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Ours can. 

I t  seems good hardware is becoming an  endangered 
species in multi-modes. Not so with AEA's PK-900. It  is the 
hardware that allows the PK-900 to evolve, to grow as  you 
do. We've given the PK-900 three dedicated processors and 
an innovative circuit design for power and flexibility. 

Switch between radio ports with a keystroke using 
the  dual simultaneous ports. Gateway from packet to 
AMTOR, packet to PACTOR, and packet to packet. 
Bounce packets off satellites using the  

PK-232MBX for superior HF performance. I t  has hardware- 
memory ARQ for reduced errors. The easy-to-read LCD panel 
keeps you informed of all activity a t  all times. 

You want modems? The PK-900 offers twenty soRware 
selectable modems and there are optimized modems for 
AMTOR, PACTOR, 45 baud R'JTY, and packet. There is even 
a TAPR disconnect header so you can plug in other modems. 

Call AEA's Literature Request Line a t  (800) 432-8873 
for more information, or call us direct a t  (206) 

optional 9600 bps modem. 774-5554. See your favorite ham radio dealer 
The PK-900 has  the  same eight-pole for best prices. 

Chebyshev bandpass filter a s  the acclaimed The PK-900 is the natural selection. 
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EDITORIAL 
Hams Ride the Information Superhighway 

Once upon a time, computers were alien to the 
ham shack. Many hams claimed they would never 
include such a thing as part of their radio equipment. 
During the years I edited Ham Radio magazine, dis- 
paraging letters would roll in unfailingly every time 
we ran a computer-related article. Now, years later, 
I'll wager that most us. have some form of computer 
wedged in next to our ham equipment-be it an old 
C-64 (yes, they're still around) or one of the new 
PentiumsTM. 

I think hams who have incorporated computers 
into their radio setups would agree that it was a 
smart move. Computers can be real timesavers in the 
shack. Contest buffs can use logging programs to 
keep track of contacts, print out labels for QSL 
cards, and even control their radios; antenna design- 
ers can choose from an array (no pun intended) of 
antenna programs that simulate new designs before 
building them, RF CAD programs are available to 
aid in circuit design-the list is endless. 

Not only can our computers help us save time, 
they can provide a means for expanding our knowl- 
edge of the hobby. Hams whose systems come 
equipped with a modem have the option of subscrib- 
ing to one of the online computer services. Many of 
these feature ham nets; even local bulletin boards 
often contain amateur radio information, which you 
can download for later use. There's Compuserve, 
America Online, Prodigy, Internet ... and let's not for- 
get the much-heralded "information superhighway" 
promised for the future. 

We've even jumped on the bandwagon- 
Communications Quurterly can now be reached on 
America Online. America Online's "Ham Radio 
Club" now includes a special reader-feedback area for 
 communication,^ Quarterly in the "Manufacturers, 
Dealers & Vendors" section of its Message Center. 
Readers can post questions, comments and sugges- 
tions here, which will be forwarded regularly to the 
appropriate editor or writer. Plus, readers can help 
each other with their own online "Technical 
Conversations." If you're not a member of AOL, but 
have access to Internet e-mail, you can still reach us 
(send messages to our Online Coordinator, 
NW2L@aol.com), but you won't be able to join in 
the discussions in online message area. 

Your computer can also become an electronic 
library if you pick up one of the latest system add- 
ons-the CD-ROM (Compact Diskmead Only 
Memory) drive. This drive enables you to access the 
information on CD-ROM disks, which in turn offer a 
tremendous amount of data on subjects including 
amateur radio. Like library reference books, these 
CD-ROMs can become a lasting source of informa- 
tion you can return to again and again. Sitting on 
their shelves in little plastic cases, these "info-disks" 

take up less room than some of our hefty radio hand- 
books-leaving more space for equipment! 

But you don't have to take my word for it. Brad 
Thompson, AA I IP, has written a comprehensive 
article called "CD-ROMs for the Radio Amateur." It 
appears in this issue and covers both CD-ROM tech- 
nology and some of the disks now on the market. If 
you thumb further through our pages, you'll also 
find Brad's new column "Quarterly Computingn-a 
forum for examining computer technology relating 
to amateur radio. 

Brad is no stranger to the world of computers. For 
four years he served as contributing editor for 
Computer Shopper magazine. Brad is currently a full- 
time freelance writer, shareware reviewer, and elec- 
tronic design consultant. He is also contributing editor 
for Test & Measurement World magazine, and his 
assignments include a quarterly column and projects 
involving computer-controlled instruments and RF 
measurements. Brad also has a workshop full of com- 
puters, electronic components, antique radios, and test 
equipment (fortunately, his wife is a "collector," too). 
And, of course, he has an interest in ham radio. 

Why a column on computing? There are several 
reasons. First, I think that most of us have overcome 
our "compu-phobia" and are interested in learning 
about current amateur radio-computer links. Second, 
we can use our computers as a tool to expand our 
knowledge of the hobby-be it through software, 
CD-ROMs, or online services. Finally, computers 
can be an enticement that can draw others into the 
hobby. Let me give you an example. 

One area high school student is excitedly pursuing 
his ham ticket. He works at the local Radio Shack, 
and his efforts are enthusiastically supported by his 
store manager. This young man became interested in 
amateur radio through a friend, and has plans to take 
all the tests up to General, so he'll have more privi- 
leges right away. What does all this have to do with 
computers? His first love was computers, and his 
interest in ham radio was fueled by a desire to oper- 
ate packet radio. 

I know it's been said time and time again, but the 
use of computers in ham radio is a sure-fire way to 
get today's young people involved in the hobby. If 
this is true, then it stands to reason that we should 
continue to expand our knowledge of computers to 
keep up with the next generation of amateur radio 
operators. So, if you're not on the ham radiolcom- 
puter bandwagon, climb aboard. If you are, keep up 
with the latest developments. The combination of 
these two hobbies will take us places no one has ever 
gone before! 

Terry Littlefield, KAlSTC 
Editor 
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TECHNICAL CONVERSATIONS 
The article "A New Method for Measuring 

Cable Loss, " by A. E. Popodi AA3KIOE2APM 
(Spring 1994) generated letters from two of 
our readers. 

Dear Editor: 
Equations 4 and 6 in "A New Method for 

Measuring Cable Loss," A.E. Popodi, Spring 
1994 issue, have not been simplified sufficient- 
ly and they can be presented in a much more 
convenient form, which is identical for the two 
cases! 

Taking Equation 4, if one multiplies the sec- 
ond term under the square root sign by unity in 
the form of: 

-Rm, -Z, 

Rm, -Zo 

one obtains: 

Bringing the terms under the square root 
together results in a perfect square, which then 
enables the square root to be removed. One, 
then, has two terms with a common denomina- 
tor. Thus: 

not square root, square, log, or other complexi- 
ty. Just related would do, or a function of, if 
you want to be elegant. 

Page 100, left-hand column: Equation 2 is 
not illustrated anywhere, especially not in 
Figure 2, which shows an open coaxial line. In 
(a+jb) one does not add nepers to degrees, even 
at right angles. b is the length of the line in 
radians, not degrees. 

Page 100, top of right-hand column: "This 
shows" is crazy, because it doesn't show that at 
all. It should say, "We know that ..." and you 
could put a period at the end of the sentence. 
Fortunately, the algebra that follows is correct, 
down through Equation 4. 

Page 101, middle of the left-hand column: 
Don't be silly: "Although Equation 6...it deliv- 
ers exactly the same results." Use Equation 6 
for open lines and Equation 4 for shorted lines. 
They otherwise give vastly different results. 

Page 101, last paragraph: "Thus Equation 1 
becomes," should say Equation 4. Gee whiz. 

In other words, please get somebody to act as 
an editor. I like your magazine, hope you con- 
tinue to be successful, but would prefer your 
stuff to be corrected before publication. 

Jack L. Schultz, W2GGE 
Huntington, New York 

A reader had the following response to u let- 
ter by Duvid Burton, AF6S, which appeared in 
"Technical Con~er~sutions, " Spring 1994. 

Dear Editor: 

Equation 6 can be treated in the same man- I enjoyed David Barton's comments on 

ner and results in the same, much more usable, measuring the velocity factor for transmission 

expression for the attenuation constant. lines and his clever use of the MFJ 249. I 

S.F. Brown, G4LU usually use my noise bridge and receiver to 

Shropshire, England find the frequencies that fit an integer number 
of half waves on the line and a computer pro- 

Dear Editor: 
This is to compliment you on your willing- 

ness to publish a little algebra in your articles, 
but at the same time to chastise you for not 
reading the text before you publish it. 

The subject article ("A New Method for 
Measuring Cable Loss," Spring 1994) is like 
several I have found interesting: fraught with 
errors. 

Page 99, third paragraph, right-hand column: 
Directly proportional means linearly related, 

gram, "Cricket Graph" to fit the of fre- 
quency versus number of half waves with a 
straight line. 

I did this with Mr. Barton's data (see 
Figures 1 through 4), breaking it into four 
cases and treating each separate: open circuit 
termination and an even number of quarter 
wavelengths on the line, short circuit and even, 
open and odd, short and odd. In each case, the 
graph of frequency versus number fell just 
beautifully on a straight line, exactly what one 
would expect from theory. 

The slope of this line is just the speed of 



When we talked to technicians about 
servicing radios, they told us they were 
too b w t o  talk 

Now the new HP 8920A RF Communi- 
cations Test Set solves test problems in 
less time, so you have more. 

Easy-to-use front panel 

Optional full-feature spectrum 
analyzer 

Rugged portable package 

Built-in computer with optional 
software for FM, cellular mobile 
and base station testing. 

Price $13,800 

Keeping you ahead in communications. 

For more information call: 1-8003443802 and 
aak for Charlie or Ken. 

HEWLETT 
PACKARD 

w a ~ l ~  

Fieure 2. Data from "AF6S.Data Short. (Md 
Figure 1. Data from "AF(kY.Data Open. Odd quarter." Quartcnvav." 
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propagation divided by the length of the trans- 
mission line, so it gives the velocity factor if 
you know the length. The slopes I got from fits 
to Mr. Barton's data are: 

Open, Even 27.076 
Short, Even 27.056 
Open, Odd 27.155 
Short, Odd 27.1 29 

Note that in each case. the slope for the 
shorted case is slightly less than that for the 
open case. I assume that Mr. Barton's "perfect 
short" is about like mine, and is 30 mm long. 
Whether it lengths the line by the full 30 mm is 
questionable, but lengthening the line will sure- 
ly decrease the slope. In fact, we can use this 
decrease in slope to measure the increase in the 
line length. The open slope times the open line 
must be equal to the shorted slope times the 
shorted line length because the speed of propa- 
gation does not change. 

Try that with an open line length of 7.437 m 
and see if you don't find that the shorted line is 
5 mm longer when there are an even number of 
quarter waves on it and 7 mm longer when the 
number is odd. I don't argue that 5 differs from 

7 by more than the noise, but 6 mm-the aver- 
age of 5 and 7-is only one fifth of 30-the 
actual length of a PL259-which is a pretty big 
difference, and it makes a difference in the 
velocity factors, too. 

Using a cable length of 7.437 m and 300 for 
the speed of light in mlps, and an extra 30 mm 
or 6 mm when the cable is shorted, the data 
indicate the following velocity factors: 

Extra Extra 
30 mm 60 mm 

Open, Even 0.663 1 no change 
Short, Even 0.6653 0.663 1 
Open. Odd 0.6650 no change 
Short, Odd 0.667 1 0.6649 

Using the extra 6 mm, which the slope told 
us is correct, instead of the extra 30 mm, which 
is the actual length of the fitting, brings the 
open and short circuited measurements into 
outstanding agreement, but leaves a three- 
tenths of one percent disagreement between the 
even and odd quarter-wave measurements. 

Where could this come from? What is differ- 
ent about the odd number of quarter-wave- 

Alj~d />31$y3y ' 7 $ ; ~ 3 j ~  s\y3y4 
1995-96 Calendars 

CQ has  done it again with our new 1995 calendar series. You'll refer to your CQ calendar time after time as you 
search for the schedules of upcoming ham events and conventions. Public holidays and valuable astronomical 
information will be right by your side, too! 

With CQ's 1995 calendars, you actually receive 15 months of use (January '95 through March '96) with all-new / 
photography you won't see anywhere else. At only $9.95 each, you can't afford to be  without them! , I I I 

1995 Amateur Radio Calendar 

There's no better addition to 
your shack or office! 

Imagine professional color 
photographs of some of the 
biggest stations in the world! 
You'll see everything from 
aerial photos of 80M yagis to 
ham shacks that are beyond 
belief! No ham should be 
without one. 

Also available 

1995 Radio Classics Calendar 

If you enjoy the old days of 
radio you'll love CQ's latest 
look into the past. Each month 
vou'll explore radio history 
with dazzling photography of 

1995 
antique radios, rare morse keys, - - - - - A , .  

, , , , , , tubes and more. 

I I 1 9 In II II I 3  I4  

I I  P I 7  I S  Be m z t  
CQ's 1995 Radio Classics 
Calendar-a must for every 1 P 2 1  1 ( 1  C( -- -- - = radio nostalgia buff! 

n a 

L 
t vour local dealer. 



Figure 3. Data from "AF6S. Data Open, Halfwave." Figure 4. Data from "AF6S. Data Short, Halfwave." 
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lengths? The answer may be in the MFJ-249. If  
i t  is similar to my MFJ-247, then it produces a 
noticeable second harmonic. 

A line that is an odd number of quarter 
wavelengths long at the fundamental is an even 
number of quarter wavelengths long at the sec- 
ond harmonic. If terminated with a short 
circuit, it will appear as an open circuit to the 
fundamental, but as a short circuit to the sec- 
ond harmonic. If terminated into an open cir- 
cuit, i t  will appear as a short circuit to the fun- 
damental, but as an open circuit to the second 
harmonic. On the other hand, lines whose 
lengths are an even number of quarter wave- 
lengths of the fundamental appear shorted or 
open to both fundamental and second harmon- 
ic, according to how they are terminated. This 
is the only 
difference I have been able to think of. There 
must be some reader out there who understands 
the problem and can give us the solution. 

Let me make one final comment before clos- 
ing. Don't try to find the velocity factor with a 
single measurement, not even a number of sin- 
gle measurements. Get back to basics. The 
basic idea is that you are going to set up a 

200 

5 100 1 
C 
E 

0 
0 1 2 3 4 5 6 7  

Wavelengths 

standing wave on a transmission line. You are 
going to detect this condition with a minimum 
or maximum SWR when, from the SWR 
bridge, there appears to be an integer number 
of quarter waves on the line. You can then 
express the length of the line as "n" wave- 
lengths where n=0.25, or n=0.5, or n=3.75, 
for kxample. 

Now, you had better allow for the possibility 
that what you think is "n" waves is in reality 
"n" plus or minus a little bit, an "end effect." 
Express that little bit as a fraction "a" of a 
wavelength, and write the length of the line as: 

Recall that wavelength times frequency 
gives the speed of propagation, or Af  = v and 
substitute for A to get: 

In this equation, v, a, and L are constants. 
You don't yet know the value of v or a, but 
they won't change as you change the frequency 

(Continued on page 108) 



CQ 1994 Amateur Radio Almanac 

If you're like most hams, you'll be fascinated by the thousands of facts, tables, graphs, maps, and other information to be uncov- 
ered in the CQ 1994 Amateur Radio Almanac. Compiled by Doug Grant. KlDG, CQ's Almanac puts it all right at your fingertips, 
providing a resource that you'll refer to over and over again. If you're looking for it, it's in the Almanac! Order No. BALM ..... $1 9.95 

The VHF "How To" Book 

This book is the perfect operating guide for both the new and experienced VHF enthusiast. Developed by CQ VHF Columnist, Joe 
Lynch, NGCL, this book is the ideal reference tool for all phases of VHF operating. Learn more about packet. EME, satellite, ATV, 
and repeater operation. You'll also find a complete tutorial on exotic propagation modes as well as pages of data and sources for 
additional information. Order No. BVHF ..... $15.95 

The Quad Antenna 
Hams love antenna books and this book is no exception. Written by world renowned author Bob Haviland. W4MB, The Quad 
Antenna is the authoritative technical book on the design, construction, characteristics and applications of Quad Antennas. 
Discover how to easily build a quad antenna for your station that will help you fill your logbook with rare DX that you have only 
dreamed about before. Order No. QUAD ..... $15.95 

The Packet Radio Operator's Manual 

This book is written by CQ columnist and Amateur Radio Packet authority Buck Rogers. K4ABT. An all new introduction and 
guide to packet operation, it is the perfect single source, whether you're an advanced user or just s!arting out. Learn about 
packet radio without all the technical jargon. Also included are detailed hookups for dozens of radio/packet controller1 computer 
combinations, making this book the definitive resource for the active packet user. Order No. PROM ..... $1 5.95 

Ham Radio Horizons: The Book 

Written by Peter O'Dell. WB2D, this is a book about ham radio that every beginner can enjoy! If you want to get in on the fun and 
excitement of Amateur Radio, Ham Radio Horizons is the perfect way to get started. HRH is full of tips from expert hams in: DXing, 
Contesting. Serving the Public. Ham Radio in Space, Experimenting, Digital Communications - you name it! This exciting book 
is an excellent gift to a prospective ham or for use in your club's licensing classes and library. Order No. BHOR ..... $12.95 

The Vertical Antenna Handbook 

Take advantage of the 20 years of research and practical experience of naval communications engineer Capt. Paul H. Lee, 
USN(ret), N6PL. Learn the basic theory, design, and practice of the vertical antenna. Discover easy construction projects such 
as a four-band DX vertical or a broadband array for 80 meters. Ever wonder how to build a functional directive vertical system? 
Paul Lee can get you started today! Order No. VAH ..... $9.95 

Also available at your local dealer 

Title Order No. Price 
..... ........ ARRL Antenna Book (17th Edition) ARRLAB $30 

........ ARRL Handbook (New Edition) ........... ARRLHB $30 

........ ARRL Operating Manual ...................... ARRLOM $18 

.......... ARRL Repeater Directory ..................... ARRLRD $6 

........ ARRL Antenna Compendium Vol. 1 ..ARRANT1 $10 

........ ARRL Antenna Compendium Vol. 2..ARRANT2 $12 

........ ARRL Antenna Compendium Vol. 3..ARRANT3 $14 
........ ........ ARRL Weather Satellite Handbook ARSAT $20 

ARRL FCC Rule Book ............................. ARFCC .......... $9 
.......... Your RlTYIAMTOR Companion ........... ARRTY $8 
........ Now You're Talking ................................. ARNYT $19 

Title Order No. Price 

ON4UN Antennas and Techniques 
for Low Band DXing .............................. LOWDX ........ $20 

1994 NA Callbook ......................................... NACB ........ $29 
1994 Int'l Callbook ....................................... INTCB ........ $29 
1994 Callbook Pair ...................................... NAICB ........ $54 
Gordon West No-Code Technician 

Plus License Manual ............................... GWTM ........ $10 
Gordon West General 

License Manual ....................................... GWGM ........ $10 
Gordon West Advanced License Manual ... GWAM ........ $1 0 
Gordon West Extra License Manual .......... GWEM ........ $10 



Getting Started in Ham Radio 
This is a fast-paced video introduction to the fascinating world of ham radio. CQ's experts show how to select equipment and anten- 
nas; which bands to use; how to use repeater stations for improved VHF coverage; the importance of grounding and the basics of sol- 
dering. How to get the most out of your station, whether it's home-based, mobile or hand-held. Order No. VHR ..... $19.95 

Getting Started in Packet Radio 
This video will help de-mystify the exciting but sometimes confusing world of packet radio. Learn how to get started using your 
computer on the radio. Included are step-by-step instructions on making packet contacts and using packet bulletin boards, networks 
and satellites. Order No. VPAC.. $19.95 

Getting Started in Contesting 
For the newcomer to contesting or an experienced veteran, this video is for you! You'll get advice and operating tips from some of 
contesting's most successful competitors, including Ken Wolff. K1 EA, Dick Newell, AK1 A, and CQ's own contest columnist, John Dorr, 
K1 AR. Here's just a sample of what you'll see: what contesting's all about, explaining contest jargon, tips for beginners, how to com- 
pete from a small station, operating secrets from the "pros", live QSOs from world class stations. VHFIUHF contesting. 

Order No. VCON ..... $19.95 

Getting Started in Amateur Satellites 
Learn with this video how veteran operators set up their satellite stations. Find out how to locate and track ham satellites with ease. 
Watch as operators access current satellites and contact far ranging countries around the world. This video is filled with easy to 
understand advice and tips that can't be found anywhere else . Order No. VSAT ..... $19.95 

Getting Started in DXing 
Top DXers share their experience with equipment, antennas, operating skills, and OSLing. You'll see hams work rare DX around 
the world. If you're new to DXing, this video is for you! All this valuable information may well give you the competitive edge you 
need to master the exciting world of DXing. Order No. VDX ..... $19.95 

Getting Started in VHF 
This is the ideal introduction to the world of VHF. See demonstrations of the latest radios. Also, learn about repeater usage as well 
as the more exotic VHF operating modes. Whether you are interested in packet radio, satellite operation, or simply using your local 
repeater, this is your video! Order No. VVHF .... $19.95 

Ham Radio Horizons: The Video 
This introduction to Amateur Radio is an excellent complement to the Ham Radio Horizons book. Enjoy seeing all aspects of ham 
radio ranging from what it takes (and costs) to get started to how you can get your ham license. Designed for the general public, 
HRH is ideal for public events, presentations to community groups and as an opening to your club's licensing courses! There's no 
better way to introduce someone to ham radio. 
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A B$:?'cA 9271 8 
C 0 R PORA T I ON (714) 458-7277 FAX (714) 458-0826 
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MODEL VS-50M 

I ASTRON POWER SUPPLIES 
HEAVY DUTY H16H OUALITY RU66ED RELIABLE 

SPECIAL FEATURES 
SOLID STATE ELECTRONICALLY REGULATED 
FOLD-BACK CURRENT LIMITING Protects Power Supply 
from excessive current 8 continuous shorted output 
CROWBAR OVER VOLTAGE PROTECTION on all Models 
except RS-3A. RS4A. US-5A. RS-41. RS-51 
MAINTAIN REGULATION 8 LOW RIPPLE at low line Input 
Vnltan~ 
HEATVDUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR WWER CORD except for RS-3A 
ONE YEAR WARRANTY MADE IN U.S.A 

PERFORMANCE SPECIFICATIONS 
INPUT VOLTAGE: 105-125 VAC 
OUTPUT VOLTAGE. 13.8 VDC ? 0.05 volts 
(Internally Adjustable: 11-15 VDC) 
RIPPLE Less than 5mv peak to peak (full load ti 
low line) 
All u n ~ t s  available in 220 VAC inpul voltage 
(except for SL-11A) 

R M  SERIES 

SL SE 

MODEL RM-35M 

L O W  P R O F I L E  P O W E R  S U P P L Y  
Colon Conllnuous ICS* Size IIWI 

MODEL h a y  B I ~ C ~  D U ~ Y  ~Ampsl ~nmps) H ~ W Y D  L?%J 
SL-1lA • . 7 11 2% x 7# 93 12 
SL-11R • 7 11 25hx7 ~ 9 %  12 
SL-11s 7 11 2510 x 7% ~ 9 %  12 
Sl -1lR-RA 7 11 4 3 / d ~ 7  ~ 9 %  13 

RS-A SERIES 

MODEL RS-7A 

RS-M SERIES 

VS-M AND VRM-M SERIES 

MODEL VS-35M 

RS-S SERIES 7-7 

P O W E R  S U P P L I E S  W I T H  B U I L T  IN C I G A R E T T E  L I G H T E R  R E C E P T A C L E  
Contlnuws ICS' HS!mW(?lb 

MODEL Duty IAmpsl [Amps) ?I!p!;:! 
RS-4L 3 4 3% x 6% x 7% 6 
RS-5L 4 5 3% x 6% x 7% 7 

19" R A C K  M O U N T  P O W E R  S U P P L I E S  
Conlinuous ICS* 

MODEL Duly (Amps1 (Amps) 
Size (IN) 

H x W x D  ki?S:! 

sepir;te Volt and Amp Meters 
RM-12M 9 12 5'L x 19 x 8 %  16 
RIA-35M 25 35 5 %  x 19 x 12% 38 
RM-5OM 37 50 5'h x 19 x 12% 50 
RM- OM 50 55 7 x  1 9 x  12% 60 

Colors Conlinmomr ICS' s a t  [ I M ~  Shipping 
MODEL Gray Black Dutp (Amps) (Amp:) H x W x D  Wt. (lbs.) 
RS-3A 2 5 3 3 x 4" x 5% 4 
RS-4A . . 3 4 3% x 6% x 9 5 
RS-5A 4 5 3 '11 x 6 '/a x 7 '4 7 
RS-7A 5 7 3% x 6% x 9 9 
RS-7B 5 7 4 x 7'12 x 10% 10 
RS-IOA 7.5 10 4 x 7% x 103h 11 
RS- 1 PA . 9 12 4'h x 8 x 9 13 
RS-120 9 12 4 x 7'h x 10% 13 
RS-?CIA 16 20 5 X 9 X 10'12 18 

Sw~tchable volt and Amp meter 
RS-17M 9 
Separate volt and Amp meters 
RS-2OM 16 20 5 x 9 x 10% 18 
RS-35M 25 35 5 x 11 x 11 27 

- 

Separate Volt and Amp Meters Output Voltage adjustable from 2-15 volts Current limit adjustable from 1.5 amps 
to Full Load 

Camllnmam: ICS' Slza (IN) Ship pint 
MODEL Dmly (Amp:) (Amps) H x W x D Wt. [lbs.) 

g13.8VDC @lOVOC @5VDC g 1 3  8V 
VS- 12M 9 5 2 12 4'h X 8 X 9 13 
VS-2OM 16 9 4 20 5 X 9 X 10% 20 
VS-35M 25 15 7 35 5 X 11 X 11 29 
VS-5OM 37 22 10 50 6~ 13% x 11 46 

Variable rack mount power supplies 
VRM-35M 25 15 7 
VRM-5OM 37 22 10 50 5% X 19 X 12% 50 

Built i n  speaker 
Colm Ca~llnmam: ICS' Slza (IN] Sblpplng 

MODEL Gray  lack Dul l  IAmrsl Amp: H x W x D  Wt. [lbs.) 
RS- 7S 5 7 4 X 7% X 10% 10 
RS-10s s 7.5 10 4 X 7% X 10% 12 
RS- 12s 9 12 4'h x 8 x 9 13 
RS-20s • 16 20 5 x 9 x 10'12 18 
SL-11s 7 11 2'18 x 7510 x 9 % 12 

ICS-lntermlltent Communication Serv~ce (50% Duty Cycle 5m1n on 5 mln off) 



Scott D. Prather, KBY Y 
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A UNIQUE 
APPROACH TO 
AM SYNCHRONOUS 
DETECTION 
A simple way to enhance full-carrier 
AM reception 

A mplitude modulation is almost as old as 
the radio art itself. Since the era o f  the 
radio-frequency alternator, AM has heen 

uhed I O  convey intelligence throughout the R F  
spectrum. Even today. A M  is hard at work in  the 
standard broadcast hand. the shortwave hroad- 
cast hands, and aviation communications. 

For years now. the envelope detector has 
hccn the traditional method o f  demodulating 
AM. The envelopc detector is a simple, low- 
cost device that provides relatively good pcr- 
forrnance under most contiitions. hut it is hy no 

mean\ a h~gh-performance demodulator. For 
in\tance. the envelope tletector \uffer\ from 
extreme di\tortion during \elective fad~ng-a 
common occurrence on thc medium and \hart 
wave hand\. 

Fortunately. there i\ ;I \olutlon: \ynchronou\ 
detection. The \ynchronou\ detector (;~l\o 
known a\ n coherent detector) offer\ thew 
advantage\: 

Provides low-distortion audio during carri- 
cr fades when receiving skywave-propagated 
signals. 
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( A )  MODULATING VOLTAGE 7 
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( B )  ROTATING VECTORS 

Figure 1. Rotating vectors are the easiest method of visualizing the phase relationships in amplitude modulation. 
Reprinted from Frederick Terman, Electronic and Radio Engineering, 1955, McCraw-Hill, permission of McGraw- 
Hill Books. 

Minimizes the effects of any quadrature Before we delve into the specifics of this cir- 
components in the received signal caused by cuit, let's spend some time looking at the AM 
propagation anomalies, receiver mistuning, demodulation process, and how a synchronous 
IF filter asymmetry, receiver phase noise, detector solves the problems associated with 
transmitter PM, etc. conventional envelope detection. 

Provides a SIN ratio consistent with the 
actual S/N ratio of the incoming signal, 
regardless of its strength. 

Until recently, most commercial receivers 
have not included a synchronous detector for 
AM, primarily because of its cost and complexi- 
ty. The unique and simple circuit presented here 
was designed to offer the following features: 

Wide IF frequency range. Will work with 
any IF between 50 and 500 kHz, at any IF 
level between 10 mV and 1 volt RMS. 

Audio switching between an envelope 
detector and the synchronous detector is on- 
board, and is controlled by the presence of a 
ground signal. 

Audio distortion is less than 1.5 percent 
THD. 

An on-board notch filter with variable Q 
attenuates adjacent-channel heterodynes 
while providing high-frequency tone control. 
The notch filter can be set up to operate at 5, 
9, or 10 kHz. 

An on-board LED driver is included to indi- 
cate detector phase lock. 

An on-board regulator permits the use of 
any input voltage between 7.3 and 35 volts 
DC, while eliminating the adverse effects of 
power supply ripple and VCO feedthrough. 

The board's small size (3.5 x 3 inches) 
allows its installation into almost any com- 
munications receiver. 

Amplitude modulation-a tutorial 

In order to understand synchronous detec- 
tion, it's best to explain the physics of ampli- 
tude modulation. If we view an AM signal in 
the time domain using an oscilloscope, we can 
see the superpositioning of the modulating 
waveform on the carrier, resulting in modula- 
tion of the envelope of the wave. If we view the 
AM signal in the frequency domain using a 
spectrum analyzer set up with the appropriate 
resolution bandwidth and dispersion, we see the 
carrier and two identical sidebands spaced the 
distance of the modulating frequency from the 
carrier. If we vary the percentage of modula- 
tion, we would see the amplitude of the side- 
bands change relative to the carrier. Viewed 
this way, the AM process looks to be quite sim- 
ple. However, there are phase relationships 
between the carrier and the sidebands that play 
an important part in the modulation process. 
We must be aware of these to understand how 
synchronous detection works. 

Rotating vectors (see Figure 1) are the easi- 
est method of visualizing the phase relation- 
ships in amplitude modulation. In Figure 1, the 
three vectors C, L, and U represent the ampli- 
tude and phase relationships of the carrier, 
lower sideband, and upper sideband, respec- 
tively. For clarity, the carrier vector C can be 



considered our stationary reference; however, it 
actually rotates counterclockwise at a rate of we 
(where we represents angular frequency, or 
2nfc,,.+, ). Vectors L and U rotate in phase, as 
indicated by the arrows. The L vector always 
rotates clockwise (decreases in phase) and the 
U vector always rotates counterclockwise 
(gains in phase). The L and U vectors combine 
to create one in-phase resultant that either adds 
to or subtracts from the carrier vector, which 
corresponds to the amplitude modulated enve- 
lope.' The degree of positive modulation (posi- 
tive modulation index) is expressed as the ratio 
between the magnitude of the resultant vector 
minus the magnitude of the unmodulated carri- 
er vector, divided by the magnitude of the 
unmodulated carrier vector. The negative mod- 
ulation index is defined as the unmodulated 
carrier vector magnitude minus the magnitude 
of the resultant vector divided by the unmodu- 
lated carrier vector magnitude. For full-carrier 
AM the negative modulation index cannot 
exceed unity. 

In Figure 1, the Y-axis of the rotating vec- 
tors corresponds to the in-phase or "I" compo- 
nent, while the X-axis corresponds to the quad- 
rature or "Q" component. At point 1 in the fig- 
ure, the single-tone modulating voltage is zero, 
and the L and U vectors are in quadrature. As 
we move to the right, we find the vectors L and 
U add together in phase to produce a combined 

vector of increasing magnitude until we reach 
point 3, where the trend begins to reverse 
itself--eventually reaching the reference carrier 
magnitude at point 5. From this point, the nega- 
tive portion of the modulating waveform causes 
the L and U vectors to add in-phase in the neg- 
ative direction, subtracting from the C vector 
until we reach maximum negative modulation 
(minimum carrier amplitude) at point 7, where 
the trend reverses itself once again until we 
reach point 9 and begin another cycle of the 
modulating waveform. 

The rotating vectors in Figure 1 assume that 
the receiver's detector sees the same symmetri- 
cal waveform that modulated the carrier. 
However, the symmetry of the upper and lower 
sidebands can be destroyed during propagation, 
often in a completely random fashion. Figure 2 
illustrates this effect, where the upper sideband 
has been propagated in such a fashion as to 
reduce the magnitude of the U' vector in rela- 
tion to the L' vector.' Notice that as these vec- 
tors are rotated, the resulting amplitude wave- 
form becomes extremely distorted. In addition, 
the L' and U' vectors are no longer in phase, 
causing amplitude and phase modulation in the 
output waveform. 

If instead of sideband amplitude distortion, 
we were to encounter propagation that allows 
the sidebands to be propagated at approximate- 
ly their normal amplitudes while the carrier is 
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(A) ORIGINAL MODULATING VOLTAGE 
7 

( 6 )  ROTATING VECTORS 

C' C' C' 
C' C' 
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C A S E  REPRESENTED BY ROTATING VECTORS 

ORIGINAL MODULATION 

0 

(C 1 ENVELOPE FLUCTUATIONS OF OUTPUT WAVE 

Figure 2. The symmetry of the upper and lower sidebands can be destroyed during propagation. Reprinted from 
Frederick Terman, Electronic and Radio Engineering, 1955, McGraw-Hill, permission of McGraw-Hill Books. 
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Figure 3. (A) Diode envelope detection. (B) Product detector. (C) True synchronous demodulation. 

reduced in amplitude, the ratio of the magni- 
tude of the L' and U' vectors and the C' vector 
during periods of maximum negative modula- 
tion (point 7) may create a modulation index 
that exceeds unity at the receiver causing 
extreme envelope distortion. In addition. rapid 
phase reversals occur as the modulating wave- 
form crosses zero, causing a high degree of 
phase modulation. 

AM demodulation 
There are three basic types of AM demodula- 

tion: diode envelope detection, product detec- 
tion (sometimes called quasi-synchronous 
detection),Z and true synchronous detection. 
The differences between these three types are 
summarized below: 

Diode envelope detection. This is the old- 
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Figure 4. Motorola MC13022 internal circuitry. 

est form of AM demodulation, in which a diode 
and capacitor produce an output voltage across 
a resistive load that corresponds to the envelope 
of the waveform (see Figure 3A). Although it's 
quite simple, the diode envelope detector has 
several disadvantages: 

I ) The diode is nonlinear, therefore creating 
distortion at certain levels of modulation. 
2) The diode requires quite a bit of drive 

from the stages that precede it. 
3) The diode demonstrates a threshold effect, 
where it will no longer demodulate when the 
input signal drops below a certain level. 
4) The diode envelope detector creates severe 
distortion when the modulation index 
exceeds unity, as often happens during sky- 
wave propagation. 
In spite of these disadvantages, the diode 
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Figure 5. Synchronous detector circuit. 
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envelope detector has been used in communi- 
cations receivers for decades, primarily 
because of its low cost. Today, however, the 
diode envelope detector has been replaced by 
product detection. 

Product detection (quasi-synchronous). 
This term is actually a misnomer, as all 
demodulators produce an x(t)  y( t )  product of 
the carrier and modulated carrier frequencies. 
However, the term has come into such com- 
mon usage that it now denotes the use of a 
multiplier instead of a simple diode r e~ t i f i e r .~  
In the product detector, the IF signal is fed 
into a limiter stage, where the modulation is 
stripped from the waveform (see Figure 3B). 
The resulting square wave of frequency wi is 
fed into one port of a multiplier to serve as a 
carrier, x(t) ,  while the other input of the mul- 
tiplier is fed with the original amplitude- 
modulated IF signal, y(t). Product detection 
has the advantage of producing less distor- 
tion than a simple diode envelope detector 
under strong signal conditions, but it fails to 
offer any advantages as the signal strength 
decreases or the modulation index exceeds 
unity-as the x( t )  carrier level will drop as 
well. Product detectors typically require far 
less input signal to produce an output, so the 
drive requirements are reduced. 

True Synchronous. The premise of true 
synchronous demodulation is quite simple. 
Instead of depending upon the received carri- 
er to maintain the proper carrier vector mag- 
nitude (and therefore a modulation index of 
unity or less), we will instead design the 
receiver so it generates its own carrier x ( t )  of 
the proper magnitude in-phase with the 
received carrier. This carrier is injected as an 
LO signal into one port of an in-phase (I) 
multiplier, with the modulated IF signal y(t)  
feeding the second multiplier input (see 
Figure 3C). The product that results from 
this process has several advantages over a 
simple diode envelope detector: 
1) During periods of carrier fading, the 
receiver's synchronous carrier takes the place 
of the missing carrier for the duration of the 
fade. In so doing. the audio distortion from 
the detector is greatly minimized when the 
modulation index exceeds unity, unless the 
sideband amplitudes are altered severely. 
2) The multiplier only responds to the in- 
phase or amplitude component of the signal, 
minimizing the detector's response to the 
phase component. 
3) The synchronous detector continues to 
demodulate regardless of the level of the 
incoming signal, eliminating the threshold 
effect seen in diode envelope detectors 
4) The phase-locked VCO can eliminate the 
frequency-modulation associated with two 
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Figure 6. R3 and C5 provide the necessary RlC circuit for the RSSI line, 
who's output voltage varies according to the log of the input signal. 

carriers near the same frequency (provided 
the carrier offset is outside the range of the 
lowpass filter in the PLL loop). 
5 )  True synchronous detectors can also be 
used to demodulate single sideband reduced 
carrier transmissions, designated SSB-12. 

Over-view of the Motorola 
MC 1 3022 AM stereo decoder 
chip as a synchronous detector 

Over the years, several means of providing 
synchronous detection have been developed, 
but in many cases the circuits were complicated 
and difficult to integrate into a wide range of 
receivers. Others were critical in their adjust- 
ment, and some required a very specific IF sig- 
nal level. Still other circuits suffered from IF 
"breakthrough," where strong signals (such as 
local broadcast stations) would ride into the 
detector due to its high gain. I felt that there 
must be a simple way to provide synchronous 
AM dtttection in almost any receiver with an IF 
in the 50 to 500 kHz range without the prob- 
lems associated with other designs. I found the 
answer in the Motorola MC 13022 AM stereo 
decoder chip. 

The real beauty of using the application-spe- 
cific Motorola MC 13022 as a synchronous 
detector is that a high percentage of the neces- 
sary components already reside on the chip. The 
MC 13022 includes a low-distortion envelope 
detector, in-phase and quadrature multipliers, 
and an internal VCO. The chip also includes an 
AGC-controlled IF amplifier with 60 dB of 
dynamic range. and an audio notch filter to 
attenuate adjacent-channel heter0dynes.j 
Although the chip was designed for an IF in the 
260 to 455 kHz range, my tests indicate that i t  
works just as well at any IF between 50 and 500 
kHz--making it adaptable to a high percentage 
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of the communications receivers on the market. 
The high input impedance of the internal IF 
(> 10 k), and low IF signal requirenients ( I  0 mV 
minimum) mean that the circuit is easily fed 
from almost any IF strip, or it can be used as an 
IF amplifier/synchronoi~s detector In your next 
hornebrew project. 

Let's take a closer look at the circuit in 
Figure 4. The IF input of frequency oi from the 
receiver is fed in on pin 5. From there, the IF 
signal is amplified and appea1.s on pin 2. An 
external LIC circuit resonates the 11; amplifier 
output, and the IF signal is internally coupled to 
the envelope and I/Q phase detectors. AGC volt- 
age developed in the IF amplifier is fed back to 
a shunt attenuator on pin 5 to maintain an opti- 
mum signal amplitude to the multipliers and 
PLL. This AGC circuitry also feeds an internal 
signal quality detector that provides an external 
logarithmic signal strength indication, in addi- 
tion to providing a signal quality indication to be 
used in activating the PLL fast-lock circuitry5. 

The amplitude-modulated IF signal v( t )  from 
pin 2 is fed into a buffer, and then into the mul- 
tiplier1PLL input bus. The MC 13022 uses mul- 
tipliers for both the I/Q outputs and the enve- 
lope detector. By so doing, the envelope detec- 
tor is actually a product detector (quasi-syn- 
chronous). The MC 13022's I and Q multipliers 
are identical; the only difference between them 
is the LO signal injected into each from the 
VCO. Since the I multiplier demodulates the 
in-phase component, the VCO must supply it 
with an x(t) carrier of cos wi(t). The cos oi(t) 
carrier generates maximum voltage when cos 
0=1 (8=0 degrees). By the same token, the 
quadrature multipliers are fed with an .u'(t) car- 
rier of sin wi(t). With this carrier, the output 
voltage is maximum when sin 8= 1 (0=90 
degrees).6 These LO signals are developed in 
an internal phase-shift network on the output of 
the MC 13022 VCO. 

The VCO in the MC13022 operates at eight 
times the frequency of the IF and an internal 
divider brings the VCO down to the IF frequen- 
cy. In the chip's original application, this was 
done to assure that the VCO would always be 
above the frequency of the standard broadcast 
band, even when the chip was used in an auto- 
mobile receiver with a 260 kHz IF. In my 
application. this "feature" serves no purpose, 
other than to restrict the upper frequency limit 
of the IF input signal. The VCO employs a fast- 
lock circuit and an IF frequency discriminator 
that can sense whether the VCO is too high or 
too low in frequency and rapidly adjust the 
VCO lock voltage accordingly. Finally, VCO 
lock is fed back to the signal quality detector, 
where it provides an output voltage that I used 
to operate an LED to indicate PLL lock. 

Circuit description 

The support circuitry for the MC13022 is 
quite simple, and only minor modifications to 
the chip's standard configuration were neces- 
sary to allow its use as a synchronous detector 
(see Figure 5). The IF signal from the receiver 
is coupled through DC-block C I and R l  to the 
IF input on pin 5 .  R I raises the input imped- 
ance, since this is variable with the setting of 
U 1's internal shunt attenuator. The amplified 1F 
signal appears at pin 2, and is applied to the IF 
resonant circuit consisting of L 1.  C2, and R2. 
R2 is used to lower the "Q" of L I /C2, improv- 
ing the frequency response of the IF. 

Capacitor C3 provides internal AGC filter- 
ing, and C4 serves as a AC bypass for the 3 
volt regulator on pin 3. R3 and CS provide the 
necessary R/C circuit for the RSSI line. who's 
output voltage varies according to the log of the 
input signal (see Figure 6). 

Moving on to the detector portion of the 



Component 5 kHz notch 9 kHz notch 10 kHz notch 

R14,15,16A,16B 68,000 ohms 47,000 ohms 43.000 ohms 

Table 1. Component values for various notch-filter 

chip, capacitors C6, C7, C8, and C9 serve as 
bypass capacitors for the 2wi(t) component pre- 
sent on these pins. The values of these capaci- 
tors vary according to the IF frequency. with a 
value of 0.0 I pF for a 50 kHz IF and 0.00 1 pF 
for a 455 kHz IF. The values of these capaci- 
tors were carefully chosen to provide the neces- 
sary 2wi(t) filtering while minimizing their 
effect on the audio frequency response. It's 
very important that the same value capacitor be 
used on all four multiplier outputs, as an imbal- 
ance can cause distortion and VCO locking 
problems. Resistor R4 is used to supply a small 
DC bias voltage to the internal voltage com- 
parators that monitor the degree o f  negative 
modulation on the output of the I multiplier. 
During deep carrier fades the degree of nega- 
tive modulation can be very high, triggering the 
MC 13022's internal modulation comparators 
and causing a loss of VCO lock. The bias sup- 
plied by R3 minimizes this effect. 

In the VCO section. C10 serves as the loop 
filter capacitor, and a value of 68 pF was cho- 
sen to maximize the ability to retain lock dur- 
ing deep carrier fades. For proper performance, 
C 10 must be a low-leakage capacitor, prefer- 
ably a tantalum. The VCO resonant circuit 
consists o fL2  and C13- 15. The values of these 
components can become quite critical. especial- 
ly when the MC13022 is used at an IF frequen- 
cy below its design limit of 260 kHz. 

In order to provide a means of determining 
when the VCO is in lock, I modified the 
"Blend" circuit on pin 23. In U 1's original 
application. this circuit was intended to slowly 
blend [lie left and right channels together dur- 
ing periods of poor signal quality, or to kill the 
stereo conversion process altogether when 
receiving a monaural station. I t  can also serve 
as an indicator of VCO lock, although it's 
effectiveness in this regard is minimized by the 
application of a DC bias voltage through R4 on 
the I multiplier output. The blend voltage goes 
low (around 0.5 to 0.6 volts) when the VCO is 
out-of-lock, and goes high (around 0.7 volts) 
when locked with a good signal. R5 and C11 
provide a short R/C time constant, and the fil- 
tered blend voltage is fed into a simple voltage 
comparator consisting of Rh-R 10, CI?,  U3, ;ind 
D l .  C I? prevents oscillation in U3, and R 10 i \  
used to set the comparator level for proper sync 
light operation. Components R I 1, C 16, and 
C 17 are included to prevent the internal stereo 

frequencies. 

decoding circuitry from interfering with my 
application of the MC13022. 

The audio circuitry includes a Twin-Tee 
notch f~lter  with variable feedback made up of 
C 19, C2 1 ,  R 14-R 16. This notch filter can be set 
for any notch frequency between 5 and 10 kHz 
as determined by the values of these compo- 
nents (see Table 1). R 13 serves as a DC return 
for an internal capacitor on pin 13. The "Q" of 
the notch filter can be altered by changing the 
voltage on pin 15 via R12. Graphs showing the 
notch depthlhigh frequency response versus pin 
IS voltage are shown in Figure 7. The output 
impedance of the MCI 3022 is very low. and 
will not provide an efficient match to the audio 
stage of most receivers. A simple self-biased 
audio amplifier stage consisting of C22, C23, 
R 17-R 19, and Q I solves this problem. 

In order to make the detector simple to 
ir~stall into any receiver, on-board audio switch- 
ing is provided through bilateral switch U2. 
Sectiorts A and B of U2 allow the selection of 
either envelope detector or synchronous audio. 
A logic high at pin 13 selects envelope detector 
audio, while a high i ~ t  pin 5 selects synchronous 
detector audio. Transistor Q2 serves as a logic 
inverter for the B section of U2. When enve- 
lope audio is selected, the audio can be derived 
from the receiver's internal envelope detector 
via C23 and R25. R25 allows balancing of the 
audio level between synchronoi~s and envelope 
detector audio. Instead of using the receiver's 
envelope detector. audio can be derived from 
the envelope detector on pin 1 of U 1, and R25 
is not needed. However, C25 is necessary to 
serve ;is a DC block. When synchronous audio 
is selected, the output of the I multiplier in UI 
fcecls pin 1 of U2B via C24. Finally, section C 
of 112 was included to force the VCO to a cen- 
ter resting frequency when the envelope detec- 
tor is in use. I found that the MC 13022 has a 
propensity for pulling itself to an extreme of 
the control voltage range when first powered 
LIP, or when the receiver is tuned off of a strong 
station. Occasionally, it tooh some time and 
effort to pull the VCO back within the capture 
range of the PLL; consequently, R20 and R2 I 
are switched in while the envelope detector is 
in use, pulling the VCO to a frequency within 
the PL,L capture range. 

Power for the synchronous detector board is 
supplied by regulator chip U4. a garden-variety 
5-volt regulator. U4 serves two important func- 
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Figure 9. Synchronous detector board layout. 

tions: I )  It supplies a low-ripple regulated volt- 
age to the circuitry on the card, allowing it to 
operate from almost any DC power source in 
the 7.3 to 35 volt range, and 2) It greatly atten- 
uates the fundamental and harmonics of the 
MC 13022's internal VCO that would otherwise 
"ride out" on the power supply leads. 

Before constructing the synchronous detector 
described in this article, there are a few aspects 
of its design that you should be aware of: 

The receiver in which ~ O L I  plan to install the 
synchronous detector must be stable, with 
very low local oscillator FM. For instance, 
several consumer-grade shortwave receivers 
I tested tend to vary the local oscillator 
frequency according to the AVC voltage. 
While the degree of FM may be small (I00 to 
200 Hz), it may be enough to cause brief 
detector loss-of-lock during rapid changes in 
AVC voltage. 

Because the MC 13022 is an application-spe- 
cific chip, modifying it for use as a synchro- 
nous detector involves some compromises. 

One of these compromises is finding an effec- 
tive manner in which to sense detector lock 
and operate an external indicator. The com- 
parator included i n  this circuit (U3) works 
well in receivers with an AGC system, such as 
the Drake R-7 or SPR-4, but it does not work 
well in a receiver with a simple AVC circuit. 
U3  and its associated circuitry may be deleted 
if you don't need the sync indicator. 

The audio frequency response of this circuit 
has been tailored for communications use 
(200 Hz to 4 kHz). The detector will not pro- 
vide a w~deband audio output unless the 
notch filter is bypassed. Even then, the fre- 
quency response will be limited by the "Q" 
of the tuned circuit on pin 2 and the response 
of the IF stages preceding the detector (see 
Figure 8). 

I mentioned earlier that a synchronous 
detector can be used to demodulate SSB-,, 
transmissions. With SSB-,? only the upper 
sideband is transmitted and the carrier is 
reduced 12 dB below the sideband PEP. This 
provides just enough carrier for synchronous 
detection (although the phase modulation 
inherent in an SSB signal can make carrier- 



lock difficult). SSB-12 is just now coming 
into use on the shortwave broadcast bands, 
and will become the standard for shortwave 
broadcasting by the year 2016. While my 
application for the MC13022 as a synchro- 
nous detector works well for full-carrier, 
DSB transmissions, the MC 13022 may not 
reliably hold lock on SSB-12 transmissions 
because of its internal design. However, the 
primary design objective for this detector is to 
combat the effects of selective fading, and by 
so doing greatly minimize the listener fatigue 
associated with the reception of ionosphe- 
rically propagated full-carrier AM signals. 

Construction 

Construction of the synchronous detector is 
noncritical. I highly recommend using the circuit 
board artwork included in this article (see 
Figures 9 and lo);* however, any method of 
construction may be used. The only sensitive 
portion of the circuit is the VCO LIC circuit on 
pins 19 and 20. These leads should be kept as 
short as possible to maximize stability and mini- 

mlze microphonics. If you decide to make any 
component substitutions in this circuit, keep in 
mind that I spent quite a bit of time determining 
the values of inductors L1 and L2, as well as the 
asqociated capacitors. You may find that the 
VCO will not run if substitutions are made, 
especially when the MC13022 is used an IF fre- 
quency below 260 kHz. Also, be sure to use the 
same value of capacitor for C6-C9, as an imbal- 
arlce in values will cause distortion or difficult 
VCO locking.7 All of the remaining components 
may be substituted as your needs require. 

Initial tests 
Initial testing of the synchronous detector is 

quite simple. Begin by applying power to the 
card, and check for 5.0 + 0.2 volts at the output 
of U4. Next, measure the voltage at pin 3 of 
Lr 1 ; it should measure 3.0 .+ 0.1 volts. Place the 
circuit in the envelope detector mode (pins 
1211 3 of U2 at logic high) and check the volt- 
age at TP1 (pin 24 of U1). This should measure 

*PC hoards are a\,allable for $4.50 plus $1.50 rhipptng and handl~ng from 
FAR C~rc~lll*.  IXN640 Ficld Coun. Dundee. Illlnoi\ 601 18. 
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w m - w m m  

Figure 10. Parts placement. 
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about 2.8 to 3.1 volts. If all tests indicate proper 
operation so far, it's time to adjust the VCO 
resting frequency. To calculate the proper VCO 
operating frequency, multiply the IF; frequency 
by eight. Attach a frequency counter to TP2 
(pin 20 of UI) and adjust L2 until the frequen- 
cy of the VCO is within 100 Hz of the calculat- 
ed operating frequency. Next, adjust poten- 
tiometer R12 (notch filter Q) for 2.9 volts at pin 
15 of U 1 and adjust pot R I0 (voltage compara- 
tor) to supply 0.72 volts to pin 3 of U3. You are 
now ready to install the card into your receiver. 

Installation 
This synchronous detector was designed to be 

easily installed into almost any receiver. The 
AGC circuit in the IF amplifier allows the cir- 
cuit to function quite well down to 10 mV of IF 
signal. Therefore, the IF sample can be taken 
from any convenient point in the receiver after 
any IF filters. For example, the IF sample can be 
taken from an unbypassed cathode bias resistor 
in the last stage of IF amplification. In some 
receivers, this level may be too high for the 
detector (the IF level must be kept below I volt 
RMS). If this is the case, simply substitute the 
existing cathode bias resistor with two resistors 
in a series voltage-divider configuration. Choose 
a division ratio that provides between 100 and 
200 mV with a strong input signal (receiver 
AGC on). In a solid-state receiver, the IF sample 
can be taken from the input to the diode enve- 
lope or product detector. As with a vacuum tube 
receiver, a voltage-divider may be necessary if 
the IF level at this point is too high. 

Power for the circuit can be taken from any 
point capable of supplying a minimum of 7.3 
volts at about 30 mA. Make certain that you do 
not exceed the regulator's maximurn input of 
35 volts. In a vacuum tube receiver, you can 
derive the necessary power from the 6.3 or 12.6 
volt filament circuit. Simply install a power 
supply consisting of a half-wave rectifier and a 
500 pF filter capacitor on the filament bus. 

The only critical part of the installation of 
this card comes in determining its placement 
within the receiver. You must choose a location 
that will minimize the coupling of radiated 
energy from the VCO into the receiver front 
end. The easiest way to find a location for the 
card is to provide it with power and try placing 
it in potential locations within the receiver. 
Then tune the receiver to the VCO fundamental 
frequency as well as several harmonics, and 
note any presence of the VCO signal. 

The board can be installed so that it uses 
either the on-board envelope detector for non- 
sync audio or the receiver's envelope detector. 
The choice is primarily dictated by the receiver 
design and your personal preference. This deci- 
sion will also be influenced by your desire to 

route either all audio through the notch filter, or 
only synchronous detector audio. If the receiver 
mode switch selects detected audio from two 
separate points when switching between AM 
and SSB, you can use either the receiver's 
envelope detector as an input to R25, or you 
can use the envelope detector on pin 1 of UI .  
However, if the receiver mode switch selects 
AM and SSB audio from the same point, you 
must feed receiver audio into R25. 

Finally, you will need a means for switching 
between sync and non-sync audio from the 
front panel. Because the board requires nothing 
more than a ground to switch sources, this 
should be simple to do. If you don't want any 
additional holes in the front panel, look for 
unused switches. A prime candidate on many 
receivers would be the receivelstandby switch. 
I used the calibrator switch on the Drake SPR- 
4, and the "Spkr" switch on the Drake R-7. In 
any event, make sure you disconnect and nor- 
malize any existing wiring to the switch you 
select prior to connecting the sync audio con- 
trol line. If you would like specific information 
concerning the installation of this board into the 
Drake R-7, Drake SPR-4, or Hallicrafters SX- 
42, please send me an SASE at the address list- 
ed at the beginning of this article. 

Alignment 
Connect a signal generator tuned to your 

receiver's IF frequency and to the input of the 
synchronous detector card. Set the generator for 
30 percent modulation at 100 mV output. 
Connect a DVM to TP3 (pin 6 of U 1 ) and mea- 
sure the RSSI voltage. With 100 mV input, this 
test point should measure about 4.0 volts DC. [f 
necessary, tune LI for maximum RSSI voltage. 
This completes the alignment of the card in the 
non-sync mode. 

To align the synchronous detector, you need 
only adjust the VCO frequency. Begin by con- 
necting a signal generator to your receiver at any 
convenient frequency. Place the receiver in the 
narrowest bandwidth you would use for voice 
communication, and center the signal from the 
generator in the IF passband. Next, connect the 
synchronous detector card to the IF sample 
point. Check for proper RSSl voltage as before. 
Using a scope, also check for a sine wave at pin 
I of U 1 .  Place the synchronous detector in the 
sync mode, and measure the voltage at TP2. 
Adjust L2 until this voltage reads 2.9 + 0.1 
volts. Connect a scope to pin 28 of U1. You 
should now see a sine wave identical to that pre- 
sent on pin 1 of UI. Finally, with the detector 
locked on your test signal, adjust RIO until the 
sync light goes out, then back again until just 
slightly past the point where i t  comes back on. 
This sets the comparator threshold for your par- 
ticular MC 13022 blend line. The only remaining 



alignment is the setting of audio levels. 
If you have wired the detector so you will 

use the on-board envelope detector in the non- 
sync mode, the only audio adjustment you need 
to make is to R17. This pot should be adjusted 
so the audio level from the card matches the 
level of the detector the card replaced. 
However, if you plan to use the receiver's 
envelope detector, there are a couple of addi- 
tional steps. Connect the signal generator to the 
receiver, and tune both to a convenient frequen- 
cy with 30 percent modulation of the carrier. 
Next, with the card in the sync mode, measure 
the audio output voltage from the board. Place 
the board in the envelope-detector mode, and 
adjust R25 for the same audio level at the out- 
put of the board as you had in the sync mode. 
Alignment of the card is now complete. 

Operation 
Operating your receiver with the synchro- 

nous detector installed is quite simple. Begin 
by powering up the receiver with the detector 
in the envelope detector mode. Once the 
desired station has been selected, center the sta- 
tion in the receiver's passband and select the 
synchronous mode. If the station was properly 
centered, the sync LED will illuminate and the 
audio should be normal. If there is an audible 
heterodyne, retune the receiver towards zero- 
beat. The VCO should come into lock and the 
sync LED should illuminate. You may find that 
getting the detector into sync may be difficult 
on very weak stations, or stations with strong 
adjacent channel interference. However, careful 
tuning will bring these stations into lock. I 
highly recommend that you "browse" through 
the band with the synchronous detector turned 
off, as the heterodynes created prior to VCO 
capture tend to become very annoying. Also, 
occasionally you may find that you cannot 
achieve VCO lock, even on strong signals. This 
often happens when tuning through the band 
with the synchronous detector turned on. This 
rapid tuning may cause the VCO control volt- 
age to sit at its lower limit. To correct this, 
place the detector in the envelope-detector 
mode, then switch back to synchronous. This 
will re-establish a favorable VCO control volt- 
age, and the detector will come right into sync. 

When you should use the synchronous detec- 
tor is totally a matter of personal preference. 1 
use the sync mode almost all the time. as its 
audio consistently sounds better than that of a 
conventional envelope detector. If you use the 
on-board envelope detector, there may be times 
on strong signals when you notice no difference 
between sync and non-sync audio. primarily 
because the on-board envelope detector is actu- 
ally quasi-synchronous. 

Finally, if you decide to use R12 as a vari- 

able tone control, it's important that you do not 
allow the voltage to pin 15 of U1 to exceed 2.9 
volts. The MC 13022 generates high-frequency 
transients when the VCO locks up, causing an 
annoying "pop" in the audio. The high-frequen- 
cy roll-off at this setting of R12 is sufficient to 
attenuate these transients. 

Conclusion 

The synchronous detector presented in this 
article provides a simple means of greatly 
enhancing full-carrier AM reception. As with 
any unique application of a custom-designed 
chip, it has its drawbacks. For example, the cir- 
cuit may not demodulate SSB-12 transmissions, 
but this is of minimal consequence, as the vast 
majority of stations utilize full-carrier DSB, 
and will continue to do so for some time. 1 feel 
that this circuit meets the synchronous detec- 
tion needs of most short and medium-wave lis- 
teners. I have installed this board in a Drake R- 
7, Drake, SPR-4, and Hallicrafters SX-42-all 
with equally impressive results. The significant 
reduction in listener fatigue during selective 
fading was this circuit's primary design intent, 
and it meets that objective quite satisfactorily. 

I hope that by presenting this implementation 
of synchronous detection, we can begin to bring 
circuits of this type into common use, and spur 
others to design even more flexible circuits than 
what 1 have presented here. In addition, I look 
forward to hearing from readers who have 
designed other applications for this circuit. For 
instance, the output from the quadrature multi- 
plier could be used to indicate the degree of 
phase modulation in a signal, which may be use- 
ful for some types of propagation measurements 
or in measuring phase noise. The quadrature 
output could also be used with a noise blanker or 
any circuit that could benefit from the lack of an 
in-phase modulation component. 
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Parts List: Synchronous detector using Motorola MC13022P. 
Notes: 
*=SO kHz IF, **=455 kHz IF, a=5 kHz notch, b=9 kHz notch, c=10 kHz notch. 

Capacitors 
Cl,CS,C6*, C7*,C8*, C9*,C17 
C2*, CIS* 
C2** 
C6**,C7**, CS**,C9** 
C12,C18, C22,C24, C27,C28 

Diodes 
D 1 
D2 

Inductors 
Ll* 
L1**, L2* 
L2** 

0.01 pF150 volts DC monolithic, Panasonic ECUSlJlO3JC, Digi-Key P4824 
470 pF/SO volts DC monolithic, Panasonic ECU-S 1J471JC, Digi-Key P480 
None, internal to L1 
0.001 pF150 volts DC monolithic, Panasonic ECU-SlJ102JC, Digi-Key P4812 
0.1 pFIS0 volts DC monolithic, Panasonic ECQ-VlHlOUL, Digi-Key P4525, 
Radio Shack 272-109 
10 pFI16 volts DC tantalum, Panasonic ECS-FlCE106K, Digi-Key P2038 
1.0 pF150 volts DC tantalum, Panasonic ECS-FIHEIOSK, Digi-Key P2073 
68 @I16 volts DC tantalum, Panasonic ECS-FlCE686, Digi-Key P2043 
47 pF116 volts DC tantalum, Panasonic ECS-FlCE476, Digi-Key P2042 
100 pF150 volts monolithic, Panasonic ECU-S lJIOlJCA, Digi-Key P4800-ND 
47 pF150 volts DC monolithic ECU-S2A470JCA, Digi-Key P4845-ND 
None, internal to L2 
220 pF150 volts DC monolithic, Panasonic ECU-Sl J22lJCA, Digi-Key P4804-ND 
470 pF (a) Panasonic ECU-S15471 JCA, Digi-Key P4808; 380 pF (b) Panasonic 
ECU-S2A33 I JCB, Digi-Key P4855-ND (330 pF) and Panasonic ECU-S2A470JCA 
(in, Digi-Key P4845-ND (47 pF): 370 pF (c) Panasonic ECU-S2A33 IJCB, Digi- 
Key P4855-ND (330 pF) and Panasonic ECU-S2A390JCA, Digi-Key P4844-ND 
(39 PF) 

Red Miniature LED, Radio Shack 276-026 
IN4003 Diode, Radio Shack 276-1 102 

22 mH, slug-tuned coil, Toko CLNS-T1034Z, Digi-Key TK17 19 
0.64 mH, slug-tuned coil, Toko RMC-2A7287HM, Digi-Key TK1303 
15 pH, slug-tuned coil, Toko 154ANS-TI 1012, Digi-Key TK1209 

Transistors 
QLQ2 2N3904 transistor, Radio Shack 276-2016 

I (Note: All fixed resistors 114 watt carbon or metal-film) 

Resistors and potentiometers 
R I ,R2, R23 
R3 
R4 
R5 
R6 
W,R22,R24 
R8 
R9 
R10 
R11 
R12,R25 

lOk 
100 k 
47 k 
1000 ohms 
1 meg 
l k  
330 ohms 
15k 
4.7 k, PCB-Mount Pot, Rad~o Shack 271-281 
22 k 
10 k, PCB-Mount Pot, Rad~o Shack 271-282 
4.7 meg 
(a)68 k ; (b)47 k; (c)43k 
1 k PCB-Mount Pot, Radio Shack 271-280 
270 k 
2.7 k 
4.7 k 
3.9 k 

Integrated circuits 
U1 Motorola MCI 3022P AM Stereo Decoder, Newark Electronics 
U2 National CD4066P Quad Bilateral Switch, Digi-Key CD4066BCN-ND 
U3 National LM311N Voltage Comparator, Digi-Key LM3 1 IN-ND 
U4 National LM340T5 5-Volt Regulator, Radio Shack 276-1770 

Miscellaneous 
TP1 Green vertical test point, EF Johnson 105-0854-001, Digi-Key J122ND 
TP2 Red vertical test point, EF Johnson 105-0852-001, Digi-Key J 120ND 
TP3 Blue vertical test point, EF Johnson 105-0860-001, Digi-Key J3 l2ND 
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SUPER REGENERATION 
The lost technology 

T oday. handheld VHF receivers are com- 
monly available, but it took many years 
of research to develop sensitive super- 

heterodyne circuits that could be produced at 
relatively low cost. In the 1920s, frequencies 
much above 20 MHz were rarely used; howev- 
er by the mid-1930s, practical 400-MHz 
receivers were being designed and built by 
radio amateurs. Ultimately, the conquest of the 
higher frequencies was brought about by the 
hard work and determination of these radio 
amateur "experimenters" using the very latest 
in high technology at the time: super regenera- 
tion. This article shows how we can personally 
relive early radio history by studying and build- 
ing super regenerative radio circuits. 

Benefits of super regeneration 

Aside from providing an insight into early 
radio history, super regenerative receivers still 
offer aome very distinct advantages over more 

modern types of circuits. The principle benefits 
are microvolt level sensitivity (even at extreme- 
ly high frequencies), very low parts count. low 
cost, and low power consumption. Typical 
super regenerative detector gains approach one 
million, even at VHF and above-in a single 
stage--using only one active device. For all of 
these reasons, super regeneration deserves our 
examination. 

Early radio circuits 

The first commonly used radios were "cat 
whisker" crystal diode receivers (a galena crys- 
tal with a very thin contact wire), many of 
which were homemade. These were replaced 
by radios using tube "grid leak" detectors that 
provided an increase in sensitivity. However, 
many technical problenls remained. The most 
serious of these were the limitations of the 
amplifying devices being used. These early tri- 
ode tubes could provide only meager gain at 
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Figure 1 .  The modern equivalent of the basic regenerative detector circuit. 
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the lower radio ti-ecluencies, and no gain at :ill 
at frequencies much higher than 30 MHz. 

In 19 14, Edwin Howard Armstrong invented 
the regenerative circuit-probably the most sig- 
nificant discovery in the history of radio. ' As 
shown by Figure 1. regeneration feeds the out- 
put of a radio circuit back to its input, in phase, 
so the input signal is amplified over and over- 
up to the threshold of oscillat~on. This greatly 
increased both the sensitivity and selectivity of 

,I lo sets. early r, d '  
The actual mechanism of regeneration is 

complex. Regeneration has the effcct of intro- 
ducing LI negative resistance into a circuit. 
Because the circuit's selectivity or "Q" is equal 
to its net reactance divided by its net resistance, 
the circuit's selectivity is increased along with 
its gain when regeneration is introtluced. When 

the regeneration level is below self-oscilli~tion, 
the circuit's negative resistance (produced by 
regeneration) is less than its fixed positive 
resistance. At this level, regeneration has the 
effect of providing a stable increase in both 
gain and selectivity. 

With more regeneration, a very dynamic 
region is reached, just at the threshold of oscil- 
lation. Here, the circuit's negative and positive 
resistances are almost equal. This is a nonlinear 
(chaotic) operating region, where minute 
changes in input level or circuit voltages pro- 
duce very large (nonlinear) changes in outpi~t 
level. The exact "balancing" point between a 
stable and unstable system cannot actually be 
achieved, as even the smallest ranclom noise 
source, given time, will build up into a self-sus- 
tained free oscillation. 



As regeneration is further increased, a curi- 
ous "click" is sometimes heard in the head- 
phones. This indicates that the circuit has 
reached the point where it exhibits a net nega- 
tive resistance, causing the onset of free oscilla- 
tions in the system. The amount of gain an indi- 
vidual regenerative stage can provide is limited 
by the introduction of these free oscillations 
into the circuit. The free oscillations, once start- 
ed, will build up to the carrying capacity of the 
amplifying device. Therefore, in a straight 
regenerative receiver, the amount of feedback 
needs to be operator adjusted to a point just 
below self-oscillation if the highest gain and 
selectivity are desired. In the early 1920s, the 
regenerative circuit was used extensively. 
despite its limitations, for it provided high gain 
in an era where the cost of additional radio 
amplification stages was prohibitive. 

Super regeneration comes of age 

In 1922, Armstrong came up with yet anoth- 
er invention based on regeneration, but whose 
actual mechanism opened up an entirely new 
field of research: the super regenerator. This 
was a modification of the straight regenerative 
circuit where regeneration was increased 
beyond the point of free oscillation. This time, 
the oscillation was periodically interrupted or 
"quenched" by a second oscillator operating at 
a lower frequency. 

The circuit is essentially a modulated oscilla- 
tor whose input is coupled to an antenna. The 
circuit is set to an oscillating condition and then 
periodically quenched. Small noise sources 
require greater periods of time to build up to a 
self-sustaining free oscillation than do signals 
that are much larger in amplitude. Therefore, 
given the limited time between quench inter- 
vals, the signal sources are amplified to a much 
greater extent before they are quenched out. 
Note that the oscillations must decay fully 
before being allowed to start up again, as even 
a small amount of residual signal will initiate a 
premature free oscillation-ending all useful 
amplification for that period. 

Types of super regenerators 

Super regenerators are classified into two 
general categories depending on how their 
oscillations are interrupted: separately 
quenched and self-quenched. Figures 2A and B 
show the basic connection for each type, using 
modern JFET devices. 

In Figure 2A, the separately quenched vari- 
ety of super regenerator uses a separate quench 
oscillator to generate an alternating voltage 
(historically, a sine wave) that is above the 

audio range, but still far lower than the signal 
frequency. This modulates the source voltage 
of the FET detector at the quench frequency. 
The FET is periodically biased on, then off, at 
the quench frequency rate. 

Although the separately quenched variety 
provides higher sensitivity at lower operating 
voltages than self-quenched types-and per- 
rnits the operator to nd.just the quench rate and 
amplitude easily-it requires building, power- 
ing, and adjusting a separate quench oscillator. 
Histor~ically, this added quite a lot of complexi- 
ty to an otherwise simple circuit. Fortunately. 
modern ICs make a separate quench oscillator 
cheap and easy to construct. 

Figure 2B shows the self-quenched type of 
super regenerative circuit. Note that the quench 
oscillator has been replaced by resistor/capaci- 
tor combination Rq,Cq. This RC time constant 
is deliberately set longenough so capacitor Cq 
cannot discharge fast enough (at the signal fre- 
quency rate) through Rq. As a result, a variable 
DC voltage is built up across Rq,Cq, which 
l~eriotiically interrupts the main oscillator. 

Because of their extreme simplicity, low 
power consumption. and low cost, self- 
quenched receivers were very popular among 
radio hams of the 1930s and '40s until low-cost 
VHF superheterodynes were developed. 

Super regenerative detectors are practical for 
wideband FM reception, as well as for AM. 
Unfortunately, the sidebands created by the 
quenching action limit a super regenerator's 
selectivity, making it impractical for detecting 
narrowband FM signals. 

In addition to its practical use at VHF and 
above, super regeneration rnay be used on the 
lower frequencies. such as the shortwave 
bands, as well. However, because signal levels 
here are generally strong, with many stations 
crowded together. straight regeneration-pro- 
viding less gain, but much higher selectivity- 
is more appropriatc for these frequencies. 

Because a super regenerator breaks into os- 
cillatlon as part of its normal operating cycle, it 
will radiate its own signal out its input. In the 
past, when vacuum tubes were used for these 
detectors, serious interference sometimes re- 
sultetl from their use. Today. the availability of 
modcrn low power semiconductor devices great- 
ly reduces the potent~al for interference. Never- 
theless, all present day super regenerative detec- 
tors should be preceded by an RF stage to isolate 
the detector from the antenna. 

The actual mechanism of 
super regeneration 

Figure 3 is adapted from a 1935 paper by 
Hikosaburo Ataka,2 Meidi College of 



I 

I 
'D I- I 

I I t r n  I 
Time of 

I "Advance" 
I Quench Period 
4 d 

Figure 3. Characteristic RF envelope of a super regenerative detector. 

Technology, Tobata, Japan. It provides a 
detailed representation of the oscillation enve- 
lope of a super regenerative detector circuit. 
The area within the shaded region of the enve- 
lope is that portion of the envelope in which the 
received signal is actually amplified. When 
there is no signal present, noise in the detector 
initiates a build up of a free oscillation, which 
starts around point "C" and builds up to the car- 
rying capacity of the active device. The detec- 
tor is now in a state of free oscillation, which 
continues until the circuit is quenched and the 
oscillations die out (point "E"). 

However, when an input signal is applied. 
the dynamics of the shaded region change. The 
build up of oscillation now starts sooner-at 
point "B." This added time of build up, '7," by 
which the oscillation starts early in the presence 
of a signal, Ataka2 called the time of 
"advance." The greater the magnitude of the 
input signal, the greater the time of advance. 
The greater the time of advance, the longer the 
amplification time period ("B" to "D"). Note 
that the ~~nshaded (oscillatory) portion of the 
envelope ("Dm to "EM) contains by far the great- 
est area-but does not contribute to any actual 
amplification of the signal. The nonregenera- 
tive time interval ("EM to "F") is that period of 
time when the quench signal has turned the 
oscillator off completely. Oscillations must be 
allowed to die outcompletely before recom- 
mencing-this is why super regeneration detec- 

tors using high "Q" tuned circuits often fail to 
function properly. They hold the signal, pre- 
venting it from being totally quenched. As a 
result. super regeneration stops and the circuit 
oscillates continuously. 

The output from the detector is directly relat- 
ed to the area of the shaded region ("B" to 
"D"). With no signal applied. the noise initiat- 
ing the build up of the oscillations is random, 
and thus the time of advance, the area of the 
shaded region, and the output of the detector 
will also be random. This explains the charac- 
teristic background hiss-termed "mushu-of a 
super regenerative detector. It is very notice- 
able with conditions of no signal and disap- 
pears completely on strong signals. 

Photos A through D are oscilloscope pho- 
tographs of a super regenerative detector that is 
being separately quenched by a sine wave 
oscillator. These photos show the detector's RF 
envelope under cGnditions of no signal and an 
applied signal. 

The applied signal pulls that oscillation 
envelope to the left and also makes the shaded 
region more distinct (less fuzzy). The time of 
advance directly affects detector sensitivity and 
is a function of the strength of the applied input 
signal and both the frequency and amplitude of 
the quench voltage. 

Both the amplitude and frequency of the 
interruption or "quenching" rate are critical. 
Ideally, the detector should be quenched at a 
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point just after it  has hroken into free oscilla- 
tion-just heyond point "D" in Figure 3. 

Figure 4, also derived from Ataka's2 paper, 
shows that there is an optimum quench fre- 
quency for each received frequency that pro- 
vides the greatest sensitivity (for a given 
quench amplitude). Also, except in the case of 
vcry low quench voltages, sensitivity does not 
increase its the quench frequency is reducetl. 

This effect is shown schematically in Figure 
5. For a given received frequency, if we st;trt at 
a low value just above the audio range, an 
increase in the quench frequency will increase 
the nurnher of times the signal is allowed to 
build up to free oscillation level in n given time 
interval. As shown by the dotted line in Figure 
5, the total sum of all the shaded areas incrci~s- 
es directly with quench frequency until n criti- 
cal point is reached where the free oscillation is 
quenched at a point just after i t  has started. 'This 
quench frequency will pr(3vide the optimum 
sensitivity k>r this particular received frequency 
and quench voltage level. 

As the quench frequency is increased 
beyond that point, amplification decreases 
because the quenching now starts premature- 
ly-before the signal has been nllowed to huiltl 

up to maximum amplitude. Although there are 
now more shaded areas per second, the net size 
of ench area is so diminished that the result is a 
loss in total area per interval and a net loss in 
circuit sensitivity. 

The selfquenched 
super regenerator 

Despite sonie common misconceptions. the 
self-quenched super regcner:ltor varies quite n 
bit from the separately quenched variety, both in 
circuit operi~tion ant1 pcrfonnance. Photo E is 
an oscilloscope photo of the output envclope of 
a typical self-quenched circuit. Note that. after 
quenching has hegun, the decay time o f  the self- 
qi~enched circuit is much longer than that of a 
compar:thle circuit separately quenchctl. The 
secondary (quenching) oscillations result in an 
oscill;~tion envelope in which the oscillation 
starts rapiclly. but tlecays vcry slowly. 

It1 thcsc circuits, ;ui rtdjustment in the level of 
regeneration also causes a change in quench 
frccluency, so only n single control needs to be 
acI.justed. This makes the self-quenched receiv- 
er c;~sicr to use than the separately quenched 
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variety. By carefully adjusting the regeneration 
control, the detector voltage and quench oscil- 
lation rate can be adjusted simultaneously for 
best sensitivity. However, note that, for the 
same level of sensitivity, the no signal back- 
ground noise or "mush" level is higher in a 
self-quenched circuit than it would be using a 
properly adjusted separately quenched design. 

Choosing the optimum 
quench rate 

From my own observations, 1 have found 
that separately quenched super regenerators 
work best when their quench frequencies are 
approximately 10 times higher than those of the 
self-quenched variety. Normal quench frequen- 
cies for both types are in the ranges of 30 kHz 
to 1 MHz. Approximate quench frequencies for 
VHF circuits in the 100 to 200 MHz range are 
400 kHz for separately quenched and 40 kHz 
for self-quenched circuits. In all cases, it's best 
to experiment: the quench rate (and amplitude 
for separately quenched receivers) should be 
varied around the chosen value and the effect 
upon the circuit's sensitivity, selectivity, and 
audio quality observed. 

A self-quenched super 

a VHF receiver covering frequencies between 
1 18 and 160 MHz, which includes the 118 to 
136-MHz aircraft band. The sensitivity of this 
receiver is excellent: a I -pV 30-percent modu- 
lated 123-MHz (midband) AM signal is easily 
discernible above the background noise. This 
receiver can be built for about $20 and is very 
portable, as it can be made quite small-perfect 
for air shows! It draws less than 10 mA from its 
two 9-volt batteries. 

The circuit consists of an RF stage, a super 
regenerative detector, and an audio amplifier. 
The antenna is coupled to the RF stage via a 
standard 75 to 300-ohm cable TV balun trans- 
former. The transformer has a cable TV "F" 
connector at its 75-ohm end that makes it per- 
fect for use with RG-59U 75-ohm cable TV 
type coax cable. For portable use, a vertical 
whip antenna mounted on the back of the 
receiver with a short connecting cable can be 
used. The balun provides a step-up in voltage to 
Ql  's gate and its 5 to 900 MHz bandwidth also 
helps prevent any interference from local AM 
broadcast band stations. FET Q1 provides a lit- 
tle gain, but more importantly, it effectively 
isolates the detector from the antenna. This pre- 
vents the receiver from radiating its own signal 
out the antenna and helps to eliminate "dead" 
spots in the receiver's tuning range due to 
antenna resonance effects. 

The ca~acitivelv couvled o u t ~ u t  of the RF 
regenerative aircraft receiver stage connects to a tap on coil L I .  The exact 

location of the tap should be determined by 
Figure 6 is a good example of a practical experimentation:-the higher up the tap is oh the 

modern circuit using super regeneration. This is coil, the greater the sensitivity, but also the 



greater the loading on the detector. If the detec- 
tor is too heavily loaded, it will fail to oscillate; 
or it will oscillate only over part of its tuning 
range, creating "holes" in reception. Capacitor 
C2 should be soldered at a point about one half 
turn from the bottom of Ll and the circuit tried. 
Next, the tap should be nioved up and then 
down about a half a turn at a time, and the 
effect on detector operation noted. 

The detector's operating voltage is set by the 
5-k regeneration control, which also functions as 
the quench frequency adjust. A 2-pF capacitor 
provides RF feedback between the FET's source 
and drain to cause it to oscillate. It may be nec- 
essary to increase or decrease this capacitor's 
value by 1 pF or so to compensate for variations 
in circuit layout. A 100-pH RF choke keeps the 
FET's source above ground at RF frequencies. 

The 50-ps time constant of resistor RX and 
capacitor C9 causes the circuit to break into sec- 
ondary oscillations that provide the desired self- 
quenching of this circuit. They also limit the 
audio output bandwidth, in this case to about 3 
kHz. A 15-k resistor and 0.01-pF capacitor fomi 
a low-pass filter that removes the quench volt- 
age from the detector's audio output. The output 
of the detector drives an op-amp audio amplifier 
stage, which directly drives a set of "Walkman"- 
type stereo headphones. 

It must be noted that, even though this 
receiver's oscillator operates at less than 1 mil- 
liwatt, it still radiates a signal out its antenna. 
Under no circumstances should this receiver be 
operated on the aircraft band without its RF 
stage. To further reduce any RFI emissions, the 
entire radio should be placed in,side a closed 
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rately quenched receiver is to construct a detec- 
tor that's entirely free of parasitic oscillations. 
In the self-quenched circuits previously 
described, a lower frequency parasitic oscilla- 
tion is absolutely essential as it provides the 
necessary quenching action. However, in a sep- 
arately quenched receiver, any secondary oscil- 
lations that are present will reinitiate oscilla- 
tions during the nonregenerative (quenched) 
period, thus preventing the detector from being 
turned off long enough to produce a useful 
super regenerative effect. 

The easiest way to prevent parasitic oscilla- 
tions is to avoid placing any capacitance in the 
detector's biasing circuitry. In the circuit of 
Figure 9, this was accomplished by simply not 
using a bypass capacitor across the detector's 
source resistor. The quench oscillator was then 
resistively coupled to the FET source and the 

circuit tested, with the quench oscillator's power 
supply temporarily disconnected, to ensure that 
there were no parasitic oscillations (a wideband 
oscilloscope is very useful for this test). 

Photo F is an oscilloscope photograph of the 
oscillation envelope of this receiver. Here, the 
quench oscillator frequency has been set to 
approximately 500 kHz. 

Practical construction hints for 
super regenerative receivers 

The elimination of reception "holesM-por- 
tions of a receiver's tuning range when the 
detector stops oscillating over part or all of its 
tuning range-is a major construction problem. 
These are more apparent in a super regenerator, 
but occur in straight regenerative receivers as 
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well. Reception "holes" are caused by exces- 
sive loc~tling of the detector-usually by what is 
connected to its input. 

In simple detectors without RF stages, the 
antenna absorbs energy froni the detector. pre- 
venting it from oscillating. The antenna places a 
variable load on the detector that changes with 
frequency. The loading varies at multiples of 114 
wavelength, creating reception holes that come 
and go as the received frequency is varied. The 
cure is to deco~~ple  the detector from the antenna 
by adding an RF stage to the receiver. The isola- 
tion from antenna effects and the prevention of 
possible interference easily justifies the added 
effort and expense. In fact. all super regenerative 
receivers should be preceded to by an KF stage 
to be effective-and legal! 

Because super regenerative detectors are nor- 
mally used at very high frequencies. stray cir- 
cuit cap:icitanccs ancl mi~ltiple ground paths 
may also be responsible for reception holes. I t  
is vitally important that the super regenerative 
detector's tuning coil be physically located 
away from other ob.jects-particularly chassis 
ground, the bottom and sides of the equipment 
box (if it's metal). and any shielding that may 
be present. Often. just moving the main tuning 
coil to another location will cure the problem 
and restore proper operation. 

Also related is the tradeoff between maxi- 
mum sensitivity and detector loading. The easi- 
est way to connect the RF input to a super 
regenerative detector is via a tap on its main 
tuning coil. The optimum point to tap the coil is 
then found quickly and simply by experimenta- 
tion. I t  is usually best to begin by feeding the 
input to the detector at a point 114 or 112 turn 
from the grounded side of the tuning coil. 
Simply solder the input to a point on the coil 
and note how the receiver operates. Connecting 
too far above ground prevents the detector froni 
oscillating. If the detector oscillates over its 
entire tuning range without holes. but needs 
more sensitivity. the tap can gradually be 
moved higher up the coil. 

A Glossary of Lost'Terms of 
Super Regeneration 

Quenching: Quenching refers to the periodic 
interruption of an RF oscillator. which char- 
acterize\ a superregenerative detector. 

Mushing: "Mush" noise is the characteristic 
background noise of a superregenerative 
detector. The mush level decreases with 
increasing signal strength. 

Squegging: Squegging refers to an oscillator 
that is oscillating at two different frequencies 
simultaneously. A self-quenched superregener- 
ator is a practical example of this phenomena. 

Rlocking: Blocking refers to an oscillator 
locking into synchronism with n received sig- 
nal such that the oscillator tracks the frequen- 
cy of'the signal. even if it varies. In general, 
this is ndvantageous in superregenerative cir- 
cuits which are charc~cterist ically nonselec- 
tive-blocking acts as a poor man's automat- 
ic frequency control (AFC). However, in 
shortwave straight regenerative circuits, 
where many rcceived signals are close togeth- 
er  in frequency, it can cause the receiver to 
jump froni station to st;~tion (it will lock onto 
whichever station is stronger). 

The method of grounding the detector's main 
tuning capacitor is also critical-multiple 
g r o ~ ~ n d  paths must be i~voided. I recommend 
screwing down the tuning capacitor directly to 
the ground plane of the brcadboartl and then 
passing the capacitor shaft through on ovcr- 
sized hole in the front panel. Grountling the 
shaft by mounting it  directly to the front panel 
often prevents oscillation of the detector ovcr 
some or all of its tuning range. Plastic knobs 
also help by isolating any hand capacitance 
froni the tuning shaft. 
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The value of the RF choke connected to the 
detector's source is another cause of reception 
holes in the grounded-gate FET-type of super 
regenerative detectors described in this article. 
This works together with the feedback capaci- 
tor connected between source and drain, to set 
the amount of positive feedback f c ~  the detec- 
tor. The optimum value for the RF choke can at 
times be critical. Because individual circuit lay- 
outs will vary considerably, the hornebrewer of 
super regenerative detectors should always 

experiment with the value of RF choke and 
feedback capacitor to obtain the best results. 

Separately quenched circuits need very good 
power supply decoupling to prevent the detec- 
tor's RF signal from leaking into the quench 
oscillator. Supply bypass capacitors should be 
located very close to the IC, FET, etc. being 
decoupled using ceramic or mica capacitors 
with very short leads. 

Regeneration controls should be 5 to 20 k; 
I0 k is about optimum for 9-volt battery sup- 
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plies. Lower values provide smoother control. 
while higher values use less battery current. 

Parts information 
Parts for the receivers described in this arti- 

cle may be purchased from the following 
sources: 

Tuning capacitors, tubes. tube sockets. triins- 
formers. knobs. potentiometers, wire resistors, 
fixed capacitors, and other miscellaneous com- 
ponents (new and surplus) can be purchased 
from: Fair Radio Sales Co., P.O. Box 1 105. 
1016 E. Eureka Street, Lima, Ohio 45802, and 
Antique Electronics Supply, 6221 South Maple 
Avenue, Tempe, Arizona 85283. 

Analog Devices AD745 op ;imps and 
Motorola 2N4416 JFETs are available from 
Newark Electronics. 

by the Co 
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The National Semiconductor LM I875 power 
op amps are available from many suppliers. 
including Digikey Corporation. H 
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PRODL'"' INFORMATION 
New LIIIpnCc From Kodak RerktlCJ ..cncarch Data Systems (CCSDS) Blue Rook 101. 

Kodak Berkeley Research announces the he Encoder-Decoder-Frontend 1C encodes 
new chipset. The chipset uses a Reed Solor ~te-wide data at speeds to 155.52 Mbps. 
(255,223) code to provide forward error co oilpled to the Backend Data Processor IC. 
tion at data rates of 155.52 megabits per se' us a small standard RAM, the two ICs 
It can correct a data stream with random er :code at 30 Mbps. 
rates of one bit per thousand to 0.4 errors p The chipset is avai 
trillion using 1/X of channel bandwidth. erkeley Research as LIIC pllllldly pnl L VI LUS- 

Space-qualified CMOS construction allo m forwarc rrection (FEC) subsystem, 
for high chipset reliability, high radiation tc hich also lata interleaving. code 
ance, and low power consumption. The chi fnchroniz: system Interfaces. For 
was originally developed for telemetry commu- more informarlon, contact Jerry Walker, 
nications on NASA's Freedom Space Station, Manager, Systems Engineering. Kodak 
and consists of two integrated circuits that Berkeley Re-search, 2 120 Haste Street, 
implement forward error correction as s~ec i -  Berkeley. CA 94704. Phone: 5 10-649-2700. 
fied ce FAX: 510-: 



Brad Thompson, AA 1 IP 
P.O. Box 307, Whitaker Road 

Meriden, New Hampshire 03770 

CD-ROMs FOR THE 
RADIO AMATEUR 
CD-ROMs put callbooks-and 
more-at your fingertips 

I f you've been teetering on the brink of 
adding a personal computer to your collec- 
tion of amateur radio equipment, CD-ROM 

(Compact DiskIRead-Only Memory) technolo- 
gy now offers you yet another compelling rea- 
son to do so. 

Today, you can purchase a basic CD-ROM 
drive for an IBM PC-compatible computer for 
as little as $200. More elaborate models sup- 
plied as a bundle with external loudspeakers, 
several CD-ROMs, and an audio-interface card 
sell for $700 or less. At least five CD-ROM 
disks of interest to radio amateurs are available, 
and all cost less than $80 each. 

In this article, I'll provide an overview of 
CD-ROM technology and review what's avail- 
able in radio amateur-specific CD-ROM disks. 

CD-ROM basics 

A music compact disk (CD) and a CD-ROM 
share common technology-each stores digital 
data in the form of a single spiral path stamped 
into a reflective metal layer deposited on a 
plastic substrate. Along the path, microscopic 
depressions form a series of pits and lands- 
much like a badly potholed country road on a 
microscopic scale. A transparent protective 
layer covers the reflective surface. 

A compact-disk drive rotates the CD-ROM, 
while an infrared (IR) laser beam focused 
through the disk's protective layer illuminates 
the spiral path. Pits along the path scatter, and 
lands reflect, the incident beam. Servo systems 
within the drive maintain IR beam focus and 
track the spiral path. 

A photodiode converts the reflected beam 

into an electrical signal, and additional circuitry 
translates transitions from pits to lands into 
logic ones, and the absence of transitions into 
logic zeros. 

Why not use pits as logic zeros and lands as 
logic ones directly? A transition-sensing 
scheme works better because the IR laser 
beam's I -micron spot diameter exceeds the 0.6 
micron diameter of the average pit, making a 
single pit difficult to distinguish fro111 optical 
and electronic noise. 

A complex modulation scheme helps over- 
come errors. When the disk is recorded, a run- 
length encoding modulation protocol adds extra 
zeros to data, ensuring that at least two zeros 
separate each logic one from the next. Thus, the 
onelzero transition length exceeds laser spot 
diameter (2 x 0.6 microns > 1 micron). 

A self-clocking pattern included in the data 
stream helps overcome errors introduced by 
variations in disk rotation speed. Given that 
manufacturing processes for CD and CD-ROM 
disks share common technology, drive manu- 
facturers must shoulder the burden of providing 
drives with acceptably low error rates. 

While audio CD drives typically introduce 
data errors at the rate of 1 in lo8 (10 billion) 
bits read, CD-ROM drives' average error rates 
approach I in 1O15. Although most audiophiles 
won't notice a few erroneous bits in a musical 
selection, a similar error will crash a cornputer 
program. 

To appreciate both the massive storage 
capacity offered by the CD-ROM and the 
requirement for low error rates, imagine that a 
CD-ROM's spiral data track, unwrapped, 
becomes a 470-meter long wire. 

Using a very tiny brush, you could paint 



Ham Radio and Scanner Companion 
Tropical Publishing Corp. 
Distributed by John O'Connor Publishing, Ltd 
1601 S. Black Horse Pike, #5 
Turnersville, NJ 0801 2-2021 
Phone: (609) 875-8897 
List Price: $1 9.95 

World Of Ham Radio 
Amsoft 
P.O. Box 666 
New Cumberland, PA 17070 
Phone: (7 17) 938-8249 
List Price: $40 

Ham Radio 
CDRP, Inc. 
P.O. Box 360 
Cambridge, MA 021 4 1-0004 
Phone: (61 7) 49 1-5330 
List Price: $29.95 

HamCall 
Buckmaster Publishing 
Rt. 4, Box 1630 
Mineral, VA 23 1 17 
Phone: (703) 894-5777 
List Price: $50.00 

QRZ! Ham Radio 
Walnut Creek CD-ROM 
1547 Palos Verdes Mall, Suite 260 
Walnut Creek, CA 94596 
Phone: (800) 786-9907 
(5 10) 674-0783 
List Price: $29.95 

Table 1. Publisher datdprice information for disks 
reviewed in this article. 

1,400 ones and zeros per millimeter along the 
wire's length to form a read-only visible "mem- 
ory" equivalent to a CD-ROM's 650 MB 
(megabytes) of data. 

How large is 650 MB? Let's suppose that you 
wish to store copies of your CW QSOs. If you 
transcribed a typical 5-minute 13 w.p.m. (word- 
per-minute) CW QSO of 450 characters into a 
block of text, you could make nonstop QSOs for 
13.6 years before you fill the disk. Put another 
way, 650 MB accommodates approximately 
325,000 typewritten pages, or the contents of 
450 1.44 MB 3- 112 inch floppy disks 

In practice, CD-ROM publishers can push 
capacity even further-to one gigabyte or 
more-by storing data in compressed form. 
Decompression software expands selected files 
and restores them to executable condition. 

If raw storage capacity alone were the whole 
story, the CD-ROM would no doubt occupy a 
significant but minor niche in computer history. 

When first introduced a decade ago, high- 
priced CD-ROMs and disk drives created a 
chicken-and-egg situation that limited CD- 
ROM applications to a few specialized databas- 
es for mainframe computers. 

A decade ago, a typical commercial software 
package release fitted comfortably on three or 
four floppy disks. However, in recent years, 
two powerful forces-competition and wide- 
spread acceptance of graphics-intensive operat- 
ing systems-have forced software vendors to 
add more features to programs. As a conse- 
quence, many product releases now occupy 10 
or more floppy disks. 

Today, as a lower-cost alternative to distrib- 
uting software on stacks of floppy disks, many 
commercial software manufacturers offer ver- 
sions of popular programs on CD-ROMs. This 
reduces production costs and shortens installa- 
tion time. 

As a distribution medium, the CD-ROM also 
offers relative permanence-stray magnetic 
fields won't erase its contents, and a drive can 
"see through" minor smudges and scratches in 
the disk's protective layer. Also, vendors can 
offer encoded collections of typefonts and clip- 
art images that unlock when you phone the 
manufacturer and purchase a password. 

Two factors that may affect the long-term 
future of CD-ROM include longevity and stan- 
dards. While scratches or heat can disfigure or 
warp a CD-ROM beyond readability, early- 
model CD-ROMs sometimes suffered from oxi- 
dation of the disk's reflective layer due to poor 
sealing and nlanufacturing process problems. 

While disk manufacturers have resolved 
most media problen~s, you can avoid disk dam- 
age by treating CD-ROMs as you would mag- 
netic media-store in a cool, dry place, and 
keep disks in plastic carriers (called jewel 
boxes) to avoid scuffs and scratches. 

While most CD-ROMs follow data standards 
established in the early 1980s, innovators 
regard a typical CD-ROM's 650 MB capacity 
as inadequate for image-rich applications that 
store enormous amounts of data. 

For example, Kodak's Photo CD technology 
allows you to transfer images from camera film 
to specially-formatted CD-ROMs, which differ 
from conventional CD-ROMs in a key aspect. 
The Photo CD process-an application of 
WORM (write-oncetread-many) optical disk 
technology-accepts additional pictures at a 
later time. 

A multisession Photo CD disk includes more 
than one directory and is incompatible with 
standard, or single-session, CD-ROM drives 
that can read only a single file directory. Radio 
amateurs who enjoy photography as a second 
hobby should explore Photo CD compatibility 
before purchasing a CD-ROM drive. 
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As a minimum standard. make sure that the 
CD-ROM drive you pi~rchase provides MPC 
Level 1 compatibility. This stantlard ensures 
that the drive can transfer data at sustclinecl 
average throughput rates of at least 150 kBPS 
(kilobytes per second). enough for replaying 
:mimated image sequences. 

Also. newer-model drives spin disks i ~ t  mul- 
tiples of the standard speed. These double. 
triple, and quadruple-speed drives transfer data 
more quickly than single-speed models. 

Looking for disks 

To find amateur radio-related CD-ROMs. 
look first for advertisers in  amateur radio. scan- 

ner. and SWL hobbyist magazines. Also. per- 
sonal-computer magazines include ads for CD- 
ROM suppliers. milny of whom offer clisks at 
discount prices. 

If you live ncar a metropolitan area. visit a 
computcr show or swap meet. Closeout jobbers 
and wholcsnlers compete aggressively to sell 
off noncurrent disk eclitions at bargain prices- 
often i~ntler $10 per tlisk. Yo11 can expect to see 
an increasing selection of used or discounted 
CD-ROMs at hamfests. too. 

Most progrcuns offered on amateur radio CD- 
ROMs fall into one of three categories-share- 
ware. freewarc. and puhlic-domain softwc~re. To 
avoid misusing anyone's work. always check 
program documentc~tion or help files for a clear 
statement of the author's intentions. 



Antenna Design and Construction 
ARRL Bulletins 
Bibliographies 
Bulletin Board Systetns 
Call books 
Clubs and Organizations 
Contest Logs and Duplicate Callsign Matchers 
Control, Software for Equipment 
CW Practice Prograrns and Interface Software 
Digests (Text Files and Computer BBS 
Archives) 
DOS Utilities 
DX Techniques 
Exam Aids and Study Programs 
FAX. Radio 
FCC Regulations and Bulletins 
File Decompression Software 
Frequency Database!, and Lists 
Glossaries and Definitions 
Local-Area Network Softwarc 
Logging programs 
Maps 
Mathematics For Electronics 
Menu Software 

Miscellaneous Programs 
Modifications, Equipment 
MUF (Maxitnurn Usable Frequency) Software 
OSCAR Satellites 
Packet Radio (Includes PK232, WORLI, 
TCPIIP, Equipment-Specific Software) 
QSL Management Software 
Reviews of Equipment 
RTTY (Radio Teletype) Software 
SSTV (Slow-Scan TV) Software 
SWL (Short Wave Listener) and Scanner 
Software 
TCPIIP 
Unix-Related Amateur Radio Software 
Utility Programs 
WAV (Audio) Files 
Weather-Related Software 
Windows-Specific Software 

Note: Not all CD-ROMs cover all topics. 
Also, depth of coverage varies, and consider- 
able overlap of contents among diskc exists. 
Contact software publishers if you have a spe- 
cific requirement. 

Table 2. File categories typically available on CD-ROMs reviewed. 

Shiu-eware consists of programs written by 
individuals who offer the software for sale on 
the honor system. You can try the software for 
a limited time to determine its usability and 
then register the product for a small fee-usual- 
ly $50 or less-or solnetimes a barter 
exchange. 

In return for registering shal-cw:u-e, you may 
receive a printed manual or the most-current 
version of the program. A few authors provide 
more extensive support, but don't count on 
obtaining anything in return for registration. 

Also, always send an inquiry letter to verify 
the address given in the registration for~ii. 
Many amateur radio sharewarc programs are 
several years old, and if the author has moved, 
your registration fee n-ray never arrive. 

Freeware includes programs offered for indi- 
vidual use without imposition of a shareware 
fee. However, authors of freeware retain certain 
rights to the code-typically, users cannot 
modify freeware or include i t  in for-profit 
applications without permission. 

Public-domain software consists of programs 
written by individuals who provide the pro- 
grams for anyone to use without paying a regis- 
tration fee. Software developed under U.S. 
Government auspices and paid for by taxpayers 
also may appear in public-domain releases. On 
occasion, public-domain authors provide source 
code that you can modify or integrate into your 
own applications. 

In a broad sense, public-domain software 

combines the best aspects of personal comput- 
ing's early days and the spirit of amateur 
radio-a vision of a community of individuals 
who share a common interest and a willingness 
to help others overcome technical problems. 
Thus, if you incorporate someone's source code 
into a program you write, please credit the orig- 
inal author's work. 

While commercial software typically 
includes documentation and technical support, 
shareware and public-domain software may 
provide neither-you're on your own if you 
encounter a problem. To troubleshoot the soft- 
ware, check for proper installation, device-dri- 
ver conflicts, and memory requirements. 
Contact shareware authors for hug fixes and 
more up-to-date verxions. 

Also. don't overlook the possibility that a 
more recent release of a troublesome program 
already exists on the same CD-ROM. It's not 
uncomlnon for shareware publishers to include 
several versions of the same program, often 
under different subdirectory headings. 

Working with CD-ROMs 

Once you've purchased an amateur radio 
CD-ROM, you can gain access to its contents 
via several methods. If you're an experienced 
user of PCs and DOS, think of a,CD-ROM as a 
large, read-only disk drive. YOLI can use stan- 
dard DOS commands you're familiar with to 
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explore a CD-ROM's directory and transfer 
files to your PC's hard disk. 

If you're a newcomer to DOS and find its 
command-line user interface somewhat cryptic. 
you can use one of rnnny conlmercial disk 
directory-management programs (e.g., Fifth 
Generation Systems' XTrce Gold. or the clirec- 
tory shell provided with MS-DOS) to explore a 
CD-ROM. XTree and other utilities typically 
include viewers that allow you to examine a 
compressed file's contents. in addition to 
decompression tools that reduce file transfers to 
a few keystrokes. 

CD-ROM publishers may include custom 
directory-management programs that vary con- 
siderably in ease of use and flexibility. and you 
may soon outgrow n version or uncover its 

shortconiings. Also. no two CD-ROM tlirecto- 
ry-management programs provide an identical 
user interface. and you may prefer a single 
commercial iitility that's consistent and easier 
to learn. 

You can often run certain programs directly 
from the CD-ROM itself. a technique that mini- 
mizes demands on hard disk space at the 
expense of slower program access. However. 
programs that attempt to create temporary or 
"scratch pad" files on the read-only CD-ROM 
will return an error message or else lock up 
your PC, forcing you to rehoot. In general. pro- 
grams will run much more smoothly from a 
hard disk. 

As previously noted, CD-ROMs contain 
compressed files identified by file extensions 
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ANTENNAl.ZIP 
ANTENNA2.ZIP 
ANTENNA3.ZIP 
ANTENNA4. Z IP 
hNTENNAX . Z IP 
ANTLENGT.ZIP 
ARIELl6,ZIP 
AZ.ZIP 
BEAMDRAW.ZIP 
COAXTRAP .ZIP 
DIPOL686.ZIP 
DISCONE.ZIP 
DISCONES .ZIP 
HFYAGI3.ZIP 

Antenna t u t o r  i a  1, P t  . 1 : genera 1 
Antenna t u t o r i a l ,  P t .  2 :  Low HF 
Antenna t u t o r i a l ,  P t .  3:  Middle nr 
Antenna t i t t o r i a l ,  Pt  . 4 :  UHFNHF 
Menu-dr i uen antenna programs 
Finds length  f o r  uarioirs antennas by f r e q .  
U1.6 B a s i c  HF Antenna Design Prouram 
C a l c u l a t e  antenna beam headings 
Draws yagi  beam antenna dimensio 
BAS program t o  d e s i g n  t r a p  anten  I 

Antenna d e s i g n  program. 
Explanation o f  Di 
Good t e x t  i n f o  on IOW 
Calc i t la te  Yagi An 

Enter word t o  s e a r c h  f o r :  C A 
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~ c h  a\  .ZIP. .ARC. .RQS. ancl .ZOO. A corn- 
prc\\ecl file may contain dofen\ or Iiunclrcd\ of 
file\ that. when expanded. con\ume any\\ ticre 
from tivice to ten times the space of tlie com- 
prcssccl archive file. 

You must L I S ~  a matching utility progr;im to 
decompre\\ or er;p;~ntl tlie\c pachctl-togctlicr 
file\. Most ptlhli\ticr\ pro\,idc c~n-d~\h  cop~cs  of 
popular ileconiprc\\ion program\ \uch a\  
PKUNZIP. CTIVZIP. SHEZ. ;rntl 1-HARC. 

Most tlircctory-m;~~i:~gc~iicnt tool\ offcr 
cithcr n huilt-in dccornprc\\ion Scaturc or cl\e 
allotv you to in\ okc a program from a C11- 
ROM. In tlic rcvic\r\ that 1i)llon. tlie term 
"tlccornprc\\io~i" applie\ a\ n generic clc\criptor 
for any archiving mcthotl u\cd. 

AStcr you \clcct and tlccomprc\\ a program. 
read all ilocumentntio~i file\ accompanying the 
program. Check li)r \pccial hartl\\ are ancl \oft- 
u8ilrc rcq~~irc.mcnt\. ant1 rc\ icn the liccn\ing 
asreerncnt. Your PC'\ AUTOEXEC.RAT and 
CONFIG.SYS fllc\ m;ry rccluirc ~iiodificatic~ri\ 
hefore you can run a prograni. 

Progra~ii\ provitlccl a\ \ourcc coclc require an 
interpreter or compiler to run. Difkrcnt \er-  
\ion\ of common I;~nguagc\ \uch ;I\ BASIC 
;rhound. ;~nd \ource code riiav not rn;rtch tlic 
language \ cr\ion you o\ifn. Mokt \Ii;rrc\\ arc 
; ~ ~ ~ t h o r \  fail to 110tc \\.hiell \cr\ io~i of BASIC 
they u\ctl in ivriting progr:lm\. ;I prohlcm th;rr n 
\inglc comment line in  [lie cotlc \\ oirlcl rc~iiccly. 

Potcnti;rl prohlc~ii\ with \ourcc cotlc inclutlc 
device-dcpcndc~it tli\pl;r> ant1 prirltcr-clri\cr 
routine\. comm;~ncl\ tIi;rt  don't match 1;lnguagc 
\yntnu. ;uitl illeg;rl \ ;rri;thlc nnliic\. While I [ ' \  

po\\ihlc to tran\latc n program. \o~~ie t i~i ic \  i t ' \  
f:~\tcr to u\c the orig~n;~l a\  ;I ~ ~ ~ o c l c l  ;tnd rcw rite 
tlic pro? ~*r;r~ii. 

Altliougli CD-ROM ppuhli\hcr\ ;~ttc~iipt to 

~woviilc virt~\-free soft\v;rre. ;I virus coultl 
c\capc their screening procedt~rcs. Practice nor- 
mal anti\,irus precautions. including pcriodical- 
Iy cliccking your PC'\ Iiard disk drivc and 
memory. ant1 \c;rnning newly ~~ncornprcsscil 
file\ REFORE you nttcmpt to run the programs. 

Reviews 

Xly \care11 fi)r a~n;~teur  ratlio-rclatctl CD- 
KOhl\ uncovcrcd a quintet of clisks (4cc Table 
1 for n;tmc\. nddrc\\cs. phone number\. ;lnil 

pricing inli)rm;~tion). Other\ may also exist. hut 
small puhlishcr\ \ \ho distrihutc their CD- 
RObl\ rcgiot~nlly-fi)r cx;tniple. in  C;~lifornin 
or only on the c;r\t coast-m;~ke it  diflicult for 
huycr\ ;inel rcvic\vcr\ to loc;ttc their offering\. 

Fortunately (or unthrtu~iatcly). considcr;ihIc 
o\.erl;~p exi\t\ ;tliiong the contents of tlie CI)- 
ROM\ I rc\,ic\vcd. Cii\,cn scvcr;~l thous;uid tile\ 
per di\k. it's iriipossihlc to provitlc a clctailctl 
l i \ t  of c;~ch cl i \k ' \  content\ or tluplicatecl file\ 
frorii disk to tlisk. Table 2 lists ni;r,ior c;~tc- 
go r i c  of \of't\l.are 1i)untl on the di\ks rc\.ie\4,cd. 

Not ; ~ l l  vendor\ cl;~\sify ;I gi1.c.n progr;lni 
t~nilcr the s ;~~i ic  category-an ;rntcnli;l clc\ign 
program ~iiight appear in the "t1ntcnn;rs" clircc- 
tory on one cli\k ancl ~~nelcr the "Tcchnic;~l 
Progr;~~ii\" hc;~cling on anotlicr. A little t i~ne 
\pent hro\v\iri~ \ \ i l l  reveal ;I di\l\'\ organi/;~tion. 

C;rllhook tlisk\ u\e 1f.S. aniatctlr liccn\c data 
pro\.itlcil hy the Fcdcral Co~ii~iitrnication\ 
Corn~ni\\io~i. Error\ in the elatahace \\.ill :~fScct 
;lccuracy of an! of the callhook progr;llii\. 

I f  you operate on ;I tight huclgct. con\iclcr pur- 
clin\ing a tli\countcil olelcr \.cr\ion of ; ~ i y  of the 
<'I)-RO?rl\ rc\~ie\vctl. \\'hilt its c;~llhook \cction 
nl;iy not cont;riri tlic latc\t cntric\. \v i th  lk\v 
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exceptions most of a disk's program contents face hoards) are includeci. and a number of 
won't change dramatically in later editions. typographic;~l errors mar this first-edition disk's 

file descriptions (e.2.. G3ZCZ.s softwirre is list- 

The Ham Radio and Scanner 
Companion 

Consisting of 3.19 1 files comprising 206 
MB, the newly-introduced Horn Rntlio nntl 
Scanner Companion from John O'Connor 
Publishing, Ltd., includes a collection of IBM 
PC-compatible shareware and freeware pro- 
grams, but omits a radio amateur callbook. List 
price for the disk is $19.95. 

Using the CD-ROM's batch program 
(GO.BAT). you can run programs from disk, 
decompress and copy files to your PC's hard 
disk, and view text files. A versatile PRINT 
function allows you to create a disk file or 
printed listing containing program descriptions. 

Files are arranged in categories and suhdirec- 
tories, but the disk's DexRom search engine 
allows you to search via topic (see Figure 1). 
You can use <AND> and <OR> operators to 
narrow the search range. 

After marking files. you can export them in 
compressed or decompressed form. Pressing 
your PC's <ESC> key returns you to the main 
menu and not the category list. a minor annoy- 
ance. You can also use vour PC's mouse to 
browse the keyword list shown in the upper- 
left comer. 

Files on disk include decompression and 
antivirus utilities and entries. Copies of 
MlNlNEC 1.7 (an antenna-analysis program) 
and SCAT 2.0 (an RF design tool) :Ire provid- 
ed. as is GEOCLOCK 4.5 (a graphical world- 
time clock). 

No .WAV files (used with PC audio-inter- 

ed as c ~ ~ , ' c z - I ~ . z ~ P  in the tlirectory). The 
disk's moxt recent directory entry hears an 
Octoher I993 date. 

If yo11 don't require a callbook. the Hnrv 
Rtrtlio trritl St.(rritier Corlil>otiion will provide :I 

modestly priced ;rncl useful introtluction to CD- 
ROM's sharew;~re capabilities. 

The World of Ham Radio 

Now in its second edition. Amsoft's Worltl of 
Htrrn R ~ t l i o  CD-ROM provides a U.S. amateur 
call directory. plus a collection of IRM PC-com- 
patihle programs and utilities in 77 15 files that 
total almost 358 MR of disk space. The call- 
hook's files consume approximately 124 MR. 

You can :Iccess the c;llIhook one of two 
ways-one program (CAI,LFIND.EXE) 
accepts call letters nntl returns name, address 
and, license clata for a single callsign in approx- 
imately 5.5 seconds. 

Running a second program callecl CALL- 
SIGN.EXE (Figure 2) ;~llows you to retrieve a 
single call in approximately 1.5 seconcls and 
search for additional calls without rerunning 
the progrirm. The program doesn't allow you to 
print single callsign information (except via 
your PC's Print Screen mode) or a list of mail- 
ing lahels. or search for a range of c:~lls. 
However. you can enter an amateur's last name 
and then scroll through ;I list of all am;ltenrs 
with identical last names. heginning with AAO 
calls and ending in the WZ9s. The program will 
produce an onscrccn list sorted hy district ( i t .  
WO. WI ... W9) and suffix (i.e.. AAA ... ZZZ) 



order. No program help tile is availnhle via the 
user interf;lce. hut the program is so easy to use 
that none is needed. 

A shell program provides access to the disk's 
progrnms and utilities in comprcssctl and 
unconipresscd formats. You can use Amsoft's 
shell program to decompress programs ancl 
copy them, one at a time. to your PC"s hard 
di\k drive. and view (hut riot print) accompany- 
ing text and help file\. 

In practice, the shell program i \  rotnewhat 
'leu ;1 inconvenient to u\e hcc:~u\e you can't \ '  

tlescription of each file ;~longsitlc its tilename. 
To retrieve an nntcnn;t-design tile. you go to 
ANTENNA.DIR. look ;I[ filc descriptions and 
locate the file's suhtl irecto~. and then go to the 
suhdirectory (Figure 3) to deconiprc\\ and 
copy the file. 

All file dates in the dkk.4 dircctorie\ arc \et 
to 1/01/91. a major nuiwnce \vhen you're look- 
ing for the latest version of a program. For 
example. while the disk ilirectory dates the vcr- 
sion of MlNlNEC 3 on disk as I/Ol/O1. ; I I ~  

accompanying tlocumentntion file i \  intcrn;~lly 
dated May 71, 1990. 

Most rarlio-related file categories are reprc- 
scnted on tlisk. including MlNlNEC and 
SCAT30. which appears unilcr the 
\MISC\SMTHCHKT suhdirectory instead of 
\ENGINEER--a more logical place to fintl 
tlesign programs. HAM-IIAGS. ;I potcnti;~lly 
useful bibliography fi)r amateurs whose . . .  

lihr;lries include hack issues of amateur ratlio 
magazines, lacks a uscfi~l help tile. News filcs. 
equipment rcvicws, DOS-related t~tilitics and 
TCPIIP-specific files arc nhsent. 

Anisoft's disk or?;lniz;~tion schcmc nssiynk 
the 4ame n;lrnc\ to difli.rent tile\ ;lnd create\ 
many di~plic;ite\. Copic\ of doci~~iie~it;~ti(m tile4 

for programs are renamed AMSOFT.III ant1 
placcd in cornpressed and uncornpresscd filc 
directories. All compressed filcs ;ire renamed 
COMPRESS.ZIP. While the tiles reside in scp- 
aratc suhdirectorics. a first-time user exploring 
tlic disk with a tile-manager program might 
hecome confused. 

Given its somewhat primitive callhook. con- 
fusing shareware organization and S70.95 list 
price. tlic Iliorltl o / ' f f t r r n  Krrtlio ('1)-ROM 
doesn't offer the v;~lue of its lower-priced co~ii- 
petitors. hut it's :I scr\,iceahle disk nonetlielcs\. 
While possihly still availahlc via cl(lscout chan- 
nels, the Worlil of H;um Radio has hecn super- 
sedecl hy Amsoft's recently ;innounced 540 
c:illsign directory <'I)-ROM. 

Ham Radio 

A no-callhook shareware collection thr IRM- 
conipntihle PCs, tlic Htun Ktrtlio CD-ROM is 
offered hy Camhridgc. Massncliusetts-hosctl 
CIIRP, 1nc.-the suppliers of Chestnut hrantl 
CII-KOMS. 

There's prohahly at least one prograrii of 
interest to everyone sonicwlicrc in the disk's 
I88 MR of 9606 files. To gain access. you run 

;I hatch program (G0.RAT) t l i ; ~ t  allows you to 
view anti print tcxt tiles (Figure 4). dccom- 
press ;uid tlownlonil progranls. ant1 run tlirectly 
cxccut;~hle prograrns from the CD-ROM. You 
use function keys to ~i;i\~ig;itc through tleconi- 
pression and viewing options. 

Horrr Rtrtlio inclutlcs tile\ grouped into cate- 
gories ;~ntl ft~rtlicr ilividetl into narnctl suhtlircc- 
torics. each of u.liicli contains all the cuccutahle 
tile\ ;is\oci;~tctl with ;I givcn proyram. Coni- 
prc\\ctl vcr\ions of the file\ rcsitlc in ;I separate 



subdirectory (ZIPFILES) under each category. 
If you use a DOS shell or tlirectory manager. 

Hirrl~ Ktr t l io 's  organiz;rtion lends it\elf reason- 
nhly well to casu;~l browsing. A sharc\vare pro- 
gr;11ii called Rrowsemaster provided on the disk 
offers a con\~cnicnt means of exploring con- 
tents of this. and other. CD-ROMs. 

The disk incllldcs multiple copies of a num- 
her of filcs. For example. you can find n pro- 
gram callctl COILS.RAS in the \HAMMEL#I, 
\TECH\RF-ENGR\. and \HAMUTIL? suhdi- 
rectories. The \HAMMlSC I and \HAMUTII, I 
suhdirectories also inclutle many duplicates. 

The disk tloesn't include Wintlo\vs-specific 
programs. .WAV audio files. or hibliogrirphies. 
Also. almost all files including "ne\vs" entries 
predate January. 1003-a few carry dates iis 
early as 1986. 

In addition to ;rssortcd spelling ;inti synt;ts 
errors found in tlirectorics' prograni descrip- 
tions. n few oddities appeared. In suhtlircctory 
MISC\ROC, a program called ROC.RAS (for 
Receiver Operating Characteristics) incluclex a 
documentation file (ROC.DOC) tIi;rt tliscu\\cs 
disease niodels hut also refers to the recei\,er 
program. In program PH.EXE (which generates 
phonetics Ihr callsigns). the phonetic for the 
letter N is listed as MOVEhlHER (kici. 

At a list price of 520.05, Cliestn~~t's Htrrri 
Rtrtlio CD-ROM represents an ca\y-to-use tlisk 
\vtio\e content\ rlcserve ;In update nntl a thor- 
ough proofreading. Chestnut CII-ROM\ fre- 
quently sell at cliscclunted prices. making Hcrrii 
Rtrtlio a rnore attracti\fc p u r c h ; ~ ~  th;rn i t  \t.oultl 
he othcr\vise. 

Long a provitlcr of am;rteur r;rdio maga/inc 
collcct~on\ on micrclfilm ancl microfiche. 

Ruckmaster Publishing offers a semiannually 
uptlnted S.50 amateur radio callhook and share- 
ware collection. 

Containing software and U.S. and foreign 
callhook\ for IRM PC compatibles and the 
Apple Macintosh. Htrri~Ccrll weighs in at a helty 
667 MR of data. 326 MR of which comprise 
the ci~llhook ;mtl 2.5 MR of \vliich con\ist of 
file\ for the Apple Macintosh (not revieu~ctl). 

Ruckmaster org;rnixs its CD-ROM's PC- 
compatihle program files into alphahetical wh-  
tlirectorics (A tllrough C', etc. i. While si~hdirec- 
torics containing Macintosh software (c.g., 
[SAVANT-I 1 )  appear in the disk's root direc- 
tory. you can't explore their contents-hlac 
ant1 PC file structure\ aren't compatihle. 

Accortling to HtrrrrC'rrll's publisher. Jack 
Specr, N I RIC, fi~ture releases of HtrriiCtrll will 
re\,crt to Ruckniaster's ecrrlier practice of pro- 
vitling Xlac and PC files in separate directories 
to minimile confusion. 

HrrnrCtrll' .~ retrieval program for PC-cornpat- 
ihlc softw.:~re li'aturcs a simple uwr interfi~ce 
(HAMFILES.EXE) which ;rllo\vs yoi~ to select 
part one or part two of a kcy\\,ord menu anil 
then search for a specific filename. 

You .;elect a file. and HAMFILES tlccorn- 
prc\se\ ant1 tr;rnsti'rs the tile'\ content\ to the 
clircctory of yo11r choice. As Figure 5 \hons\. 
files mirrkcd \\-ith an asterisk (:::) indicate uptlat- 
ccl \,ersion\ from thc prcvious click ctlition. 

t-lo\\.c\ er. I .05 I out of I ~ ~ r r r r ~ ' t r l l ' . ~  1 .70X files 
arc datctl 011 5/92. ;I \ignificnnt annoy:uicc if 
you're looking li)r an up-to-dart. \.ersion o f a  
progr;~ni. You c;rn determine a file's origin:rl 
dntc hy examining the tleconiprc\\etl \,cr\ion. 

13~1ckrna\ter provitle\ four c;rllhook ilirec.tory 
tool\. Hr:\I.L. :I (1,s.-only directory. i \  provitl- 
cd lilr conipntibilit> with c:rrlier cli\k \,el-\ions. 

1CAI.I- \e;~rcIie\ for ;I \ingle I1.S. or foreign 



callsign. An assortment of command-line 
switches allows you to configure the program 
for various purposes. For example. [CALL /L 
/M alters the call information display from 
color to monochrome and searches for nddi- 
tional calls until you press your keyhonrtl's 
return key. 

Another of ICALL's switches prc>duccs st:~- 
tion Intitude. longitude. nltitnde, time pone. and 
area code haxed on the licensee's ZIP code. A 
call to Ruckmaster's technical support depart- 
ment revealed that latitude anti longitutlc are 
expressed in decimal degrees (e.g.. 41.4316 ant1 
7 1.453. respectively. for AA 1 IP's former May- 
nartl. Massachusetts QTH ). ant1 altitude in ke t  
(40 for AA l IP). 

Users unf:~mili:~r with command-line s\vitch- 
es may find ICA1,L's single help acrecn some- 
what terse. Also. some users may find ICAI,I-'s 
choice of colors for onscrccn text tlifficult to 
rentl on some displays. ant! the program offers 
only limitctl printing cap:lhilities. 

A thirtl progr;uii. LOOKUP. installs itself as 
;I terminate-and-stiry-resitle~it (TSR) routine in 
vour PC's memory. When you prcs\ your key- 
hoard's <CTRL> <AI.T> and <C> keys. the 
program hecomes active anti :lllows you to 
search Ihr single U.S. anti international calls. 
retrieving most in I n \  than seven seconds. 

However. I.aOOKLrP occupies rrlmo\t 50 kR 
of memory. ant1 the program's printing capahil- 
ities are limited to a single call\ign at a time. 
Also. LOOKUP'S cl;~trthrrsc doe\n't inclutle 
arnateur callsigns for Imcl .  Japan. Englantl. 
Germany ant1 several other countrie\. 
I,OOKClP couldn't find callsign data for a pair 
of 1t:rli:rn hams who appe~lred in ()ST'\ 
Dcccrnhcr. 1903 DXCC list, hut [CAI-L coultl. 

Ruck~iioster pro\kles ;I fourth L1.S. ci~llsipn 
program. HAM. u.hicli tl\c\ n commercial data- 

base engine. Folio Views. manufactured hy 
Folio Corp. of Provo. Utah. In search mode 
(Figure 6). Folio Views winnows out callsigns 
one character ilt a time ;ind as quickly :IS you 
can type. Figure 7 is an example of a sample 
callsign rccortl. 

Folio Views sc i~ rche~  equally well for first 
ant1 last names. cities, states. and ZIP codes. 
You can specify logical operators-for exnrn- 
ple. the secluence. Greenfield <AND> MA 
<NOT> Technician. will retrieve the names. 
atltlreascs ant1 callsigns of 1 1 radio amateurs 
residing in Grccnfielcl. Massachusetts who d o  
not hold Technician-class licenses. 

Folio Views Icntl.; itself to casual hrows- 
ing-you can search for a name from Arrh to 
Zywot hy entering a c1i:rracter at a time. While 
yo11 \v;~tcIi. the sei~rch engine whittles away the 
"matches li>untl" counter. 

Searches fi)r whimsical callsigns are fun- 
you'll find a K91)OG. hut no K9CAT-and 
you can use a u.ild curd character, the question 
mark. (e.g.. N1 JI?)  to locate other niernhers of 
your amateur "class" (i.e., :uii:~teurs who took a 
licen\c exam at the \ame time a\  you did) 
However. multiple wiltlcard searches (e.g., for 
? ? I  CAT) slow the se;~rcli considcrahly. and n 
Thompson <AND> ? I  ? ? ?  sequence left the 
compi~ter churning fhr over two hours hefore I 
lo\[ patience and intcrri~ptetl the search. 

Folio Views can direct n single c;lllsign 
record (c;rlled a folio) or ;I group of records 
(called a view) to either a disk file or your PC's 
printer. Houetcr. printer wtup recluire\ con\itl- 
crahle experimentation. and if you're generating 
 nailing Inhcl\. you may f'intl 11 ewicr to print to 
a tl~\l\ f~ le ,  nntl then u\e a conventional word 
prc>cc\\or to edit the tile ant1 protluce the ti\[. 

W ~ t h ~ n  the HAhl program'\ introductory 
\creen. prc\\ing the <FI > help key return\ an 



error message-"unable to find RTMANU- 
AL.NFOX. However, pressing <Fl> within the 
search screen brings up a single help screen. 

You can get additional help by executing a 
separate program, MANUAL.EXE, which 
includes additional information about Folio 
Views' features. What's missing is a list of basic 
definitions and printer setup hints, and help per- 
taining to the amateur callsign database. 

In general, though, Buckmaster's HamCa11 
CD-ROM will meet most users' expectations, 
although its user interface needs additional pol- 
ishing. For Macintosh users, HamCall enjoys 
no competition. 

QRZ! Ham Radio 

Walnut Creek CD-ROM, a pioneering pub- 
lisher of shareware disks, offers QRZ! Ham 
Radio, a $29.95 collection of 5,087 PC-compat- 
ible files comprising 494 MB of interest to the 
amateur radio community. Currently, Walnut 
Creek has plans to update the CD-ROM's con- 
tents each calendar quarter and invites sub- 
scription inquiries. 

QRZ!'s shareware and freeware collection 
includes 48 MB of amateur radio-related files 
taken from Internet News articles. Topics cov- 
ered include packet radio, space applications, 
digital signal processing, antennas (see Figure 
8), homebrewed equipment, and regulations 
and policies. 

Within each topic, you can use a text editor 
or file-viewer utility program to browse 
through chronologically arranged collections of 
newsletters. Although the newsletters lack the 
immediacy of tapping into the Internet, you 
avoid paying connect-time charges and will 
probably find browsing an educational and 
entertaining diversion when the bands are dead. 

QRZ! includes a user-interface program for 
file viewing and decompression. Unfortunately, 
the decompression program evokes an error 
message-the \BIN\ subdirectory and 
UNZIP.EXE file are missing from the CD- 
ROM. As an alternative, you can find the file in 
the disk's \DOS\ subdirectory and decompress 
the files manually. QRZ!'s file-directory utility 
presents a hard-to-use alphabetical list of 
mixed-topic files, but a search routine high- 
lights a specified keyword. 

Decompression difficulties aside, you'll find 
a wealth of amateur radio-related shareware 
and freeware dispersed among several subdi- 
rectories, most of whose contents are derived 
from various BBSs and networks. File dates 
extend to late 1993. making this disk's contents 
the most current among C D - R O M ~  reviewed. 
However, as found in other collect~ons. many 
of the files are earlier versions. 

Walnut Creek provides two callboohs on 

QRZ!-QRZ.EXE, a DOS program, features an 
extensive range of command-line switches that 
control QRZ!'s search, display, and printing 
functions. With no switches invoked, QRZ 
allows you to enter one call at a time, or a call 
suffix, and returns name, address, date of birth, 
and license class data. 

While QRZ! works well for U.S. calls, the 
program unfortunately garbles Canadian 
licensees' birthdates and date-of-license issue 
data, and omits street addresses. However, 
Walnut Creek's programmers have fixed a bug 
appearing in earlier versions of QRZ that added 
one day to everyone's birthdate. 

A second program shown in Figure 9, 
QRZWIN.EXE, works only under Windows 
but runs more smoothly. Using QRZWIN, you 
can search for partial calls, locate the 128 
licensed amateurs named John Sinith, identify 
all 34 amateurs in Princeton, Texas, and direct 
search results to a logging file. I encountered 
no errors in retrieving Canadian callsign data. 

You can also print call data and mailing 
labels from the logging file-although I 
encountered difficulties with my test system's 
Hewlett-Packard LaserJet 111, which attempted 
to print labels one line per sheet. As a 
workaround, I successfully used a text editor to 
print labels from the logging file. 

Its printing difficulties aside, QRZWIN is 
easy to use and beginner-friendly. Overall, the 
QRZ! CD-ROM represents an above-average 
value for the purchase price. If you enjoy 
browsing through Internet notes files, check 
computer shows and discount CD-ROM bro- 
kers for a copy of the March, 1993 edition of 
QRZ!-this disk includes Internet notefiles dat- 
ing back to 1989. 

Future directions 

In addition to amateur radio-related disks, 
you can choose from among thousands of other 
shareware and commercial software titles. For 
example, Walnut Creek and CDRP both pub- 
lish g e n e r a ~ - ~ u r ~ o s e  and programmer-specific 
shareware collections. 

On the commercial side, amateurs will find 
CD-ROM software atlas disks of interest. For 
example, DeLorme Mapping of Freeport, 
Maine, offers a Windows-compatible street 
atlas of the United States for under $100. 

Using atlas software, you can generate cus- 
tom maps showing the way to your QTH, or 
plan a visit to a friend or a hamfest in a distant 
city. Also, mapping software that includes 
topographical details may prove useful when 
you're planning a new antenna installation. 

Thanks to increased use and technological 
innovation. CD-ROM publishing costs have fall- 
en considerably during the past five years. You 



can purchase a Philips CD-ROM recorclerlreader 
subsystern for under S7.000, and writable blank 
CDs cost approximately S20 each. Thus. making 
your own one-of-a-kind CD-ROM collection of 
DX records. logs, and computer data flles is no 
longer an impossibility. 

If you wish. you can become a CD-ROM 
publisher for under S5.000. Commercially pro- 
duced disks cost $3 or less per copy in moder- 
ate quantities. and most publishers will accept 
raw data on one-off CD-ROMs. hard disk 
drives. magnetic tapes, and even stacks of 
floppy tlisks. 

Where can the amateur radio community go 
with CD-ROM technology? For starters. we 
can already obtain audio (.WAV) files useful 
for checking packet and RTTY demodulators. 
Beginning arnateurs and SWLs would no doubt 
find a collection of .WAV tiles identifying 
RTTY and FAX signals equally useful. 

Multimedia and animation offer interesting 

educational possibilities-imagine a collection 
of three-dimensional antenna radiation signa- 
tures that include movies to show how direc- 
tional patterns ancl sidelobes vary over a fre- 
quency range. 

Finally. don't o\,erlook the possibility of 
writing and contributing software of your own. 
While the financial rewards of shareware pub- 
lishing are uncertain. many of the programs 
currently available to the amateur radio coni- 
munity would benefit from competition. 

Notes 

Te\t \y\tern u\ecl: Are\ 386DXl2.5 PC 
eqiiipped with 8 MR of RAM. 210 MB of hard 
di\k storage. Alway\ IN-2000 SCSl controller 
and CD'Technology/To\Iliha T-3201 Porta- 
Drive CD-ROM drive, and Hewlett-Pnckard 
LawrJet 111 printer. 

PROC T INFORMATION 
One-Stop Shopping Technical Training BBS 

East Coast Network Training Services. Inc. 
has implemented the first one-stop shopping 
multi-line bulletin board system (BRS) for 
technical training products availrtble at 401 - 
726-6830 (up to 14.4Khps. 8, I ,  N. Ansi). 

This BBS is open and available to all corpo- 
rate training managers. MIS management. 
LANIWAN specialists. programmers, telecom- 
munication specialists, and end users needing 
access to a selection of nationwide classrooni 
seats. computer-based training. video training 
programs, and self study kits. Novell. UNIX 
(SCO. Solaris. USL, Univel. Ultrix, AIX ,... 1. 
Banyan. MS Lan Manager, MS Windows NT. 
Proteon. Pathworks. Lantastic. and Windows 
for Workgroups training product information 
and certification updates arc available f 
download. Open Systems, Client Serve 
pli-cation Software, Databases. CRT 
Authoring Tools. Lan Diagnostic S e r v i ~ ~ ~ ,  all" 

Network Management Tools are also filing 
areas available with hundreds of training prod- 
uct descriptions features. 

For more information and to speak to r 
training specialist. call 800-475-3 130. 
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A New Microstrip Patch Antenna 
Antenna Research Associates introduces 

their new microstrip patch antenna for the GPS 
marketplace. Model PAS- 15751DL is a dual 
linearly polarized antenna designed for 1575.4 
MHz with less than 1.5: 1 VSWR. Two sepa- 
rate outputs are provided with either SMA or 
pigtail connections. Typical gain is 5 dRi and 
typical half power heaniwidth is >80". The 

Widehand High Gain Microstrip Patch 
Antenna 

Antenna Research Associates has introduced 
a wideband high gain microstrip patch antenna 
for applications from 3.0 to 3.5 GHa. The 
antenna is designed for 16% bandwidth with a 
2.0: 1 VSWR and offers gain of 8.0 dB over the 
hand. Typical half power beamwidth for this 
antenna is 60" x 40". The hern~etically sealed 
assembly can be used as a feed for reflector 
- -. - - - - s. It can also be used as an element in 

~d high gain microstrip flat arrays for 
ellite and ground mapping applications. 

, ,,,,enna is 3.5" dia. x 0.3" in size and 
weighs less than 3 oz. 

For more information, contact Antenna 
Research Associates, Inc., 1 13 17 Frederick 
Avenue, Beltsville. MD 20705 (301-937-8888; 
FAX: 30 1-937-2796). 
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Peter 0. Taylor 
AAVSO Solar Division 

4523 Thurston Lane, #5 
Madison, Wisconsin 537 11 -4738 

THE SOLAR SPECTRUM 
New organization helps amateurs 
obtain eclipse data 

0 n May 10th. 1994, a new research orga- 
nization brought a team of scientists to 
Baja, California to make detailed envi- 

ronmental measurements during the annular 
eclipse of the Sun (Figure 1). The team took 
continuous data on the total column ozone den- 
sity and made the most extensive measure- 
ments of the background radiation that have 
ever been made during an eclipse. We asked 
Dr. Shawn Carlson, a physicist at Lawrence 

Berkeley Laboratory for over ten years and 
now full-time executive director of this organi- 
zation, to tell us about its purpose and the Baja 
experiment. Shawn: 

Perhaps the most remarkable thing about this 
team was not the data it acquired, but the group 
itselt'; it was composed almost entirely of arna- 
teur scientists. An amateur scientist designed 
the equipment to monitor the ozone layer, and 
an amateur devised a system to record the data. 

Figure 1. The path of the May 10, 1994, annular eclipse across North America. The SAS team was stationed within the band of cen- 
tral eclipse as it crossed the Baja peninsula. Diagram courtesy of F. Espenak, NASA Kejerence Publications 1301. 
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l'lioto :\. 'l'lie ;1nn111;1r ecl ipw ~I'.~;IIIII;I~) 4. 1002. i n  ;I r ing  o f  w t t i ~ i g  \IIII- 
light over the I';~cific 0ce;ln o f f  the S:rn I l iego coast :II C'rystal I'ier. 
California. I l o r i n g  an annular eclipse the moon is i nn  far  aa'ay f rom the 
Ear th  to  entirely ohscure the Sun, and instead produces a spectacular 
"r ing n f  fire." Phntngraph hy  Dr. \ Ir i l l iam I.ivingstnn n f  the Natinnal Snlar 
Observatory-Kitt Iaeak: supplied by  the Natinnal Optical Astronomy 
Observatories. 

Amateurs built and calibrated the equipment 
ancl amateurs took most of the data. Certainly 
of equal importance. amateurs are currently 
analyzing the data ant1 drafting two papers for 
publication in professional scientific journals. 

The organization that made this happen is the 
Society for Amateur Scientists (SAS). SAS is a 
unique collaboration between world-class pro- 
fessional scientists. including two Nobel Prize 
winners. and nonprofessionals with diverse 
backgrounds. Its purpose is to empower iivoca- 
tional scientists to make real contributions to 
knowledge. and to participate in the pea t  sci- 

l'lioto ( '. ( ' o \~ i i i c  Oc~t~~ctor .  .I'\%II 01' t v f )  cro\w(I 
scintil l;~ting panel5 scp;~r;~tecl I)! :In i~hsorher  11i:tcle ol' 
pl;tstic trash hags fi l letl w i th  sand. Photomult ipl ier 
tuhes, hidden inside the nictal cylinders. collect the l ight 
generated i n  the panels when a cosmic ray  passes 
thrnugh. 

entific debates of our time as fill1 members of 
the scientific community. SAS is founded on 
the premise that the ability to do good science 
does not reside exclusively among people who 
have earned a doctorate, and maintains that the 
world would be a much better place if we could 
convince more of these people to use their 
talents to help unlock Nature's mysteries. As 
director. i t  was my pleasure to oversee 
this expedition. 

The data taken on May 10th is illustrative of 
one method SAS uses to help its members do 
real science-by providing the oversight to 
involve amateurs quickly in professional-quali- 
ty proiects designed by leading researchers. 
The ozone measurements were made using the 
MicroTOPS instrument created by Forrest 
Mims. Mims, an avid amateur scientist. is one 
of the world's leading ozone experts. 

The MicroTOPS is a hand-held device that 
measures the intensity of sunlight in a number 
of narrow ultra-violet (UV)  bands. By using the 
relative intensities. one can determine the col- 
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Figure 2. As the eclipse path moved eastward across North America, the atniospheric 1)-layer that propagates VLF 
radio signals was significantly affected. Diane Lucas, Wellington, Ohio, was monitoring solar flare associated ionos- 
pheric anomalies when she recorded this dramatic effect on stations NSS and NAA.  

umn density of ozone as well as atmospheric 
aerosols and water vapor. The data are easily 
read into a personal computer via a RS-232 ser- 
ial port. The equipment was loaned to SAS by 
Forrest Mims as part of Project Halo-a collab- 
oration organized by Mims of 21 teams (some 
professional and some amateur) to take UV 
measurements at the annular eclipse. 

When we measure the column ozone density 
during an eclipse, we can obtain vital informa- 
tion about two different kinds of phenornena- 
the ways ozone concentration can be affected 
by atmospheric chemistry, and the dynamics of 
the stratosphere during an eclipse. The equilib- 
rium concentration of ozone is a balance 
between the processes that make it and that 
destroy it. The Sun is the sole creator of the 
stratospheric ozone and is also its principle 
destroyer. Ozone breaks up when it absorbs 

UV. However. atmospheric chemistry also 
takes its toll. 

In order to untangle the effects of the Sun 
from the chemistry, one would like to isolate 
the effects of the chemistry by shutting the Sun 
off. An eclipse does this very nicely (Photo A). 
Also, the stratosphere is a very dynamic place. 
An eclipse creates a moving cold spot in the 
atmosphere, which some researchers have sug- 
gested creates all sorts of density fluctuations 
and other effects high in the atmosphere. If the 
stratospheric density changes, then the ozone 
density should change accordingly, consequent- 
ly, observers stationed in various places along 
the eclipse path could track these variations. 

However. such fluctuations may also beob- 
servable using cosmic rays. Cosmic rays are 
subatomic particles, mostly muons, created in 
the upper atmosphere when high-energy parti- 



I'hoto I). ;\ pc~rtion ol'the intrepid SAS eclipse team. 
From left to right: Bill I(n\vlen. Mark  Derzon. .loseph 
Agoilar, Vincent Sanchez. Nancy Aguilar. Relnw cen- 
ter: Michael Kaspen. Not shown: Shawn Carlson and 
Rrent Reckett. 

cles smash in from outer space. Muons are 
unstable and decay in flight. If the upper atmos- 
phere becomes denser, these collisions take 
place at a higher altitude. The tnuons then have 
farther to travel. and fewer muons make it  to 
ground. Thus. by measuring both ozone and 
cosmic rays. we are able to separate the effects 
of the density fluctuations from strc~tospheric 
chemistry in our ozone measurements. 

The SAS team ccntinuously monitored the 
cosmic ray rate with tlie help of four large scin- 
tillating paddles, an iihsorber. CAMAC elec- 

- - 

tronics. and a four-channel visual scalar-all 
generously loaned to us by Lawrence Berkeley 
Laboratory (Photos R and C). The paddles 
were divided into two sets of two. each criss- 
crossed and separated by ;~hout 10 centimeters 
of "absorber" made from trash sacks partially 
filled with sand. A particle from a radioactive 
decay in the sand or air would not be able to 
travel through the absorber, but cosmic rays are 
penetrating, and can easily pass all the way 
through. We required that at least three of the 
four paddles fire simultnneously before iin 
event was identified as ii cosmic rav. 

During three hours of data gathering, tlie 
group collected over 200,000 cosmic ray 
events. To measure the rate of cosmic rays, the 
number of counts were continuously displayed 
on a visual scalar. The team constructed :I tirner 
by connecting a second scalar to a signal gener- 
ator. Both displays were recorded on video tape 
using an ordillary Camcoriler. 

SAS put together a very diverse team (Photo 
D). Brent Beckett is a sound engineer in the 
filni industry. He developed a system to feed a 
continuous track of wwv time signals mixed 
with voice annotations into the vitleo ciitner;ls 
that recorded the readings on all our instru- 
ments. Brent handled all the sound and vitleo 

equipment that was used to collect our data. 
Nancy Aguilar, a stock trader in Los Angeles, 
did a great job "plateauing" (finding the correct 
operating voltage) for tlie photorni~ltiplier tubes 
rind assisted in setting up the electronics. 

Veteran eclipse trackers Michael Kaspen (a 
painting contractor) and Mark Derzon (a 
Bakersfield attorney) built absorbers for our 
cosmic ray experiment and helped set up and 
test the equipment. Mike i~ndertook an exten- 
sive analysis to predict the time of first contact 
and duration of annularity at Bahia de Los 
Angeles. He was correct to within a few sec- 
onds. Bill Bowlen. another painting contractor 
and eclipse watcher, teamed with Rrent to build 
the scintillator paddles which detected the cos- 
mic rays and assisted with the data collection. 
 inc cent Sanchez and Joseph Aguilar assisted 
with the building. setup, and calibration of the 
cosmic ray detector, and helped in the data col- 
lection of the MicroTOPS. Bill, Brent, and 
Nancy also took time off from their eclipse 
watching to help record the UV data from the 
MicroTOPS. This pro-ject could not have been 
undertaken without the help of these outstand- 
ing amateur scientists. 

Weather conditions during the eclipse were 
perfect; bright clear skies predominated. 
Annulnrity at our location lasted 4 minutes and 
I0 seconds. The SAS team compiled nearly 
two hours of continuous UV data from Micro- 
TOPS, and nearly four hours of continuous data 
from the cosniicray detector. The data are still 
being analyzed ant1 so final results are not yet 
available. However. tlie data show gross con- 
sistency over the entire eclipse and so there is 
no reason to expect that major undetected prob- 
lems occurred during the data collection. Rased 
on preliminary results, the team is certain they 
will have some very interesting conclusions 
that will be pirblislied in the near future. 

In addition to its solar ec l ip~e studies, tlie 
Society for Amateur Scientists is developing 
additional projects in biology, seismology, 
geology. and rnany other areas of science. If 
you would like to learn more about the organiz- 
tion, please drop me a note on the Internet 
or call (800) 873-8767 and ask for your free 
copy of the SAS newsletter. The Amaterrr 
Scientists' Rrrllctirl. 

Shawn Carlson 
Internet: scarlson@SAS.org 

As tlie eclipse traveled ilcross North 
America. the North Atlantic. and into Morocco, 
a number of contributors to the AAVSO pro- 
gram of recording ionospheric anomalies 
caused by solar flares (sudden ionospheric dis- 
turbances) reported systematic variations in the 
VLF radio signal they were recording. Figure 2 
is 3 typical representation of tlie eclipse's affect 
on such stations. 
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100-WATT SSB 
TRANSMITTER 
This handy transmitter is the companion 
piece to a receiver buil t  several 
years ago 

T his transmitter was built to complement 
my cotnmunicutions receiver describecl 
in the November 1977 issue of Hurn 

Radio magazine.' When transmitter and receiv- 
er are used together, transceiver operation is 
possible over all amateur bands between 1.8 t o  
30 MHz with 100 watts PEP output power. The 
transmitter may also be used as a stand-alone 
unit. No tuning, other than the setting of the 
operating frequency and mode, is necessary. 
The transmitter selects the appropriate harmon- 
ic filter and mode automatically, as determinetl 
by the frequency of operation. This is done by 
decoding the BCD information that drives the 
digital frequency display. The unit also features 
automatic selection of one of eight antennas. A 
block diagram is shown in ~ i ~ u r e  1. 

Theory of operation 

Mike audio is amplified by one half of an 
LF347 operational amplifier (IC l a in  Figure 
2). and is then combined with a 10.7-MHz sig- 
nal in the UPC1037H LC to produce a 10.7- 
MHz DSB signal. Audio gain may be set by 
changing the value of the I-meg resistor. The 
10.7-MHz signal is produced by a 3N4416 
JFET oscillator. The upper and lower sideband 
filters, USB and LSB, remove the unwanted 
sideband resulting in a single-sideband sup- 
pressed carrier signal. The sideband filters ore 
diode switched. 

The 10.7-MH/. single-sideband signal is 
buffered ontl then rnixed to provide an IF fre- 
quency of 60 MHz. The 49.3-MHz is produced 
by an overtone oscillator using a 2N5 179 tran- 
sistor (Q4 in Figure 2).  A double-balanced 
diode ring mixer, which uses a Minicirc~~its 
Lab 7-IIBM LO mixer (MX- I i n  Figure 2). 
combines the 10.7-mixer sideband signal and 
40.3-MHz niixer output to the desired 60-MHz 
IF:. A h4inicircuits Lab MAR-4 amplifies and 
b1.1ffers the 49.3-MHz oscillator signal and pro- 
vides the +7-dBm LO signal level needed at the 
DBM I,O port. 

If you have difficulty obtaining the 10.7- 
MHz aideband filters. try using the more corn- 
nlonly available 9-MHz crystal filter units. This 
sobstitution requires some simple modifica- 
tions. including: changing the 10.7-MHz oscil- 
Iilfor t o  9.0 MHL and changing the 49.3-MHz 
o\cillator to 5 I .O MHz. You may also use a sin- 
gle symmetrical SSH filter in lieu of the 
nlatched USB and LSB :~syrnrnetrical sideband 
filters. This eliminates the need to diode switch 
the filters, but involves designating one of the 
two 9-MHz c~.ystals for selecting the appropri- 
ate sideband. The exact frequencies needed are 
determined by the filter used and are normally 
set at the 300 Hz points on the filter slopes. I 
choae the 10.7-MH7 filters because they were 
availaljle. Also, bec~u~se  they were used in the 
companion receiver, I included an identical 
mixer scheme in the transnlitter to permit trans- 
ceiver operiition. A 2N3904 tr~~naistor emitter 
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Figure 2A. Exciter assetllhly excluding logic circoit. 

fc)llower sets the input impedance seen by the 
filter, and a second 2N3906 transistor stage sets 
the output impedance for the filter and provitles 
a match to the 50-ohm RF port on mixer MX- I .  

The Minicircuit's DBM is followed by a 60- 
MHz bandpass filter to remove any spurs and 
the image frequency of 38.6 MHz. Up conver- 
sion to 60 MHz keeps the IF frequency far 

removed Croni the operating frequencies. 
1,ocatlon of the IF near the operating frequen- 
cies would r eq~~i re  endless filtering and lead to 
other problems. Diode ring mixer ports must be 
properly terminated at all frequencies of inter- 
est, including the unwanted IF. I avoided the 
use of a cornplex diplexer circuit by simply 
buffering the IF port through a MAR-4 amplifi- 
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er (device A2 in Figure 2). The MAR-4 input lows; however, i t  does provide a suitable termi- 
impedance does vary somewhat, as micmatclies nation for the IF mixer port. The MAR-4 
to various spurious frequencies art: reflected amplifier also provides gain to make up signal 
back from the 60-MHz helical filter that fol- levels in  the mixer and helical filters. which are 
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Figure 3. Layout of the 60-MHz bandpass filter. The helical filter circuit appears in the upper right-hand corner. 

passive devices with insertion losses. The 60- 
MHz helical filter is a homemade device and is 
shown in Figure 2 and Figure 3. This filter 
serves the same function as a roofing filter used 
in an upconverting receiver. Most modern 
receivers would use a VHF monolythic crystal 
filter for this application, but the helical filter is 
ample and more cost efficient for a transmitter 
design. Another MAR-4 amplifier follows the 
60-MHz bandpass filter. 

A second MCL DBM (MX-2 in Figure 2) 
mixes the 60-MHz IF signal from amplifier A2 
back down to the 1.8 to 30-MHz operating 
range. A VFO operating from 61.8 to 90 MHz 
provides the needed LO signal (more on this 
later). Another MAR-4 device, A6, a simple 
LC 30-MHz lowpass filter, and amplifier A7 
(MAR-4 stage) follow the IF port of mixer 
MX-2. The MAR-4 amplifiers provide the 
buffering and set the terminating impedances, 
while providing pain to overcome the losses of 
MX-2 and the 30-MHz LPF. The LPF elinii- 
nates the high-side mixer product that would 
fall in the 122 to 155-MHz range. 

Note that the last mixer ctage uses subtrac- 
t ~ v e  mixing and, in doing so, "inverts" the sig- 
nal. Thus. if an upper sideband signal is pro- 
duced at the 10.7-MHz first mixer IF, i t  will 
become a lower sideband signal after the final 
rnixer stage. The RF levels shown in the 
schematic were taken at 7.2 MHz. 

Transmitter power  chain 

Refer to Figure 4 the first stage of in-line 
gain at the operating frequency is provided by a 
MAR-4 amplifier stage (A7). The driver uses a 
Motorola MHW59 I hybrid gain block driving a 
pair of Motorola MRF433 transistors. The 
VlHW591 has approximately 35 dB of gain. 
Coniponents C I ,  R I .  and R2 yield a more uni- 
form gain across the operating range, while the 
negative feedback from components R3, LI.  
C4, R.4, L2, and C3 improve driver linearity. 
'The driver is capable of producing up to 10 
watts output. The bias point for the MRF433 
transistors is aet by the 1000-ohm pot on the 
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LOW PASS FILTER,RELAY D R I V E R S  ANTENNA SEL€C~'OR RELAY DRIVERS 

bace of the MJE240 transistor. This amplifier is 
taken from Motorola application note AN779tI 
and can be found in most Motorola RF power 
transistor volumes. Total in-line pain is about 
5 0  dB.(See Figure 4 for details.) 

With 10 watts of drive. the final amplifier 
will produce I00 watts PEP output. Negative 
feeclback is also used in this stage. A LM723 
and pass-transistor provide base bias for the 
MRF42 1 final transistors. Eight to 15 watts. 
increasing with frecluency. arc needed to drive 
this stage to the 100-watt output level. Appro- 
priate harmonic filters are auto~natically rclay 
switched for each amateur band. Without them, 
the harmonic content would be about 30 dB 

belocv the carrier and would not meet FCC 
specifications, The amplifier draws upwards of 
20 arnps on voice peaks. The 14 volts DC 
powvr leads must he as large as practical to 
reduce losscs, as even a small voltage drop will 
affect the power level. This amplifier is based 
on Motorola application note AN762- 180. The 
SBL-  I mixers, MAR-4s. Motorola application 
note:;, and both the boards and components for 
the driver and PA stage, can be obtained from 
CCI." Ferrite cores are available from Amidon 
Associates.:':* 

( ~ o ~ r ~ r ~ t ~ i r ~ i ~ a t i o r i s  Quarterly 65 



,-Rite 2873 

wound on 

Pa : Amplifier Assembly 

Driver 

TI,T2 2: 1 and 1 :2 turns ratio, respectively on FairRite 2643006301. Windings: 1 turn of shield 
from RG- 174 coax and 2 turns of #22. 

L 1 .L4,L5 FairRite 2343000101 on a wire. 
HI Motorola MHW591 

Final Amplifier 

R I .R2 2 x 3.33 ohms. 112 watt in parallel. 
R3.R4 2 x 3.9 ohms, 112 watt in parallel. 
C6 1940 pF (3 x 470 pF chips and 1000 pF in parallel). 
TI 4: 1 turns ratio Fair 0 7 0 1 .  Primary: 4 turns of #20. Secondary: 1 turn. Shield 

from RG- 174. 
T2 6 turn4 #I8 hifilar Stackpole 57-9322 
T3 5: 1 turns ratio on 2 Stackpole 57-9238 ferrite sle&es. Primary: 1 turn RG-58 shielcl. 

Secondary: 5 turns #I 8. 
L1,L2 Ferroxcube VKZOO 19/4R femte chokes. 
L3,L4 Two FairRite ferrite heads 267302 1801 on #I 6 wirr 
LS 1 separate turn of #I8 on T2. 

Imw-pass Filters 

Band Cl.C4 C2,C3 LI,L3 1,2 Core 
I h01n I000 pF 2400 pF 27 turns 32 turns T80-2 
80 500 pF 1300 pF 17 2 1 TRn-? 

40 300 pF 680 pF 10 I I 1-7 
30 180 pF 470 pF I I 12 b 
20 160 pF 360 pF 9 1 0 h 
17 l 10 pF 270 pF 13 T68- I0 
15/12 100 pF 710 pF 1 1  T68- I0 
10 2x43 pF 2x91 pF I2 T 130-0 

Cores are Micrometals with #70 wire. 
Capacitors are 5 percent silver mica. 

All relays, except RLI. are Magnecraft W76UR CPXCI6 type with 12-volts DC coil, 10-amp AC contacts. 
or equivalent. 

The driver heatsink is cut frorn a I/? length 
section of single-side finned heatsink-CC1's 
model 99 will do. You'll need a full section of 
this heatsink material ( I? inches) for the PA 
assembly. The PA and driver are enclosed in 
perforated aluminum shields to prevent stray 
RF radiation: this aids in providing stilhility and 
preventing local TVI. 

The appropriate low-pass filter for each ania- 
teur band is chosen by relay switching. rind is 
autorilatically selected by circuitry decoding the 
frequency counter display information. This is 
followed by an automatic antenna selector th;~t 
chooses one of eight available antennas. Any 
antcnna can be selected o n  encti ofthe bands. If 
you have one all-band antenna. a single antenna 
o ~ ~ t p u t  can he chosen for all hands. As config- 

ured. the transmitter is locked out when anten- 
na #O is selected. 

A frequency range of 60.8 to 90-MHz from 
the VFO drives the 100-MHz frequency 
counter. The RCD outputs from the tens of 
MHz and ones of MHz counters also drive ICs 
U 1 and U2-RCD to deci~nal decoders. U 3  and 
U4 decode this information into one of eight 
decirnal outputs. In turn, these buffered outputs 
are used to rnake the appropriate low-pass filter 
relay drivers and antenna selection. The trans- 
rnittcr automatically locks out when a non-ama- 
teur band is selected. reverting to antenna "0." 

A frequency counter suitable for use in a 
stand-alone. non-transceiver. version of this 
transmitter is presented in Figure 5. Note that 
the counter rnust be the non-niultiplcxing type, 
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Switch 3 Switch 2 Switch 1 Antenna 
Selected 

Off Off 0 ff 0 
Off Off On I 
Off On Off 2 
On Off Off 4 
On Off On 5 
On On Off 6 
On On On 7 

Table 1. Switch settings for antenna selection. 

so the BCD counter information may be used 
for antenna relay, sideband sel4:ction. and trans- 
mittel. low-pass filter selection (See Figure 6). 

Because 160, 80, and 40 meters are normally 
lower sideband, these band signals. decoded by 
U 15, activate the lower sideband filter. On the 
other bands, the upper sideband is selected. A 
normal-inverted switch is provided to change 
sidebands, if desired. It's important to note that 
conversion in the mixer reverszs sidebands; 
that is, the lower sideband becomes the upper 
sideband at the output and the upper sideband 
becomes the lower sideband. 

The VFO 

The heart of the VFO (Figure 2) is a Vacker 
oscillator converting from 60.8 to 90 MHz. This 
class A oscillator is relatively stable and has 
minimal phase noise. I t  is buffered by Q6 and 
Q7. The VFO provides the drive to the LO port 
of the last mixer stage, MX-2. .4 78 12 voltage 
regulator IC, powered continuously by a wall- 
type plug-in power supply, powers the VFO. 
This ensures long-term stability and minimal 
drift. The VFO assembly should he mounted 
away from heat sources like the PA assembly. 

RF power meter 

The RF detector (see amplil'ier assembly dia- 
gram, Figure 4) samples the RF out and pro- 
vides a DC voltage, which is buffered by ICl b 
in the exciter and fed to the power meter. The 
trimmer capacitor is set for flat frequency 
response from 1.8 to 30 MHz. 

The antenna selector (shown in the control 
logic circuit of Figure 6) is progranimed to 
select one of eight antennas. An antenna can be 
used on one or more bands. Antenna #O inhibits 
transmit. I suggest you select antenna #O if no 
transmit antenna is available for a particular 
band. There are three BCD switches for each 
band. These switches select the desired anten- 
na. Again, if you have an all-band antenna, i t  

can be selected for all bands by setting the dip 
switches in each band for that antenna. If you 
wish, these dip switches can be front-panel tog- 
gle switches. Table 1 lists the switch settings 
RF for the 60.8 to 90-MHz oscillator is con- 
nected to the display frequency counter. BCD 
output from the tens-of-MHz display is con- 
nected to U1 (Figure 6). and the ones-of-MHz 
display is connected to U2. To reiterate what 
was covered earlier, this information in turn 
selects the appropriate low-pass filter, antenna, 
and proper sideband (Figure 4). The tens-of- 
MHz and units-of-MHz BCD codes from the 
counter are converted from BCD to decimal by 
UI and U2. 

This decimal-based band information also 
drives U9 and U8c, a 9-input OR gate. The pur- 
pose is to provide an active input to U8a only 
when the transmitter is in an amateur band. U8a 
provides a transmit output if the transmitter is 
in an amateur band (as described). antenna #O 
is not selected, and the mike button is pushed. 
Output is buffered by U7 and activates relays 
from the transmit-relay control located in the 
amplifier assembly. 

Each "band" output drives three dip switches 
for each amateur band to select the appropriate 
antenna using Table 1. The three activated out- 
puts pass through U I 0 and U 1 1 to U 12-a 3 to 
8 line decoder. Outputs are buffered by U 13 
and U 14 and are routed to the antenna selector 
relay drivers in the amplifier assembly (See 
Figure 5). One-sixty, 80, and 40 meters from 
each band are decoded by U 15a and U 15b, a 
three-input OR gate. This arrangement selects 
lower sideband for those bands and upper side- 
band for all other bands. SW I reverses side- 
band, if desired. U 16c and U 16d drive Q I and 
Q2 in the exciter. 

The 13-volt DC power supply shown in 
Figure 7 is built in a separate box so it can be 
used for other projects. TI and CR 1-4 provide 
unregulated 19 volts DC. The 723 voltage regu- 
lator drives the 2N6290 that drives four 
2N3371 s. The 10-k pot sets output voltage; the 
50-k pot sets current lin~it. 

Exciter 

The exciter assembly (see Figure 2) com- 
prises the audio, RF generator, and logic board. 
This all fits in a chassis 10 by 12 by 3 inches 
(part no. LMB C 10 123). 

The audio board is built breadboard style on 
a piece of copper-clad pc board. The logic cir- 
cuits are wire-wrapped. The RF generator is 
built in chambers using cut pieces of pc board. 
This ensures that RF doesn't leak around 
stages. There appears to be no radiated interfer- 
ence. so no covers are used. However, leave the 
cover on the LNB box to keep RF from the 



Figure 7. Power supply. 
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antenna out of the exciter. Two DR 95 connec- 
tors. 52. connect the exciter to the amplifier 
assembly and two DB 15. J 1 connectors are 
used between the exciter and counter. A 16-pin 
1C socket and header. 33. connects logic to the 
mike switch and transmit LED. The V U  metcr. 
transmit LED. mike connector, and sitleband 
selector switch are located on the front panel. 

Oscillator assembly 

The 49.3-MHz oscillator and the 6 1.8 to 90- 
MHz oscillator are built in 3 by 4 by 3-inch 
high cast aluminum boxes. C 1 should be a dou- 
ble-bearing brass capacitor. with about a 200 to 
1 or 3612 16 to 1 reduction to the tuning knob. 
Power is ohtained from a 15-volts DC wall 
adapter. so i t  can run continuously. This assem- 

bly should be well shielded to avoid TVI. 
Capacitors less than 100-pF are silver micas. 

60-MHz band pass filter 

This assembly is built on a copper-clad pc 
board box as shown in Figure 3. Use half-inch 
coil forms. Re~iiove the slugs and replace them 
with brass disks that act as tuning cap~citors. 
For each coil, wind 24 turns of no. 30 AWG 
(0.95 mm) spaced one wire diameter. To pro- 
vide one wire diameter spacing. wind two wires 
at the same time and remove one winding. 

Low-pass filter assembly 

Thc low-pass filter assembly is built on sin- 
gle-sitled solicl copper pc boarcl about 6 by 12 



inches. Relays are mounted on the component 
side of the board; most of the other parts are 
mounted on the foil side. Chokes and 
feedthrough capacitors are placed near each 
relay. More chokes and feedthroughs are locat- 
ed on a bracket on one end of the hoard. Secure 
the toroids in an upright position using RTV 
(see Photo A), but do not glue them before 
each filter is tested. I chose perforated alu- 
minum for all shielding because it's easy to 
bend in a vice. 

Antenna selector construction 

Construction of the antenna selector (Photo 
R) is similar to the filter assembly. Use two 6 
by 6 inches of pc board; the extra piece is for 
mounting 8 RNC connectors. It would appear 
that assemblies in the amplifier section are 
overshielded. This may be true, hut it's easier 
to overshield than to determine the location of 
RF leakage from one assenlbly to another, or 
the cause of TVI. 

Power supply construction 

This box construction is s~milar to that of the 
amplifier box: however, its dimensions are 11 
by 12 by 6 inches high. Components are 
mounted on the sides as shown in Photo C. 
The power transistors are mounted in pairs on 
approximate 6-inch length sections of heatsink. 
The four I N 1 1x4s are mounted on a 6-inch 
long section of heatsink material. 

Setup and alignment 

The test equipment required for this project 
is listed below: 
I. digital voltmeter 
2. 100-MHz frequency counter 
3, 100-MHz spectrum analyzer, 100-MH7 
scope, or 50-MHz scope 
4. 100-watt HF wattnicter :md dummy load 
5 .  2 to 30 MH7 RF signal generator 
6. 1 -kHz audio generator 

Power supply 

Set the output to 14 volts DC and the current 
limit pot to midrange. With a 1 to 2-ohm 100- 
watt resistor across the output. ad.ii~st the current 
control and verify that i t  works. Adjust the cur- 
rent limit f'or 30 amps max into a short circuit. 

Exciter 

Using a DC scope or meter, check outpi~ts 
U6 and U7 for the band\ from 160 through 10 

I'lioto ('. I'oaer sr~pply top \.ic.w. Povc.cr transistors arc 
Iocatetl on the healsinks (left): transformer and IN1 184s are 
on the right. 

meters. Verify outputs when selecting antennas 
0 through 7. Next. connect the low-pass filter 
assembly and make sure the proper relays are 
being activated in the appropriate bands. 
Connect the antenna selector and verify opera- 
tion of all antenna relays in all hands. 

Verify LSB-USR. With the switch in norm, 
LSR should be active on 160 through 40 meters 
ant1 USB on 30 through 10 meters. Sidebands 
arc reversed by the exciter. 

Connect a I-kHz tone to the mike input. 
Adjust the 10.7-MHz oscillator trimmer for 
10.7 MHz + I0 Hz. Connect the VFO (60 to 90 
MHz) and the 40.3 MHz oscillator. Verify RF 
levels up to FL3. Tune FL3 for maximum out- 
put. Verification levels through to the output of 
the exciter are as shown on the schematic. 
Levels will be close to what is shown, hut may 
vary from band to hand. 

Note: Before applying DC voltages to the 
driver and PA stages. you I I I I I S I  set all bias pots 
for minimum bias. 

Driver 

Perform initial driver testing with a power 
supply set to limit at I amp. Also, to protect the 
MRF433s from damage. I suggest a separate 5- 
anip regulator for this hoard. You might con- 
sirler using a power pass transistor controlled 
by a 723 or a LM33X. or one of the new 4-amp 
1C regulators. 

Connect 14 volts DC and set the MRF433 
resting current for 200 mA. If a spectrum ana- 
lyzer ancl two-tone generator arc available, you 
can tweak the bias for the MRF433s for best 



3rd order IMD. If the MHW59 I is in place, it  
draws about 300 mA. 

Output stage 

Set the resting current for about 0.5 amps- 
or adjust for the best IMD performance. as sug- 
gested in the driver alignment section. Forty 
watts. as shown on an average reading 
wattmeter. corresponds to 100 watts p-p. 

RF detector 

On 160 meters. with a I -kHz tone to the 
mike input. set the output level control for 100 
watts output measured into a load with I. I to I 
or less SWR. Check the DC voltage from the 
detector with your DVM. Go to I0 meters. and 
the 100-watt level. adjust the variable capacitor 
so the DC voltage is the same as 160 meters. 
Check all bands to ensure the DC voltage is 
within 10 percent. 

Output filters 

Before use. sweep the filters manually and 
measure the output response using a scope or a 
detector probe on a DVM. 

For the test setup, drive the filters from a 50- 
ohm generator followed by a 10-dB pad to 
ensure proper source termination. Make sure 
the filters are also followed hy a 10-dB pad ter- 
minated into 50 ohms. The output should he 
down no more than 0.3 dB (2 percent) at the 
hand edges and 40 dB down at the second har- 

monic. Fine tuning can he accomplished by 
spreading or compressing turns on the toroids. 
In some cases. you niay need to add or remove 
a turn due to core material tolerance. After tun- 
ing, you may use silicon rubber cement to glue 
the toroids in place standing on end. 

Parts information 

You can obtain the SBL-I mixers. and the 
hoards and parts for the driver and output 
stages. from CCI, 508 Millstone Drive. Xenia, 
Ohio 35385. Send for a catalog. When ordering 
Motorolil boards. be sure to request application 
notes. The driver is model AN779H; the final is 
AN763-180. Toroidal cores are available from 
Amidon Associates. 12033 Otsego Street. 
North Hollywood, California 91607. 

Heatsink material is also available from CCI. 
I suggest one full section for the final amp, It2 
section for the driver. 112 section for the 
1 N I I84 diodes. and 112 section for the 2N377 1 
power supply pass transistors. You might con- 
sider scouting iiround flea markets or surplus 
stores for heatsinks to reduce the cost. Driver 
and final heatsinks should have fins on one 
side only. 
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PROD['-' INFORMATION 
New -ing Pumps From 1 'urce display the RF spectrum in real-time on a com- 

Two new desoldering pumps from Hexacon puter screen. 
are now available from The Tool Resource. The program works in conjunction with 
These new desoldering pumps allow for the Science Workshop's RF Spectrum Analyzer 
safe, quick removal of solder during rework. hardware ~ackage and any Windows compati- 
The SSOIAS is an anti-! bldering pl . The program allows 
which provides instant 1 )r safe des is "open" at a glance, or 
dering with high impact t-resistant le band; sweep an area for 
plastic body and self-cleanlng black conduc egal "bugs. , laent~fy modulation modes or 
~eflon" tip are included. The S60 1 CD mo vestigate "secret" signals on the cable. 
is a conductive pump for use on static sens RF Vision provides a full screen spectrum 
materials. A black conductive ~ e f l n n ~ "  tin splay with the ability to freeze the measure- 
also included. off the frequencies 

For more in ~t a hard copy. In a( 
Resource, P.0  splay, the program 
601 1 surface plot and a color spectrogram ot the KI- 

spectrum over time. 
RF ' For more information, contact Pioneer Hill 
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QUARTERLY DEVICES 
New receiver chips from Analog Devices 

A nalog Devices, a corporate name long 
synonymous with exotic 1Cs for high- 
tech military and industrial applications, 

has recently announced a new line of high-per- 
formance receiver chips for cellular and other 
low-voltage consumer RF products. These 
devices feature the latest in Gilbert Cell tech- 
nology from the hand of Barrie Gilbert himself, 
and offer many unusual features that broaden 
their i~sefulness well beyond the scope of sim- 
ple handheld telephones. Analog Devices also 
man~~factures a new high-intercept active mixer 
of special interest to receiver designers. In this 

edition of "Quarterly Devices," I ' l l  cover three 
new AD offerings; the AD607 Monoceiver, 
AD608, Receiver IF Sub-system, and the 
AD83 I Low Distortion Mixer. Some technical 
details may be omitted in order to treat all three 
devices in one sitting, but complete data sheets 
are available directly from your AD distributor. 

The AD607 "Monceiver" is a single-conver- 
sion superhet in a single IC package, minus fre- 

TERMINAL CONNECTIONS 

PIN CONNECTIONS 

[PIN I MNEMONIC I READS 1 

VMlD fi 9 

COM 1 
PRUP 

LOIP 
RFLO 
RFHI 
GREF 
MXOP 

VMID 
IFHI 
IFLO 
GAMlKSSI 

COM2 
IFOP 
DMIP 
VPS2 
Qom 
IOUT 
FLTR 
VPS l 

Frequency Detector Input 

Common #1 
Power-Up Input 

Local Oscillator Input 
RF "Low" Input 
RF "High" Input 
Gain Reference Input 
Mixer Output 

Mid-Supply Bias Voltage 
IF "High" Input 
IF "Low" Voltage 
Gain Connol Input/RSSI Output 

Common #2 
IF Output 
Demodulator Input 
VPOS Supply #2 
Quadrature Output 
In-Phase Output 
PLL Loop Filter 
VPOS Supply # I  

- -- - 

Figure 1. AD607 pi11011t and specs. 
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Figure 2. AD607 functional block diagram. 
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quency-control and AF power amplifier. 
However, this is not your typical FM-only 
chip! The AD607 works up into the UHF 
region, comes with internal I and Q demodula- 
tors and an associated carrier-recovery PLL for 
multi-mode detection, and features a very wide- 
range internal AGC system. Indeed, the AD607 
is virtually in a class by itself (some AM-stereo 
chips have I/Q demodulation, but not the versa- 
tility and high-frequency performance if the 
AD607). Please refer to Figure 1 for a run- 
down of the AD607's specifications and 
Figure 2 for a functional block diagram. 

Starting at the beginning, the AD607's 
Gilbert Cell DBM front-end has a frequency 
range extending up to 500 MHz. Amplitude 
response is essentially linear from -95 dBm to 
- 15 dBm, the mixer's 1 -dB compression point. 
Input-referenced third-order intercept (IP3) is 
specified at -5 dBm-several dB better than 
[nost popular active DBM's and receiver chips 
currently on the market. Maximum mixer gain 
is 23 dB. 

The mixer's RF. LO, and IF ports are config- 
ured to be "user-friendly." An internal LO pre- 
amp reduces the external LO drive requirement 
to - 16 dBm. This, in turn, reduces buffer and 
shielding requirements for the LO itself. 
Differential RF input permits direct interface 
with SAW filters (common practice when the 
chip is used in conjunction with a down-con- 
verter). Single-ended input may also be used 
with conventional bandpass filters. The mixer's 
single-ended IF output port can drive virtually 
any external IF-bandpass filter. Mixer gain is a 
function of transconductance (gmRL), and is 
proportional to the filter's load impedance. 

Designers may select any IF frequency 
between 400 KHz and 22 MHz; the primary lim- 
iting factor is the range of the IIQ detector cir- 
cuits. Much of the AD607's overall gain is 
focused in its 4 IF stages (approximately 72 dB). 
The chip's internal AGC system, which also 
provides MCC (manual gain) with external ana- 
log input, controls both mixer and IF-amplifier 
gain over a 100-dB range. IF amplifier output is 
broken out ahead of the I/Q demodulator section 
to permit inserting a post-IF filter. The carrier 
envelope of incoming AM and FM signals may 
also be sampled at this point for the purpose of 
phase-locking the detector VCO for synchro- 
nous detection. In-phase (I) demodulation is 
used for AM. SSB, and CW, and Quadrature (Q) 
demodulation is used for FM and PM. When 
receiving CW and SSB, the detector VCO must 
be locked onto an external BFO rather than to 
the carrier envelope of the incoming signal. For 
reception of more exotic digital modes like 
GSM. TDMA, and TETRA, the In-phase and 
Quadrature outputs may be routed directly to the 
AD70XX family of baseband converters. 



MODEL I 

TERMINAL DIAGRAM 

ORDERING GUIDE 

-25" to +85" C 16.-Pin Narrowbody 
SOIC (R-16 

PIN DESCRIP'TIONS 
r 1 8 

PIN 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

MNEMONIC 
VPS 1 
COMl 
LOHI 
COM2 
RFHI 
RFLO 
m o p  
VMID 
IFHI 
IFLO 
RSSI 
COM3 
FDBK 
VPS3 
LMOP 
PRUP 

I 

DESCRIPTION 
POSITIVE SUPPLY INPUT 
COMMON 
LOCAL OSCILLATOIR INPUT CONNECTION 
COMMON 
RF INPUT, NONINVERTING 
RF INPUT, INVERTING 
MMER OUTPUT 
MID-POINT SUPPLY' BIAS OUTPUT 
IF INPUT, NOmRTING 
IF MPUT, INVERTING 
RECEIVED SIGNAL STRENGTH INDICATOR OUTPUT 
OUTPUT COMMON 
FEEDBACK LOOP OUTPUT 
LIMITER POSITIVE SUPPLY INPUT 
LIMITER OUTPUT 
POWER-UP 

Figure 3. AD608 pinout and specs. 

The AD607 runs on a wide range of supply grounding and bypassing with any device pack- 
voltages-from 2.7 to 6.0 volts-and has a ing this rn~lch high-frequency gain. The surface 
"kill pin" for switching the device into low-cur- mount limitation may restrict the chip's appli- 
rent standby. The only available packaging is cation to more serious manufactured products. 
20-pin SSOP (surface mount). You must use In other words. the AD607 is probably not suit- 
two-sided pc construction with appropriate able for beginner kits or dead-bug bench pro- 

Communications Quarterly 77 



Figure 4. AD608 functional block diagram with FM detector. 

'4 

AD831 

 NO^ 10 Scale) 

PIN DESCRIPTIOX 

Pin Mnemonic Description 

I Positive Supply Input 

2 Mixer Current Output 

3 AN Amplifier Negative Input 
4 GND Ground 

5 6 7 VN KFP - 
Negative RF Input Supply Input 

7 KFN RF Input 
8 VN Negative Supply Input 
9 VP Positive Supply Input 

10 LON 1,ocal Oscillator Input 
1 1  1,OP I ~ ~ c a l  Oscillator Input 
12 VP Positive Supply Input 
1'3 GND Ground 
14 BIAS Bias Input 
15 VN Negative Supply Input 
16 OUT Amplifier Output 
17 VFB Amplifier Feedback Input 
18 COM Amplifier Output Commo~ 
19 AP Amplifier Positive Input 
20 IFP Mixer Current Output 

Figure 5. AD831 pinout and specs. 

jects. Nevertheless, the AD607's potential for 
application in amateur and commercial radio 
service transceivers is impressive. 

AD608 FM subsystem 

Functionally, the AD608 is a more tradition- 
al single-conversion mixer/limiter/RSSI FM- 
receiver subsystem (see Figures 3 and 4). 
Although a simpler device than the AD607, the 
AD608 uses virtually the same front-end cir- 
cuitry and claims the same above-average 
mixer performance. Like the AD607, it is 
usable up to 500 MHz with a - 15 dBm l -dB 
compression point (-5 dBm IP3). LO input 
requirement is -1  6 dBm, and a single-ended IF 
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Figure 6. AD831 simplified schematic. 

output drives virtually any industry-standard er and limiter sections provide more than 100- 
10.7-MHz or 455-kHz filter (including the dB of gain with a hard-limited output swing of 
Murata narrowband harmonic-mode ceramics 400-mV p-p. Phase error over an 80-dB dynam- 
covered in the Summer 1994 "Quarterly ic range is stable to +I- 3 degrees. Detectors for 
Devices"). Any IF frequency up to 30-MHz digital and analog modes are connected exter- 
may be used. nally to the limiter output and RSSI as needed. 

Once past the mixer section, the AD608 takes For example, FM recovery requires the addition 
on an identity of its own. The 5-stage IF amplifi- of an emitter follower and ceramic discriminator 
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circuit (see Figure 4). RSSI output is faithfully 
logarithmic over a 90-dB range. 

Like the AD607, the AD608 runs on 2.7 to 
6.0 volts and has a power-down (kill) pin to 
switch the device into low-current standby. The 
AD608 is available in 16-pin plastic SOIC 
only, and demands the same ciireful layout and 
construction practices as the AD607. 
Applications include single and dual-conver- 
sion FM receivers, low-cost spectrum analyz- 
ers, cordless and cellular phones, data trans- 
ceivers, and a host of other related applications. 

Low-distortion mixer 

There's a myth among some recellver design- 
ers that passive DBMS offer the only practical 
approach to truly bullet-proof IMD jperfor- 
rnance. Not so! The AD83 I is a low-distortion 
active mixer with a + I0 dBm I -dB compression 
point and an output-referred third-order intercept 
point of +24 dBln (see Figures 5 and 6). With 
that kind of headroom, it would takr: some pretty 
big guns to shoot down the AD83 1 ! 

In addition to wide dynamic range, the 
AD83 I has a very modest LO drive require- 
ment (- I0 dBm). This eliminates a lot of the 
shielding, buffering, and isolation normally 
associated with more power-hungr,y passive 
mixer designs. Being an active device, the 
AD83 1 doesn't require signal-robbing terrnina- 
tions and won't introduce insertion loss into 
your signal path (it is norn~ally configured for 
unity gain). Frequency coverage is good up to 
500 MHz, with a maximum IF-output band- 
width of 250 MHz. 

Given the AD83 1's wide dynamic range, 
high port isolation. and raw output capability 
(+I 0 dBm undistorted output = 10 mW of drive 
into 50 ohms), Analog Devices recommends it 
for a number of other mixing appli~cations 
beyond receiver front ends. For example, they 
suggest using it as a second rnixer in DMR base 
stations, direct-to-baseband conversions, 
doppler shift detection in ultra-sound imaging, 
and I/Q modulators and den~odulators. 

The AD83 I can run from a +5/-.5 volt split 
supply or from a 9 to I0 volt singlt: supply. 
When a split voltage source is used. RF, IF, and 
LO signals may be DC-coupled or AC-coupled. 
When a single source is used, sign,~ls must he 

AC coupled. RF input may be either single- 
ended (50-ohm terminated) or differential (SAW 
filter interface). The IF output port is a differen- 
tial open-collector configuration that permits 
connection of a I : I center-tapped IF transformer 
for AC coupling. Alternatively, single-ended 
voltage-output coupling may be used. 

When it comes to powering wide-range mix- 
ers, you can't fool Mother Nature! Any active 
mixing device that delivers +I0  dBrn undistort- 
ed output into a load is going to need some 
juice! The AD83 1 is no exception, drawing 
around I00 mA at l0  volts. However, you can 
program this down to around 45 rnA via an 
external bias pin with some reduction in IP3. 

The AD83 1 comes in a square 20-pin PLCC 
package for socket or surface mount (direct sur- 
face mount is suggested for VHF layouts). 
Careful attention to layout, decoupling, and 
shielding must be observed in order to keep 
broadcast interference out of the mixer. Also, 
you must avoid introducing stray capacitance 
or parasitic lead inductance that could cause 
unwanted circuit peaking or oscillation. 

To obtain more information 

For complete Application Notes, specific 
pricing, and sample policy on the AD83 I .  con- 
tact your nearest Analog Devices distributor. 
To identify your local distributor, write: Analog 
Devices at One Technology Way, P.O.Box 
9 106, Norwood. MA 02062-or call them at 
(6 17)329-3700. 

The AD607 and AD608 are both sampling, 
but not yet in full production. Qualified experi- 
menters may obtain Data Sheets and samples 
by writing Bob Clarke at Analog Devices, One 
Technology Way. P.O. Box 9 106. Norwood, 
MA 02062 (no phone calls, ~~ lec l se ) .  

The bottom line 

As usual, we welcome and encourage readers 
to share their ideas and designs in 
Cotnrnutlicrrtior~s Q I I C I I I P ~ ~ ~ .  Rumor has it that 
at least one AD607 receiver project is already 
under way and will appear in these pages in the 
near future. If you have derigns or suggestions 
for using any of these devices. we'd like to hear 
from you as well. 



TECH NOTES 
On the receiving end 

Whether we just read about them-or active- 
ly build them-receivers and receiver circuits 
are one of the most popular features in Com- 
munictrtions Quarterly. We have considered 
publishing an annual receiver-focused "Tech 
Notes" column for some time. but, unfortunate- 
ly, rnost of the circuits we've run across have 
simply evolved around the now classic NE602 
mixer-ladder filter-NE602 product detector 
"cookbook" layout. 

With this issue of Commrmicatiows 
Quurterly, we are pleased to offer what will 
hopefully becorne a yearly "Tech Notes" fea- 
ture-the latest in receiver design trends. 

Highlighting this installment of "Tech Notes" 
is work done by Colin Horrabin, G3SBI. who 
has made substantial irnprovenlents over previ- 
ous work using the SD5000 DMOS quad-FET 
niixer with his new "H-mode" design. 

Peter Bertini, K 1 ZJH 
Senior Technical Editor 

G3SBI's H-Mode Receiver 
Design 

Reprinted with per~nission from 
"Technical Topics" 
Pat Hawker, G3VA, Editor 
Radio Communicntion.~ 
September and October 1993. 
January 1994 

Notes in the February "Technical Topics," 
drawing on the long article "Recent Advances 
in Shortwave Receiver Design," by Dr. Ulrich 
L. Rohde, KA2WEUlDL2JR (QST, November 
1992) and the IEE's book R~lrlio Recei~jers, 
edited by Dr. W. Gosling, drew attention to 
current thinking on advanced. high-perfor- 
lnance, HF receiver front-ends. I t  referred, in 
particular, to mixers and associated circuitry 
capable of providing excellent dynamic range. 
This was followed in the April "Technical 
Topics" by information on "An Ultra Low Dis- 
tortion HF Switched FET Mixer" designed by 
Eric Kushnik (RF Design) that required signifi- 
cantly less oscillator power than is generally 
needed for riiixers having a very high-order 
intercept point. 

The subject also crops up in "A High- 
Dynamic Range MFIHF Receiver Front End," 
by Jacob Makhinson, N6NWP (QST. February 

1993, pages 23 to 28, with correction note QST, 
June 1903, page 73).* In this article, N6NWP 
shows that "By properly applying known 
design principles, radio amateurs can construct 
a high-performance front-end which combine5 
a \cry high intercept point with excellent sensi- 
tivity. Used with a low-noise LO, the front-end 
described in this article achieves a wide dynam- 
ic range even with its preamplifier stage in-line. 
A receiver incorporating such a front-end can 
provide strong-signal performance that rivals or 
exceeds that of most commercial equipment 
available to the amateur." 

Figuire 1 shows the essentials of the 
N(iNWP, 14-MHz mixer (with 9-MHz IF) 
based on a Siliconix Si8901lSD8901 DMOS 
FElT quad device together with a 74HC74 dual 
flip-flop to provide square wave LO injection 
from a 'VFO operating at about 10.5 MHz. The 
mixer is followed by a simple diplexer net- 
work; I'l6NWP also provides details of suitable 
high-performance pre and post-mixer ampli- 
fiers. The mixer can be used either with or 
without the input preamplifier which, like the 
post-mixer amplifier, uses two MRF586 tran- 
sistors in  push-pull. 

Colin Horrabin, G3SB1, has been investigat- 
ing in depth the N6NWP mixer (with some 
modifications) and finds that i t  is possible to 
achieve. extremely high third-order intercept 
points. In fact. other parts of the circuitry. such 
as the dliplexer or crystal filter rather than the 
mixer itself, tend to be the limiting factor. The 
following is a short summary of G3SBI's inter- 
im report on the rneasured performance of his 
inlplerr~entation of the N6NWP mixer. 

''The: excellent Siliconix Si8901 device 
(which has been replaced by the identical 
SD890 I available from Calogic Corporation) 
contain~s four DMOS FETs already configured 
fur use as a commutation (switching) mixer. 
N6NWP utilizes this device with square wave 
drive to the gates of the FETs from a high- 
speed CMOS D-type bistable device operating 
somewhat i~ni~sually frorn a 9-volt supply. 
Although the intercept point as usually defined 
would be about 2 dB less than the +41 dBm 
claimeid (this is acknowledged in the correction 
note), this is still an excellent performance. 

"It was decided to construct a mixer (Figure 
2) based on the ideas of N6NWP, but utilizing 
the more widely available Siliconix SD5000 
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Figure 1. The basic high-dynamic-range MF/HI: receiver front-end mixer circuitry as developed by N6NWP and described 
in the February 1993 QST using the Sit3901 DMOS FET ring. 

quad DMOS FET array (batch 9042). 
Unfortunately, this array has gate-protection 
diodes, so the substrate must be negative biased 
to prevent gate conduction in certaln condi- 
tions; however, the array has the advantage of 
very close matching of drain-to-source-on- 
resistance. 

"A test board of the arrangement shown in 
Figure 2 was made using earth-plane construc- 
tion, with all transformers and ICs fitted into 
turned-pin DIL construction, so that they could 
be changed easily. With the test sctup of 
Figure 3, it was possible to achieve a true input 
intercept of +42 dBm on 14 MHz using a 5- 
MHz local oscillator injection. An input inter- 
cept of +45 dB, was obtained on 3.5 MHz with 
a 5.5-MHz local oscillator frequency. It was 
found that with a local oscillator running at 23 
MHz, the 14-MHz intercept was n few dBm 
down compared with the 5-MHz LO. 

"For this reason an advanced CMOS 
74AC74 was used as the LO squarer, and gave 
a near-perfect 50-50 square wave. To reduce , 
ringing on this, only one D-type in the chip was 
used and stopper resistors were connected to 
the FET gates-a single ferrite bead in series 
with the Vcc pin also proved useful. It is 
important for the injection to be a clean square 
wave if the results indicated above are to be 
obtained. The results were excellent with input 
intercepts of at least +42 dBm on all HF bands 
and +46 dBm of 1.8 and 3.5 MHz. 

"On 7 MHz. no intermodulation distortion 
was visible on the spectrum analyzer (Figure 
4A with B showing the 7-MHz input) even 
with a bandwidth of 10 Hz, representing an 
input intercept of +50 dBm. These figures were 
achieved with both 2 kHz and 20 kHz tone sep- 
arations at an input level of +7 dBm on the HF 
band under test. A substrate bias of -7.5 volts 
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Figure 2. G3SBI's modified N6NWP-type mixer test assembly using the SDSUOO FET array and 74AC74N to provide 
square-wave injection from a high-quality signal generator source with output at twice the required frequency. 

and a gate bias of  about +4.5 volts were used. 
Conversion loss was 7 dB. These are extremely 
good results. 

"However (now the bad news), the intercept 
point degrades sharply as soon as the input sig- 
nal exceeds +7 dBm (0.5 volt) which is still a 
big signal. I t  is thought that the reason for this 
is that the FETs that should be "off' in the 

colnmutation ring see a negative drain-to- 
source signal voltage greater than -1.7 volts 
and starlt to conduct. The situation can be 
recovert:d by dropping the gate bias voltage, 
but i t  is then no longer possible to achieve the 
super intercepts of greater than +45 dBm. An 
alternative arrangement is being assembled that 
should make it possible to handle very large 
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Figure 3. The test instrumentation setup used by 433SB1 for inter~nodulation tests on the mixer. 
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Figure 4. Spectrum analysis of the mixer performance. (A) 
Mixer spectrum output at Y MHz. (B) Input to mixer at 7 MHz 
+7 dBm1tone. Note that one of the signal generators had some 
low-level 10-kHz modulation to cause the larger spurious signal 
in (B), and this appears after up-conversion to 9 MHz in (A). 
The third-order distortion is on the baseline at the output of 
the mixer indicating a mixer input intercept pa~int of +50 dRm. 

input signal voltages without degrading the 
intercept points." 

For the post-mixer amplifier, G3SBI uses 
basically the same circuit as N6NWP, but with 
some subtle changes (Figure 5) that have 

improved performance in terms of gain and out- 
put intercept point, and has a noise figure of 0.5 
dB. "An important change was the use of the 
MRF580A transistor instead of the MRF586 
since this should give a lower noise figure at a 
collector current of 60 mA." Measured perfor- 
mance of the amplifier gave gain as 8.8 dB. out- 
put intercept +56 dBm, noise figure 0.5 dB. 
G3SBI points out that with intercepts of this 
magnitude i t  is important to remember that the 
r~~easuring equipment is being pushed to the 
limit, and transformers rrlust be looked upon as 
possible sources of limitations in overall lineari- 
ty. Also that. unfortunately, the measurements 
are for operation into a resistive load. In prac- 
tice, the crystal filter driven by the post-mixer 
amplifier would present a complex impedance to 
the amplifier. Particularly on the slope and near 
the stopband, this would seriously degrade the 
amplifier performance. 

G3SBI has also investigated the performance 
of quadrature hybrid 9-MHz crystal-filter com- 
binations and finds that the performance of 
budget-priced crystal filters is a serious limita- 
tion. He found that this can be reduced by elim- 
inating the post-mixer amplifier, with the mixer 
going immediately to a quadrature hybrid net- 
work 2.4 kHz-bandwidth filter, followed by a 
low-noise amplifier. In this case, the 2.4-kHz 
filter is, in effect, used as a roofing filter. With 
such an arrangement, assu~ning the effective 
noise figure to be 5 dB due to the filter and 
amplifier, another 7 dB from mixer loss, and a 
further 1.5 dB loss due to the antenna input 
bandpass filter, this gives an overall noise fig- 
ure of about 13.5 dB [sufficient sensitivity up 
to at least 14 MHz-G3VA) The intercept point 
on 7 MHz would then be about +51.5 dBm. 
Nevertheless, G3SBI comments that "This is 
not the ideal solution since slightly better inter- 
cepts could have been obtained by the conven- 
tional (post-mixer amplifier) arrangement with 
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Figure 5. <;3SBI's modified post-mixer test amplifier adapted from the N6NWP design but using MRF58OA devices. All resis- 
tors are 0.25 watt metal-film RS Components. All 0.1 pF  capacitors are nionolithic ceramic RS Components. L4, L5: 4 turns 
of 0.315 nlm diameter Bicelflux wire on RS Components ferrite bead. L1, L2, TI, T2, T3, T4 on balun core Fairite 28- 
43002402 (Cirkit components). L1, L2: 6 turns 0.315 mm diameter Bicelflux wire RS Components. T1 to TJ,  use 40SWG 
Bicelflux wire. Take two glass fiber Cambion 14-pin DIP compc~nent headers, cut each in two parts and bend the tags 90 
degrees outward. Stick a piece of double-sided tape onto the header and mount the balun cores on this. Wind the transformers 
as shown above. The amplifier is constructed with earth-plane layout. 

a filter having an intercept figure of +55 dBm." 
In conclusion, G3SBI writes: "One might ask 

the question does one need input intercepts of 
+50 dBni? For amateur purposes the answer has 
to be the higher the better. [But note that the 
April "Technical Topics" quotes G3RZP as 
believing that 'a +20 dBm third order intercept 
appears adequate, even on 7 MHz at night'- 
G3VAI. The name of the game is to be able to 
copy a subrnicrovolt signal in the presence of a 
heavy hitter a few kHz away from the desired 
signal. In addition. on 7 MHz the proxilnity of 
the broadcast band is a problem with antenna 
signals greater than -10 dBm present at times. 
Extreme linearity is thus desirable if a submicro- 
volt signal to be copied in these circumstances. 

"The fact that the intermodulation perfor- 
mance of the crystal filter can be a serious 
probleln at these intercept levels was no com- 

pletely unexpected. The effects of this can be 
minimized as described by omitting the post- 
mixer amplifier, but filters with +55 dB111 inter- 
cepts would enable the construction of a high- 
perfomlance front end with a post-mixer ampli- 
fier. I t  may be worth considering the use of 
homemade crystal ladder filters as part of a 
quadrature hybrid arrangement since no trans- 
formers are used, suggesting that the intercept 
figure could be high: although this has not yet 
been checked. In addition, the low insertion 
loss of some ladder filters ( a b o ~ ~ t  -2 dB) would 
perniit higher IF-stage noise figures. 

"The niixer remains the most critical device if 
input intercepts of +50 dBm are to be obtained 
on 7 MHz. This performance has been achieved 
with all SD5000 chips of batch 9042 that were 
available; one from batch 9024 did not meet this 
figure on 7 MHz, achieving +44 dBm. 
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Figure 6. Conventional comnlutation mixer arrangement based on quad- 
FET array. 

"To summarize, Jacob Makhinson, N6NWP, 
has pointed the way ahead for home construc- 
tion of very high-performance HF receivers 
using a 9-MHz IF. Given that, at a price, high- 
intercept filters are obtainable, the linearity of 
the mixer itself is still the limiting factor." 

G3SBI next draws attention to published 
information on quadrature hybrids, including an 
article "Twisted-Wire Quadrature Hybrid 
Directional Couplers," by Reed Fisher, 
W2CQH, that appeared in QST, Jar~uary 1978, 
pages 2 1-23 with the subheading: "That title 
scare you off? Well, don't let it. Jiat read this 
and we'll make believers out of you." In the arti- 
cle, W2CQH points out that 3-dB clirectional 
couplers or quadrature hybrids for lparalleling 
UHF amplifiers or for achieving ci~rcular polar- 
ization are comnlonly ilnplementecl in stripline 
but that "unfortunately. the UHF strip-line mod- 
els cannot be scaled down to the HF bands since 
their dimensions become prohibitively large." 
His article shows how compact, low-cost, 
lumped-element, quadrature hybrids can be easi- 
ly constructed for use in the HF an-~ateur bands. 

G3SBI then considers N6NWP's method of 
controlling the impedance seen by the post- 
mixer amplifier. A 6-dB attenuator between 
amplifier and mixes has a significant effect on 
the system noise figure as sezn at the input to 

the post-mixer amplifier. This is especially so 
with the 5 dB or 10 dB insertion loss of a nar- 
rowband CW crystal filter. He believes that a 
better solution (if the additional expense is 
acceptable) is to use two identical filters, in 
addition quadrature hybrids. His experimental 
work shows that satisfactory results can be 
obtained in this way with 9-MHz narrowband 
filters. But the use of two commercial crystal 
filters would represent a significant additional 
cost although this approach. using home-built 
ladder filters, might be feasible for someone 
determined to achieve t 5 0  dBm intercept 
points range on all bands. It must be stressed 
that performance of the standard being investi- 
gated by G3SBI calls for high-quality (although 
not necessarily high-cost) components and 
diode-ring mixers. Development work also 
involves measurements close to, or beyond the 
limits of, professional-standard test equipment. 

G3SB11s High-Performance Mixer 

In presenting information on this new mixer 
configuration, i t  should be made clear that 
Colin Horrabin, G3SB1, is a professional scien- 
tistlelectronic engineer at the Science and 
Engineering Research Council's Daresbury 
Laboratory, which has supported his investiga- 
tive work on the H-mode switched FET mixer 
and consequently holds intellectual title to the 
new mixer. This does not. of course, prevent 
readers from taking the development further or 
using the information presented here. 

G3SBI writes: "The previous illformation 
covered an investigation of all the component 
parts of a high-performance front end, includ- 
ing a note on the litnitations of the crystal filter 
intercept point. Although the intercept point of 
the filters readily available on the UK amateur 
market appeared to limit the performance of a 
front end to some degree, this could be made 
compatible with high-performance mixers if no 
post-mixes amplifier was used in front of the 
filter and a quadrature hybrid network with two 
low-loss SSB filters immediately followed the 
mixer. The SD5000 DMOS FET mixer 
described earlier followed basically accepted 
practice in commutation (switching) mixers and 
achieved a +50 dBm input intercept point on 7 
MHz with the use of square-wave drive. 

"However, as noted, i t  was not possible to 
achieve this performance on all amateur HF 
bands, including bands lower and higher in fre- 
quency than 7 MHz. Tht: results were improved 
on the lower frequency bands by altering the 
capacitive balance of the RF input transformer, 
but this had no significant effect on 14 MHz 
and above. It was felt that a configuration for 
the mixer where the RF input signal was not in 
the gate source switch-on path would prevent 



modulation of the true gate-to-source local 
oscillator voltage by the RF input signal. 

"The performance of the new mixer is as fol- 
lows: With an RF test level of +I 1 dBm (0.8 
volts rms two tones spaced at 2 kHz or 20 
kHz); conversion loss 8 dB; RF to IF isolation 
-68 dB; LO to IF isolation -66 dB. Input inter- 
cept points: 1.8 to 18 MHz +53 dBm; 21 to 28 
MHz +47 dBM or better; 50 MHz +41 dB. 
These results were achieved with a gate-to- 
source DC bias of 1.95 volts and -8 volt sub- 
strate bias, a square-wave oscillator amplitude 
of 9 volts and an IF at 9 MHz. 

"Figure 6 shows a conventional commuta- 
tion ring mixer: if A is 'on', FETs F1 and F2 
are 'on' and the direction of the RF signal 
across transformer T2 is given by the 'F' 
arrows. The main deficiency of this classic cir- 
cuit is that as the RF input signal level increas- 
es, it has a significant effect on true gate-to- 
source voltage needed to switch the FET 'on' 
or keep it switched 'off'. Larger local oscillator 
amplitudes are then required, but linearity prob- 
lems may still exist because of the difference 
between negative and positive R F  signal states. 

"The alternative arrangement is shown in 
Figure 7. The shape of this diagram illustrates 
why the new mixer has been named 'H-mode'. 
Inputs A and B are complementary square 
wave inputs derived from the sine-wave local 
oscillator at twice the required frequency. If A 
is 'on' then FETs FI and F3 are 'on' and the 
direction of the RF signal across TI is given by 
the 'E' arrows. When B is 'on', FETs F2 and 
F4 are 'on' and the direction of the RF signal 
across TI reverses (arrows 'F'). This is still the 
action of a commutation mixer. but now the 
source of each FET switch is grounded, so that 
the RF signal switched by the FET cannot mod- 
ulate the gate source voltage. 

"In this configuration the transformers are 
important: TI is a Mini-Circuits type T4-1; T2 is 
two Mini-Circuits T4- I transformers with their 
primaries connected in parallel. It is possible 
that a special five-windings transformer might 
give even better results, but so h r  the intercept 
points achieved with a homemade transformer 
have been unsatisfactory; it is probably a ques- 
tion of having the right ferrite material. 
However, the parallel-connected transformers 
give good balance and perform well. 

"The practical test circuit is shown in Figure 
8. [t is constructed on an earthplane board and 
all transformers and ICs are mounted in tuned 
pin DIL sockets. The printed circuit tracks con- 
necting TI to T2 and from T2 to the SD5000 
are kept short and of 0.01 5-inch width to mini- 
mize capacitance to ground. Operation is as fol- 
lows: The local oscillator is divided by two in 
frequency and squared by a 74AC74 advanced 
CMOS bistable similar to the SD5000 mixer 

LOCAL OSCILLATOR - 
COMPLEMENTARY DRIVE 

Figure '7. The new "H-mode" commutation mixer. 

describer earlier. However. the bistable is run 
from +I0  volts instead of +9 volts and a cut- 
down RS Components ferrite bead is inserted 
over the ground pin of the 74AC74 to clean up 
the square wave. 

"The professional test equipment setup used 
to determine the H-mode mixer intercept points 
was the same as that noted for the N6NWP- 
type mixers, including two Hewlett-Packard 
signal generators and a spectrum analyzer, and 
a Rohtle & Schwarz SMG signal to provide the 
LAO sine wave input. 

"The best method of setting the gate bias 
potentiometers proved to be as follows: One is 
set to lthe desired bias voltage for a specific test 
run, the other is then set by looking at the RF- 
to-IF path feedthrough on the spectrum analyz- 
er at 14 MHz, and adjusting the potentiometer 
for minimum IF feedthrough. The setting is 
quite sharp and ensures good mixer balance. 

"An RF test signal of 1 I dBm (0.8 volts rms) 
was used for each test signal for the two-tone 
IMD tests. The results obtained were the same 
with 2 kHz and 20 kHz tone spacing [an indica- 
tion of the purity of the LO source]. All the 
rnajor HF amateur bands were used as RF 
sourccs in these tests and the spectrum analyzer 
result:; recorded. The gate bias level chosen 
enabled an input level of +I 2 dBm to be reached 
befort: the IMD increased sharply, breaking 
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away from the normal 3: 1 slope on a log plot. 
"Spectrum plots for 14 MHz and 50 MHz are 

shown in Figure 9, indicating input intercept 
points on these bands of +53 dBm and +4 I 
dBm, respectively. These are excellent results, 
but is it probable that even larger RF input sig- 
nals might be handled with a lower gate voltage 
bias and a larger amplitude square wave injec- 
tion. The use of the 74AC74 bistable as a 
square-wave generator is convenient, but the 
characteristic curves of the SD5000 suggest 
that a high gate-to-source 'on' voltage would 
give a superior FET 'on' resistance for positive 
and negative drain-to-source signal voltages, 
possibly giving even better linearity, particular- 
ly on 50 MHz." 

G3SBI also concludes that an H-mode mixer 
does not have to be driven from a square-wave 
drive and suggests that it is likely that good 
results could be obtained with transformer-dri- 
ven sine waves provided the injection was via 
capacitors so that the bias pots could still be 
used. Similarly he believes there is no reason 
why such a mixer should not be used in an 
upconversion arrangement (rather than the 9 
MHz IF used with both his N6NWP-type and H- 
mode test mixers) as employed today in most 
factory-built receivers. The same approach 
could probably be applied at VHFIUHF with 
resonant-lines and GaAsFETs as switches. He is 
convinced that his work proves that the H-mode 
FET switching mixer is capable of extremely 
good intermodulation performance at HF with a 
9-MHz IF and merits further investigation for 
other applications. Development of the H-mode 
mixer has been a sideline to his professional 
work at SERC and it is unlikely that he will take 
its development further. However, he feels he 
has enough information to design a complete 
high-performance HF receiver, after first build- 
ing and testing the necessary antenna input 
bandpass filters to ensure that they have inter- 
cept points in the +60 dBm region. 

Some initial tests by G3SBI with a simple 
two-crystal 9-MHz ladder filter suggest that 
this approach is likely to overcome completely 
the intercept limitations of most available lat- 
tice-type crystal filters. 

Crystal Filters for 
Hig h-performance Mixers 

Earlier in this article, G3SBI referred briefly 
to the proble~n that as the intercept point of the 
mixer is raised. a limitation to overall perfor- 
mance of the receiver is likely to be set by the 
linearity of the crystal filters available on the 
amateur market. 

This was also mentioned in connection with 
the N6NWP mixer; as a result of which Peter 
Chadwick, G3RZP, wrote: "IMD in filters 
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Figure '9. (A) 14-MHz input intermodulation spectrum for out- 
put at 9 MHz of the "H-mode" mixer showing an input intercept 
of +53 tlBm. (B) 50-MHz input spectrum showing an input inter- 
cept of t41 dBm. 

should not come as a surprise. It was first men- 
tioned in a paper by Malinowski and Smythe of 
hlo~orola in a paper at the 1973 Frequency 
C'ontra~l Symposium: the next known mention 
was in "Technical Topics" in July 1977. page 53 
in a letter I wrote which appeared under the 
heading 'Receiver IMD and crystal filters' and 
which began 'We all like to think that quartz 
crystal filters are passive, linear, reciprocal, two- 
port networks. In practice they are two-port and 
passive; but they are far from linear or recipro- 
cal! Typically an HF; SSB crystal filter will have 
an intercept point of +I5 to +I8 dBm. Turning it 
round will often alter the intercept point. The 
IMD products i n  the passband are more of a 
problem than those removed by 10 or 20 kHz ...' 

"Since then, the problem has become 'recog- 
nized' professionally. Incidentally SAW filters 
are very good because they don't stress the 
quartz, while transformers have no effect unless 
they aire badly designed. The main cause of 
IMD nppearsto be the electric field stressing 
the crjistals beyond the point where Hooke's 
Law holds, and this explains why higher fre- 





Figure 10. High-performance front end based on the - G3SB1, H-mode mixer and low-loss 9-MHz crystal-fil- 
ter system without a post-mixer amplifier. 13.5 dB noise 
figure. Component details: C1, C2 330 pF + 18 pF 
Suflex. C3, C4, C5, C6 150 pF + 15 pF Suflex. TI, T2 
(0.88 pH) 16 turns of 0.5 mnl (Bicelflux RS 
Components) wire on Fairite T50-10 toroid (Cirkit 
components). T3A, T3B, T4A, T4H (0.88 pH 16 hilfilar 
turns of 0.31 mm Bicelflux enameled copper (RS 
Components) on T50-10 toriod (twist wires together 
using hand drill to a twist of about 1 turn on 0.1 inch). 
The 2.5-kHz filter assembly is shown in Figrtre 11. 

quency filters are worse than low-frequency fil- 
ters; the crystal is thinner, so the voltslmm 
exceeds the point where Hooke'c Law applies 
at a lower voltage. 

"A more pertinent point in connection with 
the latest high-performance mixers is whether 
their good intermod performance can be used in 
practice. In a well-designed receiver, the IF 
selectivity, the phase noise, and the IMD-limited 
instantaneous dynamic ranges should be the 
same. Thus in a receiver with a 10-dB noise fig- 
ure, a 2-kHz wide IF has a noise floor of -1 3 1 
dBm. If the intercept figure is +40 dBm, two 
signals at -17 dBni will produce an IMD prod- 
uct at the noise floor. For the phase noise from a 
17 dBm signal to e q ~ ~ a l  the noise floor, the phase 
noise must be 147 dBc/Hz (this is derived from 
the intermod ratio, 114 dB), plus the bandwidth 
ratio-in this case 33 dB). Getting -147 dBc/Hz 
from an HFIVHF oscillator (especially a synthe- 
sizer) is not easy, particularly close in, such as at 
20 kHz spacing, even if you spend 10,000 
pounds on a good signal generator! So extreme- 
ly good mixer performance is not in practice 
usable: the designer is up against the classic 
problem of improving one thing and then need- 
ing to improve another." 

Colin Horrabin, G3SB1, accepts that if the 
performance of his H-mode mixer is to be 

translated into a practical super-linear receiver, 
then ne,w thinking must be applied to both the 
lhlD pe:rformance of crystal filters and to 
reducing the phase-noise of synthesized oscilla- 
tors (with the more ready availability of direct- 
digital-:synthesis, DDS, chips). As a start, he 
has been investigating the performance of 9- 
MHL post-mixer low-loss crystal ladder filters. 
The following notes are based on his report of 
this work carried out at the SERC Laboratory: 

The H-mode FET switching-mode mixer has 
been shown to be capable of a +53 dBm input 
intercept. However, experimental measurements 
have also shown that the input intercept of bud- 
get-priced half-lattice-type crystal filters avail- 
able i n  the UK were not up ro this performance, 
but that the ladder-type filter might give better 
performance, although at that time no detailed 
measur~ements had been made. He writes: 

"A nu~iiber of stock 9-MHz crystals (ref 
A 164A) were purchased from IQD Ltd. 
(Crewkerne, Somerset). This crystal is specified 
as 9 MHz with 30 pF parallel capacitance and is 
in an HC49 holder. Measurements have shown 
that series resonance is about 8.9975 MHz. so 
that ladder filter designs need a series capacitor 
for each crystal to move the passband center fre- 
quency to exactly 9 MHz. An important mea- 
surement showing the high quality of these crys- 
tals is that the series resistance is typically under 
9 ohms, enabling very low-loss ladder filters to 
be constructed: less than 1 dB insertion loss for 
2.5 kH.c bandwidth, -60 dB 15 kHz, ultimate 
attenuation -80 dB. Rt 450 ohms. 

"Measurements made on a number of ladder 
filters of different bandwidth using these crys- 
tals have enabled a typical input intercept for 
the filter of +40 dBm to be achieved with input 
signals of 0 and +I0  dBm (still showing a 3: 1 
slope on a log plot). This is about the same as 
good commercial 9-MHz SSB filters made for 
the amateur market by IQD Ltd. If such a filter 
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Figure 11.2.5-kHz crystal filter assenibly (SSB). Components XI, X2, X3, X4 IQD (Crewkerne) stock No. A164A 9-MHz 30-pF parallel 
resonance HC49 holders. All capacitors except 5.6 pF ceramic 2.5 percent Suflex. LI, L2 (2.81 pH) 31 turns of 0.31 mm diameter Biceflux 
wire (RS Components) on Fairite T37-6 toroids (Cirkit components). 
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Figure 12. Five-section ladder filter (SSEI). Performance 
-6 dB at 2.2 kHz, -60 dB at 8.5 kHz. insertion loss 1.3 
dB, ultimate stopband -95 dB. Components XI-X5 IQD 
Stock No. A16JA (9.0 MHz in parallel with 30 pF). All 
capacitors 2.5 percent Suflex except those shown as 
ceramic. Inductors (2.81 pH) 31 turns 0.31 mm diame- 
ter Bicelflux enameled copper (RS Components) on 
T37-6 toroids (Cirkit components). 

were used with the H-mode mixer plus a 10 
dB-gain post-mixer amplifier, the effective 
mixer input intercept would be reduced from 53 
dBm to about +38 dBm. A better approach is to 
eliminate the post-mixer amplifier and instead 
go straight from the mixer into a homemade 
ladder-filter quadrature hybrid asse~nbly as 
shown in Figure 10. The quadrature hybrid and 
diplexer system will always present a 50-watt 
termination to the mixer, masking the imped- 
ance changes of the crystal filter with frequen- 
cy. Using the design approach shown in Figure 
10 enables an antenna input intercept of about 
+54 dBm for a noise figure of 13.5 dB to be 
achieved, giving a two-tone dynamic range of 
120 dB for a ',-kHz bandwidth. This could be 
increased to about +56 dBm if crystals of better 
intermodulation performance could be 
obtained, but this slight improvement would 
not really justify the likely cost compared with 
the stock IQD crystals used. 

"Ideally, the output load to the low-noise 
post-filter IF amplifier should be of better 
shape-factor SSB and CW filters thar~ can be 
expected from low-loss ladder filters. However, 
if this amplifier could be configured as a cas- 
code-connected dual JFET, AGC could be 
applied fairly easily since the amplifier itself is 
likely to have an output intercept of some +30 
dBm. If the gain were 20 dB, its input intercept 
would be + I0 dBm so that coming down the 
slope of the ladder filter by 30 dB (with a filter 
input intercept of +40 dBm) the antenna inter- 
cept figure would be +54 dBm for interfering 
signals more than 3 kHz off the receiver tune 
frequency using a four-section SSB ladder fil- 
ter.kerformance would degrade closer to the 
tune frequency giving an in-band intercept of 
about +20 dBm at the antenna. This approach 
could prove an acceptable compromise to avoid 
the complication of high-intercept amplifiers 
based, for example, on 7-GHz transistors with 
feedback and PIN diodes for AGC control. 

"Improvements to the close-in intercept fig- 
ures for both SSB and CW could be obtained 
by having post-mixer ladder filters with selec- 
table bandwidth. It is possible that a five-sec- 
tion SSB ladder filter could be standard (1.4 dB 
loss) with a 600-Hz ladder for CW (3 dB loss). 
However, it should not be forgotten that a local 
oscillator system with compatible phase-noise 
performance (better than 150 dBcIHz) would 
be needed if this degree of close-in signal path 
is to be achieved. 

"All of the ladder-filter designs used for 
these measurements were based on the infor- 
mation in Amateur Radio Technique.\, 7th edi- 
tion, pages 68-69. stemming from an article by 
J. Pochet, F6BQP. in Radio-REF (May 1976) 
and are maximally flat designs. Jack 
Hardcastle. G3JIR, has found that the original 



Figure 13.Three-section ladder f i l ter (CW). Performance -6 d B  s t  400 Hz, -60 d B  at 4 kHz, insertion loss 4.0 dB. ult imate 
attenuation -90 dB. A l l  capacitors 22.5 percent Sunex. Capacitors marked * adjust the passband center frequency, i n  this 
case 8.9993 MHz,  which is the center frequency o f  a lattice f i l ter to  he used fur ther  down the IF chain. A fixed capacitor 
plus ceramic variable could he used. 

theoretical work used by F6BQP was done by 
J.E. Colin (France) whose paper gives coeffi- 
cients for the capacitors for up to six crystal 
ladders (F6BQP provided coefficients for only 
up to four crystals.) In terms of insertion loss, 
the four crystal iulits proved the best in terms of 
loss per crystal used, but a five-section filter is 
probably the best compromise for insertion loss 
versus shape factor. Figure 11 shows a four- 
crystal 2.5-kHz SSB 9-MHz filter in which a Figure 14. Typical parameters for  an IQD A164A 9 -MHz crystal. 
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parallel L net~vork is i~sed to obtain tlie SO-ohm 
niatch. A five-section filtcr with ?.?-kHz (-0 
dR) b;~ndwidtli is shown in Figure 12. A CW 
roofing filter is sliown in Figure 13. 

"All of these filter designs were first comput- 
er-siniulated using n scIiem;~tic entry package. 
Microcnp 3. It  was gratifying to find tliat tlic 
nicasurctl results were identical to tlie siniula- 
tion. The crystal parameters were ohtnined hy 
n~easurements on a Hea~lctt Packnrtl 4Ic)Sa net- 
work analyzer with ;In ecluiv;llcnt circuit-func- 
tion facility. Tlie indivitlual crystal parameters 
used for simulation arc shown in Figure 14. 

"Froni this work i t  is possihlc to conclutlc 
t l i ;~ t  a low-insertion-loss crystal filter is ncccs- 
sary (ideally less than 1 .S dB) i f  it is to he usetl 
imnicdiately following ;In H-mode niixer in 
order to i~void a noise-figure penalty. The SSR 
ladder filter dcscrihcd has the required low 
loss. To inipro\,c on thi\ \voulcl require filters 
with better shape f:rctors so that tlic intercept 
perfoniiance of tlic post-filter amplifier would 
he of less importance. Some work now neetls to 
hc tlonc on a cascodc amplifier to confirm tliat 
;I noise figure of I tlR can he acliicvctl with 
some 30 dR gain Ihr an output intercept of +30 
dRm. This ;~pproncli woultl lead to a rclati\rcly 
siniple ant1 low-co\t front end of high perfor- 
mance. If a prc-~iiixer RF ;~mplifier were to he 
used to provitle incre;~sed sensitivity. :I p~~s l i -  
pull tlesign similar to that sliown in Figure 3 
would he needed to give a high output tliirtl- 
ortlcr intercept. 

"The nicasured niixer input intercept perfor- 
ninncc on I4 MHz when used with tlie circuit 
sliown in Figure 11 is +S 1 dRm, a reduction of 
only 1.5 dR over a mixcr output ter~iiinated hy a 
SO-ohm resistor (straight into tlie spectrum nnn- 
1y7er). Tlie question of tlie antenna inpui filter 
design has been invcstig:~tcd i~nd it  is likely that 
two identical LC filters couplctl tlirou~h qu:ldru- 
ture hyhritls and followed hy a diplcser would 
he needed for each HF hand (Figure 15) to 
maintain a hroadhnnd 50-ohm i~npediince match 
to tlie input of the H-mode mixer. Alternatively. 
:I single LC filter followed by a diplexer could 
be trietl. However. there woulrl he impet1:rncc 
variations at tlie ctlgc of the filtcr p;~sshnntl. so 
tliat a 20-kH7 two-tone test may be satisf;rctory. 
yet tones at I MHz separation may show poor 
interniotlul;~tio~i perforniancc. The que\;tion of 
implementing a low phase-noise local oscill;~tor 
remains to he ailtlrc\setl if full advantage is to he 
taken of the excellent signal-path tlynamic range 
shown to he possible. 

A Few Corrections 
Three errors crept into Figure 1 showing the 

test assemhly of G3SRI's new H-mode mixer. 
The Q. Q outputs from the 74AC71 should pass 
tlirougli 0. I FF DC-hlocking capacitors. Tlie 
6kX resistor to the left-h;uid hiax-acli~~stmcnt 
post shoultl he joined to the junction of two 
ISOR resistors to pins 3 nncl 6 of tlic SD5000 
ant1 not as shown. W 

New Wall-Mount Transient Voltage 
Suppressors/RFI Filters 

New STABlLlNEO Power Quality 
Interfaces divert and attenuate all types of 
power disturbances before they reach tlie cir- 
cuitry of sensitive home. husiness and intlustri- 
al electronic equipment. These plug-in trun- 
sient voltage suppressors/RFI filters provide a 
solution for the dirmaging effects of voltage 
surges tliat can cause costly f.:rilurc of electron- 

Tlie PQI unit can he plugged into any wall 

For more information. contact Superior 
Electric, 383 Middle Street, Bristol, CT 06010. 
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Brad Thompson, AAl IP 
P.O. Box 307 

Meriden, New Hampshire 03770 

QUARTERLY 
COMPUTING 
Iniroducing a new column exploring 
computer applications to amateur ,radio 

A few years ago, a manufacturer of elec- 
tronic components boasted in its ads 
that you were never more than a few 

feet away from one of its products. 
Look around your ham shack. Chances are 

that even if you operate an all-vacuum-tube rig, 
carry a 17-jewel analog pocket watch, and swear 
that you'll never own a PC or touch a keyboard, 
you're equally close to an item that uses soft- 
ware directly or has benefited from contact with 
a computer somewhere along the way. 

Beyond obvious examples (e.g., microproces- 
sor-based pocket-size transceivers, synthesized 
multiband HF rigs, and packet radio modems), 
consider computer-aided programs for propaga- 
tion and DX prediction, antenna design, band- 
pass filters, and mechanical components. 

While computers and amateur radio equip- 
ment are interesting to look at and fun to build, 
they're inert assemblies of silicon and metal 
that don't come alive until they're handling 
messages and traffic-or software. 

In "Quarterly Computing," we'll examine 
computer software relevant to amateur radio. 
We'll do so via hands-on reviews of interesting 
software, and we'll focus on affordable applica- 
tions that make amateur radio more challeng- 
ing-and more fun. 

To inaugurate the column, we'll look at a 
pair of CD-ROMs. One's an update of a disk 
reviewed elsewhere in this issue," while the 
second disk covers alternative energy-a topic 
dear to the heart of any Field Day participant. 

The World of Ham Radio- 
May 1 994 edition 

Boasting almost 1,300 new and revised files, 
The World ofHum Rudio from Amsoft repre- 
sents something less than the total redesign 

*See "CD-ROM\ fur lhe Ridlo Am.u~.ur" ao page "? o l t h ~ \  f\\ue 

promised in my earlier review. However, 
there's a program here for every amateur's 
taste. Selections include new versions of Rig- 
EQF (control software for Kenwood radios) 
aand Log-EQF (a logging program) from 
N3EQF, Total Ham Plus (another logging pro- 
gram), and PkColdIKaGold (packet radio pro- 
grams for AEA and Kantronics TNCs, respec- 
tively). Also, all categories of amateur radio 
license exam questions have undergone updates 
to reflect changes in their question pools. 

Among new software entries, DZ/Log (writ- 
ten by David Kylen, AA3DZ) enables several 
operators to share a single logging program 
while maintaining multiple individual QSO 
databases. In addition, given some free space 
on your PC's hard disk drive and 24 hours of 
undisturbed computer time, you can create a 
600,000-entry callbook database from Walnut 
Creek's (QRZ) amateur radio CD-ROM. 

Although DZILog's shareware version 
includes full logging, WAS statistics reporting, 
and notebook-style log printout capabilities, 
you can register DZILog for $25 and receive 
worldwide QSO statistics in addition to Field 
Day logging functions. A UnixIXenix version 
is also available. 

DX-OnLine, another new entry, represents 
over five years and 1,500 hours of program- 
ming effort-according to its creator, Steve 
Brown, KDSON. You'll need a PC equipped 
with at least an 80286 microprocessor and a 
color EGA or VGA display to view DX- 
OnLine's color world map and gray line. 

To run DX-OnLine, you enter your QTH's 
latitude, longitude, and time zone. Select a 
location on the world map, and view its coordi- 
nates and distance to your QTH. You can also 
supply solar flux (sunspot number) data and 
obtain a current or 24-hour MUF prediction. 
Best of all. you can print a 20-plus page list of 
antenna bearings from your QTH as indexed by 
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DX and local sites' names and prefixes. The list 
includes distances in nautical and statute miles 
and kilometers, and as a bonus provides grid 
squares and calling zones. For a registration fee 
of $20, DX-OnLine rates as highly affordable; 
but to satisty this program's hunger for memo- 
ry, you may need to remove or disable any TSR 
(Terminate and Stay Resident) routines and 
other resource-eaters your PC uses. 

The centerpiece of Amsoft's CD-ROM 
remains its CALLSIGN program, which can 
now search by ZIP code in addition to name 
and callsign. The program also prints a sorted- 
by-callsign mailing list of licensed amateur 
operators who reside within the ZIP code area 
you select-a highly i~seful feature for club 
newsletter publishers. 

To examine results of a search, you use your 
keyboard's up-arrow and down-arrow keys to 
browse through the list. When you reach the 
list's beginning or end, CALLSIGN dumps you 
unceremoniously back to the introductory 
screen. You're forced to reselect your search 
criterion and go through the list again, an effect 
not unlike excessive hand capacitance in a 
regenerative receiver-you always overshoot 
the station you're attempting to tune in. 

Shortcomings aside, Tllr Worlrl c?f'Hunz 
Radio now sells for $40, a significant price 
reduction that brings the disk more in line with 
other amateur radio CD-ROMs-good news for 
the compulsive information collectors among us. 

Solar I-Alternative Energy 
on Disk 

Any operator who has sworn, "never again" 
after struggling through Field Day half-deafened 
and semiasphyxiated by the clatter and stench of 
a gasoline-powered single-cylinder generator 
will find something of interest in Solar I, a 
$29.95 collection of alternative-energy data and 
shareware compiled by Sonoma Online. 

Comprising almost 3,500 tiles in 323 MB of 
data supplied in ISO-9660 format, Solar I 
includes programs for DOS and Windows- 
based IBM-compatible PCs and Macintosh sys- 
tems. To extract the Macintosh executable files, 
you'll need a copy of the MacBinary utility 
(available via Macintosh BBSes or on a floppy 
disk from Sonoma Online). 

The jewel in Solar I 's  crown consists of text 
and illustrations contained in issues 1 through 
37 of Home Power, a publication akin in spirit 
to the much-missed Hurri Radio magazine. Both 
journals share a practical, hands-on approach 
that includes sufficient theory to educate read- 
ers and encourage them to submit their own 
projects for publication. 

Home Power's illustrations are supplied in 
GIF format with white text and drawings on a 

black background. While Solar I includes a 
shareware utility program called VSHOW 
that's capable of viewing and inverting the 
drawings to black-on-white for printing, the 
resulting images are postage-stamp size and 
viewable only via a magnifying glass. How- 
ever, a separate graphics subdirectory includes 
several other GIF viewers, one of which may 
work better. 

You'll also find schematics of energy-related 
circuits filed in the ENERGY\ENPROD subdi- 
rectory. Look for HPSCHEMT.ZIP, which 
includes GlFs of a pulsed NiCd battery charger, 
a temperature probe for DMMs, and more. 

In the same directory, a program called 
EEI I .ZIP contains digital filter design data and 
other electrical engineering applications, but 
requires a PC equipped with a math coproces- 
sor or 80486 microprocessor in order to run. 

Beyond Home Power's back issues, Solar I 
offers a browser's delight of energy-related 
programs and text files that range from genera- 
tor sizing to efficiencies of compact fluorescent 
light bulbs. A collection of GIF images (all 
tasteful) cover energy-related topics, but also 
include satellite and solar pictures in addition to 
nature scenes. 

Macintosh programs of interest to radio ama- 
teurs who design their own equipment include 
DRCIRCUT (an analog circuit design aid), 
MACWAVE (a digital timing diagram plotter), 
and XLOGlCClR (a simulator that uses AND, 
OR, and NOT gates). 

You'll find more amateur radio-related share- 
ware in Solar- 1 's  PC\GENERAL subdirectory. A 
total of 1 8 prograrns cover exam practice, Yagi 
and discone antenna design, packet radio, and 
more. The disk also includes the same version of 
DXOL found on The World of Ham Radio. 

Solar I 's \GENERAL subdirectory contains a 
few programs covering topics of peripheral 
interest to amateur radio. A room layout pro- 
gram could help you plan your new shack, and 
another utility called CONCRETE can help you 
decide how much of the stuff you'll need for 
foundations or tower footings. 

For diversion, explore the \GAMES subdi- 
rectory, which contains up-to-date versions of 
several popular shareware adventure games and 
word puzzles. Dig around some more. and you 
can find a Commodore C-64 emulator that runs 
on a PC. A \TEXT subdirectory includes the 
U.S. Constitution, collected speeches of Mark 
Twain, and other interesting reading material. 

Unlike Thr World ( f H u m  Radio, Solar I 
doesn't include a browser or front-end program 
to help you navigate through the disk. Instead, 
you can use a commercial or shareware shell 
program or DOS' DIR function to locate and 
print or examine on screen a subdirectory's 
FILES.BBS file list, noting files for transfer to 



your working directory. Several lists aren't in 
alphabetical order. however. and the disk 
would benefit from an easier-to-search consoli- 
dated index file. 

For more information 

You can obtain a copy of Tlie World of Htrm 
Krrclio CD-ROM from Amsoft. P.O. Rox 666. 
New Cumberland, Pennsylvania 17070. You 
can also call (7 17) 938-8749 (voice) or 
(7 17) 938-6767 (fax). 

To purchase a copy of the Soltrr I CD-ROM. 
contact Sonoma Online, P.O. Box 75 18. Santa 
Rosa, CA 95407. or call (707) 545-7533 (voice) 
or (707) 545-0746 (Sononia Online BRS). 

Conclusion 

If you own a CD-ROM drive, either of these 
disks will make a worthwhile, useful. and inter- 
esting addition to your disk library. Although i t  
lacks the depth of amateur radio-specific cover- 
age and the callsign directory offered by Tlrp 
12.'orlc/ o f  Htrttr Ktrtlio. Soltrr I provides better 
browsing for eclectic hams who sh:tre an inter- 
est in alternative power sources anti energy 
conservation. 

In future columns. we'll explore standalone 
programs relating to amateur iadio in addition 
to CD-ROMs. Please contact me with sugges- 
tions of programs you'd like to sec reviewed. or 
to offer revkw copies of amateur radio-relatecl 
commercial software or shareware. 

PRODUCT INFORMATION 
A New Breed of CAT? information stored with any of the speed dialer 

Computer Automation Technology numbers before dialing. The controller is capa- 
announces their full-featured CAT- I000 blc of storing 40 sets of Motorola two-tone 
repeater controller. Based on the sequential pager tones, or 40 sets of DTMF 
TMXOC 188ER-8 microprocessor, the controller paging tones. 
requires 9 to 15 volts at 155 mA for power. 'The CAT-1000 incorporates two MTX870 
Memory is stored in  a 64-K nonvolatile clock DTMF decoders to ensure positive control 
and RAM Dallas chip. Sixty-four onloff con- operator access. An on-board 300-baud modem 
trol functions are arranged in eight zones with (password protected) or on site 4800 baud RS- 
eight channels in each zone. A 60-position 337 jack may be used for programming. DTMF 
scheduler may be used to fire announcements programming may be done via phone line, the 
at preset times based on the internal clock and repcater input, or a control receiver port on the 
calendar, or change repeater parameters. A 40- controller itself. 
position macro table and 40-position voice For remote base operation, the CAT- 1000 is 
message table are also included. Each voice compatible with the Doug Hall remote base 
message table position allows up to 31 words interface for multiple transceiver hookups. It 
for each message. constructed from a 475-word can also provide for link serial tuning, 40 pre- 
malelfemale voice vocabulary list. An optional set channels. and HF base remote control-the 
low-cost 16-channel digital voice recorder with CAT- 1000 interfaces directly with the 
soft partitioning is available. All of the Kenwood TS-440 or Yaesu FT-767GX. 
autopatch. control, and user codes can be up to A CAT-300 controller is also offered, and is 
seven digits in  length and are readily changed. intended for tight budgets and those not need- 

A powerful feature of the CAT- 1000 is its ing the remote hase or linking features found in 
eight memory files, which may he loaded into the CAT-1000. For more information, write 
active controller memory by a control operator, Computer Automation Technology at 463 1 
or the scheduler. Each memory file holds N.W. 3 1st Avenue. Suite 142, Fort Lauderdale, 
unique settings for the 64-control channels, 18 Florida 33.309. or phone (305) 978-61 7 I .  
timer settings, 12 voice messages. autopatch 
and control codes to give the repeater a differ- 
ent personality for each file-such as during 
nets. emergencies. peak traffic, or other 
repeater situations. 

The full-featured autopatch may be set for 
rotary or DTMF dialing, and includes a 300- 
position speed dialer, and a 10-position emer- 
gency phone number speed dialer. Telephone 
number and area code lockout tables are pro- 
vided. If tlesired, the voice synthesizer will 
repeat manually entered telephone numbers, or 
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Slwitig 1992, puge 85 

Quarterly Devices: New Devices for Loops and 
Linears 
Rick Littlefield, K I BQT 
Surntiier 1993, page 89 

Quarterly Devices: Radios Without Knobs 
Rick Littlefield. KI BQT 
Spring 1993, page 65 

Quarterly Devices: Solve RF Design Problems with 
Elegant Simplicity Using MMICs 
Rick Littlefield, Kl BQT 
Full 1992, page 87 

Quarterly Devices: The Collins Mechanical Filter- 
"Back to the Future" 
Rick Littlefield, KIBQT 
Winter 199.1, puge 64 
Quarterly Devices: The Harris Semiconductor HFA 

3600 Low-Noise Amplifier/Mixer 
Rick Littlefield, K I BQT 
Sprittg 1994, pug0 94 

Quarterly Devices: The MC13135 
Rick Littlefield, K I BQT 
Winter 1992, prrge 66 
Quarterly Devices: The Motorola MC1317516 UHF 

Rick Littlefield, K I BQT 
FNN 1993, pogr 67 

Quarterly Devices: The NE577 Compandor 
Rick Littlefield, KI BQT 
Wintcr 1994, p u p  77 
Quarterly Devices: To the Vector Go the Coils 

Rick Littlefield. K I BQT 
Su~iznzer 1992, page 38 

Receivers 

A Gyrator Tuned VLF Receiver 
Arthur J. Stokes, Sr., NXBN 
Spring 1994, ~ U K P  24; Correction: Summer 1994, puge 97 
A VLF-LF Receiver 

Lloyd Butler, VKSBR 
Winter 1991, pcrge 58 

HF Receiver Design 
Jon A. Dyer, B.A.. G40BU, VEIJAD 
Sunliner 1992, page 81 
Letter.5: AG4R. Winter 1993, puge 6 

High Dynamic Range Receiver 
Jacob Makhinson, N6NWP 
Full 1990, puge 69: Correctioti: Spring 1991, puge 6 

lmproving Receiver Performance in Modern 
Transceivers 
Cornell Drentea, WB3JZO 
Fall 1991, page 79 
Tecliriicul Converscrtions: N7RT. Full 1992, page 80-82 
Technical Corlv~rsations: WB3JZ0, Fcrll 1992, puge 82 
Quarterly Devices: The MC13135 

Rick Littlefield, KI BQT 
Wititer 1992, page 66 
Radio Receivers of the Past 

Joseph J. Carr, K4IPV 
Spring 1992, prrge 93 
Letters: WXVEL, Summer 1992, page 8 
Letrrrs: K I U H ,  Sitrnmer 1992, puge 8 
 letter.^: WgNU, Wiriter 1993, Imge 6 
Lctters: VKJIMO, Spring 199.3, page 6 

Receiver Performance 
John A. Dyer, B.A., G40BUlVEIJAD 
S~17i1ner 1993, 1)rrge 73; Correction: Witzter 1994. page 76 

Sinlple Very Low Frequency (VLF) Receivers 
Jo\eph J. Carr. K41PV 
Winter 1994, page 69 
Solid State 75s-3 Receiver 

Jim Larson, KF7M 
Slwitig 1991. pcrge 37 
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The Drake R-8 Receiver 
Scott Prather. KYBY 
Full IYY2. 11ergc. 92 

The Elusive Numbers Relating to Receiver 
Performance 
Robert E Bloo~n,  W6YUY 
S~irrrrrre~ 1992, /US(, 98 

The Solar Spectrum: Update on the VI,F Receiver 
Peter 0. Taylor 
Sl~rirrg 190.1. 11trgr .5 1 

Reviews 

Observing the Sun 
Reviewed hy: Joseph L. Lynch, N6CL 
Full I9Y2. 11rrgr 84 

Radio Frequency Transistors: Principles and Practical 
Applications 
Reviewed hy: Rick Littlefield, KIBQT 
Sl~r'iri~ IYY.1, I I L I ~ ~ ,  27 

The Drake R-8 Receiver 
Reviewed by: Scott Prather. K9BY 
Full 1992. 11trge~ 92 

RFI 

Diagnosing RFI Problems in Vehicles 
Irv Karw~ck 
.Sliring 1992, pcrgr 25 

Telephone Susceptibility to RFl 
Marv Gonsior, W6FR 
F(11l 1990. Irtr,yc, 9.5 

Tech Notes 

A -30 dB, 0 to 500 MHz Signal San~pler  for Your 
Spectruni Analyzer 
Rick Littlefield. K I BQT 
Summrr 1994, ptrge 8 

FET Dip Oscillator 
John R.L. Walker. ZL31B 
Surrmier 1994, page I I 

Titan Overdrive Protection 
Marv Gonsior, W6FR 
Summer 1994. 11ugc) 1110 

An Accessible Inductance Standard 
F.P. Hughes, VE3DQB 
Full 1992, pcigr I02 

Another 1,ook at  Logic Gates 
Peter Bertini, KlZJH 
Full 1992. ~ ~ n g c ,  102 

A 230-Volt Generator from Scrap 
Ron Mathers. ZL2AKO 
Spring I 994, 11cr~e 6 

Beware of Dissimilar Metals 
Richard Cortis, VK2XRC 
Spring 1994. ptrge 7 

Build Your Own Direct Reading Capacitance Meter 
Trevor King, ZL2AKW 
Summrr 1993, ~ ~ c ~ g c ,  10.1 

Decoupling Capacitors-Why Use Two When One 
Will Do? 
From Pat Hawker'\ Techrrical Topics 
Full IYY.?, prrge Y3 

Measurement of Velocity Factor on Coaxial Cables 
and Other Lines 
Chet Smith. KICCL, George Downs. W IC'f, ancl George 
Wilson, W I OLP 
Lypl-il~ 1993, /lNgP 8.3; C ' l l ~ ~ O l ~ f ~ O l ~ :  ~ 1 1 1 1 1 1 1 1 ( ' ~  199.3. / l ( I , ~ O  106 

Measurements on Balanced Lines Using the Noise 
Bridge and SWR Meter 
Lloyd Butler, VKSBR 
Winter 1993. pcrgc' 97 

Pliers-Type RF Current Probe 
Fro111 Pat Hawker's Technical Tol~ics 
Ferll I9Y.i. 11er,yc~ 9 I 

Practical Estimation of Electrically Small Antenna 
Resistance 
Boh Vernall, ZL2CA 
.S/lriri,q 199.1. I I ( I , < ~ ( ~  XI: C'orr(~c~tio~r; S I I I ~ ~ I ~ I O I .  199.T. 11(1,yo 106 

Siniple APT Weather Satellites Interface 
Robin Ramsey, ZLITCM 
r:1111 1 99.1, /1trg1, 87 

The ZI. Packet Radio Modem 
Ron Bi~dtii;~~), ZLI Al, ilnd Toni Powell. ZL17'JA 
.Sprir~,q 199.3, ptrgc, 09 

Techn~cal Conversations 

"Yagi Gain Versus Boom Length" 
Lcttcr frotn Ilavid Harton. AF6S 
.~Ll t l l i~l l ' l '  1904. /1(1,Yl' 2,s 
fi~(~lrrrir~~1 ( ' I I I I I ~ ~ ~ P . \ I I / ~ I I I I , Y :  AFhS. .S~rrrrnrc~r 1994, ptrgc, 28 

An Idea for Technical Conversations" 
Letter fro111 Joe Orrico, WB6HRO 
Sirr~~rr~cr- 19Y4, 17er . y~  2S 

"l)o~~hle Reson;mt Antennas With Loading Reactors" 
Letter l ' r~~m Yardley Beers, W@JF 
S~or~rrrc,r 1994, 1)trgcJ 29 

"IJsirlg Transformers in Noise Bridges" 
Alfretl E. Popocli. AA3KIOEZAPM 
Srrrrrrrr(,r 1994, Iurgr .I0 

"A Sirnple and Accurate Admittance Noise Bridge" 
Letter Sro~n Forl-est Gel11-kc, K2BT 
Wirrtc,r- IYY.?, pr~,pl, 92 

"Hi~ild Your OHII Direct Reading Capacitance Meter" 
1,ettel- 1.1-0111 liichi~rcl E. Franklin. W2EUF; 
S111.irrg 1994. ptr,qv 7.1 

"Building the Perfect Noise Bridge" 
Letter l'rom Albe1.1 W.  Weller, WUXKBW 
Surnrrrc,r. 199.7, p(1g1, 70 

"How to Design Shunt-Feed Systems for Grounded 
Vertical Radiators" 
Letter from John S. Rt.l~.ose, VE2CV 
Slirirrg 1994, 11tr,qo 74 

"Hoa Short Carl You Make a 1,oaded Antenna" 
Lcttcr from Chirrles Michaels, W7XC 
Wir~tcr- 1993, ptrgc, 9.1 

"Improving Receiver Performance in Modern 
Transceivers" 
Let lea  t'roln Hardy Latitlskov. N7RT 
k i l l  I 992. I)tr,qr,\ 80-82 

"Improving Receiver Performaace in Modern 
Transceivers" 
Lcttcr from Cornell Drentea, WH3J7.0 
Fcrll 1992. ~)tr,qc~ 82 

"Measurement of Velocity Factor on Coaxial Cables 
and Other Lines" 
Letter from Ilavid hl. Barton, AF6S 
Sl,ri~rg 1994, 17ogcJ 79 

"Polarity Dots" 
Letter li.o~ii Jerry Sevich, W2FMI 
I.'crll I90.i, I)ctgc2 6 
L(,ltc,r,s: KIf6GI. Win/c,r 1994, l)tr,ye 104 

"Quarterly Devices: 1,ow Power Audio Aniplifiers" 
Lcttel- fro111 George Dohh\. GIKJV 
Full 1992, I)NRC.Y 82-8.1 

"Small Loop Antennas: Part 1" 
Letter l't.o~n P ~ L I I  Jagnow. K(?RLT 
Surr~rrrc,~. /99.1, prr,ycJ 70 

"Small 1,oop Antennas: Part 2" 
Letter from Brad Thonipson, N lJlJ 
Witrtrr 1994, /)er,qc2 6 

"The Solar Spectrum: IJpdate on the V1.F Receiver" 
Letter li.om Peter Rcrtini, KlZJH 
LSi~rrr~~rc,~- IYY.i, per,qc8 71 



"The Wonderful World of Power Splitters" 
Letter from Roy Lewallcn, W7EL 
Sprirr,q 1992. ~ ~ ( r g e  92 

"The Wonderful World of Power Splitters" 
Letter from David Barton, AFhS 
Spring 1992, pcrges 92 rmcl 104 

"Transmitting Short Loop Antennas for the H F  
Bands: Part 1" 
Letter from L.B. Cebik, W4RNL 
Winfer 1994, pugr 7 

"Upgrading the FT-ONE" 
Letter from John Jan Jellerna Ph.D, WRSWN 
Sl~ring 1992, puge 104 

"Upgrading the FT-ONE" 
Letter from Cornell Drentea, WB3JZO 
Sprirr,g 1992, puge 106 

"Using Transformers in Noise Bridges" 
Letter from Mason Logan. K-IMT 
Full 1993, pcrge 6 

Test Equipment 

A Remote Reading R F  A~iinieter 
John Osborne, G3HMO 
Winter 1993. page 69 

A Simple and Accurate Admittance Bridge 
Wilfred N. Caron 
Srrtrrmrr 1992, prrge 44 

Build Your Own Direct Reading Capacitance Meter 
TI-evor King, ZLZAKW 
Coi~ir~rrrrric~cttion.\ Quurlrrly, pnge 10.j 

Building the Perfect Noise Bridge 
A.E. Popodi, AA3K/OE?APM 
Spring 199.3, puge 5.5 

Interface Your Computer to the "Poor Man's 
Spectrum Analyzer" 
Allen R. Wooten, WD4EUI 
Frrll 1990, prrge 5.5 

Loran-C Frequency Calibrator 
Randy Evans, KJhPO, arid David Evans, NhUEZ 
Ftrll 1991, pcrgc, 20; Corrc,c,tiorr: Spriil,y 1992, pogr 10.1 

The LC Tester 
Bill Carver, KhOLG 
w i i ~ l l ~ r  199.3, /J(l<qo 19 
Lal/ai-.\: IVA INIL. Sprirrg 199.1, pir,yr I06 
Letto:,: A INIL,  lVir/i,,t(~r 1994. pir,qc> 106 

Test Procedures and Measurement Techniques 

An Accessible I~~dnctance  Standard 
F.P. Hughes, VE3IlQB 
FcdI 1992, pcige 100 

Measurement of Velocity Factor on Coaxial Cables 
and Other Lines 
Chet Smith, K ICCL, George Downs, W ICT, and George 
Wilson, W IOLP 
Sl~tirrg 1993, Ixi,qr 8.1; Corrc,i,tiorr: Surrrrrrrr 1993, ptrge I06 

Measurements on Balanced l i n e s  Using the Noise 
Bridge and SWR Meter 
Lloyd Roller, VKSBR 
Witrro. IYY.i, pugc, 97 
Transmitter IMD Measurenients on Utility-Grade 

Spectrum Analyzers 
Peter J .  Bertini, KIZJH 
E'N// I 990, IXiRl' 65 

TX IMD Performance and Measurement Techniques 
Mal-v Gonsior, WhFR 
S~rr?iirror I99 I ,  p(cgcJ 61 

The Solar Spectrum 

The Solar Spectrum: Solar Flares. . . Who Cares'? 
!'ete~- 0. Taylor 
SLIIIIIII~'I~ 1994. /7(lfiC 5.5 

The Solar Spectrum 
Peter 0 .  Taylor 
Full 1991, prrgc, Kh 

The Solar Spectrum 
Peter 0 .  Taylor 
Wifll('1' /992. IJUge 46 
The Solar Spectrum: Another Index of Solar Activity 

Peter 0. Taylor 
Sl~rirrg 1994. puge 44 

The Solar Spectrum: Extended Periods of Quiet Sun 
Peter 0. Taylor 
Sprirtg 1992, p q e  72 

The Solar Spectrum: Gamma Rays and Solar Flares 
Peter 0. Taylor 
Foll 1992, ~ ~ c i q c  54 

The Solar Spectrum: Sunspot Distribution 
Peter 0. Taylol- 
Wirrrer l49.3, pugc, 80 
The Solar Spectrum: The Hayden System for 

Recording Ionospheric Anomalies; Predictions for 
Sunspot Cycle 22 
Pcter 0 .  Taylor 
Wintrr 1994. pnjie 83 

The Solar Spectrum: The Realm of the Sun 
Peter 0 .  Taylor 
Full 1993, page 84 

The Solar Spectrum: Understanding the Solar Wind 
Peter 0 .  Taylor 
Surlrri~rr 1992. prcgc7 101 

The Solar Spectrum: Understanding the Total Solar 
lrradiance 
Peter 0. Taylor 
Sr~rirrrrrv 1993. pcigc, 49 

The Solar Spectrum: Update on the VI,F Receiver 
Peter 0 .  Taylor 
Sprirrg 199.1. [iccge 51 

Transceivers 

Improving Receiver Performance in Modern 
Transceivers 
Cornell Drentca. WB3JZO 
Foll 1991, prr,qr 79 
L~.,rri~r\: (;.jRZP. IVirl/rr 1992, pcrgc 6 

lmproving the Drake TR-7 
Scott Pratlicr, KYBY 
Sr~rrrrrrc~i. 1992. pcc,qe I 9  

Upgrading the FT-ONE Transceiver 
Cornell Dreritca, WB3JZO 
Slll~lf71(~~ IY'II. IJclgC 48 
L,rttrr.r: W,4KMCQ. Wintrr 1992, pcrge 6 

432-MHz EME, 1990s Style: Part  1 
Steve Powli\lien. K I FO 
Fcrll 1990, pirge 29 

432-MHz EME, 1990s Style, Part 2 
Stcve Powlishen, K I FO 
F( i / /  1991, /Jilgl, .<.{ 

Propagation 1,osses Between Randomly Located 
Antennas at UHF 
Andy Sharpe. W4OAH 
W i i ~ t r r  1902. lxrgr 94 

Radio Propagation by Tropospheric Scattering 
Bob Atkins, KA l C T  
Wiritrr 1991, pcrgc, 119: Corrcv.fiotl: Spring 1991, pug? 6 

Seamless Communications (Editorial) 
Pcter Bertini. K IZJH 
F(l/ l  199.{, /)(i,yl, 4 

UHF Voltage Variahle Phase Shifter 
Miirk McWhortcr 
Wirrrrr 1992, pcr,q1' .50 
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Virtual Equipment 

A Virtual Leap Into the Future (Editorial) 
Terry Littlefield, KA I STC 
Winter 1994, page 4 
Connecting Computers to Radios 

Howie Cahn. WB?CPU 
Full 199.3. poge 13 

Micrncomputer-Rased instrumentation Systems 
Bryan Bergeron. NU I N 
Wirrtrr 1902. pcigr 36 
Quarterly Devices: Radios Without Knohs 

Rick Littletieltl. K I RQT 
Spring 199.j. page 65 

VLF Operation 

A Gyrator Tuned VLF Receiver 
Arthur J. Stokes. Sr., NXBN 
Spring 1994. prigc, 24; Correction: Srtnrnrrr 1994. pagr 97 

A V1,F-I,F Receiver 
Lloyd Butler. VKSRR 
Wirrter I 99 I, page 58 

Recording Solar Flares Indirectly 
Peter 0. Taylor and Arthur J. Stokes, NRBN 
Si~rnrner 1991, pcrge 29 

Simple Very Idow Frequency (V1,F) Receivers 
J o q h  J. Carr. K41PV 
Wirlrrr 1994. pn,qe 69 
Super Narrowhand Techniques Equalize Power 

Inequity on 1750 Meters 
Mau Caner 
Fcill 1990, page 99 
Eclitor'.~ Note: Wintrr 1991, po,qe 127 

The Solar Spectrum: Update on the VI,F Receiver 
Peter 0. Taylor 
Spring 199.3, poge 51 

VI,F-LF and the Lnnp Aerial 
Lloyd Butler. VK5RR 
Sprin,q I99 I ,  pc~,qc 53 
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Getting Started in VHF 
AND 

The VHF "How ToTT Book 
A Guide for All Amateurs 

A 

CQ's newest additions to our Video and Book Library 
bring the world of VHF to you . . . 
Get in on the excitement that awaits you in the world of VHF - all with tl 
format that you've come to expect from CQ. 

CQ's Getting Started in VHF tape offers the visual 
immediacy that you can only get from video. And, 
with The VHF "How To" Book, you'll have an 
expanded reference tilled with practical advice, tables, 
pictures, and sources of additional information that 
you can't be without. Together, there's simply no 
better resource on VHF! 

Whether you're a new Technician or have been an 
Extra for years, there's plenty of excitement in VHF 
operating. Our new VHF series can introduce you to a 
part of our hobby you've never experienced or show 
you how to have even more fun! 

FOR FASTEST SERVICE CALL OUR 
ORDER DEPARTMENT AT 

CQ's VHF series is a fantastic addition to your 
club's library too! 

I 

HERE'S WHAT YOU'LL DISCOVER: 
Descriptions of VHFlUHF bands and operating activities 
How to find and use FM repeaters 
Exotic operating modes like ATV, Meteor Scatter, 

Aurora, Moonbounce, Satellites and more. 
Helpful operating hints 
Packet Radio basics 
Nets and emergency communications 
Propagation made easy 
VHF contesting 

r--"'---"---"-------------------------------------- 1 

'YES! 1 want t o  receive Getting Started in VHF andlor The VHF "How To" 1 
Book. I've filled in the information below. ! I 

I I 
I I 

I 0 copies of GETTING STARTED IN VHF video at $19.95, plus 53.50 shipping and handling. I 
I 

I 0 copies of THE VHF "HOW TO" BOOK at $15.95, plus $4.00 shipping and handling. I 

I 0 complete video and book set ONLY 533.95, plus 54.00 shipping and handling. 
I 
I 

I 
1 

I 

I 
I 

I Name I 
I 

I 
I 

I 
Address 

I 
I 

I 
I 

I ZIP City State 
I 

I 
I 
I 

Include $7.00 for overseas shipments. Tapes also available in PAL format ! I 
I 

I Payment: Mastercard Visa American Express I 

I 
I 

I Discover Money OrderlCheck 
I 

I 
I 

I Card # Exp. Date 1 
I I Mail orders to: CQ Communications. Inc.. 76 N o r t h  Broadway, Hicksville. N Y  1 1801 1 

I Fax (5 16) 68 1-2926. Club quantity discounts available. I 

I 
I 

ALSO AVAllABLE AT YOUR LOCAL DEALER. 
I 

I 
I 

L,----------------------------------------------------J 



OREN ELLIOTT PRODUCTS is the leading 
domestic manufacturer of components for 
transmitters, receivers, and antenna tuners: ' 
AIR-DIELECTRIC VARIABLE CAPACITORS: I 
Air variables offer low cost, no thermal drift, 
and a self-renewing dielectric. We offer a 
complete line of variables, from our tiny ATM 
(AC = 1.8pF) to the M-73 (AC = 1500pF). 
VARIABLE INDUCTORS: Our standard 
variable inductor ranges continuously from 
0 to 28 FH. 
VERNIER REDUCTION DRIVES: Our 6: l  
reduction drive allows for extremely precise 
fine-tuning of variables. 

It QUMXf"Y + SERWCE 

WEW GOT ITALL? 

provide superior Learn with this video how veteran 

performance.. . operators set up  their satell ite 

especially at stations. Find out how to locate and 

close frequency track ham satellites w~th ease. Watch 

separation. operators access current satellites 
and contact far ranglng countries 
around the world. This video is filled 
with easy to understand adv~ce and 
tips that can't be found anywhere else. 

PHONE 81 7-8484435 Call our order department today at 

FAX 81 7-8484209 (800) 853-9797 
(Fax: 51 6-681 -2926) wM- lor write to: CQ ~ommunications, ~nc.  1 

~ w o r ~ ~ ~ c  I < ;  ING. 76 North Broadway 
Hicksville. NY 11 801. 

P.0. BOX 21 145 WACO, TX 76702 
CO vfdeos are now ava~lable In PAL format. 

TECHNICAL CONVERSATIONS f i t 1 1  ,,q(l 9,  

and n. This makes f a  straight line fi~nction of 
n with v/L i ts  slope ancl av/L i ts  intercept. A 
plot o f f  versus n will show right away i f  things 
are behaving as expected. If they don't fall 
on a straight line. then either you made ;I 

mistake, or you have gotten hold of some 
unusual cable. 

Assuming they do fall on a straight line (Mr. 
Barton got four beautiful examples) fit a straight 
line to the points. either with a computer pro- 
gram or by hand. Find the slope and. hence. v/L. 
Since L i s  just the length of the line. multiply the 
slope by L to get v.  I f  you prefer Vf. the velocity 
factor, divide v by the speed o f  light. 

Coke Darden,W4DHA 
1,exington. South Carolina 

Dear Editor: 
Some readers took a statement in my letter in 

your Spring issue regarding the MFJ-349 a5 a 
blanket endorsement of the product. 1 do feel the 
concclpt i\ terrific: a single instrument comhin- 
ing a signal generator. counter. and SWR bridge 
(and a one-coil. gcneral coverage dip meter per 
my article in the November 1993 QST). 

So. 1'11 limit my endorsement to the concept 
and hold my product endorsement. 

David Barton. AF6S 
San .lose, California 



ELNEC 
Advanced Antenna 
Analysis Program 

FNI to I e m  and eary to u u ,  ELNEC Is(. you MU- 
lyze n u *  m y  type of antenna @ - 

envlronment. Dewlbe your antenna wlth 
EWEC'm unlque menu dructure and spreadsheet- 
like entry sydem end watch lt make ulmuth and 
elevdlon plots, reporl beamwidth, f/B ratio, takeoff 
angle, gain, and more. Save and recall antenna 
riles. Print plots on your dotmdrlx or Iawf prlnter. 

ELNEC uwa the full powu of MlNlNEC code but 
makem deecrlption. anelyela, end changes worlds 
eaeler end heter. Wlth ELNEC there's no meuing 
wlth 'puleam' - l u d  tell lt where on a wire you Want 
a wurce or load to go. and EWEC puts It there. 
And lt there, even If you change the anten- 
na. ELNEC has a hod of other featurea to make 
analysis hd end eaey. The MuP optlon oflend. 
ELNEC's capablllty to very complex antennas (up 
lo  260 'pulW*'). 

ELNEC rune on ny PCzomp.llbh cmpu lw  wfM 
.t lead 512k RAM, CGAIEGANOAIHwcule% and 
818 or 24 pin Epeoncompdlble of HP L.wfJOt/ 
DeekJet prlnter. (The MuP optlon requlrea a hard 
dlek, coproceuor. and 640k RAM.) 

There's no copygroteetlon haule wfM EUSEC - 
We n d  copy protected. And of courw Mue'a a- 
tenelve documentatlon. 

ELNEC la only w8.00 postpdd. M a P  Ie $25.00. 
(Please add $3.00 per o rdu  for drmalf wtelde N. 
America.) VISA and MaderCerd orders we eCC+ 
ed - please Include card number end expirdlon 
dde. Specify coprocessor ornoncoprocesrorlyp.. 
Ordu or wrlte lor more Information horn. 

Roy Lewallen, W7EL 
P.O. Box 6658 

Beaverton, OR 97007 

DOWN EAST MICROWAVE 

E 
MICROWAVE ANTENNAS AND EQUIPMENT 

Loop Yagls. Power D~vlders - Dbsh Feeds 
Comple l~  Antenna Arrays. Llnear Amps 
Microwave Transverlers 8 Ktls. GaAs FET Preamps and 
Klls Mtcrowave Componenls . Tropo . EME Weak Stqnal . OSCAR FM . Packel. ATV . 902.1289.1296.1691 -2304 24W 3456 -5760 . 10 386 MHz 

ANTENNAS 
2345 LYK 45el L w p  Yagl KII 1296 MHz $103 
1345 LYK 45el Loop Yagl Krl 2 3 M  MHz 185 
3333 LYK 33 el L w p  Yaql Krl 902MHz $103 
1844 LY 44 el Loop Yaq! Assembled 1691 MHz 5115 
3 0  Feed Tn Band D ~ s h  Feed 2 3 3 4 5 7 GHz 515 
Many others and a s m b l e d  versions avsllabh. Shipplng extra 

LINEAR AMPS AND PREAMPS 
2303 PA 1 2 lo 1 3 (+I? JW out I 3  RVDC Sf30 
2316 PAM 1 24 lo 1 3 GHz 2Gw oul 13 RVDC 5205 
2335 PA 1 24 lo  1 3 GHz 35w oul 13 8 VDC 5325 
2340 PA I 24 10 1 3 GH2 higaln 35w oul I 3  8VDC 5355 
2370 PA 1 24 lo  1 3 GHz 70w out 13 R VDC 5695 
1302 PA 2 2 lo  2 5 GHz 3w oul 13 8 VDC 5430 
13 LNA20 WP 2  3 102 4 GHz preamp 6 dB NF 5130 
23 LNA 1 2  lo  1 3 GHr preamp 6 d E  NF 595 
33LNA 9Wlo930MHz preamp 6 d B  NF 595 
1691 LNA WP 1691 MHz mas1 mounted 6 dB NF $120 

preamp 
Kna. WeaIhwpr001 Venlons and other Fmquencies Available 

' NO-TUNE TRANSVERTERS AND 
TRANSVERTER KITS 

900 1269 1296 2303 74011 3456 5760MHz 
SHF 902K 902 MHz Transverler 40mW 2m IF KllS139 
SHF 1296K 1296 MHz Transvenor 10mW. 2m IF Kc1 $149 
SHF 2304K 2304 MHz Transverler lOmW 2m IF Ktl S205 
SHF 3456K 3456 MHz Transverler 10mW. 2m IF K11$205 
OSCAR .and other frequencles available also Amps and package 
verslons wired and tesled 
Wrlle lor more !nlormal~on Free catalog available 

DOWN EAST MICROWAVE 
Bill Olson, W3HOT @ 

RR1 Box 2310, Troy, ME 04987 
(207) 948-3741 FAX: 207-948-5157 

I D O V E R  THE WORLD OF HFAhlPLIFIERSper MOTOROLA BULLETINS UNrVERSAL DIGITAL FREOUENCY 
FAST SCAN TELEVISION F '  ~ r t - ,  L ,.' ill$ l li Ami,l~l cr i  8 , '  tilt.kH.'i I n  I i v J r ~ v 1 l ~ ~ ~ . l ~ ~ i l i  

D~.~<rd,r  d I" tiic MOTOROLA Rullrl<nb HEAT SINK MATERIAL 
AN:% 3M)W AnHlr33WW Model99Hent Sknk Ib 5 x 12 x I 61 ..... $ 2400  
ANi62 l JOW 
ANi79L 20W 

300W CHS-8 Copper Spreader I8 x 6 r ' '8) ..S 22 00 
EB63 140W 

AN779H 20W 
ER17A ERIM 6 0 0 ~  3WW 

CHIP We CAPS.KemeLSATC s t o c k  Hard- to -F ind  p a r t s  

NOW!! IK WATT 2-50 M H z  A m p l l l l s r  METALCLAD MICA CAPS-UnelcolSemco 
RF POWER TRANSISTORS 

Adds4.00tor 508 M i l l s t o n e  D r i v e  Beaverc reek ,  O h i o  45434-5840 
*hipping 6 handllng (51 3) 426-8600 0 FAX (51 3) 429-381 1 

AFFORDABLE - HIGH QUALITY ELENCO OSCILLOSCOPES I 2 YEAR WARRANTY 
- - 

V-515 5OMH2. Cursors f1 009 
V-523 - 50MHz. Delayed Sweep 1 9 9 5  
V-522. 50MHz. DC O l l ~ ~ l  19-5 

r V-422. 4OMHz. DC 011101 

V.222.20MHz. DC OWssl $695 
V-660.60MHI. Dual Tram - 11.375 
V.665A. 6DMHz.DT. wIcur.01 $ 1 . 4 4 9  
V.1060 - 100MHz. Dual T r m  1 1 . Y 9  
V.1065A. 100MH1. DT. W I C Y M 1 -  11.695 sw9 I 

I STANDARD SERIES 
5-1325 25MHz $349 
5-1340 40MHZ $495 

DELUXE SERIES 
S-1330 25MHz $449 
S-I345 40MHZ $575 

I FM Rccelver Kit & Tralnlng Course I I 80 mm EMF h.k ,,-, I 



AMSAT 
The Radio Amateur Satellite Corp. 3 

SOFTWARE 
I f  you want to use. or just listen to. the various Amateur and 
weather satellites - AMSAT offers a variety of inexpensive satellite 
software for IBM@ compatibles. including both DOSm and 
Windows*). plus a tracking program for the Macc*. 

I Here are just a few: I 
WISP - A brand new Windows based program hy ZL2TPO 
provides a l l  the facilities needed to operate the digital Amateur 
satellites. 

WINSAT - A new Windows hased satellite tracking prograin hy 
KA7LDN. 

QUIKTRAK - N4HY's full featured DOS blised program. 
(For CGAIEGANGA systems) 

I INSTANTTRACK - AMSAT's most populnr tr:~cking softwarc by 
N6NKF. (For DOS systems with EGAIVGAISVGA) I 
SATELLITE PRO - A tracking program for the Macintosh by 
W7HR. 

And many more! 
For iunher inionn:~lion or lo order, conkst: 

AMSAT 
PO Box 27, Washington, DC 20044 Phone 301-589-6062 

IBM is a registered trademark ol lnternat~onal Buslness Machine Co. 
DOS 8 Wlndows are regislered trademarks of Mlcrosotl Inc. 
Mac. IS a conlraclion of Macintosh, a reglslered trademark of Apple Computer Co. 

GET THE ATV BUG 
New 10 Watt I 
Transceiver 
Only $499 
Made in USA 
Value + Quality 
from over 25years 
in A N  ... WGORG 

Snow free line of sight DX is 90 miles - assuming 
14 dBd antennas at both ends. 10 Watts in this one 
box may be all you need for local simplex or repeater 
ATV. Use any home TV camera or camcorder by 
plugging the composite video and audio into the front 
phono jacks. Add 70cm antenna, coax, 13.8 Vdc @ 
3 Amps, TV set and you're on the air - it's that easy! 

TC70-10 has adjustable >10 Watt p.e.p. with one xtal on 
439.25, 434.0 or 426.25 MHz & properly matches RF 
Concepts 4-1 10 or Mirage D l  01 ON-ATV for 100 Watts. 
Hot GaAsfet downconverter varicap tunes whole 420-450 
MHz band to your TV ch3. 7.5x7.5x2.7" aluminum box. 
Transmitters sold only to licensed amateurs, for legal purposes. 

verified in the latest Callbook or send copy of new license. 
Call or write now for our complete A N  catalog 
including downconverters, transmitters, linear amps, 
and antennas for the 400,900 & 1200 MHz bands. 
(81 8) 447-4565 m-t 8am5:3Opm pst. Visa, MC, COD 

P.C. ELECTRONICS Tom (WGORG) 
2522 Parson Lane Arcadia CA 91007 Maryen" (WB6YSS) 

1995 Equiprnen t Buyer's Guide 
Dealers Manufacturers Product Specs 
Feature Articles Equipment Prices 

Completely revised, the CQ 1995 Equipment Buyer's Guide is the definitive reference guide 
for Ham Radio. Since 1989, our guides have been the single source for information on wh 
equipment is available, features and functions, and, of course, where to buy it! And, this 
year's edition is no exception. 

If that isn't enough . . . read on! 
This year's Buyer's Guide features practical articles from some of our hobby's foremost experts on DXlng, packet radio, 
satellites, SSTV, installing antennas and towers, and advice on getting that elusive General Class license. Together 
with our world-acclaimed equipment and dealer listings, the CQ 1995 Equipment Buyer's Guide is a package of solid 
information that no ham should be without. 

You'll want to keep your Buyer's Guide handy for day-to-day reference. The CQ 1995 Equipment Buyer's Guide-- 
order your copy today! 

YES ! Send me_copies of CO'S 1995 muipment Guide to Amateur Radio at $5.95 each: 

Name Callsign 

City State Zip 

Send only $5.95 each (plus $2.50 shipping & handling: $3.50 foreign). Check MI0 Visa 17 Mastercard O AMtX Discover 0 

Card # Exp. 

Signature 
Mail your order to: CQ Communications, Inc., 76 North Broadway, Hicksville, NY 11801. FAX 516-681-2926 1-800-853-9797 
Also available through your local dealer! 

1 10 Full 1994 



ANTENNA 
OPTlMlZERS 
A 0  6.0 acnanaticaw optimizes antenna designs 
for best gain, pattern, impedance, SWR, and 
resonance. A0 timizes cubical quads, phased 
anays, intedacedoeagis, or any other arrangement 
of wire or tubing. A 0  uses an enhanced, corrected 
MlNlNEC a lgon th  for improved accuracy and 
assembly language for h' h speed. A 0  featyes 
3-D radiation patterns, ?D geometry and wore- 
current dis lays, 2-D polar ancl rectangular plots 
with ove&ys. automatic wlre segmentation, 
automatic frequency sweep, symbolic dimensions. 
symbollc ex ressions, skineffect modeling, cunent 
sources, porarization anal sis, near-field analysis. 
and popup menus.  wires 1.5 accurately 
models hue earth losses and com lex arrays with 
the wghisticated Nume"cal 8ectromagneOcs 
Code. nalyze elevated radials, Beverages. delta 
loops, wire beams. giant quads, LPDAs, or entire 
antenna farms. 3 D  geometry dis lay. 2 -0  polar 
and n?ctary!ar $ots with we& s Modelin 
capacity: 0 2 5 pulses; ~ ~ ~ h i r e s .  1008 
segments (45012000 for symmetrical, freespace 
designs). A 0  or NECMlires. $100; both. $130. 

YO 6.0 automatically optimizes monoband Yagi 
designs for maximum forward gain, best panem. 
minimum SWR, and adequate impedance. YO 
models stacked Yagis, dual dnven elements. 
tapered elements, mounting brackets. matchin 
networks. skin effect, y d  reflectio", a"8 
construction tolerances. 0 optimizes Yagls wlth 
up to 50 elements f r m  HF to microwave. YO 
uses assembly h uage and runs hundreds of 
times faster than &!c or MININEC. YO is calibrat- 
ed to NEC for high accuracy and has been exten- 
sivel validated against real antennas. YO is hi hly 
&rap{ical, mouseenabled, and easy m use. $EC/ 

ag~s 2.0 provides reference-accuracy Ya i analy- 
sis and modeling of large arrays of Yagis. speclal 
feature instantly changes array panems and gain 
as ou adjust array spacin 1000 segments 
(2080 in free space). YO wit?; NECNagis. $100. 

386 + 387 and VGA required. Visa, Mastercard, 
check. cash, or money order. Add $5 overseas. 

Bdan B e e z f e ~  K6Sn . 3532 Linda Vista 
San Marcos, CA 92069 . (619) 599-4962 

TXID-1 
Transm I tter 

FlngerPrlntlng 
Svstem 

I I C a l  or unite b a full b d n m  with MI daolk. 
addltianl m. ind tednlcd spmclflcatlans I I 

1 11 

Llhn * an cam1 F w p e r r t  I NOUl Shlwlngl 
r o m n d b v b n  R0.l  

FMlAM rodlo tmramltters have a 
unique frequency versus time start-up 
characteristic-even rodlos of the same 
make and @el. Thls 'FingerPrlnt9 can 
be captured, stored and analyzed. Our 
exclusive TxlD Software and the 
patented technology of the TxlD-1 leMl 
Compatible clrcult board can help you 
Identify the abusers on your r-erl 
Or help you keep track of the number 
of radios per account on commercial 
repeaters. CTCSS, DCS and DTMF de- 
coding, as ulell as Devlatlcm measure 
men& ond Spectrum Occupncy 
features further enhance the stptem. 

Info: (503) 68791 18 For ( 9 3 )  687-e49Q w 

I 

YW - 10Kw) BALUN TO MATCH Dan 5 C  152 corn 
IT NO. . -. *n,,,c 

12 5 n  - B a l a ~ ~ ~ ~ ~ .  Dnect Connect Yaql Beam- - 4 1 HB50 $31 95- 

SOL>-Balanced 1/21 Dopole or Yaq~ Bpam 1 1 HRH5O $34 95- ~ - 
- 7512-Balanced 112) Dopole at 0 221 above Ground- 1 5 1 HVB75 $59 95- 

J W ~ ~ B a l a n c e d  112, Dtpole at 0 221, 0 33) &Quad Loop-2 1 HBlOO $59 95- 

2GiJL2-Balanced Folded D~pole, Loq Perlodfc Bram --4 1 HBM200p- - - 5 3 9  45- 
200~1-Balanc~d &_Unbalanced - OH Center Fed Antennas - 4 1 HBIU200 S59 95- 

200<2 Balanced lOKw Antenna Tuners 5 GSRV 4 1 HRHT700 S59 95 
Log P~r8odlc Beam 

300n-Balanced 30011 R~hbon Folded D~pole 6 1  HB3W $59 95- 
3000_Balanced& Unbalanced _ 0 f l  Center Fed Antennas - 61HBlU3W $8995- 
450(2_Balanced Twln LeadRadd~f Llne 9 1 HB450 3tl9 95- 
60012 Balanced Rhombnc 5 V Beam Anlenne 12 1 HR600 $199 95 

UNUN fa qround fed antmms. vnngk. .lopa. l n v d d  L MORE power into your 
PART NO IMPEDANCE MATCH PRICE 
2 I HDU50 50 2211 w9 95 ANTENNA and get better and 

I2 Ratlosl 50 2512 
(ronnecrrng 500 maxre, to lunrtmn or Iwo 5 0 ~  parallel cosxrel) higher signal strength. Use 

2 1 HDUlW 112 5 50R $49 95 
17 Rnt,o.) 1 w 50U W2FMI Balun & Ununs bv .- - - .  

I.S:~-HU~S 75:50L2 549.95 JERRY SEVICK. 
lmnnecring 500 coaxial 10 7% max8all 

4:l-HCU50 5012 5~ $49.95 98% (Avgl Efficient - 
9:l-HU50 505.56I) $49.95 (<O.ZdB LOSS) 
1.78:l-HDU50 5028Q $49.95 ' 

12 Ratios) 50.12 5U 8 lMhz to 5 0 M h ~  

1.56:l-HDU50 50:32<) $49 95 Up to ~OKW 
I2 Ratlns) 50 1RC2 

1.78.1-HMMUWMULTIMATCH UNUN $6995 ' "Oltage Type 
18d1fferenr ratios, can bt. !,sPd fnr RPVP~RW Antenna) 

Uncond~ltonal m o w  back gusranlw for 1 year on eornpleled unll 

An &signs, when used aoxding to h t m d o n s ,  am 
ouaranWod to aive outstmding pefonnarrer. 

BOOKS 11 "Transm~rr~an Luns Tr~nsfnrmers Desm~n Handbooks'. 
by Jerry Srvtrk. WZFMI. Arnldan Ascor~ales. Inc 
1991 W W e v  

2) "Trannnt.ston Lsna Trnnsfonners', hv Jerry Sovlch 
WZFMI APRL. 1990 $20 w es AM 1 DO N;INc.[- [--I 

31 27 Alpme Avenue. Sanla Ana, C,A 92704 
Phone: 714-850-4660 FAX: 714-850-1163 

- I 

r 1  
VARCNOTCHO DUPLEXERS @ 

FOR 2 METERS 

The TX RX Systems Inc. patented Vari-Notch filter 
circuit, a pseudo-bandpass design, provides low 
loss, high TX to RX, and between-channel isolation, 
excellent for amateur band applications. TX RX 
Systems Inc. has been manufacturing multicoupling 
systems since 1976. Other models available for 
220 and 440 MHz, UHF ATV and 1.2 GHz. 

MODEL 28-37-02A 
144-174 MHz 

92 dB ISOLATION AT 06 MHz SEPARATION 
400 WATT POWER RATING 

TX RX SYSTEMS INC. 
8625 INDUSTRIAL PARKWAY, ANGOLA. NY 14006 

TELEPHONE 716-549-4700 FAX 716.5494772 (24 HRS ) 



Appli- Band- 
MODEL cation width Peter Prlw 

XF-9A SSB 
XF-9B SSB 
XF-9B-01 LSB 
XF-9B-02 US0 
XF-9B-10 SSB 
XF-9C AM 
XF-9n AM 
XF-9E FM 
XF-9M CW 
XF-9NB CW 
XF-9P CW 
XF-910 IF noise 

2.4 kHz 
2.4 kHz 
2.4 kHz 
2.4 kHz 
2.4 kHz 
3.75 k ~ z  
5.0 kHz 

12.0 kHz 
500 Hz 
500 Hz 
250 Hz 
15 kHz 

XF-107A 12 kHz 8105.00 
XF-1078 15 kHz 105.00 
XF-107C 30 kHz 105.00 
XF-107D 36 kHz 120.00 
XF-107E 40 kHz 125.00 
XF-107S139 100 kHz 175.00 

Write for full details of crystals and fllters 
Shipping $8.00 

Prices subject to change without notice. 

CALL 

NEMAL 
FOR 

RF 
Connectors 
Adapters 
Cable Assemblies 
Coaxial Cable 

Manufacturer Of Custom 
Electronic Wire And Cable. 

Low Minimums Quick Delivery 

CALL US AT 
1-800-522-2253 

OR FAX YOUR REQUIREMENTS TO 
1-305-895-81 78 

Call for your copy of our new 44page 
Cable & Connector Selection Guide. 

More than 2,500 commercial and OPL 
cable and connector products in stock. 

NEMAL ELECTRONICS, INC. 
12240 N.E. 14thAVE., N. MIAMI, FL33161 

(305) 899-0900 

I DIGITAL FIELD STRENGTH METER 1 

I 

High Performance. Preosion Instrument 
measures inrelative and absolute units 

Relative measurements from 60 Hz to the GHz 
range and absolute measurernents from 1 MHz to 
100 MHz. (Broad band with no tuning adjustment). 

Adjustable length dipole antenna sets required 
sensitivity (At high gain settings, ambient R.F 
fields from local sources will indicate on the display). 

Dipole antenna eliminates need for a counterpoise. 
(A stngle antenna type field strength meter utlllzes 
the person holding the unit as the counterpoise). 

Consistent and repeatable readings can be obtained 
with the Nye Eng~neering unit since it is not neces- 
sary for the observer to hold or be in close proximity 
to the meter. 

I A heavy duty cast aluminum, gasketed cubical 
enclosure is used. It does not eastly tip over. 

I The "SIGNAL CUBE"@ is factory calibrated to a stan- 
dard for both absolute and relative measurements. I 

CQ makes the "nuts and bolts" of packet 
radio easy. This video will help de-mystify 
the exciting but sometimes confusing 
world of packet radio. Learn how to get 
started using your computer "on-the-air." 
This video will provide step-by-step 
instructions on making packet contacts 
and using packet bulletin boards, net- 
works and satellites. 

Send for your video today and watch how 
easy it is to connect into the fascinating 
world of Packet Radio! 

Call our order department today at 

(800) 853-9797 
(Fax: 51 6-681 -2926) 

or write to: CQ Communications, Inc. 
76 North Broadway, Hicksville, NY 11801. 

CQ videos are now available in PAL format. 
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We'd like to see your company listed hcre 
too. Contact Arnie Sposato. N2IQO.  at 
( 5  16)681-2922 or FAX at (5  16)68 1-2926 
to work out an advertising program to suit 
your needs. 
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