KGV p. 58, Oct 79 

External keylng clrcuit 
for multimode rigs (HN) 
WB2GXF p. 72, Dec 79 

Improving transmitter keying 
K8KA p. 44, Jun 76 

Key and vox clicks (HN) 
K6KA p. 74, Aug 72 

Keyboard electronic keyer, the code mlll 
WBCAB p. 38, Nov 74 

Keying, paddle, Siamese 
WA5KPG p. 45, Jan 75 

Keyer modification (HN) 
W9KNI p. 80, Aug 76 
Comments p. 94, Nov 77 

Keyer mods, micro-TO 
DJ9RP p. 88, Jul 76 

Keyer paddle, portable 
WA5KPG p. 52, Feb 77 

Keyer with memory (letter) 
Hansen, Wllllam p. 8, Dec 79 

Key toggle 
W6NRW p. 50, Mar 79 

Latch clrcult, dc 
WOLPQ p. 42, Aug 75 
Correctlon p. 58, Dec 75 

Memo-key 
WA7SCB p. 58, Jun 72 

Memory accessory, programmable 
for electronic keyers 
WABLUD p. 24, Aug 75 

Memory keyer, W7BBX (letter) 
SPPDX p. 6, Jan 80 

Memory keyer, (letter) 
W3VT p. 8, Feb 80 

Memory keyer, 2048-bit (HN) 
GW4CQT p. 73, Jun 80 

Morse generator, keyboard 
W7CUU p. 36, Apr 75 

Morse sounder, radio controlled (HN) 
K8QEQ p. 88, Oct 71 

Paddle, electronlc keyer (HN) 
KL7EVD p. 88, Sep 72 

Paddle for electronic keyers 
ZS8AL p. 28, Apr 78 

Programmable accessory for electronlc keyers 
(HN) 
K9WGNiWUJSL p. 81, Aug 78 

Programmable keyer, Autek MK-I, expanded memory 
for 
N9AKT p. 58, Jan 80 

Push-to-talk for Stylellne telephones 
WlDRP p. 18, Dec 71 

Radlo Shack ASCII keyboard encoder for mlcro- 
processor-controlled CW keyboard, using (HN) 
VE7ZV p. 72, Oct 80 

RAM keyer update 
K 3 N U  p. 80, Jan 78 

Relay actlvator (HN) 
K8KA p. 82, Sep 71 

Relays, undervoltage (HN) 
WPOLU p. 64. Mar 71 

Reset tlmer, automatic 
W5ZHV p. 54, Oct 74 

Sequentlal swltching (HN) 
W5OSF p. 63, Oct 72 

Step-start circuit, hlgh-voltage (HN) 
WBVFR p. 84, Sep 71 

Suppression networks, arc (HN) 
WA5EKA p. 70, Jul 73 

Tlme base, calibrated electronlc keyer 
WlPLJ p. 39, Aug 75 

Tlmer, ten-mlnute (HN) 
DJ9RP p. 66. Nov 76 

Transceiver dlplexer: an alternatlve to relays 
NBRY p. 71, Dec 80 

Translstor swltching for 
electronlc keyers (HN) 
W3QBO p. 88. Jun 74 

Trsnsmltlreceive swltch PIN dlode 
W9KHC p. 10, May 78 

Vox, versatile 
W9KlT p. 50, Jul 71 
Short clrcult p. 90, Dec 71 

measurements and 
test equipment 
Absorption measurements, uslng your - .  

slgnal generator for 
W2OUX p. 79, Oct 78 

AC current monitor (letter) 
WB5MAP p. 81, Mar 75 

AC power-llne monltor 
W2OLU p. 46, Aug 71 

AFSK penerator, crystal-controlled 
K7BVT p. 13, Jul 72 

AFSK generator, phase-locked loop 
K7ZOF p. 27, Mar 73 

A.m modulatlon monltor, vhf (HN) 
K7UNL p. 67, Jul 71 
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Antenna bridge calculations 
Anderson, Leonard H. p. 34, May 78 

Antenna bridge calculations (letter) 
WSOJR p. 6, May 78 

Antenna matcher 
W4SD p. 24, Jun 71 

Antenna and transmission line 
measurement techniques 
W40Q p. 36, May 74 

Automatic noise-figure measurements 
Repair Bench 
W6NBi p. 40, Aug 78 

Base step generator 
WB4Y DZ p. 44, Jui 76 

Bridge, noise, for impedance measurements 
YAlGJM p. 62, Jan 73 
Added notes p. 66, May 74; p. 60, Mar 75 

Broadband reflectometer and power meter 
VKZSTB. WB2ZZQ p. 28, May 79 

Calibrating ac scales on the vtvm, icvm 
and fet voltmeter 
W7KQ p. 48, Sep 76 

Capacitance measurements with a 
frequency counter - Weekender 
Moran, John p. 62, Oct 79 

Capacitance meter 
Mathieson, P. H. p. 51, Feb 78 

Capacitance meter, digital 
K4DHC p. 20. Feb 74 

Capacitance meter, direct-reading 
W6MUR p. 48, Aug 72 
Short circuit p. 64, Mar 74 

Capacitance meter, direct-reading 
WA5SNZ p. 32, Apr 75 
Added note p. 31, Oct 75 

Capacitance meter, direct reading, for 
eiectrolytics 
W9DJZ p. 14. Oct 71 

Capacitance meter, simplified 
WA5SNZ p. 78, Nov 78 

Capacitance meter. (simplified), improvements to 
WA3CPH p. 54, Mar 80 

Coaxial cable, checking (letter) 
W2OLU p. 68, May 71 

Coaxial-line loss, measuring with a 
refiectometer 
WZVCI p. 50, May 72 

Continuity bieeper for circuit traclng 
G3SBA p. 67, Jui 77 

Converter, mosfet, for receiver 
instrumentation 
WA9ZMT p. 62, Jan 71 

Counter control pulses (HN) 
W9LL p. 70, Apr 80 

Counter readouts, switching (HN) 
K6KA p. 66, Jun 71 

Counter reset generator (HN) 
W3KBM p. 68, Jan 73 

CRT intensifier for RlTY 
K4VFA p. 18, Jul 71 

Crystal checker 
W6GXN p. 46. Feb 72 

Crystal test oscillator and signal 
generator 
K4EEU p. 46, Mar 73 

Crystal-controlled frequency markers (HN) 
WA4WDK p. 64, Sep 71 

Decade standards, economical (HN) 
W4ATE p. 66, Jun 71 

Deviation, measuring 
N6UE p. 20, Jan 79 

Dlgital capacitance meter 
K4GOK p. 68, Aug 80 

Digital counters (letter) 
WlGGN p. 76, May 73 

Digital readout statlon accessory, part I 
K8KA p. 6, Feb 72 

Dlgital statlon accessory, part II 
K6KA p. 50, Mar 72 

Dlgital statlon accessory, part i l l  
K6KA p. 36, Apr 72 

Diode noise source for receiver noise measurements 
W6NBi p. 32, Jun 79 

Diode tester 
W6D08 p. 46, Jan 77 

Dip-meter converter for VLF 
W4Y OT p. 26, Aug 79 

Dummy load low-power vhf 
WB9DNl p. 40, Sep 73 

Dummy loads 
W4MB p. 40, Mar 76 

Dynamic transistor tester (HN) 
VE7ABK p. 65, Oct 71 

Electrolytic capacltors, measurlng capacitance of 
KP4DiF p. 24. Sep 80 

Electrolytic capacltors, 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 p. 40, Jan 71 
Short circuit p. 72, Apr 71 

Frequencies, counted (HN) 
K6KA p. 62, Aug 74 

Frequency caiibrator, general coverage 
W5UQS p. 28. Dec 71 

Frequency calibrator, how to design 
W3AEX p. 54, Jul 71 

Frequency counter, capacitance-measurement 
accuracy for 
WlZUC p. 44, Apr 80 
Short circuit p. 67. Sep 80 

Frequency counter, miniature 
K5WKQ p. 34, Oct 79 

Frequency counter. KIJiU, modifications for (HN) 
K4JIU p. 65, Mar 80 

Frequency counter, modify for direct 
counting to 100 MHz 
WAlSNG p. 26, Feb 78 

Frequency counter, CMOS 
W20KO 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 
WlRF p. 26, Oct 77 

Frequency counter, high-impedance preamp 
and pulse shaper for 
l4YAF p. 47, Feb 78 

Frequency counter, simple (HN) 
WPQBR p. 81, Aug 78 

Frequency counter, simplifying 
WlWP p. 22, Feb 78 
Short circuit p. 94, Feb 79 

Frequency counters, uhf and microwave 
W6NBl p. 34. Sep 79 

Frequency counters, understanding and using 
W6NBi p. 10, Feb 78 

Frequency counters, high-sensitivity 
preamplifier for 
WlCFl p. 80, Oct 78 

Frequency counter, 50 MHz, 6 diglt 
WB2DFA p. 18, Jan 76 
Comment p. 79, Apr 77 

Frequency-marker standard using cmos 
W41YB p. 44, Aug 77 

Frequency measurement of recelved 
signals 
W4AAD p. 38, Oct 73 

Frequency measurement, vhf, with 
hf receiver and scaler (HN) 
W3LB p. 90. May 77 

Frequency scaler, divide-by-ten 
W6PBC p. 41, Sep 72 
Correction p. 90, Dec 72 
Added comments (letter) p. 64, Nov 73 
Prescaler, Improvements for 
W6PBC p. 30, Oct 73 

Frequency scaler, uhf (11C90) 
WB9KEY p. 50, Dec 75 

Frequency scaler, 500-MHz 
W6URH p. 32, Jun 75 

Frequency scalers, 1200-MHz 
WB9KEY p. 38, Feb 75 

Frequency standard (HN) 
WA7JIK p. 69. Sep 72 

Frequency standard, universal 
K4EEU p. 40, Feb 74 
Short circuit p. 72, May 74 

Frequency synthesizer, high-frequency 
K2BLA p. 16, Oct 72 

Function generator. IC 
WlDTY p. 40. Aug 71 

Function generator. IC 
K4DHC p. 22, Jun 74 

Function generator, integrated circuit 
N3FG p. 30, Aug 80 

Functionlunits Indicator using LED displays 
KQFOP p. 58, Mar 77 

Gallon-size dummy load 
W4MB p. 74, Jun 79 

Gate-dip meter 
W3WLX p. 42. Jun 77 

Grid-dip meter, no-cost 
W8YFB p. 87, Feb 78 

I-f alignment generator 455-kHz 
WASSNZ p. 50, Feb 74 

I-f sweep generator 
K4DHC p. 10, Sep 73 

Impedance bridge, low-cost RX 
W8YFB p. 6, May 73 

Impedance bridge measurement 
errors and corrections 
K4KJ p. 22, May 79 

Impedance, measuring with 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 78 

Linearity meter for SSB amplifiers 
W4MB p. 40. Jun 76 

Line-voltage monitor (HN) 
WABVFK p. 66, Jan 74 
Current monitor mod (letter) p. 61, Mar 75 

Logic monitor (HN) 
WA5SAF p. 70, Apr 72 
Correction p. 91, Dec 72 

Logic probe 
K9CW p. 83, Feb 79 

Logic probe, digital 
N6UE p. 38, Aug 80 

Logic test probe 
VE6RF p. 53, Dec 73 

Logic test probe (HN) 
Rossman p. 56, Feb 73 
Short circuit p. 58, Dec 73 

Meter amplifiers, calibrating 
W4OHT p. 80, Sep 78 

Meter amplifier, eiectronic 
WA9HUV p. 38, Dec 76 

Meter interface, high-impedance 
Laughlin p. 20, Jan 74 

Meters, testing unknown (HN) 
WlONC p. 66, Jan 71 

Microwave marker generator, 3cm band (HN) 
WA4WDL p. 69, Jun 76 

Miliiammeters, how to use 
W4PSJ p. 48, Sep 75 

Monitorscope, RTTY 
W3ClX p. 36, Aug 72 

Multiplexed counter displays (HN) 
K l  XX p. 87, May 78 

Multitester (HN) 
WlDTY p. 63. May 71 

Noise bridge, antenna (HN) 
K8EEG p. 71, May 74 

Noise bridge calculations with 
Ti 58/59 calculators 
WD4GRI p. 45, May 78 

Noise figure measurements 
W8NBi p. 40, Aug 78 
Comments 
WB5LHV, W6NBI p. 6, Aug 79 

Noise-figure measurements for vhf 
WB6NMT p. 36. Jun 72 

Noise figure, vhf, estimating 
WA9HUV p. 42, Jun 75 

Noise generator, 1296.MHz 
W3BSV p. 46. Aug 73 

Oscillator, audio 
W6GXN p. 50. Feb 73 

Oscillator, frequency measuring 
W6IEL p. 16, Apr 72 
Added notes p. 90. Dec 72 

Oscillator, two-tone, for ssb testing 
W6GXN p. 11, Apr 72 

Oscilloscope voltage calibrator 
W6PBC p. 54, Aug 72 

Peak envelope power, how to measure 
W5JJ p. 32, Nov 74 

Phase meter, rf 
VEZAYU, Korth p. 28, Apr 73 

Power meter, rf 
KBEEG p. 26, Oct 73 

Power meter, rf, how to use (repair bench) 
W6NBI p. 44. Apr 77 

Pre-scaler, vhf (HN) 
W6MGI p. 57, Feb 73 

Prescaler, vhf, for digital frequency counters 
K4GOK p. 32, Feb 76 

Prescaler, 1-GHz, for frequency counters 
W6NBi p. 84, Sep 78 

Prescaler, BOOHz, for use with electronic counters 
WA1SPI p. 50. Apr 80 

Probe, sensitive rf (HN) 
W5JJ p. 61, Dec 74 

Q measurement 
G3SBA p. 49, Jan 77 

Radio Shack meters, internal resistance 
Katzenberger p. 94, Nov 77 

Repairs, thinking your way through 
Allen p. 58, Feb 71 

Resistance standard, simple (HN) 
WZOLU p. 65, Mar 71 
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Resistance values below 1 ohm, measuring 
W40HT p. 66, Sep 77 

Resistance values below 1 ohm. 
measuring (letter) 
WlPT p. 91. Jan 78 

Resistance values, measuring below 1 ohm 
W4OHT p. 66, Sep 77 

Resistor decades, versatile 
W4ATE p. 66, Jul 71 

Rf current readout, remote (HN) 
W4ATE p. 87, May 78 

Rf detector, sensitive 
WB9DNI p. 38, Apr 73 

Rf power meter, low-level 
W5WGF p. 58, Oct 72 

Rf wattmeter, accurate low power 
WA4ZRP p. 38, Dec 77 

RTTY monitor scope, solid-state 
WB2MPZ p. 33, Oct 71 

RTTY signal generator 
W7ZTC p. 23, Mar 71 
Short circuit 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, low-cost 
W8YFB p. 6. May 73 

RX noise bridge, improvements to 
WGBXI, W6NKU p. 10, Feb 77 
Comments p. 100, Sep 77 

Noise bridge construction (letter) 
OH2ZAZ p. 8, Sep 78 

Safer suicide cord (HN) 
K6JYO p. 64, Mar 71 

Sampling network, rf - the milli-tap 
W6QJW p. 34, Jan 73 

Signal generator, wide range 
W6GXN p. 18, Dec 73 

Slotted line, how to use (repair bench) 
W6NBI p. 58, May 77 

Slow-scan TV test generator 
K4EEU p. 6, Jul 73 

Spectrum analyzer, dc.100 MHz 
W6URH p. 16, Jun 77 
Short clrcuit p. 69, Dec 77 
Short clrcult p. 94, Feb 79 

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 tracking generator 
W6URH p. 30, Apr 78 

Spectrum analyzers, understanding 
WA5SNZ p. 50, Jun 74 

SSB, slgnals, monitoring 
W6VFR p. 35, Mar 72 

Sweep response curves for low-frequency i-f's 
Allen p. 56, Mar 71 

Swltch-off flasher (HN) 
Thomas p. 64, Jul 71 

Swr bridge 
WB2ZSH p. 55, Oct 71 

Swr brldge (HN) 
WA5TFK p. 66, May 72 

Swr bridge readlngs (HN) 
W6FPO p. 63. Aug 73 

Swr indicator, aural, for the visually handlcapped 
K6HTM p. 52, May 76 

Swr indicator, how to use (repair bench) 
W6NBI p. 66, Jan 77 

Swr measuring at high frequencies 
DJPLR p. 34, May 79 

Swr meter 
WBGAFT p. 66, Nov 78 

Swr meter, Improving (HN) 
W5NPD p. 68, May 78 

Swr meters, dlrect reading and expanded scale 
WA4WDK p. 28, May 72 
Correction p. 90, Dec 72 

Tester for 6146 tubes (HN) 
W6KNE p. 81. Aug 78 

Test-equipment mainframe 
W4MB p. 52. Jul 79 

Test probe accessory (HN) 
W2lMB p. 89, Jul 77 

Testing power tubes 
K41PV p. 80, Apr 78 

Timbbase osclllators, improved calibration 
WA7LUJ, WA7KMR p. 70. Mar 77 

Timedomaln reflectometry, experimenter's 
approach to 
WAWlA p. 22, May 71 

Toroid permeability meter 
W6RJO p. 46. Jun 77 

Transconductance tester for lets 
W6NBI p. 44, Sep 71 

Transistor C U N ~  tracer 
WA9LCX p. 52. Jul 73 
Short circuit p. 63. Apr 74 

Transistor tester, shirt pocket 
WQMAY p. 40. Jul 76 

Transmitter tuning unit for the blind 
W9NTP p. 80. Jun 71 

Turn-off timer for portable equipment 
W5OXD p. 42, Sep 76 

TVI locator 
W6BD p. 24, Aug 78 

Vacuum tubes, testing high-power (HN) 
W2OLU p. 64, Mar 72 

Vhf prescaler 
W8CHK p. 92. Jun 78 

Vhf pre-scaler, improvements for 
W6PBC p. 30. Oct 73 

VLF dip meter, no-adjust bias for (HN) 
WB3lDJ p. 69, Jul 80 

Voltage calibrator for digital voltmeters 
W6NBI p. 66, Jul 78 
Short circuit p. 94, Feb 79 

Voltmeter calibrator, precision 
Woods, Hubert p. 94, Jun 78 

Vomlvtvm, added uses for (HN) 
W7DI p. 67, Jan 73 

VSWR bridge, broadband power-tracking 
KlZDI p. 72. Aug 79 

VSWR Indicator, computing 
WBSCYY p. 58, Jan 77 
Short circuit p. 94, May 77 

VSWR and power meter, automatlc 
WQlNK p. 34, May 80 

Vtvm, convert to an IC voltmeter 
K6VCI p. 42. Dec 74 

Wattmeter, low power (letter) 
WQDLQ p. 6, Jan 80 

Weak-signal source, stable, variable-output 
K6JYO p. 38. Sep 71 

Wien Bridge oscillators, voltage-controlled 
resistance for 
WASSNZ p. 56, Feb 80 

WWV receiver, slmple regenerative 
WASSNZ p. 42. Apr 73 

WWV-WWVH, amateur applications for 
W3FQJ p. 53, Jan 72 

WWVB signal processor 
W9BTI p. 28. Mar 76 

1.5 GHz prescaler. divide by 4 
N6JH p. 88. Dec 78 

microprocessors, 
computers and 
calculators 
Accumulator 110 versus memory I10 

WB4HYJ. Rony, Tltus p. 64, Jun 76 
Computer, satellite, for under $150 

WB6POU p. 12, Mar 80 
CW keyboard, Microprocessor controlled 

WBZDFA p. 81. Jan 78 
CW keyboard using the APPLE II computer 

W6WR p. 60, Oct 80 
CW trainerlkeyer using a singlechlp microcomputer 

N 6 N  p. 16. Aug 79 
Data converters 

WA1 MOP p. 79. Oct 77 
Decision, how does a mlcrocomputer make a 

WB4HYJ, Titus, Rony p. 74, Aug 76 
Device-select pulses, generating inputloutput 

WB4HYJ, Titus, Rony p. 44, Apr 76 
Digital keyboard entry system 

NZYKINPGW p. 92, Sep 78 
HOW microproce~sor~ fit Into scheme of 

computers and controllers 
WB4HYJ. Ronv. Titus D. 36, Jan 76 

IC tester using the KIM-1 
W3GUL p. 74, Nov 78 

lnputloutput device, what Is a? 
WB4HYJ. Rony, Titus p. 50. Feb 76 

lnterfaclng a digital multlmeter with 
an 8080based mlcrocomputer 
WB4HYJ. Rony, Thus p. 66, Sep 78 

lnterfaclng a l&blt DAC (Microprocessors) 
Rony, Tltus. WB4HYJ p. 66, Apr 78 

Internal registers, 8080 
Rony, Titus, WB4HYJ p. 63, Feb 77 

Interrupts, microcomputer 
WB4HYJ. Rony, Titus p. 66, Dec 76 

Introduction to microprocessors 
WB4HYJ, Rony, Thus p. 32, Dec 75 
Comments, WB4FAR p. 63, May 76 

Logical instructions 
Titus, WB4HYJ, Rony p. 83, Jul 77 

MOV and MVI 8080 instructions 
Titus, WBIHYJ, Rony p. 74. Mar 77 

Radio Shack ASCII keyboard encoder for 
microprocessor-controlled CW keyboard using 
the (HN) 
VE7ZV p. 72. Oct 80 

Register pair Instructlon 
Rony, Titus, WB4HYJ p. 76, Jun 77 

Software UARIT, Interfacing a 
WB4HYJ, Rony, Titus p. 60, Nov 76 

Substitution of software for hardware 
WB4HYJ, Rony, Titus p. 62. Jul 76 

UARIT, how it works 
Titus p. 58, Feb 76 

Vectored interrupts 
WB4HYJ, Rony, Titus p. 74, Jan 77 

Video display, simple 
VK3AOH p. 46, Dec 78 

8080 logical instructions 
WB4HYJ, Rony, Titus p. 89, Sep 77 

8080 microcomputer output instructions 
WB4HYJ, Rony, Titus p. 54, Mar 76 

miscellaneous 
technical 
Active bandpass filters 

WB6GRZ p. 49. Dec 77 
Short circuit p. 94. Feb 79 

Admittance, impedance and circuit analysls 
Anderson p. 76, Aug 77 
Short circuit p. 94, Feb 79 

Air pressure, measuring across transmitting tubes 
(HN) 
W4PSJ p. 89, Jan 80 

Alarm, wet basement (HN) 
WPEMF p. 66, Apr 72 

Amplitude compandored sideband 
WB6JNN p. 48. Dec 80 

Antenna masts, design for pipe 
W3MR p. 52, Sep 74 
Added design notes (letter) p. 75, May 75 

Bandpass filter design 
K4KJ p. 36. Dec 73 

Bandpass filters for 50 and 144 MHz, etched 
W5KHT p. 6, Feb 71 

Bandpass fllters, top-coupled 
Anderson p. 34, Jun 77 

Bandspreading techniques for resonant clrcuits 
Anderson p. 46, Feb 77 
Short circuits p. 69, Dec 7 1  

Batteries, selecting for portable equipment 
WB0AlK p. 40, Aug 73 

Battery charging (letter) 
Carlson p. 8, Nov 80 

Bipolar-fet amplifiers 
W6HDM p. 16, Feb 76 
Comments. Worcester D. 78, Sep 76 

Broadband amplifier, bipolar 
WB4KSS D. 58. Apr 75 . . .  

Broadband amplifier uses mospower fet 
Oxner p. 32. Dec 76 

Broadband amplifier, wlde-range 
W6GXN p. 40, Apr 74 

Bypassing, rf, at uhf 
WB6BHI p. 50, Jan 72 

Calculator-alded clrcuit analysls 
Anderson 

Calculator, hand.held electronic, Its 
functlon and use 
W4MB 

Calculator, hand-held electronlc, 
solving problems with It 
W4MB 

Capacitors, oil-filled (HN) 
WZOLU 

Circuit flaure of merit (letter) . . 
W P J T ~  

Coil-winding data, vhf and uhf 
K3SVC 

Cornmunlcations receivers, designing 
for strong-signal performance 
Moore 

Commutatlng filters 
WBGXN 

p. 38, Oct 77 

p. 18, Aug 76 

p. 34, Sep 78 

p. 66, Dec 72 

p. 6. Dec 80 

p. 6, Apr 71 

p. 6, Feb 73 

p. 54, Sep 79 

december 1980 115 



Contact bounce eliminators (letters) 
W7iV p. 94, Nov 77 

Crystal filters, monolithic 
DK1 AG p. 28, Nov 78 

Crystal use locator 
WA6SWR p. 36, Nov 80 

Digital clock, low-cost 
WA6DYW p. 26, Feb 76 

Digital mixer, introduction 
WBBIFM p. 42, Dec 73 

Digital readout system, slmpllfled 
W6OiS p. 42, Mar 74 

DSB generators, audio-driven (HN) 
W5TRS p. 68, Jul80 

Earth anchors for guyed towers 
W5QJR p. 60. May 80 

Eimac 5CX1500A power pentode, notes on 
K9Xi p. 60, Aug 80 

Effective radiated power (HN) 
VE7CB p. 72. May 73 

Electrical units: their derivation and history 
WB6EY V p. 30, Aug 76 

Electrolytic capacitors, re-forming 
the oxide layer (HN) 
KSMM p. 99. Jui 78 

Ferrite beads, how to use 
KlORV p. 34, Mar 73 

Fet biasing 
W3FQJ p. 61. Nov 72 

Field-strength meter and volt-ohmmeter 
WB6AFT p. 70, Feb 79 

Filter preamplifiers for 50 and 144 
MHz, etched 
WSKHT p. 6, Feb 71 

Filters, active for direct.conversion receivers 
W7ZOI p. 12. Apr 74 

Fire extinguishers (letter) 
WSPGG p. 68, Jui 71 

Fire protection 
Darr p. 54, Jan 71 

Fire protection (letter) 
K7QCM p. 62, Aug 71 

Four-quadrant curve tracerlanalyzer 
WlQXS p. 46, Feb 79 

Frequency counter as a synthesizer 
DJZLR p. 44, Sep 77 

Frequency divider, diode 
W5TRS p. 54. Aug 80 

Freon danger (letter) 
WA5RTB p. 63. May 72 

Frequency-lock loop 
WA3ZKZ p. 17. Aug 78 

Frequency multipllers 
W6GXN p. 6. Aug 71 

Frequency synchronization for scatter-mode 
propagation 
K2OVS p. 26, Sep 71 

Frequency synthesizer, high-frequency 
KZBLA p. 16. Oct 72 

Frequency synthesizer sidebands, filter 
reduces (HN) 
K l  PCT p. 80. Jun 77 

Frequency synthesizers, how to design 
DJ2LR p. 10, Jui 76 
Short circuit p. 65, Oct 76 

Gamma-matching networks, how to design 
W71TB p. 46, May 73 

Ground systems, notes on 
K6WX p. 26, May 80 

Gyrator: a synthetic inductor 
WB9AlW p. 96. Jun 78 

Harmonic generator, crystal-controlled 
WlKNI p. 66, Nov 77 

Harmonic output, how to predict 
Utne p. 34, Nov 74 

Heatsink problems, how to solve 
WASSNZ p. 46. Jan 74 

Hf synthesizer, hlgher resolution for 
N4ES p. 34, Aug 78 

Hydroelectric station, amateur 
K6WX p. 50. Sep 77 

Impedance bridge measurement 
errors and corrections 
K4KJ p. 22, May 79 

impedance-matching systems, designing 
W7CSD p. 58, Jui 73 

Impedance measurements using an SWR meter 
K4QF p. 80, Apr 79 

inductors, how to use ferrite and 
powdered-iron for 
W6GXN p. 15, Apr 71 
Correction p. 63, May 72 

inductance or capacitance, a method for measuring 
(HN) 
W2CHO p. 68. Jul 80 

Infrared communications (letter) 
K20AW p. 65. Jan 72 

Injection lasers (letter) 
Mims p. 64, Apr 71 

Injection lasers, high power 
Mims p. 28, Sep 71 

integrated circults, part I 
W3FQJ p. 40. Jun 71 

Integrated circuits, part Ii 
W3FQJ p. 58, Jul 71 

lntegrated circuits, part Il l 
W3FQJ p. 50. Aug 71 

Interference, hi-fi (HN) 
K6KA p. 63, Mar 75 

interference problems, how to solve 
ON4UN p. 93, Jul 78 

interference, rf (letter) 
G3LLL p. 65, Nov 75 

Interference, rf 
WA3NFW p. 30, Mar 73 

Interference, rf, coaxial connectors can generate 
WlDTY p. 48, Jun 76 

Interference, rf, its cause and cure 
G3LLL p. 26, Jun 75 

intermittent voice operation of power 
tubes 
W6SAi p. 24, Jan 71 

LC circult calculations 
WZOUX p. 68, Feb 77 

Light-emitting dlodes: theory and application 
WB6AFT p. 12. Aug 80 

Lightning protection for the amateur station 
K9MM p. 18, Dec 76 
Comments 
WBRTK, WB2FBL p. 6, Jui 79 

Linear-ampllfler cost efficiency 
W8MFL p. 60, Jui 80 

Llnear tuning, a fresh look at (HN) 
W2OLU p. 74, Aug 80 

Local-oscillator waveform effects 
on spurious mixer responses 
Robinson, Smith p. 44. Jun 74 

Lowpass filters for solid-state linear amplifiers 
WAWYK p. 38. Mar 74 
Short circuit p. 62. Dec 74 

L-networks, how to design 
W7LR p. 26. Feb 74 
Short circuit p. 62, Dec 74 

Marine installations, amateur, on small boats 
W3MR p. 44, Aug 74 

Matching networks, how to design 
Anderson, Leonard H. p. 44, Apr 78 

Matching techniques, broadband, for 
transistor rf amplifiers 
WA'MIHZ p. 30, Jan 77 

Microprocessors, introduction to 
WB4HYJ, Rony. Titus p. 32, Dec 75 

Microwave rf generators, solid.state 
WIHR p. 10. Apr 77 

Microwaves, gettlng started in 
Roubai p. 53, Jun 72 

Mlcrowaves, Introduction 
WlCBY p. 20. Jan 72 

Mini-mobile 
K9UQN p. 58, Aug 71 

Multi-function integrated circuits 
W3FQJ p. 46, Oct 72 

Navigational ald for smali.boat operators 
W5TRS p. 46, Sep 80 

Network, the ladder 
WPCHO p. 48, Dec 76 

Networks, transmitter matching 
W6FFC p. 6. Jan 73 

Ni.cad battery charging (letter) 
W8NRM p. 6, Jui 80 

Nolse brldge for impedance measurements 
YAlGJM p. 62. Jan 73 
Comments, W6BXI p. 6, May 79 

Optimum pl-network deslgn 
DL9LX p. 50. Sep 60 

Passive lumped constant 90-degree 
phase-difference networks 
K6ZV p. 70, Mar 79 

PCB "threat" (letter) 
VE5UK p. 68, Sep 80 

Phase detector, harmonic 
WSTRS p. 40, Aug 74 

Phase-locked loops 
WB6FOC p. 54, Jui 78 

Phase-locked loops, IC 
W3FQJ p. 54. Sep 71 

Phase-locked loops, IC, experiments with 
W3FQJ p. 58. Oct 71 

Phase-shift network, mdegree, offers 2:l bandwidth 
K6ZV p. 66, Feb 80 

Pi network deslgn 
W6FFC p. 6, Sep 72 

Pi network design 
Anderson, Leonard H. p. 36. Mar 78 

Comments 
Anderson, Leonard H. p. 6, Apr 79 
Pi network design and analysls 

W2HB p. 30. Sep 77 
Short circuit p. 68. Dec 77 

Pi network inductors (letter) 
W7iV p. 78, Dec 72 

Pi networks, series-tuned 
WZEGH p. 42, Oct 71 

Plasma-diode experiments 
Stockman p. 62, Feb 80 

Power amplifiers, high-efficiency rf 
WBBLQK p. 8, Oct 74 

Power dividers and hybrids 
W 1 DAX p. 30, Aug 72 

Power, voltage and impedance nomograph 
W2TOK p. 32. Apr 71 

Printed-circuit boards, photofabrlcation of 
Hutchinson p. 6. Sep 71 

Programmable calculator slmpilfles 
antenna design (HN) 
W3DVO p. 70. May 74 

Programmable calculators, using 
W3DVO p. 40, Mar 75 

Pulse-duration modulation 
W3FQJ p. 85, Nov 72 

Q factor, understanding 
W5JJ p. 16, Dec 74 

Q systems 
W l  IUZ D. 6. Nov 80 

Quartz crystals 
WBPEGZ p. 37. Feb 79 

Radiation hazard, rf 
W 1 DTY p. 4, Sep 75 
Correction p. 59. Dec 75 

Radio Observatory, vhf 
Ham p. 44. Jul 74 

Radiofrequency interference 
WA3NFW p. 30, Mar 73 

Radio sounding system 
KL7GLK p. 42, Jul 78 

Radiotelegraph translator and transcriber 
W7CUU. K7KFA p. 8, Nov 71 
Eliminating the matrix 
KH6AP p. 60, May 72 

Rating tubes for linear amplifier service 
WGUOV, W6SAI p. 50, Mar 71 

RC active filters using op amps 
W4YIB p. 54, Oct 76 
Comments. W6NRM p. 102, Jun 78 
Short clrcuit p. 94, Feb 79 

Resistor performance at high frequencies 
KlORV p. 36, Oct 71 

Resistors, frequency sensitive (letter) 
WSUHV p. 68. Jul 71 

Rf amplifier, wideband 
WB4KSS p. 58, Apr 75 

Rf autotransformers, wideband 
K4KJ p. 10, Nov 76 

Rf chokes, performance above and 
below resonance 
WASSNZ p. 40. Jun 78 

Rf exposure 
WA2UMY p. 26, Sep 79 

Rf Interference, suppression In telephones 
K6LDZ p. 79, Mar 77 

Rf radiation, environmental aspects of 
K8Y B p. 24, Dec 79 

Rotary-dial mechanism for digitally tuned 
transceivers 
K3CU p. 14, Jul 80 

Safety circuit, pushbutton switch (HN) 
KSRFF, WAlFHB p. 73, Feb 77 

Satellite communications, flrst Step to 
K l  MTA p. 52, Nov 72 
Added notes (letter) p. 73, Apr 73 

Satellite signal polarization 
KH6IJ p. 6, Dec 72 

Semiconductor curve tracing simplified 
W6HPH p. 34, Aug 80 

Signal-strength, measuring 
WZYE p. 20, Aug 80 

Siiverlsillcone grease (HN) 
W6DDB p. 63, May 71 

Slmple formula for microstrip impedance (HN) 
W1HR p. 72, Dec 77 

Solar energy 
W3FQJ p. 54, Jul 74 

Solid-state amplifier switching (HN) 
WB2HTH p. 75, Aug 80 

Speech cltppers, rf, performance ot 
G6XN p. 26, Nov 72 

Speed of light (letter) 
KL6WU p. 67, Sep 80 

Speed of light (letter) 
WB2AOT p. 6, Apr 80 
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Speed of light (letter) Antennas, slmple for 80 and 40 meters Vfo, stable solid-state 
W4MLM p. 6, Aug 80 W5RUB p. 16, Dac 72 K4BGF 

Speed of Ilght, observations on, through the metrlc Audlo agc prlnclples and practlce 
svstem WASSNZ D. 28, Jun 71 
W~ITB p. 62, Jan 80 

Square roots, finding (HN) 
KQDHD p. 67, Sep 73 
Increased accuracy (letter) p. 55, Mar 74 

Stalrcase generator (C6T) 
W l  DTY p. 52. Jun 76 

Standlng-wave ratlos, Importance of 
W2HB p. 26, Jul 73 
Correctlon (letter) p. 67, May 74 

Stress analysls of antenna systems 
W2FZJ p. 23, Oct 71 

Syntheslzer deslgn (letters) 
WB2CPA p. 94. Nov 77 

Syntheslzer system, slmple (HN) 
AA7M p. 76, Jul 79 

Talklng clock (lelter) 
NQKV p. 75, Feb 80 

Talklng dlgltal readout for amateur transceivers 
NQKV p. 56. Jun 79 

Talklng dlgltal readout (letter) 
N5AF p. 6, May 80 

T coupler, the (HN) 
K3NXU p. 78. Nov 80 

Temperature sensor, remote (HN) 
WAlNJG p. 72, Feb 77 

Toroldal coll Inductance (HN) 
W3WLX p. 26, Sep 75 

Toroid colls, 88mH (HN) 
WAlNJG p. 70. Jun 76 

Torolds, calculating lnductance of 
WBQFHC D. 50. Feb 72 . . 

Torolds, plug-In (HN) 
KBEEG p. 60, Jan 72 

Transistor ampllflers, tabulated 
characterlstlcs of 
W5JJ p. 30, Mar 71 

Trlg functions on a pocket calculator (HN) 
WQZTK p. 80, Nov 75 

Tube shlelds (HN) 
W9KNl p. 69. Jul 76 

Tubes, surplus (letter) 
W2JTP p. 6. Aug 80 

Tubes, surplus (letter) 
Sellatl p. 66. Sep 80 

TVI locator 
W6BD p. 23. Aug 76 

Vacuum-tube ampllflers, tabulated 
characterlstlcs of 
W5JJ p. 30, Mar 71 

Varlablelnductance varlable frequency osclllators 
WWBF p. 50, Jul 80 

VLF dlp meter, no-adjust blas for (HN) 
WB31DJ p. 69, Jul 80 

Whlte nolse diodes. selectlna (HNI 

Audlo fllters, lnexpenslve 
W8YFB p. 24. Aug 72 

Audlo module, solld-state receiver 
K4DHC p. 18, Jun 73 

Batterlea, selecting for portable equipment 
WBOAlK p. 40, Aug 73 

Battery power 
W3FQJ p. 56, Aug 74, p. 57, Oct 74 

COSMOS Integrated clrcults 
W3FQJ p. 50, Jun 75 

CW audlo fllter, slmple 
W7DI p. 54, Nov 71 

CW monltor, slmple 
WA9OHR p. 65, Jan 71 

CW reception, Improved through simulated stereo 
WAlMKP p. 53. Oct 74 

CW transcelver, low-power for 40 meters 
W7BBX p. 16, Jul 74 

Dlode detectors 
W6GXN p. 28, Jan 76 

Feedpolnt Impedance characterlstlcs of 
practical antennas 
WSJJ p. 50. Dec 73 

Flre protection in the ham shack 
Darr D. 54. Jan 71 . . 

ICS, baSlCS Of 
WJFQJ p. 40, Jun 71, p. 58, Jul 71 

ICs, dlaltal, basics 
W~FQJ p. 41, Mar 72, p. 56, Apr 72 

ICs, dlgltal fllp-flops 
W3FQJ D. 80. Jul 72 . . 

ICs, dlgltal multlvlbrators 
W3FQJ p. 42. Jun 72 

ICs, digital, osclllators and dlvlders 
W3FQJ p. 62, Aug 72 

Interference, hi41 
G3LLL p. 26, Jun 75 

Interference, radlo frequency 
WA3NFW p. 30, Mar 73 

Meters, how to use 
W4PSJ p. 48, Sep 75 

Morse code, speed standards for 
VE2ZK p. 58, Apr 73 

Mosfet clrcults 
W3FQJ p. 50, Feb 75 

Preamplifier, 21 MHz 
WASSNZ p. 20, Apr 72 

Prlnted-circult boards, how to make your own 
K4EEU p. 58, Apr 73 

Prlnted.clrcult boards, low cost 
W6YFB p. 16, Jan 75 

Q factor, understandlng 
W5JJ p. 16, Dec 74 

Recelver freauencv calibrator 

operating 
Amateur band Intruders (letter) 

W5SAD 
Beam antenna headlngs 

W6FFC 
Code practlce statlons (letter) 

WB4IXJ 
$ode practlce (HN) 

w2oux  
CW memory, slmple - Weekender 

K4DHC 
CW rnonltor, slmple 

WAQOHR 
DXCC check Ilst, slmple 

W2CNQ 
E12W slx-meter report (letter) 

E12W 
FCC actlons (letter) 

WlZI 
FCC actlons (letter) 

N8ADA 
Fluorescent Ilght, portable (HN) 

K6BYO 
Great-clrcle charts (HN) 

K6KA 
Great.clrcle maps 

N5KR 
ldentlflcatlon tlmer (HN) 

K9UQN 
Monltor, tone alert 

W4KRT 
Morse code, speed standa 

V E Z k  
Added note (letter) 

RST feedback (letter) 
V40VO 

RST feedback (letter) 
WONN 

Selflsh attltudes (letter) 
K20Z 

Sldeband locatlon (HN) 
K6KA 

Spurious slgnals (HN) 
K6KA 

p. 6, Oct 80 

p. 84, Apr 71 

p. 75, Dec 72 

p. 74, May 73 

p. 46, Nov 80 

p. 65. Jan 71 

p. 55, Jun 73 

p. 12. Jul 80 

p. 8, Apr 80 

p. 6. Apr 80 

p.62, Oct 73 

p. 82, Oct 73 

p. 24, Feb 79 

D. 60. Nov 74 

p. 24, Aug 80 
rds for 

p. 66, Apr 73 
p. 66, Jan 74 

p. 6, Dec 80 

p. 6, Dec 80 

p. 6. Nov 80 

p. 62, Aug 73 

D. 61. Nov 74 
True north for antenna orlentatlon, how to determlne 

K4DE D. 36. Oct 80 
Zulu time (HN) 

K6KA 

oscillators - .  . . . 
W6DOB p. 65, Apr 76 W5UQS p. 28, Dec 71 

Wldeband ampllfler summary Recelver, reganeratlve for WWV AFC clrcult for VFOs 
DJZLR D. 34. NOv 79 WASSNZ P. 42, Apr 73 K6EHV 

. . 

p. 58, Mar 73 

p. 19, Jun 79 
Wind generators Recelvera, dlrect-conversion Audlo osclllator, NE566 IC 

W3FQJ D. 24. Jul 76 W3FQJ D. 59. Nov 71 W l  E A  D. 36. Jan 75 . . 
Wlnd loedlng on towers and antenna 

structures, how to calculate 
K4KJ p. 16, Aup 74 
Added note p. 58, Jul 75 

Y parameters, uslng In rf ampllfler deslgn 
WAOTCU p. 46, Jul 72 

2Chour clock, dlgltal 
WB6AFT p. 44. Mar 77 

novice reading 
AC power llne monltor 

W2OLU p. 46, Aug 71 
Ampllflers, tube and translstor, 

tabulated characteristics of 
W5JJ p. 30, Mar 71 

Antenna bow tle for 80 meters 
WVMQ p. 56, May 75 

Antenna, multiband phased vertlcal 
WA7GXO p. 33, May 72 

Antenna tunlng unlts 
W3FQJ p. 56, Dec 72, p. 56, Jan 73 

Antenna, 80 meters, for small lot 
W6AGX p. 26, May 73 

Antennas, dlpole 
KHBHDM p. 60. Nov 75 

Antennas, low elevation 
W3FQJ p. 66, May 73 

Antennas, QRM reduclng receiving types 
W3FQJ p. 54. May 71 

Rectlflers, lmproved half-wave 
Balley 

Semlconductorn, charpe flow In 
WB6BlH 

Semlconductor diodes, evaluating 
W5JJ 

Smeters, clrcults for 
K6SDX 

Swr brldge 
WB2ZSH 

Towers and rotators 

. . 
Clock oscillator, 7TL (HN) 

p. 34, Oct 73 W9ZTK p. 56. Dac 73 
Colpltts osclllator design technique 

p. 50, Apr 71 WB6BPl p. 78, Jul 78 
Short clrcult D. 94, Feb 79 

p. 52, Dec 71 Crystal osclllator, frequency adjustment of 
W A K  p. 42, Aug 72 

p. 20, Mar 75 Crystal osclllator, high stability 
W6TNS p. 36, Oct 74 

p. 55, Oct 71 Crystal osclllator, slmple (HN) 
W2OUX p. 98, Nov 77 

K6KA p. 34, May 76 
Transistor power dlsslpation, how to determlne 

WN9CGW p. 56. Jun 71 
Transmitter keylng, lmprovlng 

K6KA p. 44, Jun 76 
Transmitter, low-power, 80-meter 

W3FQJ p. 50, Aug 75 
Transrnltter, multlband low power with vfo 

K8EEG p. 39, Jul 72 
Transmltter power levels 

WA5SNZ p. 62, Apr 71 
Troubleshootlng, basic 

James p. 54, Jan 76 
Troubleshootlng by voltage measurements 

James p. 64, Feb 76 
Troubleshootlng, resistance measurements 

James p. 56, Apr 76 
Troubleshootlng, thlnklng your way through 

Allen p. 56. Feb 71 
Tuneup, off-the-sir 

W4MB p. 40, Mar 76 
Vertlcal antennas, lmprovlng efflclency 

K6FD p. 54, Dec 74 

Crystal osclllators, stable 
DJ2LR p. 34, Jun 75 
Correctlon p. 67, Sep 75 

Crystal oscillators, survey of 
VK2ZTB p. 10, Mar 76 

Crystal oven, slmple (HN) 
Mathleson p. 66, Apr 76 

Crystal ovens, preclslon temperature control 
K4VA p. 34, Feb 76 

Crystal test oscillator and slgnal 
generator 
K4EEU p. 46, Mar 73 

Crystals, overtone (HN) 
G6ABR p. 72, Aug 72 

Drlft-correctlon clrcult for free 
running oscillators 
PAOKSB p. 45, Dec 77 

Gorsl oscillator notes (HN) 
K5QIN p. 66, Apr 76 

Hex Inverter vxo circuit 
W2LTJ p. 50, Apr 75 

IC crystal controlled osclllators 
VK2ZTB p. 10, Mar 76 



IC crystal controlled osclllators (letter) 
W7EKC p. 91. Jan 78 

Local oscillator, phase locked 
VESFP p. 6, Mar 71 

Monitoring oscillator 
W2JIO p. 36, Dec 72 

Multiple band master-frequency oscillator 
K6SDX p. 50, Nov 75 

Multivibrator, crystal-controlled 
WN2MQY p. 65, Jul 71 

Noise sideband performance in oscillators, 
evaluatlng 
DJZLR p. 51. Oct 78 

Oscillator, audio, IC 
W6GXN p. 50, Feb 73 

Oscillator, Franklin (HN) 
W5JJ p. 61, Jan 72 

Oscillator, frequency measuring 
W6IEL p. 16, Apr 72 
Added notes p. 90, Dec 72 

Osclilator, gated (HN) 
WB9KEY p. 59, Jul 75 

Oscillator, phase-locked 
VE5FP p. 6, Mar 71 

Oscillator, two-tone, for SSB testing 
W6GXN p. 11, Apr 72 

Oscillators, resistance-capacitance 
W6GXN p. 18, Jul 72 

Overtone crystal oscillators without inductors 
WA5SNZ p. 50, Apr 78 

Quadrature-phased local oscillator (letter) 
K6ZX p. 62, Sep 75 

Quartz crystals (letter) 
WB2EGZ p. 74. Dec 72 

Regulated power supplles, deslgnlng 
K5VKO p. 58. Sep 77 

Stable vfo (CQT) 
WlDTY p. 51, Jun 76 

l T L  crystal oscillators (HN) 
WWVA p. 60, Aug 75 

TTL oscillator (HN) 
WB6VZW p. 77, Feb 78 

UHF local-oscillator chain 
N6TX p. 27, Jul 79 

Versatile audio oscillator (HN) 
W7BBX p. 72, Jan 76 

Vfo buffer amplifier (HN) 
W3QBO p. 88, Jul 71 

Vfo deslgn, stable 
WlCER p. 10, Jun 76 

Vfo deslgn uslng characteristic curves 
12RVZ o. 36. Jun 78 

~ ~ ~ l ~ ~ e d  power supplies, designing 
K5VKO 

Vfo, digltal readout 
WB8IFM 

Vfo, high-stability, vhf 
OHZCD 

Vfo, multiband fet 
K8EEG 

Vfo, stable 
K4BGF 

Voltage-tuned mosfet oscillator 
WA9HUV 

1-MHz oscillator, new approach 
WAPSPI 

Sampere power supply, adjustable 
NlJR 

--. - 

p. 58, Sep 77 

p. 14, Jan 73 

p. 27, Jan 72 

p. 39, Jul 72 

p. 8, Dec 71 

p. 26, Mar 79 

p. 46, Mar 79 

p. 50, Dec 78 

power supplies 
AC current monitor (letter) 

WB5MAP p. 61, Mar 75 
AC power supply, regulated, for mobile 

fm equipment 
WABTMP p. 28, Jun 73 

Adjustable Sampere supply 
NlJR p. 50, Jan 79 

All-mode-protected power supply 
KZPMA p. 74, Oct 77 

Arc suppression networks (HN) 
WA5EKA p. 70, Jul 73 

Batteries, selecting for portable equipment 
WAOAlK p. 40, Aug 73 

Battery charging (letter) 
Carison p. 6, Nov 80 

Battery drain, auxlllary, guard for (HN) 
WlDTY p. 74, Oct 74 

Battery power 
W3FQJ p. 58, Aug 74 

Bench power supply - Weekender 
WB6AFT p. 50, Feb 80 

Charger, fet-controlled, for nicad batterles 
WAWYK p. 48, Aug 75 

Constant-currant battery charger for 
porlable operation 
K5PA p. 34, Apr 78 

Converter. 12 to 6 volt (Can 
W l D N  p. 42, Apr 76 

Current llmiting (HN) 
WOLPQ p. 70, Dec 72 

Current limiting (letter) 
K5MKO p. 66. Oct 73 

Dc.dc converter, low-power 
W5MLY p. 54, Mar 75 

Dc power supply, regulated (CBT) 
WlDTY p. 51. Jun 76 

Diode surge protection (HN) 
WA7LUJ p. 65, Mar 72 
Added note p. 77. Aug 72 

Dyce l l  life 
WlDTY p. 41, Apr 76 

Dual-voltage power supply (HN) 
W5JJ p. 88, Nov 71 

Filament transformers, miniature 
Balley p. 88, Sep 74 

Hlgh-current regulated dc supply 
N8AKS p. 50. Aug 79 

IC power (HN) 
W3KBM p. 66, Apr 72 

IC power supply, adjustable (HN) 
W3HB p. 95. Jan 78 

Instantaneous-shutdown high.current 
regulated supply 
W6GB p. 81, Jun 78 

Klystrons, reflex power for (HN) 
W6BPK p. 71, Jul 73 

Line-voltage monitor (HN) 
WABVFK p. 66, Jan 74 
Current monitor mod (letter) p. 61, Mar 75 

Load protection, scr (HN) 
WSOZF p. 62, Oct 72 

Low-value voltage source (HN) 
WA5EKA p. 66, Nov 71 

Low-voltage dc power supplies - Repair Bench 
K41PV p. 38, Oct 79 

Low voltage, variable bench power supply 
(weekender) 
W6NBl p. 58, Mar 76 

Motorola Dispatcher, converting to 
12 volts 
WB6HXU p. 26. Jul 72 

Nlcad battery care (HN) 
WlDHZ p. 71. Feb 76 

Ni-cad charger, any-state 
WABTBC p. 66, Dec 79 

Nickel-cadmium batterles, time-current charglng 
WlOLP p. 32, Feb 

Overvoltage protection (HN) 
WlAAZ P. 64, Apr 

Pilot-lamp life (HN) 
WZOLU p. 71, Jul 

Polarlty inverter, medium current 
Laughlin p. 26, Nov 

Power.suppiy hum (HN) 
WBYFB p. 64, May 

Power supply, improved (HN) 
W4ATE p. 72, Feb 

Power supply, precision 
W7SK p. 26, Jul 

Power supply troubleshooting (repair bench) 
K4iPV p. 78, Sep 

Preclslon voltage supply for 
~haselocked terminal unit lHNl 
WA6TLA p. 80, Jui 74 

Rectifier, half-wave, improved 
Bailey p. 34, Oct 73 

Regulated power supplles, how to design 
K5VKQ p. 58, Sep 77 

Regulated power supplies, designing (letter) 
W9HFR p. 110, Mar 78 

Regulated power supply, 500-watt 
WABPEC p. 30, Dec 77 
Short circuit p. 94, Feb 79 

Regulated solld-state high.voltage 
power supply 
W6GXN p. 40, Jan 75 
Short circuit p. 69, Apr 75 

Regulated 5volt supply (HN) 
W6UNF p. 67. Jan 73 

Selenium rectifiers, replacing 
WlDTY p. 41, Apr 76 

Servlclng power supplies 
W6GXN p. 44, Nov 76 

Solar energy 
W3FQJ p. 54, Jul 74 

Solar power 
W3FQJ p. 52, Nov 74 

Solar power source. S v o l t  
W3FQJ p 54, Jan 77 

Step-start circuit, hlgh-voltage (HN) 
W6VFR p. 63, Sep 71 

Storage-battery QRP power 
W3FQJ p. 84, Oct 74 

Super regulator, the MPCIOOO 
W3HUC p. 52, Sep 76 

Transformers, miniature (HN) 
W4ATE p. 67. Jul 72 

Translent eliminator (CQT) 
WlDTY p. 52, Jun 76 

Transients, reducing 
W5JJ p. 50, Jan 73 

Variable high.voltage supply 
WlOLP p. 62, Dec 79 

Variable power supply for transistor work 
WA4MTH p. 88, Mar 76 

Variable-voltage power supply, 1.2 amps 
WB6AFT p. 36. Jul 78 

Vibrator replacement, solid-state (HN) 
K8RAY p. 70, Aug 72 

VHF transceivers, regulated power supply for 
WABRXU p. 58, Sep 80 

Voltage-regulator ICs, adjustable 
WB9KEY p. 36, Aug 75 

Voltage-regulator ICs, three.terminal 
WB5EMI p. 26, Dec 73 
Added note (letter) p. 73, Sep 74 

Voltage regulators, boosting bargain (HN) 
WA7VVC p. 90, May 77 

Voltage regulators, IC 
W6GXN p. 31, Mar 77 

Voltage safety valve 
W2UVF p. 78, Oct 76 

Wlnd generators 
W3FQJ p. 50, Jan 75 

propagation 
Artificial radio aurora, scattering 

characteristics of 
WB6KAP p. 18, Nov 74 

Calculator-aided propagation predictions 
N4UH p. 26, Apr 79 
Comments p. 6. Sep 79 

Scatter-mode propagation, frequency 
synchronization for 
K20VS p. 26, Sep 71 

Solar cycle 20, vhfer's view of 
WA5lYX p. 46, Dec 74 

Bmeter sporadic-E openings, predicting 
WA9RAQ p. 38, Oct 72 
Added note (letter) p. 69, Jan 74 

receivers and 
converters 

general 
Anti-QRM methods 

W3FQJ 
Attenuation pads, receiving (letter) 

KOHNQ 
Audio agc ampllfler 

WASSNZ 
Audlo agc principles and practlce 

P. 50, May 

p. 69, Jan 

p. 32. Dec 

W A ~ S N Z  p. 28, Jun 71 
Audio filter mod (HN) 

K6HIU p. 60, Jan 72 
Audlo filters, CW (letter) 

6Y5SR p. 56, Jun 75 
Audlo filters for ssb and CW reception 

K6SDX p. 18, Nov 76 
Audlo-filters, lnexpen?lve 

W8YFB p. 24, Aug 72 
Audlo, improved for receivers 

K7GCO p. 74, Apr 77 
Audlo module, complete 

K4DHC p. 18, Jun 73 
Audlo processor, comrnunicatlons, for reception 

W6NRW p. 71, Jan 80 
Auto-product detection of double-sideband 

K4UD p. 58, Mar 80 
Letter G3JIP p. 6, Oct 80 

Bandspreading techniques for resonant circuits 
Anderson p. 46, Feb 77 
Short clrcults p. 69, Dec 77 

Bandspreading techniques for resonant circuits 
Anderson, Leonard H. p. 48, Feb 77 

Randspreadlng techniques for 
resonant circuits (letter) 
WOEJO p. 6. Aug 78 

Bandspreadlng techniques (letter) 
Anderson, Leonard H. p. 6, Jan 79 
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Batteries, how to select for portable 
equipment 
WAQAiK p. 40, Aug 73 

Bfo multiplexer for a multimode detector 
WA3YGJ p. 52, Oct 75 

Broadband jfet amplifiers 
N6DX p. 12, Nov 79 

Calibrator crystals (HN) 
K6KA p. 66, Nov 71 

Communications receivers, calculating the cascade 
intercept point of 
WA7TDB p. 50. Aug 80 

Communications receivers, design ideas for 
Moore p. 12, Jun 74 

Communications receivers, designing 
for strong-signal performance 
Moore p. 6. Feb 73 

Crystal.filter design, practical 
PY2PEC p. 34, Nov 76 

CW filter, adding (HN) 
WZOUX p. 66, Sep 73 

CW monitor, simple 
WA9OHR p. 65, Jan 71 

CW processor for communications receivers 
W6NRW p. 17, Oct 71 

CW reception, enhancing through a 
simulated-stereo technique 
WAlMKP p. 61. Oct 74 

CW reception, noise reduction for 
W2ELV p. 52. Sep 73 

CW regenerator for interference-free 
communlcatlons 
Leward, Libenschek p. 54. Apr 74 

Detector, logarithmic with post-injection marker 
generator 
WlERW p. 36, Mar 80 

Detector, reciprocating 
WlSNN p. 32, Mar 72 
Added notes p. 54, Mar 74; p. 78, May 75 

Detector, single-signal phasing type 
WB9CYY p. 71, Oct 76 
Short circuit p. 66. Dec 77 

Detector, superregenerative, optimizing 
Ring p. 32, Jui 72 

Detectors, fm, survey of 
W6GXN p. 22, Jun 76 

Digital display 
N3FG p. 40, Mar 79 
Comments p. 6, Jul 79 

Digital frequency display 
WB2NYK p. 26, Sep 76 

Digital readout, universal 
WB8IFM p. 34, Dec 78 

Digital vfo basics 
Earnshaw p. 18, Nov 78 

Diode detectors 
W6GXN p. 28, Jan 76 
Comments p. 77, Feb 77 

Direct-conversion receivers (HN) 
YUZHL p. 100, Sep 76 

Diversity receiving system 
WPEEY p. 12. Dec 71 

Diversity reception 
K4KJ p. 48, Nov 79 

Double-balanced mixer, active, high- 
dynamic range 
DJ2LR p. 90, Nov 77 

Dynamic range, measuring 
WB6ClW p. 56, Nov 79 

Filter alignment 
W7UC p. 61, Aug 75 

Filter, vari-Q 
WlSNN p. 62, Sep 73 

Frequency calibrator, how to design 
W3AEX p. 54, Jui 71 

Frequency calibrator, receiver 
W5UQS p. 28, Dec 71 

Frequency-marker standard using cmos 
W4iYB p. 44, Aug 77 

Frequency measurement of received signals 
W4AAD p. 38. Oct 73 

Frequency standard (HN) 
WA7JlK p. 69, Sep 72 

Frequency standard, universal 
K4EEU p. 40, Feb 74 
Short circuit p. 72, May 74 

Hang agc circuit for ssb and CW 
WlERJ p. 50, Sep 72 

Headphone cords (HN) 
WZOLU p. 62. Nov 75 

I-f amplifier design 
DJZLR p. 10, Mar 77 
Short circuit p. 94, May 77 

1-1 detector receiver module 
KBSDX p. 34, Aug 76 

1-1 system, multimode 
WA2lKL p. 39, Sep 71 

1.1 transformers, problems and cures - Weekender 
K4iPV p. 56, Mar 79 

image suppression (HN) 
WGNIF p. 68, Dec 72 

interference, electric fence 
K6KA p. 68, Jui 72 

Interference, hi-fi (HN) 
K6KA p. 63, Mar 75 

Interference, rf 
WA3NFW p. 30, Mar 73 

Interference, rf, its cause and cure 
G3LLL p. 26. Jun 75 

intermodulation distortion, reducing 
in high-frequency receivers 
WB4ZNV p. 26, Mar 77 
Short circuit p. 69, Dec 77 

Local oscillator, phase-locked 
VE5FP p. 6, Mar 71 

Local-oscillator waveform effects 
on spurious mixer responses 
Robinson, Smith p. 44, Jun 74 

Mixer, crystal 
W2LTJ p. 38, Nov 75 

Monitor receiver modification (HN) 
W2CNQ p. 72, Feb 76 

Multiple receivers on one antenna (Two for one) (HN) 
W2OZY p. 72. Jun 80 

Noise blanker 
K4DHC p. 38. Feb 73 

Noise Blanker 
W5QJR p. 54, Feb 79 

Noise blanker design 
K7CVT p. 26, Nov 77 

Noise figure relationships (HN) 
W6WX p. 70, Apr 60 

Noise effects in receiving systems 
DJ2LR p. 34. Nov 77 

Phase-locked 9-MHz bfo 
W7GHM p. 49, Nov 78 

Phaselocked up-converter 
W7GHM p. 26. Nov 79 

Power-line noise 
K4lWJ p. 60, Feb 79 

Preamplifier, wideband 
W l  AAZ p. 60, Oct 76 

Radio-frequency interference 
WA3NFW p. 30, Mar 73 

Radiotelegraph translator and transcriber 
W7CUU, K7KFA p. 8. Nov 71 
Eliminating the matrix 
KH6AP p. 60, May 72 

Receiver dynamic range (letter) 
AA6PZ p. 7, Aug 60 

Receiver spurious response 
Anderson p. 62, Nov 77 

Receivers - some problems and cures 
WBWGP, K8RRH p. 10. Dec 77 
Ham notebook p. 94, Oct 78 
Short circuit p. 94. Feb 79 

Receiving RlTY, automatic frequency 
control for 
W5NPO p. 50, Sep 71 

Reciprocating detector as fm discriminator 
WlSNN p. 18, Mar 73 

Reciprocating-detector converter 
WlSNN p. 58, Sep 74 

Resurrecting old receivers 
K4iPV p. 52, Dec 76 

Rf-agc amplifier, high-performance 
WAlFRJ p. 64. Sep 78 

Rf amplifiers for communications receivers 
Moore p. 42. Sep 74 

Rf amplifiers, isolating parallel currents in 
G3iPV p. 40. Feb 77 

Rf amplifier, wideband 
WB4KSS p. 58, Apr 75 

Selectivity and gain control, improved 
VE3GFN p. 71. Nov 77 

Selectivity, receiver (letter) 
K4UV p. 68, Jan 74 

Sensitivity, noise figure and dynamic range 
W 1 DTY p. 6, Oct 75 

Signals, how many does a recelver see? 
DJZLR p. 58, Jun 77 
Comments p. 101, Sep 77 

Signal-strength, measuring 
. W2YE p. 20. Aug 80 

S-meters, solid-state 
K6SDX p. 20, Mar 75 

Spectrum analyzer, tour channel 
W9iA p. 6, Oct 72 

Squelch, audio-actuated 
K4MOG p. 52, Apr 72 

SSB signals, monitoring 
W6VFR p. 38. Mar 72 

Superhet tracking calculations 
WASSNZ p. 30. Oct 78 

Superregenerative detector, optimizing 
Ring p. 32, Jui 72 

Talking clock (letter) 
N9KV p. 75, Feb 80 

Talking digital readout (letter) 
N5AF p. 6, May 80 

Threshold-gatellimiter for CW reception 
WPELV p. 46, Jan 72 
Added notes (letter) 
W2ELV p. 59, May 72 

Troubleshooting the dead receiver 
K4lPV p. 56, Jun 76 

Vacuum-tube receivers, updating 
W6HPH p. 62, Dec 78 
Short circuit p. 73, Dec 79 

Vif converter (HN) 
W3CPU p. 69, Jul 76 

Weak signal reception in CW receiver% 
ZS6BT p. 44, Nov 71 

Wideband amplifier summary 
DJ2LR p. 34, Nov 79 

WWV receiver, five-frequency 
W6GXN p. 36, Jul 76 

high-f requency receivers 
Bandpass filters for receiver preselectors 

W7ZOI p. 18, Feb 75 
Bandpass tuning, electronic. In the Drake R-4C 

Horner p. 58, Oct 73 
Collins receivers, 300-Hz crystal filter for 

W l  DTY p. 58, Sep 75 
Collins receivers (letter) 

G3UFZ p. 90, Jan 76 
Collins 75A-4 hlnts (HN) 

W6VFR p. 68, Apr 72 
Collins 75A-4 modifications (HN) 

W4SD p. 67. Jan 71 
Communications receiver, five band 

K6SDX p. 6, Jun 72 
Communications receiver for 80 

meters, IC 
VE3ELP p. 6, JuI 71 

Communications receivers, high frequency, recent 
developments In circuits and techniques for 
DJZLR p. 20, Apr 80 

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 recelver, miniaturized 
K4DHC p. 24, Sep 74 

Communications recelver, optimum design for 
DJPLR p. 10, Oct 76 

Communications receiver, soiid.state 
i5TDJ 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 
OHZKT p. 49, Nov 74 

Converter, very low frequency receiving 
W2iMB p. 24, Nov 76 

Crystal-controlled phase-locked converter 
W3VF p. 58. Dec 77 

CW regenerator for Amateur receivers 
W3BYM p. 64, Oct 80 

Digitally programmable high-frequency 
communications receiver 
WA9HUV p. 10, Oct 78 
Comments 
Foot, WA9HUV p. 6, Apr 79 

Direct-conversion receivers 
W3FQJ p. 59, Nov 71 

Direct-conversion receivers 
PAOSE p. 44, Nov 77 

Direct-conversion receivers, improved 
selectivity 
K6BlJ p. 32, Apr 72 

Direct.converslon receivers. 
simple active filters for 
W7ZOi p. 12, Apr 74 

Diversity recelver, high-frequency, from the 1930s 
K4KJ p. 34, Apr 80 

Doubleconversion hf recelver with 
mechanical frequency reaiout 
Per010 p. 26, Oct 78 

Drake R-4C product detector, improving (HN) 
W3CVS p. 64, Mar 80 

Frequency synthesized local-oscillator system 
W7GHM p. 80, Oct 78 
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Performance and slgnal-to-noise ratio 
of low-frequency shift RTTY 
KBSR p. 62, Dec 76 

Phase-coherent RTTY modulator 
K5PA p. 26, Feb 79 

Phase-locked loop AFSK generator 
K7ZOF p. 27, Mar 73 

Phase-locked loop RlTY termlnal unlt 
W4FQM p. 6, Jan 72 
Correction p. 80, May 72 
Power supply for p. 60, Jul 74 
Optlmlzatlon of the phase- 
locked termlnal unlt p. 22, Sep 75 
Update, W4AYV p. 16, Aug 76 

Prlnted clrcult for RTTY speed converter 
W7POG p. 54, Oct 72 

RAM RTTY message generator, lncreaslng 
capaclty of (HN) 
F2ES p. 66, Oct 77 

Receiver-demodulator for RTTY net 
operatlon 
VE7BRK p. 42, Feb 73 

Ribbon re-lnkers 
W6FFC p. 30. Jun 72 

RTTY dlstortlon: causes and cures 
WB6lMP p. 36, Sep 72 

RTTY for the blind (letter) 
VE7BRK p. 76, Aug 72 

RTTY Ilne-length lndlcator (HN) 
W2UVF p. 62, Nov 73 

RTTY reception with Heath SB receivers (HN) 
KBHVW p. 64, Oct 71 

Selcom 
K9HVW. WB4KUR, K4ElD p. 10, Jun 78 

Serlal converter for Elevel teleprinters 
VE3CTP p. 67. Aug 77 
Short clrcult p. 66, Dec 77 

Signal Generator, RTTY 
W7ZTC p. 23, Mar 71 
Short clrcult p. 96, Dec 71 

Slmple clrcult replaces jack patch panel 
K4STE p. 25, Apr 76 

Speed control, electronlc, for RTTY 
W3VF p. 50, Aug 74 

ST.5 keys polar relay (HN) 
WOLPD p. 72, May 74 

Tape editor 
W3EAG p. 32, Jun 77 

Terminal unit, phase-locked loop 
W4FQM p. 6. Jan 72 
Correction p. 80. May 72 

Terminal unit, phase-locked loop 
W4AW p. 36, Feb 75 

Terminal unit, variableshlft RTTY 
W3VF p. 16, Nov 73 

Test generator, RTTY 
WB9AlW p. 64, Jan 78 

Test generator, RTTY (HN) 
W3EAG p. 67, Jan 73 

Test generator, RTTY (HN) 
W3EAG p. 59. Mar 73 

Teat-message generator, RTTY 
KffiSC. K9PKQ p. 30, Nov 76 

Tlmeldate printout 
WOUT p. 16, Jun 76 
Short clrcult p. 66, Dec 77 

Voltage supply, preclslon for 
phaae-locked terminal unit (HN) 
WABTLA p. 80, Jul 74 

AMSAT-OSCAR D 
W3PK. G3ZCZ p. 16, Apr 78 

Antenna accuracy In satelllte tracklng systems 
N5KR p. 24, Jun 79 

Antenna control, automatlc azlmuthlelevation 
for satellite communications 
WA3HLT p. 26, Jan 75 
Correction p. 58, Dec 75 

Antenna, simple satelllte (HN) 
WA6PXY p. 59, Feb 75 

Antennas, slmple, for satellite 
communlcatlons 
K4GSX p. 24, May 74 

Az-el antenna mount for satelllte 
c~mmunicatlons 
W2LX p. 34, Mar 75 

Calcu-puter, OSCAR 
W9CGI p. 34, Dec 78 

Clrcularly-polarlzed ground-plane 
antenna for satellite communlcatlons 
K4GSX p. 28, Dec 74 

Communlcatlons, flrst step to satelllte 
K1 MTA p. 52, Nov 72 

Added notes (letter) p. 73, Apr 73 
Future of the amateur satellite servlce 

KZUBC p. 32, Aug 77 
Medical data relay vla OSCAR 

K7RGE p. 67, Apr 77 
OSCAR antenna (CBT) 

WlDTY p. 50, Jun 76 
OSCAR antenna, moblle (HN) 

W6OAL p. 67, May 76 
OSCAR az-el antenna system 

WAl NXP p. 70, May 76 
OSCAR tracking program, HP-65 

calculator (letters) 
WA3THD p. 71, Jan 76 

OSCAR 7, communlcations technlques for 
G3ZCZ p. 6, Apr 74 

Phase 111 Spacecraft orblts, geometry of 
WBMQW p. 66, Oct 80 

Prcgrammlng for automated satelllte 
communlcation 
KP4MD p. 66, Jun 76 

Recelvlng preampllfler for OSCAR 6 Mode J 
K1RX and Puglla p. 20, Jun 78 

Satellite communlcatlons on 10 meters (letter) 
G310R p. 12. Dec 79 

Satellite tracklng - pointing and 
range wlth a pocket calculator 
~ a l i ,  John A. p. 40, Feb 78 

Slgnal polarlzatlon, satelllte 
KH6IJ p. 6. Dec 72 

Tracking the OSCAR satellltes 
Harmon, WABUAP p. 16. Sep 77 

28-30 MHz preampllfler for satelllte 
reception 
W1 JAA p. 48, Oct 75 

432-MHz OSCAR antenna (HN) 
WlJAA p. 58, Jul 75 

semiconductors 

Antenna bearings for geoststlonary 
satellltes, calculating 
N6TX p. 67. May 78 

Charge flow in semlconductors 
WB6BlH p. 50, Apr 71 

Dlodes, evaluating 
W5JJ p. 52, Dec 71 

Dynamic translstor tester (HN) 
VE7ABK p. 65, Oct 71 

European semiconductor numberlng system (CBT) 
WlDTY p. 42, Apr 76 

Fet bias problems slmplifled 
WASSNZ p. 50, Mar 74 

Fet blaslng 
W3FQJ p. 61, Nov 72 

Fetrons, solld-state replacements for tubes 
WlDTY p. 4, Aug 72 
Added notes p. 68, Oct 73; p. 62, Jun 74 

Frequency multlpllers 
W6GXN p. 6, Aug 71 

GaAs fleldeffect translstors, Introductlon 
W A W F  p. 74, Jan 76 

Heatslnk problems, how to solve translstor 
WA5SNZ p. 46, Jan 74 

Impulse generator, snap dlode 
Siegal. Turner p. 29, Oct 72 

lnjectlon lasers, high power 
Mlms p. 28, Sep 71 

lnjectlon lasers (letter) 
Mlms p. 64, Apr 71 

Llnear power ampllfler, hlgh power solid-state 
Chambers p. 6, AUQ 74 

Llnear translstor ampllfler 
W3FQJ p. 59, Sep 71 

Matchlng technlques, broadband, for 
translstor rf ampllflers 
WA'MIHZ p. 30, Jan 77 

Microwave ampllfler deslgn, solid state 
WA6UAM p. 40, Oct 76 

Mosfet clrcults 
W3FQJ p. 50, Feb 75 

Mosfet power ampllfler, 180. 6 meters 
WAIWLW p. 12, Nov 78 

Mospower fet (letter) 
WMQM p. 110. Mar 76 

Motorola fets (letter) 
WlCER p. 64, Apr 71 

Nolse, zener-dlode (HN) 
VE7ABK p. 59, Jun 75 

Power disslpatlon ratings of transistors 
WNQCGW p. 58, Jun 71 

Power fets 
W3FQJ p. 34, Apr 71 

Power transistors, parallelling (HN) 
WA5EKA p. 62, Jan 72 

Predlctlng close encounters: 
OSCAR 7 and OSCAR 8 
K2UBC p.62, Jul 79 

Protectlng solld-state devlces from 
voltage translents 
WBSDEP p. 74, Jun 76 

Snap dlode Impulse generator 
Siegal, Turner p. 29, Oct 72 

Switching lnductlve loads wlth 
solld-state devlces (HN) 
WABROC p. 99, Jun 78 

Transconductance tester for field-effect 
translstors 
W6NBI p. 44, Sep 71 

Translator ampllflers, tabulated 
characterlstlcs of 
W5JJ p. 30, Mar 71 

Translator breakdown voltages 
WA5EKA p. 44, Feb 75 

Trapatt diodes (letter) 
WATNLA D. 72, Apr 72 

Y parameters In rf deslgn, uslng 
WA0TCU p. 46, Jul 72 

single sideband 
Balanced modulators, dual fet 

W3FQJ p. 63, Oct 71 
Communlcatlons receiver, phaslng-type 

WAWYK p. 6, Aug 73 
Detector, SSB. IC (HN) 

K40DS p. 67, Dec 72 
Correction p. 72, Apr 73 

Electronic bias swltchlng for llnear 
ampllflers 
W8VFR p. 50, Mar 75 

Fllters, SSB (HN) 
K6KA p. 63, Nov 73 

Frequency dlvlders for SSB 
W7BZ p. 24. Dec 71 

Hang agc clrcult for SSB and CW 
W l  ERJ p. 50, Sep 72 

Intermittent volce operatlon of power tubes 
WBSAl p. 24, Jan 71 

Intermcdulatlon-dlstortlon measurements 
on SSB transmltters 
W6VFR p. 34, Sep 74 

Llnear ampllfler deslgn 
WBSAI 
Part 1 p. 12. Jun 79 
Part 2 p. 34, Jul 78 
Part 3 p. 58, Aug 79 

Llnear ampllfler, flve-band conduction- 
cooled 
W K l T  p. 8, Jul 72 

Llnear ampllfler, flve-band kilowatt 
W40Q p. 14. Jan 74 
Improved operatlon (letter) p. 59, Dec 74 

Llnear ampllfler performance, lmprovlng 
W4PSJ p. 66, Oct 71 

Llnear ampllfler, 100-watt 
W6WR p. 28, Dec 75 

Llnear, flve-band hf 
W7D1 p. 6, Mar 72 

Linear for 80-10 meters, hlgh-power 
W6HHN p. 58, Apr 71 
Short clrcult p. 96, Dec 71 

Llnearlty meter for SSB ampllflers 
W4MB p. 40, Jun 76 

Modifying the Heath SB-200 ampllfler 
for the new 6673 zero-blas trlode 
W6UOV p. 32, Jan 71 

Peak envelope power, how to measure 
W5JJ p. 32, Nov 74 

Phaslng networks (letter) 
W2ESH p. 6, Nov 76 

Preemphasls for SSB transmltters 
OH2CD p. 36, Feb 72 

Ratlng tubes for llnear ampllfler servlce 
WBUOV, WBSAI p. 50, Mar 71 

Rf cllpper for the Collins Sline 
KWYO p. 16, Aug 71 
Letter p. 66, Dec 71 

Rf speech processor. SSB 
W2MB p. 16, Sep 73 

Sldeband locatlon (HN) 
K6KA p. 62, Aug 73 

Solld-state transmlttlng converter for 
144-MHz SSB 
W6NBI p. 6, Feb 74 
Short clrcult p. 62, Dec 74 

Speech clipper, IC 
K6HTM p. 18, Feb 73 
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Added notes (letter) p. 64, Oct 73 
Speech clipper, rf, construction 

G6XN p. 12, Dec 72 
Speech clippers, rf, performance of 

G6XN p. 26, Nov 72 
Added notes D. 58. Aug 73; D. 72. S ~ D  74 

Speech clipping in single-sideband-equipment 
K1YZW p. 22, Feb 71 

Speech processing, principles of 
ZLlBN p. 28, Feb 75 
Added notes p. 75. May 75; p. 64, Nov 75 

Speech processor, split-band 
NANS p. 12, Sep 79 

Speech processor, SSB 
VK9GN D. 31. Dec 71 

Speech splatter on single sideband 
W4MB p. 28, Sep 75 

SSB generator, phasing-type 
W7CMJ p. 22, Apr 73 
Added comments (letter) p. 65, Nov 73 

SSB phasing techniques, review 
VK2ZTB p. 52, Jan 78 
Short circuit D. 94, Feb 79 

SSB phasing techniques, review (letter) 
WB9YEM p. 82, Aug 78 

SSB transceiver, IC, for 80 meters 
VE3GSD p. 48, Apr 76 

Switching and linear ampllflcatlon 
W3FQJ p. 61, Oct 71 

Syllablc vox system for Drake equipment 
W6RM p. 24, Aug 76 

Transcelver, high-frequency with digital readout 
DJ2LR p. 12, Mar 78 

Transceiver, miniature 7-MHz 
W7BBX p. 18, Jul 74 

Transcelver, SSB, IC 
G3ZVC p. 34, Aug 74 
Circuit change (letter) p. 62, Sep 75 

Transcelver, SSB, using LM373 IC 
WSB A A p. 32, Nov 73 

Transceiver, 3.5-MHz SSB 
VE6ABX p. 6, Mar 73 

Transmitter and receiver for 40 meters, SSB 
VE3GSD p. 6, Mar 74 
Short olrcuit p. 62, Dec 74 

Transmitter, phasing-type SSB 
WA0JYK p. 8, Jun 75 

Transverter, low.power, high-frequency 
WORBR p. 12, Dec 78 

TfL ICs, using In SSB equipment 
G4ADJ p. 18, Nov 75 

Two-tone oscillator for SSB testing 
W6GXN p. 11, Apr 72 

Vacuum tubes, using odd.bal1 types in 
llnear amplifier service 
W5JJ p. 58, Sep 72 

Vox, versatlle 
W9KIT p. 50, Jul 71 
Short circuit p. 96, Dec 71 

144-MHz transverter, the TR-144 
KlRAK P. 24. Feb 72 . . 

432-MHz SSB, practical approach to 
WA2FSQ p. 6, Jun 71 

1296-MHz SSB transcelver 
WA6UAM p. 8, Sep 74 

television 
Broadcast quality television camera 

WABRMC p. 10, Jan 78 
Callsign generator 

WB2CPA p. 34. Feb 77 
Caption devlce for SSTV 

G3LTZ p. 61, Jui 77 
Console, video, for ATV 

WB6LGA p. 12, Jan 80 
Display SSTV pictures on a fast-scan TV 

K6AEP p. 12, Jui 79 
Fast-scan camera converter for SSTV 

WA9UHV p. 22, Jul 74 
Fast- to slow-scan conversion, N 

W3EFG. W3YZC p. 32. Jul 71 
Frequency-selective and sensitivity 

controlled S S N  preamp 
DKl BF p. 36, Nov 75 

Interlaced sync generator for A N  camera control 
WA6RMC p. 10, Sep 77 

Slow-tefest-scan televlslon converters, 
an Introduction 
K4TWJ p. 44, Aug 76 

Sync generator for black-and-white 525-line N 
K4EEU p. 79, Jul 77 

Sync generator, IC, for A N  
W0KGi p. 34, Jul 75 

Sync generator, SSTV (letter) 
WllA 

Television DX 
WA9RAQ 

Test generator, SSTV 
K4EEU 

Vestigial sideband microtransmittel 
for amateur television 
WA6UAM 
Short circuit 

50 years of television 
WIDTY, K4TWJ 
Letter, WAGJFP 

Power tube open filament pins (HN) 
p. 73, Apr 73 W9KNI p. 69, Apr 75 

Pre-emphasis for SSB transmitters 
p. 30, Aug 73 OH2CD p. 38. Feb 72 

Quartz crystals (letter) 
p. 6, Jul 73 WB2EGV p. 12. Dec 79 

Relay activator (HN) 
K6KA p. 62, Sep 71 

p. 20, Feb 76 Rf leakage from your transmitter, preventing 
p. 94, May 77 K9MM p. 44, Jun 78 

Rf power amplifiers, high-efficiency 
p. 36, Feb 76 WB8LQK p. 8, Oct 74 
p. 77, Sep 76 SSTV reporting system 

WB6ZYE p. 76, Sep 76 
Stewstart circuit, high-voltacie (HN) 

transmitters and 
power amplifiers 

general 
Air pressure measurements 

across transmitting tubes (HN) 
W4PSJ p. 73, Dec 79 

Batteries, how to select for portable 
equipment 
WAOAIK p. 40, Aug 73 

Blower maintenance (HN) 
W6NIF p. 71, Feb 71 

Blower.to-chassls adapter (HN) 
K6JYO p. 73, Feb 71 

CQer, automatic, for RTTY 
W4AYV p. 18, Nov 80 

Digital readout, universal 
WB8lFM p. 34, Dec 78 

Digital vfo basics 
Earnshaw p. 18, Nov 78 

Efficiency of linear power ampliflers, 
how to compare 
W5JJ p. 64, Jul 73 

Eimac 5CX1500A power pentode, notes on 
K9XI p. 80. Aug 80 

Electronic bias swltchlng for linear 
ampliflers 
W6VFR p. 50, Mar 75 

Fall-safe timer, transmltter (HN) 
K9HVW p. 72, Oct 74 

Filter converter, an upldown 
WSDA p. 20, Dec 77 

Filters, SSB (HN) 
KBKA p. 63, Nov 73 

Frequency multipliers 
WGXN p. 6. Aug 71 

High-voltage fuses in linear amplifiers (HN) 
K9MM p. 76, Feb 78 

lntermlttent voice operation of power 
tubes 
W6SAI p. 24, Jan 71 

Key and vox clicks (HN) 
K6KA p. 74, Aug 72 

Linear power ampliflers (letter) 
KBSEY, WSAI  p. 6, Dec 79 

Lowpass filters for solid-state linear empliflers 
WAQlYK p. 38, Mar 74 
Short circuit p. 62, Dec 74 

Matching techniques, broadband. for 
translstor rf amplifiers 
WA'IWHZ p. 30, Jan 77 

Multiple tubes In parallel grounding grid (HN) 
W7CSD p. 80, Aug 71 

National NCX-500 modlficatlon for 15 meters (HN) 
WAlKYO p. 87, Oct 77 

Networks, transmitter matching 
W6FFC p. 6, Jan 73 

Neutrallzlng tip (HN) 
ZEBJP p. 69, Dec 72 

Pi network design 
Anderson, Leonard H. p. 36, Mar 78 
Comments p. 6, Apr 79 

PI network design aid 
W6NIF p. 62. May 74 
Correctlon (letter) p. 58, Dec 74 

PI-network deslgn, high-frequency 
power ampllfier 
W6FFC p. 6, Sep 72 

PI networks (letter) 
W6NIF p. 6, Oct 78 

Pi-network inductors (letter) 
W71V p. 76, Dec 72 

PI-network rf choke (HN) 
W6KNE p. 98. Jun 76 

PI networks, series tuned 
W2EGH p. 42. Oct 71 

Power fets 
W3FQJ p. 34, Apr 71 

W6VFR 
Talk~ng clock (letter) 

N9KV 
Talking digital readout (letter) 

N5AF 
Transmitter power levels, some 

observations regarding 
WA5SNZ 

Transmitter-tuning unit for the blind 
W9NTP 

Vacuum tubes, using odd-ball types In 
linear ampliflers 
W5JJ 

Vfo, digital readout 
WB8IFM 

XK2C AFSK generator, the 
W3HVK 

p. 64, Sep 71 

p. 75. Feb 80 

p. 6, May 80 

p. 62, Apr 71 

p. 60, Jun 71 

p. 58. Sep 72 

p. 14, Jan 73 

p. 58, Nov 80 

high-f requency 
transmitters 
Air pressure, measurlnp across transmitting tubes 

(HN) 
W4PSJ p. 89. Jan 80 

CW transcelver for 40 and 80 meters, improved 
W3NNL p. 18. Jul 77 

CW transceiver, low-power 20-meter 
W7ZOI p. 8, Nov 74 

Driver and final for 40 and 80 meters, 
solid-state 
W3QBO p. 20, Feb 72 

Electronic bias switch for negatively-biased 
power amplifiers 
WA5KPG p. 27, Nov 76 

Fleid-effect translstor transmitters 
K2BLA p. 30, Feb 71 

Filters, low.pass for 10 and 15 meters 
W2EEY p. 42, Jan 72 

Five-band transrnltter, hf, solid-state 
I5TDJ p. 24, Apr 77 

Frequency synthesizer, high frequency 
K2BLA p. 16, Oct 72 

Heath HW-101 transcelver, using with 
a separate receiver (HN) 
WAIMKP p. 63, Oct 73 

Kilowatt mobile for DX 
K5DUT p. 43, Dec 80 

Linear-amplifler cost efficiency 
W8MFL p. 80, Jul 80 

Linear ampllfier deslgn 
W6SAI 
Part 1 p. 12. Jun 79 
Part 2 p. 34. Jul 79 
Part 3 p. 58, Aug 79 

Llnear amplifier, five-band conductlon.cooled 
W9KIT p. 6, Jul 72 

Llnear ampllfier performance, improving 
W4PSJ p. 88, Oct 71 

Llnear ampllfler. 10Qwatt 
W6WR p. 28, Dec 75 

Linear amplifiers, modifying for full 
break-in operation 
K4XU p. 38, Apr 78 

Llnear, five-band hf 
W7DI p. 6, Mar 72 

Linear, flveband kilowatt 
W40Q p. 14. Jan 74 
Improved operation (letter) p. 59. Dec 74 

Linear for 80-10 meters, high-power 
W6HHN p. 56, Apr 71 
Short circuit p. 96, Dec 71 

Linear power ampllfier, high-power 
solid-state 
Chambers p. 6, Aug 74 

Lowpass filter, high-frequency 
W2OLU p. 24, Mar 75 
Short circuit p. 59, Jun 75 

Modifying the Heath SB-200 ampllfier for 
the new 8873 zero-blas triode 
WBUOV p. 32, Jan 71 
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Mosfet power amplifier, for 160 - 6 meters 
WAlWLW p. 12, Nov 78 

Phasebcked ioop, 28 MHz 
WlKNi p. 40. Jan 73 

QRP fet transmitter, 80.meter 
W3FQJ p. 50. Aug 75 

SSB transceiver, miniature 7-MHz 
W7BBX p. 16, Jui 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 
WAWYK p. 8, Jun 75 

Transceiver, high-frequency with digital readout 
DJ2LR p. 12, Mar 78 

Transceiver, 3.5.MHz SSB 
VE6ABX p. 6, Mar 73 

Transmitter, five-band, CW and SSB 
WN3WTG p. 34, Jan 77 

Transverter, low-power, high-frequency 
WAORBR p. 12, Dec 78 

Wideband linear ampiifier. 4 watt 
VE5FP p. 42. Jan 76 

3-4002, 3-5002 filament circuits, notes on 
K9WEH p. 88, Apr 76 

7-MHz QRP CW transmitter 
WA4MTH p. 26. Dec 76 

14-MHz vfo transmitter, solld-state 
W3QBO p. 6, Nov 73 

160-meters, 500-watt power amplifier 
W2BP p. 8, Aug 75 

vhf and uhf transmitters 
Converter, dc-dc, increases Gunnplexer frequency 

swing (HN) 
W l  W p. 70. Apr 80 

Synthesized 2-meter mobile stations, automation for 
W9CGl p. 20. Jun 80 

Phase-locked loop, 50 MHz 
WlKNi p. 40, Jan 73 

10-GHz transceiver for amateur 
microwave communications 
DJ700 p. 10. Aug 78 

S M H z  preamplifier, low-noise 
WIHR p. 38. Oct 78 

WMHz kilowatt, inductively tuned 
K1 DPP p. 8, Sep 75 

WMHz linear amplifier 
KlRAK p. 38, Nov 71 

WMHz linear ampiifier, 2.kW 
W6UOV p. 16, Feb 71 

WMHz transverter 
KlRAK p. 12, Mar 71 

144-MHz fm transmitter 
W9SEK p. 6. Apr 72 

144.MHz fm transmitter, soiid-state 
WGAJF p. 14, Jul 71 

144-MHz fm transmitter. Sonobaby 
WAWZO p. 6, Oct 71 
Short clrcult p. 96, Oec 71 
Crystal deck for p. 26, Oct 72 

144.MHz power amplifier, high-performance 
W6UOV p. 22, Aug 71 

144.MHz power ampiifier, 10-watt soiid-state 
WlDTY p. 67, Jan 74 

144-MHz power amplifiers, solld state 
W4CGC p. 6, Apr 73 

144-MHz transmitting converter, solid-state ssb 
W6NBi p. 6, Feb 74 
Short circuit p. 62, Dec 74 

144.MHz transceiver, a-m 
KlAOB p. 55, Dec 71 

2MMHz exciter 
WB6DJV p. 50, Nov 71 

220-MHz kilowatt linear 
W6PO p. 12. Jun 80 

220-MHz power amplifier 
W6UOV p. 44, Dec 71 

22QMHz, rf power amplifier for 
WB6DJV p. 44, Jan 71 

2MMHz rf power amplifier, vhf fm 
K7JUE p. 8, Sep 73 

432-MHz solid-state linear ampiifier 
WB6QXF p. 30, Aug 75 

432-MHz 100-watt soiid.state power amplifier 
WA7CNP p. 36. Sep 75 

128&MHz transverter 
K6ZMW p. 10. Jul 77 

2304.MHz power amplifier 
WA9HUV p. 6, Feb 75 

troubleshooting 
Basic troubieshooting 

James p. 54, Jan 76 
I-f transformers, problems and cures - Weekender 

K4iPV p. 56, Mar 79 
Logic circuits, troubleshooting 

WBGRG p. 56, Feb 77 
Oscillator troubleshooting (repair bench) 

K4lPV p. 54. Mar 77 
Power supply, troubleshooting 

K4iPV p. 78. Sep 77 
Receiver alignment techniques, vhf fm 

K4iPV p. 14, Aug 75 
Receivers, troubleshooting the dead 

K4iPV p. 56, Jun 76 
Resistance measurement, troubieshooting by 

James p. 58, Apr 76 
Transistor circuits, troubieshooting 

K4iPV p. 60, Sep 76 
Voltage troubleshooting 

James p. 64, Feb 76 

vhf and microwave 
general 
Artificial radio aurora, vhf 

scattering characteristics 
WB6KAP p. 18, Nov 74 

A-m modulation monitor (HN) 
K7UNL p. 67, Jui 71 

Bypassing, rf, at vhf 
WB6BHI p. 50. Jan 72 

Cavity filters, surpius, how to modify for 144 MHz 
W4FXE p. 42, Feb 80 

Cavity fiiter, 144-MHz 
WlSNN p. 22, Dec 73 
Short circuit p. 64, Mar 74 

Coaxial filter, vhf 
W6SAi p. 36, Aug 71 

Coil-winding data, practical vhf end uhf 
K3SVC p. 6, Apr 71 

Effective radiated power (HN) 
VE7CB p. 72, May 73 

Ei2W six-meter repor! (letter) 
Ei2W p. 12, Jul 80 

Frequency multipliers 
W6GXN p. 6, Aug 71 

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 (HN) 
WA3AXS p. 12, Jui 80 

Frequency synthesizer, 220 MHz 
W6GXN p. 8. Dec 74 

F-237lGRC surpius cavity filter, conversion versatility 
using the 
W4FXE p. 22. Dec 80 

GaAs field-effect transistors, introduction 
WA2ZZF p. 74. Jan 78 

Gunn oscillator design for the 10-GHz band 
WB2ZKW p. 6, Sep 80 

improving vhfluhf receivers 
WlJAA p. 44, Mar 76 

Indicator, sensitive rf 
WB9DNi p. 38, Apr 73 

Klystron cooler, waveguide (HN) 
WA4WDL p. 74. Oct 74 

L-band local oscillators 
N6TX p. 40, Dec 79 

Microstrip impedance, simple formula for 
W1HR p. 72. Dec 77 

Microstrip transmission line 
WlHR p. 28, Jan 78 

Microwave bibliography 
W6HDO p. 68. Jan 78 

Microwave-frequency converter for vhf counters 
KA9BY I p. 40, Jui 80 

Microwave frequency doubler 
WA4WDL p. 69, Mar 76 

Microwave marker generator, 3cm bend (HN) 
WA4WDL p. 69, Jun 76 

Microwave path evaluation 
N7DH p. 40, Jan 78 

Microwave rf generators, solid-stele 
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 
WABUAM p. 40, Oct 76 
Comment, VKJTK, WABUAM p. 98, Sep 77 

Microwave systems, first building blocks for 
WA2GFP p. 52, Dec 80 

Monitor, tone alert 
W4KRT p. 24. Aug 80 

Noise figure measurements, vhf 
WBBNMT p. 36, Jun 72 

Phase-locked ioop, tunable 50 MHz 
WlKNi p. 40, Jan 73 

Plasma-diode experiments 
Stockman, Harry p. 62, Feb 80 

Polapiexer design 
K6MBL p. 40, Mar 77 

Power dividers and hybrids 
WlDAX p. 30, Aug 72 

Radio observatory, vhf 
Ham p. 44. Jul 74 

Reflex klystrons, pogo stick for (HN) 
W6BPK p. 71. Jul 73 

Satellite communications 
KITMA p. 52, Nov 72 
Added notes (letter) p. 73, Apr 73 

Satellite signal polarization 
KH6iJ p. 6, Dec 72 

Solar cycle 20, vhfer's vlew of 
WA5lYX p. 46. Dec 74 

Spectrum anaiyzer, microwave 
WA6UAM p. 54, Aug 77 

Spectrum anaiyzer microwave 
NGTX p. 34, Jul 78 

Two-meter autopatches, tone-encoder for 
WBQVSZ p. 51. Jun 80 

Uhf dummy load, 150-watt 
WB6QXF p. 30, Sep 76 

Vfo, high-Stability vhf 
OH2CD p. 27, Jan 72 

Varactor tuning tlps (HN) 
N3GN p. 69. Dec 80 

Voltage-tuned UHF oscillator, multipurpose 
WA9HUV p. 12, Dec 80 

Vhf beacons 
W3FQJ p. 88, Dec 71 

Vhf circuits, eliminating parallel currents (HN) 
G3iPV p. 91, May 77 

VHF techniques 
W6NBI p. 62, Jul 80 

VHF transceivers, regulated power supply for 
WABRXU p. 58, Sep 80 

Weak.signal communications 
W4LTU p. 26, Mar 78 

IQGHz cross-guide coupler 
WB2ZKW p. 66, Oct 79 

lQGHz Gunnplexer transceivers, 
construction and practice p. 26, Jen 79 
Comments, W6OAL p. 6, Sep 79 

WMHz bandpass fiiter 
W4EKO p. 70, Aug 76 

%MHz frequency synthesizer 
WlKNl p. 28, Mar 74 

144-MHz fm frequency meter 
W4JAZ p. 40, Jan 71 
Short circuit p. 72, Apr 71 

144-MHz frequency synthesizer 
WB4FPK p. 34, Jul 73 

144-MHz frequency synthesizer, CMOS 
K9LHA p. 14, Oec 79 
Short circuit p. 81, Apr 80 

144-MHz frequency-synthesizer, one-crystal 
WQKMV p. 30, Sep 73 

220-MHz frequency synthesizer 
W6GXN p. 8, Dec 74 

432-MHz SSB, practical approach to 
WAPFSQ p. 6, Jun 71 

440-MHz bandpass fiiter 
WA8YBT p. 62, Nov 79 

1296-MHz double-stub tuner 
K6LK p. 70. Dec 78 

1296-MHz microstripline bandpass filters 
WAGUAM p. 48, Dec 75 

1296-MHz microstrip filter, improved grounding for 
N6TX p. 80, Aug 78 

2304-MHz stripline bandpass filter 
WA4WDL, WB4LJM p. 50. Apr 77 

vhf and microwave 
antennas 

Antenna-performance measurements 
using celestial sources 
W5CQM14RXY p. 75, May 79 
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Circularly-polarized ground-plane 
antenna for satellite communications 
K4GSX p. 26, Dec 74 

Feed horn, cylindrical, for parabolic reflectors 
WA9HUV p. 16, May 76 

Feeding and matching techniques for 
vhfluhf antennas 
WlJAA p. 54. May 76 

Ground plane, portable vhf (HN) 
K9DHD p. 71. May 73 

Matching techniques for vhfluhf antennas 
WlJAA p. 50, Jul 76 

Microstrip swr bridge, vhf and uhf 
W4CGC p. 22. Dec 72 

OSCAR az-el antenna system 
WAlNXP p. 70, May 78 

Parabolic reflector antennas 
VK3ATN p. 12. May 74 

Parabolic reflector element spacing 
WA9HUV p. 26. May 75 

Parabolic reflector gain 
W2TQK p. 50, Jul 75 

Parabolic reflectors, finding 
focal length of (HN) 
WA4WDL p. 57, Mar 74 

Transmission lines, uhf 
WA2VTR p. 36, May 71 

10 GHz, broadband antenna 
WA4WDL. WB4LJM p. 40, May 77 
Short circuit p. 94, Feb 79 

10 GHz dielectric antenna (HN) 
WA4WDL p. 80. May 75 

WMHz antenna coupler 
K l  RAK p. 44. Jul 71 

144-MHz antenna. 518 wave vertical 
K6KLO p. 40, Jul 74 

144-MHz antenna, 518-wave vertical, 
build from CB mobile whips 
WB4WSU p. 67, Jun 74 

144.MHz antennas, simple 
WA3NFW p. 30. May 73 

144-MHz collinear antenna 
W6RJO p. 12, May 72 

144-MHz collinear uses PVC pipe mast (HN) 
K8LU p. 66, May 78 

144-MHz four-element collinear array 
WB6KGF p. 6. May 71 

144-MHz whip. 518-wave (HN) 
VEJDDD p. 70, Apr 73 

432-MHz corner reflector antenna 
WAZFSQ p. 24. Nov 71 

432-MHz high-gain Yagi 
K6HCP p. 46. Jan 76 
Comments, WOPW p. 63, May 76 

432.MHz OSCAR antenna (HN) 
WlJAA p. 58, Jui 75 

432- and 1296-MHz quad-Yagi arrays 
W3AED p. 20, May 73 
Short circuit p. 58, Dec 73 

440-MHz collinear antenna, four-element 
WABHTP p. 38, May 73 

1298-MHz antenna, high-gain 
W3AED p. 74, May 78 

1296-MHz Yagi 
W2CQH p. 24, May 72 

1296-MHz Yagi array 
W3AED p. 40, May 75 

vhf and microwave 
receivers and converters 
Audio filter, tunable, for weak-signal 

communications 
K6HCP p. 26, Nov 75 

Calculating preamplifier galn from 
noise-figure measurements 
N6TX p. 30, Nov 77 

Cavity fllters, surplus, how to modify for 144 MHz 
W4FXE p. 42, Feb 80 

Cooled preamplifier for vhf-uhf reception 
WAORDX p. 36. Jul 72 

Crystal-controlled vhf receivers, tuning aid for (HN) 
WAlFHB p. 69, Jul 80 

Fm transceiver, remote synthesized for 2 meters 
WB4UPC p. 26, Jan 80 

Double-balanced mixers, circuit packaging for 
WA6UAM p. 41, Sep 77 

Microwave amplifier design, solld state 
WABUAM p. 40, Oct 76 

Microwave mixer, new 
WABRDX D. 84, Oct 78 

Noise figure, sensitlvity and dynamic range 
WlDTY p. 8, Oct 75 

Noise figure, vhf, estimating 
WA9HUV p. 42, Jun 75 

Overload problems with vhf converters, solving 
WlOOP p. 53. Jan 73 

Preamplifiers, vhf low-noise 
WA2GFP p. 50. Dec 79 

Receiver scanner, vhf 
K2UG p. 22, Feb 73 

Receiver, superregenerative, for vhf 
WA5SNZ p. 22, Jul 73 

Single-frequency conversion, vhfluhf 
W3FQJ p. 62, Apr 75 

Uhf local-oscillator chain 
N6TX p. 27, Jul 79 

Vhf receiver, general-purpose 
KlZJH p. 16. Jul 78 

Vhfluhf preamplifier burnout (HN) 
WlJR p. 43, Nov 78 

Weak.signal source, stable, variable output 
K6JYO p. 36, Sep 71 

10 GHz hybrid-tee mixer 
G3NRT p. 34, Oct 77 

2&30 MHz low-noise preamp 
WlJAA p. 48, Oct 75 

30MHz preamplifier, low-noise 
WlHR p. 38, Oct 78 
Short circuit p. 94, Feb 79 

%MHz deluxe mosfet converter 
WB2EGZ p. 41, Feb 71 

50-MHz etched-inductance banndpass filters 
and filter-preamplifiers 
W5KHT p. 6, Feb 71 

50-MHz preamplifier, improved 
WA2GC F D. 46, Jan 73 

144-MHz converter, hlgh dynamic range 
DJ2LR p. 55, Jul 77 

144-MHz deluxe mosfet converter 
WB2EGZ p. 41, Feb 71 
Short circuit p. 96, Dec 71 
Letter, WOLER p. 71, Oct 71 

144-MHz etched-inductance bandpass 
filters and filter.preamplifiers 
W5KHT p. 6, Feb 71 

144-MHz fm receiver 
WAXBF p. 42, Feb 72 
Added notes p. 73, Jui 72 

144-MHz fm receiver 
WA2GCF p. 6, Nov 72 

144-MHz preamplifier, improved 
WA2GCF p. 25, Mar 72 

144-MHz preamplifier, low noise 
W6BBB p. 36, Jun 74 

144-MHz preamp, low-noise 
WlDTY p. 40, Apr 76 

144-MHz transverter using power fets 
WB6BPi p. 10, Sep 76 

144-432 MHz GaAs fet preamp 
JHlBRY p. 38, Nov 79 

432-MHz converter 
N9KD p. 74, Apr 79 

432-MHz GaAs preamp 
JHIBRY p. 22, Apr 78 

432.MHz preamplifier, low-noise 
WB5LUA p. 26, Oct 78 

432 MHz prearnpllfier and converter 
WA2GCF p. 40, Jul 75 

432-MHz prearnpllfier, ultra low-noise 
WlJAA p. 8, Mar 75 

1298 MHz, double-balanced mixers for 
WA6UAM p. 8, Jul 75 

1296-MHz local-oscillator chaln 
WA2UF p. 42, Oct 76 

1296-MHz noise generator 
W3BSV p. 46, Aug 73 

1298-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, m~crostripiine 
WA6UAM p. 12, Apr 75 
Comments, W20U p. 88. Jan 76 

1298.MHz SSB transceiver 
WABUAM p. 6. Sep 74 

1296-MHz rat-race baianced mixer 
WA6UAM p. 33, Jul 77 

2304-MHz baianced mixer 
W A W F  p. 58, Oct 75 

2304-MHz converter, solid-state 
KPJNG, WAZLTM, WAZVTR p. 16, Mar 72 

2304.MHz preamplifier, solid-state 
WAPVTR p. 20, Aug 72 

2304-MHz preamplifiers, narrow-band solld-state 
WA9HUV p. 6, Jul 74 

vhf and microwave 
transmitters 

Fm transceiver, remote synthesized for 2 meters 
WB4UPC p. 28, Jan 60 

Linear amplifiers, solld-state vhf 
AF6Z p. 46, Jan 80 

Pi networks, series-tuned 
WZEGH p. 42, Oct 71 

Water-cooled 2C39 (HN) 
WA9RPB p. 94, Sep 77 

50-MHz customized transverter 
K l  RAK p. 12, Mar 71 

%MHz kilowatt, lnductiveiytuned 
KlDPP p. 8, Sep 75 

%MHz 2 kW linear amplifier 
W6UOV p. 16, Feb 71 

50-MHz linear amplifier 
K l  RAK p. 38, NOV 71 

50-MHz SSB exciter 
K l  LOG p. 12, Oct 79 

144-MHz 10IBO-watt amplifler 
WB9RMA p. 12, Feb 79 

144-MHz fm transceiver, compact 
W6AOl p. 36, Jan 74 

144-MHz fm transmitter 
W6AJF p. 14, Jul 71 

144-MHz fm transmitter 
W9SEK p. 6, Apr 72 

144-MHz fm transmltter, Sonobaby 
WAWZO p. 6, Oct 71 
Crystal deck for Sonobaby p. 26, Oct 72 

144-MHz power amplifier, high performance 
W6UOV p. 22, Aug 71 

144-MHz power amplifiers, fm 
W4CGC p. 6, Apr 73 

144-MHz power amplifier, 10.watt solid-state (HN) 
WlDTY p. 67, Jan 74 

144-MHz power amplifier, 80-watt, solid-state 
Hatchett p. 8. Dec 73 

144-MHz stripline kilowatt 
W2GN p. 10, Oct 77 

144-MHz transceiver, a-m 
KlAOB p. 55, Dec 71 

144.MHz transmitting converter, solid-state ssb 
W6NBl p. 6, Feb 74 
Short circuit p. 62, Dec 74 

144-MHz transverter 
K1 RAK p. 24. Feb 72 

220-MHz exciter 
WB6DJV p. 50, Nov 71 

220-MHz power amplifier 
W6UOV p. 44. Dec 71 

220.MHz rf power amplifler 
WB6DJV p. 44, Jan 71 

220-MHz rf power amplifier, fm 
K7JUE p. 6, Sep 73 

432-MHz power amplifier using stripline techniques 
W3HMU p. 10, Jun 77 

432-MHz solid-state linear amplifler 
WB6QXF p. 30, Aug 75 

432-MHz SSB, practlcal approach 
WA2FSQ p. 6, Jun 71 

4 3 2 . ~ ~ 2  100-watt solid-state power amplifler 
WA7CNP p. 36, Sep 75 

1152- to 2304-MHz power doubler 
WA9HUV p. 40, Dec 75 

1270-MHz video-modulated power amplifier 
W i H  p. 87, Jun 77 

1 2 9 6 . ~ ~ 2  SSB transceiver 
WA6UAM p. 8. Sep 74 

1298-MHz transverter 
K6ZMW p. 10, Jul 77 

2304-MHz power ampllfier 
WA9HUV p. 6, Feb 75 
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More features that make the VF-7401 the 2-meter rig that belongs in your shack and vehicle 
rching through repeater All-new, state-of-the-art circuits pro- * Power to the Micoder I1 Microphone 
? mobiling in unfamiliar ter- vide the exciting, exclusive features of (if used) eliminates need for a battery. 
new Heathkit VF-7401 will 1 MHz bandwidth scanning, and  Scan Sturdy SO-239 rear-panel antenna jack. 
.e channels for you. I t  will Lockhatch capability on 2-meters. 8 Chassis-mounted power a n d  external 

even alerr you to band openings. You're A receiver hotter than Heath's HW-2036A speaker plugs. 
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VF-7401, the ultimate 2-meter rig ... from need for panel mounted sync lock light. 
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Capability of mobile or base  operation 
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Ast ro l50A . . . . . . . . . . . . . .  779.00 
Astro 100MXA . . . . . . . . . . .  499.00 
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FDK Palm 2 Handie with 

BPlAC . . . . . . . . . . . . . . .  149.00 
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SL-56 AUDIO ACTIVE 
FILTER - 

FOUR FILTERS IN ONE 
AT THE SAME TIME 

C a l l ,  U'rite or S E E  
Another ISSUE for D e t a i l s  

ELCCTROI ( IC3  I C S C A R C M  COUP.  O F  V IRGIMIA  
P. 0.  BOX 1394 

V IRCIMIA  a l A C l l ,  V I I G I M I A  21411 

TCLCCWONR ImOU US-.. 

Spinner  Handle  

, 
MAINTAINS VOICE QUALITY 
IMPROVES INTELLlGlBlLlTY &-a 

NO CABLES OR BENCH 
SPACE REQUIRED 

PHONE PATCH 
NO ADDITIONAL ADJUST- 
MENTS- MIKE GAIN ADJUSTS 

MGF 1 400 NF 2.ODB UNIQUE PLUG-IN UNIT- NO 

AT 4GHZ MAG 15DB I 1 -0NSREQUlRED 

S28.50 

MGF 141 2NF.6DB .- =,,_ .*..I_ This i s  RF Envelope Clipping- 
AT 4GHZ MAG 1 8DB 7 "' -- the  feature belng used tn new 

transmttter des~gns  for  amateur 
S75.00 /---and m ~ l t t a r y  use 

RFRCiO FTI1 OGPZ S 3 00 
NEC 02137 F i 4  5GHZ $ 3 2 5  

=f;a.][*] D ]  4: 

%.1UU:r11 UHF tv41(.ROWAVE 5 1 50 
ND413I 4GHZ Nr- -5  75 DR $1900 

DOWN CONVERTER 
4GHZ NF- 6 5 DI3 5 2 0 0  'I - - - - --- 

M E R R Y  C H R I S T M A S  
I '  11 11  ..I 

J!lLlLTKS,\l. C l > " s ' l ' K l ~  A ' I , < > S S  

OllORIn and Srlvl  m b S b 1 1  

RNOWN I S  IWI STOP SICW l o l l l o  
rnls Z ~ O O ~ I U  oowaroNvrrrR K I I  

W O R R S  rnr IMPROVIO solno rvrn 
, ,~, . .., . . ~ . . * - .  c I *#Rrs II R ~ I I I R  r n l t  a f r o n l  

S O  wnv ~ l v  rwlcr  A S  mucn? 

I S M A  < - l r A 5 s i S  NOI..i4T 5<ji l i ? F  i iAN<;f  5 5 q O  
SPr14 PL U(: FOR RCi 58 
SMA PLUG FOR H<.-174 
TYPE N CHASSIS MOUNT SOUARE FLANGE 5 3 20 
TYPE N PLUG FOR RG-9lRG-8 5369 

K i t  supp l i ed  wi th  a 8 6age 
b roshu re .  PC board.  Diodes. 

Chip Caps. Transistors.and 
a l l  p a r t s  l o  complete a 
wo rk ing  board.  $ 3a5" Powrl 

SUPPLVS a 

Moneyorder. o r  Check 
mai l  o r  Phone 

UNIVERSAL COMMUNICATION 

BO.BOX 6 3 0 2 ;  A R L I N G I O I I .  T E X .  7 6 0 1 1  
8 1 7 - 2 6 5  0 3 9 1  I 

11111,111, ,,,,,,, , , i  ,,,, , ,,,,,,,,,,,,,,,,,,," ,,,, 8,,,,, ,,,,.,,,,,,,,, ,,,,,,,,, 1 , , , , , , 1  ,,,, 11111,11111,,,,",,,,,,,,,~~4~,,,,~~~~~~ 

ORDERS ARE POSTAGE PAID 
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THE FT-207R HANDIE CHECKLIST 

TA-2 . telescopic whip antenna NC-1 A 15-hr. desk charger 
YM-24 speaker microphone NC-3 4-hr. quick charger 
LCC-7 leather case NC-96 wall charger 
FSP-1 external speaker PA-2 mobile battery eliminator/charger 
MMB-10 mobile mounting bracket FBA-1 battery sleeve 
FTS-32E CTCSS/burst encoder NBP-9 battery pack 
FTS-32ED CTCSS encoder/decoder FEP-1 earphone 

What more could you ask for ? 

-'r~cc. And Speclflcat~ons Sublect To 
'.:hn?qe W~lbout Not~ce Or Obllgalton 

- - -  

The radio. v 1280 

YAESU ELECTRONICS CORP. 6851 Walthall Way, Paramount, CA 90723 (213) 633-4007 
Eastern Service Ctr., 9812 Princeton-Glendale Rd., Cincinnati, OH 45246 (513) 874-3100 



EIMAC's new high-mu triodelavity combination. 
It takes the hassle 

out of 10 kW VHF transmitter design. 
Relax. Now EIMAC offers you - A And there's more. Driving requirements are 

reduced; screen power supply and 
the best triode available screen c~rcuitry are eliminated; 
and a cavity that has and cooling requirements are 

been custom designed lessened. The result is ease of 
J maintenance and substantial 

for it. All YOU have to cost reduction. 

do is design them in. 
The advantages are impressive. 
E IMAC's ceramic-metal high-mu 
trlode (3CX10000U7) gives you peak 
sync power output of 10 kW and a For further informat~on contact 
stage gain of Varian, E IMAC Division, 
14 dB. That's 301 Industrial Way, San 
2 dB more Carlos, California 94070, (415) 
than wtth 592-1221. Or  call any of the 
comparable more than 30 Var~an Electron 
tetrodes. Device Group Sales Offices 

throughout the world. 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132

